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REFEREED PAPER 

A REVIEW OF SOUTH AFRICAN SUGARCANE PRODUCTION THE 2020/21 SEASON 

JONES MR1, MCFARLANE SA1, NICHOLSON RJ2, BASDEW I1, SITHOLE P1 AND 
STRANACK R1 

1South African Sugarcane Research Institute, Private Bag X02, 
Mount Edgecombe, 4300, South Africa 

2South African Cane Growers’ Association, 170 Flanders Drive, 
Mount Edgecombe, 4300, South Africa 

Abstract 

This paper characterises South African sugarcane production for the 2020/21 milling season 
from an agricultural perspective, in order to evaluate recent production strategies, and to 
identify priorities for improved efficiencies. 

The industry produced 18.22 million tons of cane, harvested from an estimated 254 028 ha 
(71.73 t/ha). The cane to sugar ratio was 8.89, and sugar production decreased from the 
2019/20 season by 7%, to 2.28 million tons. After closing early in 2019/20, the Darnall Mill 
(along with Umzimkulu) remained closed in 2020/21, resulting in cane oversupply at some mills 
and considerable carryover tonnages. Cane quality improved in northern irrigated areas. 
Decreasing cane quality in the Noodsberg and UCL mill supply areas warrants investigation. 

Rainfall was generally below-average, with dry 2019 and 2020 winters; however, relief was 
offered by good spring/summer rains. Irrigation water supplies from the Bivane Dam and the 
Umhlatuze Catchment were significantly improved. The 2020 winter was particularly cold, and 
the Midlands cane was affected by frost. 

Eldana incidence decreased overall from the previous season, but flourished in carryover cane 
in the South Coast and Amatikulu regions.  Smut prevalence was slightly higher than in 2019, 
and efforts to reduce these levels remain a priority in the northern parts of the industry, 
particularly in Pongola.  

A 19% increase in the Recoverable Value (RV) price saw a return to profitability for large- and 
small-scale growers alike. 

The negative impacts of the COVID-19 pandemic on local sugarcane producers were minimal, 
and the increase in the RV price is partly attributed to COVID. The Sugar Industry Value Chain 
Master Plan also contributed to the increase in the RV price, by securing local sales and more 
effectively discouraging imports. 

Keywords: cane quality, cane yield, climate, diseases, profitability, pests 
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INTRODUCTION 

During the 2020/21 season, the South African sugar industry produced 18.22 million tons (Mt) 
of cane from an estimated 254 028 hectares harvested, translating to an estimated industry 
average cane yield of 71.73 t/ha. Corresponding amounts of the 2018/19 and 2019/20 seasons 
were 19.03 and 19.24 Mt harvested from 253 120 and 260 551 ha respectively, with average 
cane yields of 75.19 and 73.85 t/ha.  

Sugar production fell to 2.05 Mt in 2020/21, compared to 2.19 and 2.21 Mt for the 2018/19 and 
2019/20 seasons, respectively. The cane to sugar ratio was 8.89 in 2020/21, compared to 8.7 
for 2018/19 and 2019/20.   

Figure 1. Total sugarcane produced (TCANE, Mt) and area under cane (AUC, ha) per 
season, from 1999/2000 to 2020/21. AUC data for recent seasons are (partly) 
estimates subject to confirmation. Circles represent actuals, while triangles 
indicate estimates (2020 values) 

Production data show that the long-term trend of declining cane production and area under 
cane have stabilized at around 360 000 ha over the last four seasons, with production ranging 
from about 15 to 19 Mt, depending on conditions (Figure 1). Cane production in recent seasons 
for the Darnall, Maidstone, UCL and Umzimkulu mill supply areas has been reported 
anecdotally to be below or close to the possible thresholds for economic viability. After closing 
very early in 2019/20, the Darnall mill did not open in 2020/21.  The Umzimkulu mill also did 
not open in 2020/21.  Cane grown in these mill-supply areas was diverted to remaining mills in 
2020/21 and has been re-allocated to new home mills from the 2021/22 season onwards.   

The South African Government, consistent with the actions of most governments worldwide, 
imposed a national “lockdown” in March 2020, to slow the spread of the SARS COVID-19 
respiratory virus and to manage hospitalisation rates. People were only permitted to attend 
their workplace if their work was considered an “essential service”, which included agriculture. 

The Sugar Industry Value Chain Master Plan to 2030 was formally adopted in November-2020 
(Mboyisa, 2020). The development of this master plan followed several major challenges to 
the local sugar industry, such as local sales losses consequent to increased sugar imports, 
and the introduction of the Health Promotion Levy. The master plan is described as a “social 
compact” between sugar industry stakeholders and government, with key objectives including 
local market optimisation, job retention and growth, transformation, sugarcane product 
diversification, and farm-level crop diversification. More detail is provided in the Appendix. 
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The objectives of this paper were to: 

● review sugarcane production, yields and quality in the South African sugar industry
during the 2020/21 season;

● explain yield and quality increases or decreases from the previous season, and
anomalies compared to the last five seasons, with reference to climatic conditions, pest
and disease pressure, and other factors; and

● report on economic factors affecting sugarcane growers,

in order to evaluate recent production strategies, and to identify priorities for improved 
efficiencies. 

The direct and indirect effects of COVID-19 were, and the time of writing remain, considerable 
across all sectors of industry and society, and warranted narrative reporting for aspects of the 
sugarcane production value chain in this paper. 

METHODOLOGY 

General 

A similar methodology was followed as in previous reviews (Singels et al., 2014). Production 
data were mostly analysed at a Mill Supply Area (MSA) level, while pest and disease data 
were, in some cases, grouped or subdivided into Pest and Disease (P&D) Control Areas, as 
defined by Local Pest, Disease and Variety Control Committees of the South African Sugar 
Association (SASA) (Figure 2). 

The sugarcane produced in the 2020/21 milling season grew mostly from between April 2018 
(long-cycle cane) and December 2019 (annual cane), to between April 2020 and December 
2020, when it was harvested. For simplicity, both the growing and milling seasons are referred 
to as the 2020 season.  

Jones et al Proc S Afr Sug Technol Ass (2021) 93 : 1-23
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Figure 2. Map showing the 14 sugar mills and their location 
within Pest and Disease control areas of the South African sugar industry 
(source: South African Sugarcane Research Institute, Geographic Information 
Systems office) 
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Weather data 

Rainfall records from various weather stations were obtained from the South African 
Sugarcane Research Institute (SASRI) weather database and averaged per MSA. Twelve-
month totals or average values leading up to each month of the 2020 milling season (e.g. 1 
April 2019 to 31 March 2020, 1 May 2019 to 30 April 2020, and so forth) were compared to the 
corresponding Long-Term Mean (LTM) values. The deviations from the LTM (anomalies) were, 
in turn, compared to the corresponding anomalies for the 2018 and 2019 seasons. 

Monthly average reference soil water content (SWC), spatially-averaged for selected rainfed 
MSAs, was also extracted from the SASRI weather database. SWC is calculated through a 
water balance approach using rainfall and reference evapotranspiration data, and is defined 
as plant-available water content for a hypothetical sugarcane crop growing on a soil with an 
available water-holding capacity of 100 mm. 

Weekly irrigation water allocations were obtained from the respective Water Boards for each 
water source in the irrigated areas. They were then aggregated over the relevant growing 
period and expressed as a percentage of the full allocation. 

Pest data 

SASRI Biosecurity teams conducted industry-wide pest surveys of ≈90 000 ha during the 
2020/21 season.   SASRI Biosecurity teams conducted industry-wide Eldana saccharina 
Walker (Lepidoptera: Pyralidae) (Eldana) infestations are quantified as the number of larvae 
per 100 stalks (e/100) and by the number of stalks damaged as a percentage of total stalks 
collected (“% Stalk Damaged”), averaged for each MSA June 2019-May 2020. Seasonal 
average values were compared to those of the previous two seasons, as well as to the mean 
over the last five and 15 seasons. 

Populations of sugarcane thrips, Fulmekiola serrata, were derived from routine monitoring on 
the Umfolozi Flats in KwaZulu-Natal. 

White grub surveys, conducted in the Midlands North region during October-November on the 
same 30 farms each year since 2011, continued in 2020. Beetle and larvae counts were taken 
from 30 cm x 30 cm pits dug alongside cane stools. 

Disease data 

SASRI Biosecurity teams inspected 5 943 commercial fields and 1 723 intended seedcane 
sources for smut (Sporisorium scitamineum), mosaic (Sugarcane mosaic virus) and off-types 
from June 2019 to May 2020.  Inspections covered over 34 000 ha representing approximately 
9% of the area under cane. The prevalence of smut is shown as percentage area inspected 
that was infected at three different levels. The Permissible Level (PL) for smut refers to the 
level of infection (percent stools infected) that is allowed in a field in each P&D control area. 
Note that while disease surveys are mostly random, almost all the remaining fields of the smut-
susceptible variety NCo376 in Zululand areas are inspected each year. The presence of other 
diseases is noted during these inspections and subjective severity ratings are assigned. Tape 
from a spore trap positioned at the Komati Research Station was tested weekly for the 
presence of orange rust (Puccinia keuhnii) spores. Stalk samples collected from 4 912 
commercial fields and 1 494 intended seedcane sources were tested for ratoon stunt (RSD – 
Leifsonia subsp. xyli), the prevalence of which is shown as a percentage of the commercial 
fields infected.  
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Mill-level cane production, area harvested and yield data 

Production (cane deliveries and cane quality) data were obtained from the SASA Cane Testing 
Service database, while the estimated area harvested was gleaned from survey data from the 
SASA Industry Affairs Department, or from data provided by the Mill Group Boards.   

Cane yield was calculated as TCANE divided by area harvested (AH, ha), per mill, per season 
from 2016/17 onwards and averaged to calculate 5-year means. In-season AH estimates 
(rather than finalised survey values from the following seasons) were used for Pongola in 
2017/18 and Umzimkulu in 2017/18 due to data gaps. 

Crop simulations were conducted using the Canesim Crop Forecasting System (Bezuidenhout 
& Singels, 2007). Simulations are carried out at the spatial scale of Homogenous Climate 
Zones (HCZs) (Bezuidenhout & Gers, 2002). Forty-eight HCZs cover the SA sugar-producing 
regions. Simulations used daily weather data provided by weather stations in each HCZ (which 
means that simulated yields account reasonably well for variations in rainfall and temperature), 
and single representative soils. The model does not account for changes in carryover cane 
percentage, other than adjusting the total area harvested per HCZ from season to season. 

SASRI Extension staff was consulted for anecdotal explanations for yield and ERC% changes 
from the previous season, and in comparison to Canesim predictions. 

Economic information 

The economics of large-scale commercial farms were analysed using survey data from the SA 
Cane Growers’ Association (SACGA, 2020a). Actual data for the 2018 season only were 
available, and the data for the 2019 season were estimated using indices from the Crops and 
Markets Reports released by the Department of Agriculture, Forestry and Fisheries (DAFF, 
2020). The projection for the 2020 season is based on the average Consumer Price Index 
(CPI) for the year 2020 (Statistics South Africa, 2020). Estimates for the 2019 season are 
based on actual changes in prices and costs, while estimates for the 2020 season were based 
on the average inflationary increase. The survey elicited cost and income data from a sample 
of large-scale growers (LSGs) from the 14 MSAs in South Africa. Average cost and income 
statistics reported in this study were determined by weighting MSA values by the deliveries of 
LSGs in each MSA. 

Farm economics for small-scale growers (SSGs), defined as growers delivering less than 1800 
tons of sugarcane per annum, were based on a survey conducted by the SACGA during the 
2017/18 season. This survey is conducted every two to three years, but the survey for the 
2019/20 season was not completed in 2020, due to the COVID 19 lockdown regulations. Data 
for the 2018 and 2019 seasons were therefore similarly estimated, using indices from DAFF 
(2020). Projections for SSGs in the 2020 season were also based on CPI for the year 2020.  

Impacts of COVID-19 

No attempt to quantify COVID impacts on any aspect of the sugarcane-growing industry was 
made.  However, this paper records anecdotal evidence of COVID impacts as reported by 
SASRI Extension and Biosecurity survey teams, and the SACGA economics team. 

Jones et al Proc S Afr Sug Technol Ass (2021) 93 : 1-23

6



RESULTS 

Weather data 

Growing season total rainfall was below normal for most mill supply areas, except for the North 
Coast, Midlands North and Komati (Figure 3). The industry average rainfall was also below 
normal. 

Figure 3. Total 12-month rainfall expressed as a percentage deviation from the long-term 
mean, averaged over each month of the harvest season for different mill supply 
areas, and the industry as a whole, for the 2020 season, compared to the 2018 
and 2019 seasons 

Monthly rainfall averaged for Kwazulu-Natal stations in rainfed areas was characterised by 
extremely dry conditions from May to October 2019. Relief came with the onset of summer 
rainfall from November 2019, and rainfall during the 2019/20 summer months was generally 
good, despite below-average figures in January and March 2020 (Figure 4). Winter to spring 
in 2020 was again dominated by below-average rainfall, but there was considerable 
improvement from September onwards, when most rainfed parts of Kwazulu-Natal received 
good rainfall.  
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Figure 4. Monthly rainfall (Rain) in the rain-fed parts of KwaZulu-Natal from April 2019 to 
December 2020, compared to the long-term means (Rain LTM)   

Sunshine duration (solar radiation) increased in most MSAs in 2020/21, with only the Komati 
MSA receiving slightly less solar radiation, compared to the 2019/20 season (Figure 5).  
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Figure 5. Total 12-month sunshine duration expressed as a percentage of the long-term 
mean, averaged over each month of the harvest season for different mill 
supply areas, and the industry as a whole, for the 2020 season, compared to 
the 2018 and 2019 seasons 

Estimated soil water content in the rainfed regions during the 2020/21 growing season was 
well-above the long-term mean during the 2019/20 summer season, with brief periods below 
average during the winter and spring seasons (2019 and 2020) as a result of the low rainfall 
over that period, especially in the South Coast region as shown for Sezela (Figure 6).  
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Figure 6. Monthly rainfall (Rain) and reference available soil water content (SWC) 
spatially averaged for different mill supply areas for the period April 2019 to 
December 2020. The respective long-term means (Rain LTM and SWC LTM) 
are also shown for comparison 

Irrigation water supplies in 2020 were very similar to those of 2019 in most areas, except for 
supplies from the Bivane Dam and the Umhlatuze Catchment, which improved significantly. 
Water supply was mostly adequate except for the Crocodile and Umhlatuze systems, which 
remained generally low and inadequate to meet crop evaporative demand (Table 1). 

Table 1. Growing season average water allocation expressed as a percentage of the 
full allocation for different mill supply areas for the past three seasons 

Mill supply area Irrigation water source 2018 2019 2020 

Komati, Malelane Komati 57 66 61 

Malalane, Komati Crocodile 67 59 55 

Pongola Bivane 65 71 86 

Felixton Umhlatuze 27 34 57 

Umfolozi, Felixton, Pongola Pongolapoort 88 97 98 

Umfolozi Umfolozi 80 67 63 

0

20

40

60

80

100

0

50

100

150

200

250

300

350

A
p
r-

1
9

J
u

n
-1

9

A
u
g

-1
9

O
c
t-

1
9

D
e
c
-1

9

F
e

b
-2

0

A
p
r-

2
0

J
u

n
-2

0

A
u
g

-2
0

O
c
t-

2
0

D
e
c
-2

0

S
o

il 
W

a
te

r 
C

o
n

te
n

t 
(m

m
)

R
a
in

fa
ll 

(m
m

)

Month and Year

Sezela

Rain Rain LTM SWC SWC LTM

0

20

40

60

80

100

0

50

100

150

200

250

300

350

A
p
r-

1
9

J
u

n
-1

9

A
u
g

-1
9

O
c
t-

1
9

D
e

c
-1

9

F
e

b
-2

0

A
p
r-

2
0

J
u

n
-2

0

A
u
g

-2
0

O
c
t-

2
0

D
e

c
-2

0

S
o

il 
W

a
te

r 
C

o
n

te
n

t 
(m

m
)

R
a
in

fa
ll 

(m
m

)

Month and Year

Noodsberg

Rain Rain LTM SWC SWC LTM

Jones et al Proc S Afr Sug Technol Ass (2021) 93 : 1-23

10



The 2020 winter season was one of the coldest in recent years, with average minimum 
temperature significantly below normal for most parts of the industry. The cold winter, coupled 
with the dry conditions over that period, resulted in a few black frost events, which caused 
considerable (≈3500 ha) crop damage in the Midlands region (Figure 7).  

Figure 7. Daily minimum temperature (Tmin) for the Noodsberg and New Hanover 
regions in the KZN Midlands in 2020, compared to the long-term mean (Tmin 
LTM). 

Pests 

Distinct increases in Eldana infestation levels (compared to the 2019/20 season and the 5- and 
15-season means) were noted in Entumeni, Amatikulu, Darnall and Sezela (Figure 8). This is 
partly attributable to the combination of excessive ageing of carryover crops in 2018 and 2019 
and minimal Eldana control efforts in these fields. It is not clear why the incidence of eldana 
was so much lower at Umzimkulu than at the Sezela MSA.  The industry average infestation 
levels generally declined further from 2018 and were below the 5-season mean.  
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Figure 8. Eldana infestation for different pest and disease areas, and for the industry as 
a whole, for the 2020 season, compared to the 2018 and 2019 seasons, and 
to the long-term mean value over the past five seasons (red bar) and 15 
seasons (yellow bar).The mill supply areas abbreviations are: KM = 
Komatipoort; ML = Malelane; UF = Umfolozi; FX = Felixton; EN = Entumeni; 
AK = Amatikulu; DL = Darnall; GH = Gledhow; MS = Maidstone; SZ = Sezela; 
UK = Umzimkulu; ES = Eston; NB = Noodsberg; IND = industry 

Sesamia levels remained insignificant throughout the 2020 season and also remained below 
the 5- and 15-year means. However, monitoring is still essential in order to follow these trends 
and circumvent its potential to turn into a wide-scale pest. 

Populations of sugarcane thrips appeared to be consistent with seasonal changes observed in 
previous seasons.  Feeding activity peaked consistently from November to January, with a 
drop in population numbers from March until October, which was associated with lower 
maximum daily air temperatures. 

Results of white-grub surveys conducted in the 2019 and 2020 seasons (Oct-Nov) showed that 
Schizonycha spp. were dominant in the larval stage during both survey cycles. Pegylis 
sommeri (previously Hypopholis spp.) was dominant in the adult (beetle) stage during the 2019 
survey, but numbers were minimal during the 2020 survey. There seemed to be no correlation 
between age of cane and the number of grubs or adults collected (data not shown).  

The absence of a registered insecticide to manage white grub populations in cane fields 
presents a significant concern for growers. Current research on white grub management 
includes a greenhouse trial at SASRI screening chemistries (biological and chemical), to 
determine the efficacy of control against two different species of white grub. 

Significant damage was caused by yellow sugarcane aphid (Sipha flava) in parts of the 
Mpumalanga Lowveld and other parts of the industry. Where it appeared in high populations, 
this pest caused considerable damage. Certain varieties were shown to be particularly 
susceptible, and some growers are routinely treating their crops with insecticide to control the 
pest. All ages of cane can be affected. In order to address growers’ concerns over the spread 
of the pest, particularly in the North Coast and Lowveld regions, SASRI has assembled a task 
team to carry out several aspects of research for long-term management of this pest in a more 
sustainable manner. Specific areas of research include observational surveys in the North 
Coast and Lowveld to assess presence and severity of infestations in order to implement 
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appropriate management protocols (insecticide treatments). Other research includes 
ecological studies to determine key drivers of infestation, and alternative management options 
including biological control.  

Longhorn beetle surveys have continued, with positive observations during the 2020 surveys. 
Of the 13 larvae that were collected, three had succumbed to death, and the remaining 10 
grubs were housed at the SASRI Insect Rearing Unit. There are no new scientific findings to 
report during this survey period.  

Diseases 

The prevalence of smut in commercial fields in the industry in 2020 was slightly higher than 
the 5-year mean, with 24% of the area surveyed being infected to some degree (Figure 9).   

Figure 9. Percentage area surveyed infected with smut, at three different levels, as 
recorded from June 2019 to May 2020 (2020) in the different pest and disease 
control areas and for the industry as a whole. This is compared to 
corresponding periods in the 2018 and 2019 seasons. The five-season mean 
for smut-infected area (% of surveyed area) is also shown (yellow horizontal 
bars). (PL- area specific permissible level: Mpumalanga - 4%; Pongola and 
Mkuze / Makhatini - 2%; all other areas - 1%).  The number of fields and the 
estimated area (ha) inspected in the 2020 season is shown above the bar for 
each P&D area 

Incidence of smut (0.2% stools infected) was higher than in 2019, but similar to 2018 and the 
5-year mean (data not shown). Smut has become less prevalent in the Mpumalanga area over 
the past five seasons and remained below the 5-year mean in 2020. However, crop eradication 
orders were issued for 14 fields of N36 (67 ha) on one farm, all exceeding 10% stools infected. 
Yield loss is expected at this level of infection. In Pongola, 61% of the area surveyed was 
infected with smut, with incidence ranging from a trace to 16% stools infected. Eradication 
orders were issued for nine fields (23 ha). Five fields of N41 (31 ha) exceeded 10% stools 
infected. Smut prevalence exceeded the 5-year mean in Umfolozi, with incidence ranging from 
a trace to 11% stools infected. One eradication order (10 ha) was issued for a field with a mix 
of varieties.  Smut levels were higher in Felixton in 2019-20 than the previous two seasons and 
the 5-year mean. This apparent deterioration in the smut situation in these areas needs to be 
confirmed with further surveys. Smut was most common and severe in NCo376 and N41, and 
eradication orders were issued for two fields (2 ha) of NCo376. While NCo376 is losing favour, 
N41 is a popular variety and needs to be rogued timeously, in order to maintain smut incidence 
below the permissible level of 1% stools infected. Smut is becoming increasingly common in 
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the Midlands, particularly in the popular but smut-susceptible variety N54, and growers are 
being reminded to rogue their fields routinely.  

Varietal resistance has played a key role in reducing mosaic incidence in the industry. 
Incidence over the past ten seasons has been negligible. The disease was observed in 1% of 
the area surveyed in 2020 and overall incidence was 0.004% stools infected (data not shown). 
Mosaic was observed in fields of NCo376, N12, N36, N39, N50, N52 and N57. Incidence 
exceeded the permissible level in one field of N36 (1.2% stools infected) in Felixton and 
NCo376 (1.9% stools infected) in Entumeni.   

Ratoon Stunt (RSD) levels in the industry were similar to the 5-year mean and lower than the 
10-year mean, with 5% of the sampled commercial fields testing positive (Figure 10).  Levels 
were highest in Umfolozi, with RSD being detected in 18% of the commercial fields tested. This 
was higher than the previous two seasons and the 5- and 10-year means. Almost half of the 
positive fields were on two farms. The availability of healthy seed-cane is being prioritised in 
the industry, but effective fallow periods that allow the removal of volunteers before replanting 
will be required in order for the situation in Umfolozi to improve.  

Figure 10. Ratoon stunt (RSD) incidence for different pest and disease areas, and for the 
industry as a whole, for the period June 2019 to May 2020 (2020), compared 
to that of the corresponding periods for the 2018 and 2019 seasons. The 
mean values over the past five (yellow horizontal bars) and ten seasons (red 
horizontal bars) are also shown 

In general, rust did not appear to be as common as previous seasons. Based on limited 
Biosecurity records for the 2020/21 season, brown rust was observed on the older varieties 
N27 (moderate to severe), N37 (mild), N39 (mild) and N42 (moderate to severe) but was also 
observed on N52 (mild-moderate), N48, N54, N58 and N63 (mild). Severe brown rust was 
reported in one field of N67 in the Umzimkulu area. Tawny rust was observed on N12 (mild), 
N16 and N57 (moderate) but was generally less common and severe than the previous season. 

Orange rust spores have not been detected on traps since December 2018 and no orange rust 
symptoms have as yet been observed on cane in South Africa. 

Cane production and yields 

Total cane production was 18 220 466 t, with 2 028 174 t sugar produced at an average ERC 
of 11.25%.  Cane yields (Figure 11) increased from 2019/20 at Amatikulu (+1.7%), Malelane 
(+2.0%) and Gledhow (+4.4%).  Yields decreased most severely in the UCL (-8.4%), 
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Noodsberg (-8.6%) and Eston (-8.1%) mill areas, with smaller decreases in the remaining mill 
areas.   

Yields were lower than the 5-year (2016-2020) mean in rainfed mill supply areas from the 
Noodsberg MSA southwards (Figure 12). This South-North yield anomaly (i.e. difference 
between each seasonal value and the mean for the period) gradient does not very clearly 
reflect spatial trends in climatic conditions as captured by the Canesim model (Figure 12) or 
simply annual rainfall (Figure 3). As the Canesim model serves as a reliable benchmark of 
productivity, particularly for rainfed cane, we sought to understand reasons for unexpected 
yield outcomes at each MSA. 

Negative yield anomalies at Eston and Umzimkulu can be mostly attributed to below-average 
winter rainfall. At Eston, extremely dry conditions led to a runaway fire that resulted in 66 000 t 
of mostly immature cane being harvested and milled, affecting average yields and ERC%. 
Some relief was offered by better performance of newer varieties in these dry conditions 
compared with N12; this may explain some of the discrepancies between observed and 
simulated yield anomalies (pers. comm. P. Botha, 2021). Rainfall amounts and distribution 
(Figure 3, Figure 6) were well below-normal during autumn, winter and early spring in the 
Sezela region in 2019 (Figure 6). South Coast yields may be slightly under-reported, as 10000 t 
of harvested cane could not be milled at one point, and were discarded; in some cases, South 
Coast growers opted to carry-over their best-performing fields due to uncertainty regarding 
further mill stoppages. Dry conditions also exacerbated accidental fires in the South Coast 
region as well, resulting in immature cane being crushed (pers. comm. Joe Nkala and Buhle 
Khomo, 2021).   

Yield reductions at Noodsberg and UCL are attributed to dry winters in 2019 and 2020 (despite 
above-normal annual rainfall, Figure 3), carryover of frost-damaged fields, and enforced lower 
topping-height at UCL (required in order to manage milling capacity); the latter causes are not 
accounted for in the Canesim model, explaining the discrepancy between observed and 
relatively favourable simulated growing conditions (Figure 12), compared to the 5-year mean.  

In the Maidstone MSA, the decrease in yield (compared to the 2019/20 season, Figure 11), as 
well as the negative 5-year mean yield anomaly (Figure 12), are unexpected: seasonal rainfall 
was above-normal (Figure 3), and the Canesim model reports positive yield anomalies, 
suggesting favourable growth conditions. Two broad causes have been identified to explain 
this discrepancy: the first is possible crop management disruptions following changes in 
ownership/management of a very considerable area of land in Maidstone MSA; and the second 
is that a significant proportion of higher-yielding fields, scheduled for harvesting late in the 
season, had to be carried over due to milling capacity shortfalls following the closure of Darnall 
Mill and disruptions consequent to poor quality caused by heavy spring and summer rains. 
(Pers. comm. Adrean Naude, 2021).  

Cane supply exceeded the mills’ crush capacities at all mills other than Pongola, Malelane and 
Komati, by 1 175 000 t (17600 ha).  The combination of this large carryover stock, and 
favourable growing conditions in late 2020/early 2021, suggests that milling capacity is likely 
to remain under pressure in the 2021/22 season, and a considerable area of cane is likely to 
be carried over into the 2022/23 season as well.  Production in southern regions of the industry 
is likely to be limited by milling capacity rather than climate in the 2021/22 season. 

In the irrigated MSAs yields were all above the 5-year mean, and this is likely because irrigation 
water supply (Table 1) was much less restricted in 2020 than in the 2016 and 2017 seasons 
(which significantly reduced the 5-year mean), and in the Komati MSA rainfall was above-
average (Figure 3). The slight yield decrease compared to the 2019 season in the Komati MSA 
may be due to decreased solar radiation (Figure 5).  In the Malelane MSA, increased solar 
radiation (compared to 2019) explains higher yields. 
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Figure 11. Cane yields per mill, per season (2016-2020). The dashed line shows mean 
cane yield for this period. Each bar is shaded according to the magnitude of 
change from the previous season – green indicates yield increases, red 
decreases, and grey indicates no change. Note that the y-axis starts at 30 t/ha 
to emphasise changes 

Figure 12. Yield (actual and Canesim-simulated) and ERC% differences between the 
current season (2020/21) and the 5-year mean, expressed as fractions of the 
5-year mean, per mill 
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Small increases (1-3%) in ERC% were reported for Sezela, Komati, Malelane and Pongola. 
ERC% decreased in ten mill regions, with the greatest year-on-year reductions (of 5-7%) 
occurring at Amatikulu, Darnall, Gledhow, Felixton, Noodsberg and Maidstone (Figure 13).   

Possible explanations for the ERC% increases in the three fully-irrigated mill-supply areas are: 
cooler than normal spring/early summer, resulting in enhanced natural ripening conditions 
extending later in the season; improved compliance with SASRI chemical ripening 
recommendations (required in order for growers to receive subsidies for ripening); improved 
ripener application management via the use of a dedicated smartphone App developed for the 
area; Extension inputs such as active promotion of more accurate drying-off, effective chemical 
ripening and holding workshops with contractors and Mill Cane Supply personnel, aimed at 
improving harvesting efficiencies; and another contributing factor was higher milling 
efficiencies, resulting partly from the Komati and Pongola mills not refining sugar in the 2020/21 
season.  (Pers. comm. Marius Adendorff, 2021). 

Low ERC% in 2020 in the Noodsberg and UCL mill supply areas may be partly explained by 
the increased incidence of severe frost events, and by a dry winter (Figure 6) resulting in sour 
rot and dead stick.  Frost-damaged fields were generally carried-over rather than being 
harvested, resulting in canopy cover loss followed by increased weed incidence and 
unintended delivery of dead stick to the mill.  The decreasing trend since 2017 in ERC% at 
Noodsberg and UCL is attributed to sub-optimal field management of newer, high-yielding 
varieties: these varieties tend to lodge severely when grown to area-typical 22-24 ages; lodging 
results in side-shooting and dirty deliveries (reducing ERC%).  Cutting these varieties earlier 
means the cane is less physiologically mature at harvest, which also reduces ERC%.  (Pers. 
comm. David Wilkinson, 2021).  Research into developing best management practices for 
high-yielding Midlands cane has commenced at SASRI. 

Cane quality was lower than the 5-year mean in the Maidstone MSA.  This is attributed to 
similar reasons as the negative yield anomaly. Milling disruptions (caused in part by low quality 
following heavy rains at certain times) resulted in excessive harvest-to-crush delays, further 
reducing quality. 
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Figure 13. Estimated Recoverable Crystal (ERC %) per mill, per season (2015-2019).  
The dashed line shows mean ERC% 2015-2019. Each bar is shaded 
according to the relative magnitude of change from the previous season – 
green indicates yield increases, red decreases, and grey indicates no change. 
Note that the y-axis starts at 6% to emphasise changes. 

Industry and farm economics 

Key economic indicators for the South African sugar industry are summarized in Table 2. 

Table 2. Key economic indicators for the South African sugar industry (SACGA, 2021) 

Season 

Indicator 2019/20 2020/21 

Gross sugar production (t) 2227229 2028174 

Local market demand (t) 1249476 1476011 

Sugar imports (t) 39348 20863 

Sugar exports (t) 967579 542213 

Weighted Avg. #11 World price (USc/lb.) 12.99 12.82 

Weighted Avg. R/US$ exchange rate 14.88 17.43 

RV price (R/t) 4220.58 5030.39 

The RV price increased by 19% compared to the previous season, as a result primarily of 
increased local demand for sugar, reduced (but more profitable) exports, and reduced imports: 

● The decrease in imports has been attributed to greater import tariffs protecting the
industry from deep-sea imports, and a commitment from large local retailers to buy
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local sugar, which is an early positive outcome of the Sugar Industry Value Chain 
Master Plan. 

● Increased local demand for sugar (by ≈ 220 000 t, Table 2) has been anecdotally linked
to COVID-19 lockdown regulations, as people were forced to stay at home, increasing
general home use of sugar or sugary products.

● The reduction in sugar available for export in the 2020/21 season (425366 t) also
contributed to an improved price, as the export market prices are lower than domestic
prices. Sugar sold on the export market achieved better Rand value due to the relatively
weak Rand/Dollar exchange rate during 2020.

From a grower point of view, the higher price combined with reasonably good yields and quality 
(average RV = 12.19%, SASA, 2021) meant increased revenue, contributing to much-improved 
profitability. 

Of major concern to growers is the inability of the mills to crush all the cane in season: the 
actual cane crush (18.2 Mt) was considerably lower than the March 2020 estimate of 19.1 Mt. 
The analysis of productivity in the previous section attributes this difference, at least partly, to 
consequences of milling capacity shortfalls. Another concern for industry stakeholders is the 
declining sugar to RV ratio, which was 92.0% in 2020/21, compared to 94.4% in the 2009/10 
season. 

Following permanent mill closures in 2020/21 and formal home-mill reallocations underway in 
the 2021/22 season, transport subsidies for (currently) diverted growers are expected to 
diminish or fall away in coming seasons, which will most likely impose economic feasibility 
constraints on these growers.  

The signing of the Sugar Industry Value Chain Master Plan also promises to stabilise sugar 
demand and the RV price in coming seasons, via: 

● the assurance from government that the scope of the Health Promotion Levy will not
expand for three years, disincentivising manufacturers seeking further to replace sugar
with artificial sweeteners; and

● sugar producers agreeing to constrain local sugar prices to within CPI.

The recovery in the RV price has helped large-scale growers (LSGs) to move back into 
sustained profitability (Table 3), as compared to a few seasons ago. The 2020/21 season was 
good for growers on most fronts, despite the added administration and (limited) logistical 
challenges that came with COVID-19 lockdown regulations. 

Table 3. Gross income, operating costs and net farm income (defined as the 
difference between gross income and total operational cost, and excluding 
managerial costs, interest, rent and leases, depreciation, and tax) per ton 
of cane harvested for a typical rainfed and irrigated large-scale grower 
(SACGA, 2020a) 

Rainfed Irrigated 

Season 2018 2019 2020 2018 2019 2020 

Gross Income (R/t) 481.79 531.00 629.86 493.84 549.15 640.45 

Total Operating Costs (R/t) 420.15 496.48 543.73 431.29 483.20 515.33 

Net Farm Income (R/t) 61.64 34.52 86.13 62.55 65.95 125.12 

Small-Scale Growers (SSGs) continued to make gains compared to the losses from the 
drought years and low-price environment faced two seasons ago (Table 4).  The return to 
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profitability is reassuring, with the SSG support interventions1 making up for some of the losses 
incurred in past seasons and helping to address diseconomies of scale faced by growers, 
whose farming enterprises are limited to 1-10 ha. 

Table 4. Gross and other income, operating costs, and net farm income per ton 
of cane harvested for typical rainfed and irrigated small-scale grower 
enterprises during the 2020/21 season (SACGA, 2020b) 

R/ton 

SSG Crop 
Budget item 

2015/16 2017/18 2019/20 2020/21 

Rainfed production 

Income 443.90 476.01 600.94 695.57 

Cane Income 372.02 406.18 488.36 579.28 

VAT Flat Rate 44.88 37.94 41.05 42.41 

SPF1 27.00 31.90 32.15 33.21 

Interventions1 39.38 40.67 

Total Operating 
Costs 

417.44 444.55 434.69 451.94 

Total Expenses 417.44 451.50 434.69 451.94 

Profit/Loss 26.46 24.51 166.25 243.64 

Profit/Loss (No 
Industry 
Support) 

-44.58 -44.67 53.67 127.34 

Irrigated production 

Income 507.35 651.10 702.29 833.04 

Cane Income 435.47 569.44 581.63 689.92 

VAT Flat Rate 44.88 44.12 46.00 47.52 

SPF1 27.00 37.54 33.56 34.67 

Interventions1 41.10 42.46 

Total Operating 
Costs 

411.81 500.94 419.71 436.36 

Total Expenses 411.81 547.87 453.34 468.30 

Profit/Loss 95.54 103.23 248.95 364.74 

Profit/Loss (No 
Industry 
Support) 

23.66 21.57 128.29 221.61 

Impacts of COVID-19 on Extension and Biosecurity services 

The delivery of extension services was greatly challenged, particularly during the hard Level-5 
lockdown period. Traditional face-to-face extension methods (e.g. study groups, farmer 
meetings and grower days) were inconsistent with “social distancing” directives.  Necessary 
changes included: providing individual grower advice via email, telephone and social media 
groups; field visits where the grower directed the extension specialist (ES) to the location of 
particular issue, without being present; virtual farmer meetings; and postponing or minimising 
group activities (with sanitisation and social distance protocols in place).  In some cases, drone 

1SSGs have been supported by the industry for many years through the Supplementary Payment Fund

(SPF), which recognizes the inability for most of these growers to increase their scale of operations. 
From the 2019 season, a new series of Transformation Interventions have been implemented by the 
South African sugar industry, which aim at improving the profitability and sustainability of the SSGs 
through programmes such as seedcane schemes and direct cash payments. 
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imagery was used to investigate field issues.  ESs were able to maintain contact with each 
other remotely.  These measures were reportedly largely successful and effective.  Social 
media and remote communication platforms will likely augment more traditional extension 
methods in future, particularly where these are more convenient and/or where clear savings in 
travel costs can be made. 

Further experimentation with remote grower days and webinars is recommended, but success 
will depend on the availability of suitable platforms, resolution of connectivity issues and 
general commitment by growers.    

COVID-19 interrupted biosecurity inspections, primarily during April-June 2020; fortuitously, 
this period fell between eldana population peaks (confirmed with light trap data, not shown) 
and is a period during which few disease inspections are normally conducted. Although 
Biosecurity operations were disrupted, the negative impacts of these appear to have been very 
limited. 

CONCLUSIONS 

The 2020/21 season saw a small reduction in production and yields compared to the previous 
season. Yields were lower than expected in the southern rainfed Mill Supply Areas (MSAs), 
with direct and indirect causes attributed to unusually dry winters in 2019 and 2020, frost events 
in the Midlands MSAs, and milling capacity shortfalls following the closure of the Umzimkulu 
and Darnall mills.  The crushing capacity limitations, combined with favourable climatic 
conditions so far in the 2021/22 season, mean that large tonnages of cane in the rainfed 
regions will likely be carried over into the 2022/23 season.  Ageing of cane in carryover fields 
also raises the risk of Eldana infestation and damage.  Yields and cane quality improved 
compared to the previous season in the northern irrigated MSAs, and this is generally attributed 
to increases in sunshine hours, similar or better irrigation water supply conditions, rigorous 
chemical ripening strategies and increased milling efficiencies.  Smut remains a challenge, 
particularly in the north. The RSD situation in the industry was similar to the previous season 
but incidence remained high in Umfolozi. The industry-wide focus on seedcane health is 
expected to impact favourably on disease incidence and prevalence over time.  Relatively poor 
and decreasing ERC% performance in the Noodsberg and UCL mill supply areas warrants 
further investigation, although frost events from a particularly cold 2020 winter explain this to 
some extent.  Increases in the RV price allowed growers to enjoy improved profitability. The 
COVID-19 pandemic had thankfully limited negative outcomes in terms of sugarcane 
production and the delivery of extension and biosecurity services, and may have increased 
local demand for sugar. The Sugar Industry Value Chain Master Plan to 2030 appears already 
to have resulted in RV price increases, and promises to stabilise the industry and protect its 
stakeholders over the next few years. 
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APPENDIX: SUGARCANE VALUE CHAIN MASTERPLAN 

The sugarcane industry Value-chain Master Plan was finally signed virtually in November 
2020. 

As a useful reminder, as published in the Government Gazette on 23 June 2020: 

“The Master Plan seeks to create a diversified and globally competitive, sustainable 
and transformed sugarcane-based value chain that actively contributes to South 
Africa’s economic and social development, creating prosperity for stakeholders in the 
sugarcane value chain, the wider bio-economy, society and the environment.” 

The objectives are: 

● to stem the industry decline to preserve 2019 job numbers (estimated 65 000 jobs), and
over the long run grow jobs again in a diversified industry based on sugarcane,

● to restructure and rebalance industry capacity to reduce inefficiencies, reduce costs
and restore competitiveness, reduce reliance on tariff protection and to set the
foundations for diversification,

● to advance transformation through inclusive and broad-based participation in the value
chain for workers, Black and female farmers and Black industrialists, and

● to invest in globally competitive and sustainable diversified sugarcane-based value-
chains.

These objectives are crystallised into a set of four strategic pillars: 

● Market growth – both winning back domestic market share in sugar and growing
domestic, regional and international markets for diversified sugarcane-based products
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● Value chain diversification
● Upgrading of value-chain competitiveness
● Transformation and inclusive diversification and growth in ways that substantially

advance patterns of ownership and participation by Black farmers, Black industrialists
and workers, including women and young people (South African Sugarcane Value
Chain Master Plan to 2030, 2020).

Jones et al Proc S Afr Sug Technol Ass (2021) 93 : 1-23

23



NINETY-SIXTH ANNUAL REVIEW OF THE MILLING SEASON IN SOUTHERN AFRICA 
(2020/2021) 

MADHO S AND BHYRODEYAL L 

Sugar Milling Research Institute NPC (SMRI), 222 Rick Turner Rd, Glenwood, Durban 
smadho@smri.org lbhyrodeyal@smri.org   

Abstract 

The performance, throughput, and other relevant aspects of the sugar industry in southern Africa, 
for the 2020/21 milling season, are presented and discussed in this paper. Data from sugar mills 
in South Africa, Malawi, Mozambique, Swaziland, Tanzania, Zambia, and Zimbabwe are 
included.  

The season is considered in terms of the tonnes of cane harvested, the cane quality, time 
efficiencies, recoveries, and losses, and the performance is compared to the previous seasons’ 
results. 

Keywords:  sugarcane, sugar factories, cane quality, crop size, performance, recovery 

Note: The South African Sugar Millers’ Association NPC (SASMA) has taken a decision not to 
distribute southern African factory performance data. For this reason, a full paper is not available in 
these Proceedings. The Sugar Milling Research Institute NPC (SMRI) did, however, present an annual 
review of the southern African milling season at the SASTA congress using industry trends rather than 
mill-specific data.

Madho S and Bhyrodeyal L Proc S Afr Sug Technol Ass (2021) 93 : 24

24

mailto:smadho@smri.org
mailto:lbhyrodeyal@smri.org


REFEREED PAPER 
 

REVIEW OF THE REGULARISATION AND CENTRALISATION OF THE BIOSECURITY 
FUNCTION IN THE SOUTH AFRICAN SUGAR INDUSTRY: 2015 - 2019 

 
STRANACK RA1 

 
1South African Sugarcane Research Institute, Mount Edgecombe 

rowan.stranack@sugar.org.za  
 
 

Abstract 
 

In 1982, the South African Sugar Association (SASA) published regulations that provided for 
the formation of Local Pest and Disease Control Committees, later called the Local Pest, 
Disease and Variety Control Committees (LPD&VCCs), which would oversee the biosecurity 
status in each mill area. The regulations were effected through amendments to the Sugar 
Industry Agreement 1979 (SIA), which legislated for the control of present and potential pest 
and disease threats. SASA, on the advice of the South African Sugarcane Research Institute 
(SASRI), defined the individual threats that were hazardous to the industry, as well as the 
remedial measures that are used to combat them. An Inspectorate, comprising field inspection 
teams that are directed and supervised by Officers and Technicians, with oversight by SASRI 
Extension and supported by SASRI specialists, provide inspection data to LPD&VCCs for 
evaluation. This paper outlines the history of LPD&VCCs and the Inspectorate from their 
origins, as industry-funded functions, through the period 1987 to 2015, when they became a 
grower-only function, and from 2015 to the present, when they were regularised and again 
centralised under SASA. The development of a set of industry rules and minimum standards 
is described, along with a revision of the reporting structures and legal framework of 
LPD&VCCs. The advantage of the centralised management of the inspectorate are the 
standardised working conditions and survey methods, co-ordinated training, and employee 
development, as well as opportunities for deployment across regions and for exchanging 
knowledge and skills. The advantage of centralisation, when responding to new incursions are 
highlighted; for example, the longhorn beetle (Cacosceles newmannii) in 2015.        
 
Keywords: biosecurity, pests, diseases, Local Pest Disease and Variety Control Committees 
(LPD&VCCs), Sugar Industry Agreement (SIA), Inspectorate. 
 
 

Introduction 
 
To appreciate the process of regularisation and centralisation of the biosecurity function since 
2015, it is necessary to trace its history since its inception in 1982, and to view this in 
conjunction with the relevant legislation and industry structures.  
 
The statutory function of LPD&VCCs was founded on the Sugar Act, 1978 (Anon, 1978) and 
the relevant clauses relating to pest disease and variety control in the Sugar Industry 
Agreement (SIA) of 1979 (Anon, 1979), which required and enabled, amongst other things, the 
appointment of LPD&VCCs. This legislation required the identification of all hazardous pests 
and diseases in the South African Sugar Industry and made law the implementation of various 
remedial measures necessary to contain these threats. The SIA also contained provisions for 
variety control, where the LPD&VCCs would annually approve a list of varieties for their control 
areas and require the removal of varieties that did not appear in this list. 
 
Local grower and miller representatives serving on the LPD&VCCs provided direction and 
oversight on the various area-specific strategies necessary to control pests and diseases. Ex-
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officio members, such as SASRI extension specialists, provided the necessary technical 
support and links to specialist support, where necessary. A locally based inspectorate provided 
regular reports to the LPD&VCC regarding the status of the various threats, as well as the 
progress that was made toward their control by taking the necessary remedial measures.  
  
Although the purpose and function of local pest disease and variety control has remained 
essentially the same since 1982, the sugarcane-growing environment has changed 
significantly. The arrival from the mid-2000s of several new and serious biosecurity threats in 
the industry, for example, sugarcane thrips (Fulmekiola serrata), maize streak (MSV), tawny 
rust (Macruropyxis fulva), the yellow sugarcane aphid (Sipha flava) and the longhorn beetle 
(Cacosceles newmannii), as well as the steady expansion of the stem borer, eldana (Eldana 
saccharina), across the industry, threatening areas previously thought to be free of the pest, 
and has placed increased pressure on LPD&VCCs and SASRI to counter these threats. In 
addition, external threats, such as orange rust (Puccinia kuehnii) and chilo (Chilo 
sacchariphagus) also required monitoring.  
 
With the increased demands on the inspectorate, due to the higher threat level, the effective 
management of this entity became increasingly important. An industry review of the pest, 
disease and variety control function came at the same time and indicated that SASA was 
ultimately responsible and accountable for biosecurity, which made the transition to centralised 
management and oversight of the inspectorate appropriate.   
 
Since 2015, the term ‘biosecurity’ has been introduced to describe the support function and 
inspectorate at SASRI, which is responsible for providing survey data and other specialist 
advice to LPD&VCCs, to enable them to perform their responsibilities.  
 
There are four distinct chapters in the history of the biosecurity function:  
 

1) The first, which was pre-1982, outlines the reasons for the introduction of pest and 
disease  control regulations in the South African Sugar Industry.  

2) This was followed by a period from 1982 to 1986, when the pest and disease control 
function was introduced to the industry. Local Pest and Disease Control Committees 
were formed, with industry-funded field staff and operations being housed and 
managed within the South African Sugar Association Experiment Station (SASEX), now 
the South African Sugarcane Research Institute (SASRI).  

3) From 1987 to 2015, the function became regionalised and the responsibility of the 
growers only, who funded all the Local Pest, Disease and Variety Control Committee 
(LPD&VCCs) activities and operations through levies on their cane deliveries. In 2000, 
these committees took on the additional responsibility of variety control for their 
respective areas. A transitional phase began in 2009, with the examination of the status 
of LPD&VCCs and their standing as legal entities.  

4) In 2015, the LPD&VCCs were reaffirmed as committees of the South African Sugar 
Association (SASA) and the management and operations of the inspectorate once 
again becoming the responsibility of SASRI. 
 

This review presents an outline of the key features associated with each of these four chapters 
and provides an example of the specific advantages offered by a regularised and centralised 
biosecurity function in the South African sugar industry.   

 
 
 
 
 
 
 

Stranack RA Proc S Afr Sug Technol Ass (2021) 93 : 25-38

26



Before regulation – pre-1982 
 
The introduction of regulations to control various pests, diseases and varieties in the South 
African Sugar Industry was a necessary response to the serious biosecurity threats emerged 
during the 1970s.    
 
Thompson (1983) reported that growers over the previous decade had faced unprecedented 
threats from sugarcane pests and diseases, such as smut (Sporisorium scitamineum) and 
eldana. There had been a resurgence of eldana in the Zululand region after being largely 
absent from sugarcane in the area since the 1950s. In 1976 it was reported that eldana was 
being monitored at the Darnall, Amatikulu, Empangeni, Felixton, Umfolozi, Pongola and 
Malelane mills (Anon, 1976). Consignments of sugarcane arriving at the mills were examined 
and, where eldana was found, field inspections were carried out to confirm the presence of the 
pest. These field surveys were carried out by a team of inspectors from the Experiment Station 
based at Amatikulu. The Zululand South extension report also noted that the field survey team 
played a significant role in reducing the eldana problems on farms (Anon, 1978).   
 
By 1978, eldana had spread south of the Tugela River and was recorded at Darnall and further 
south at Gledhow. It was established that there was a relationship between the age of the cane 
and the levels of eldana; the level of damage increased significantly as the cane grew older 
and the eldana populations increased, which emphasised the need to harvest cane at a 
relatively younger age, to contain the pest (Anon, 1978).  
 
Paxton (1983) reported that the first community response to the eldana threat began in 1979, 
when Eldana Committees were formed in Zululand and at the Darnall, Gledhow and Maidstone 
mills on the North Coast. These committees drew up Codes of Conduct which were aimed at 
regulating the maximum age of cane permissible and thereby limiting the risk of damage by 
eldana.   
 
By 1979, the effects of diseases, such as smut, added to the concerns of growers. In the 
irrigated sugarcane growing areas of Mpumalanga, smut was reported to be on the increase 
and the disease was regarded as a community problem (Anon, 1979). The first formal response 
to the recommendations for the control of smut in South Africa came in 1980, when the Pongola 
Cane Growers' Association requested that the smut-susceptible variety, NCo310, be 
withdrawn from the list of varieties permitted to be grown in that area (Thompson 1983). 
 
In the same year, it was also reported that mosaic (sugarcane mosaic virus) was spreading in 
the South Coast region onto farms that had not previously been infected (Anon, 1979).  
 
Thompson (1983) also reported that in the late 1970s industry leaders came to the realisation 
that the poor management of pests and diseases on sugarcane farms was having a significant 
impact on the productivity of adjacent farms and across the wider region. There was therefore 
a need for regulations to enforce control measures against the spread of pests and diseases, 
from one farm to another. There was also a need to control the planting of varieties with 
different levels of disease resistance on a regional basis. 
 
In advancing the implementation of regulations to control the spread of pests and diseases, 
SASA was able to take advantage of the long and successful experience of the Queensland 
cane sugar industry in pest and disease control in Australia, where regulations had been in 
place since the 1920s.   
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The introduction of local pest disease and variety control measures: 1982 – 1987 
 
The Sugar Act of 1978 (Act 9 of 1978) provided the means in the form of the Sugar Industry 
Agreement (SIA) in 1979 (Anon 1979), whereby pest and disease control regulations could be 
legally enforced. In 1982, SASA introduced and published regulations that provided for the 
formation of Local Pest, Disease and Variety Control Committees (LPD&VCCs) and for the 
appointment of Officers in each mill area in the South African sugar industry. These regulations 
were put into effect by making amendments to the SIA in 1979.   
 
On the advice of the South African Sugarcane Research Institute (SASRI), SASA defined the 
individual pests and diseases that constituted a hazard to the industry, as and when necessary. 
The terms of reference for LPD&VCCs were made to suit both the present and anticipated 
future pest and disease problems in the industry, and they provided for: 
 

• the authority to require remedial operations on, or the harvesting or destruction 
of, sugarcane infested with pests or diseases; 

• the authority to carry out the procedures listed above at the expense of the owner 
or occupier, if he failed to comply with the order; 

• the annual gazetting of the varieties that may be planted within a mill area, or part 
of a mill area. When a variety was withdrawn from the gazetted list, a stipulated 
period of grace was to be determined before it had to be ploughed out; 

• the registration of all seedcane and other non-commercial sugarcane plots 
planted on registered land; 

• the control of all buying and selling of seedcane through the LPD&VCCs; 
• the elimination of all sugarcane that was not growing on registered land or that 

had not been registered for seedcane or an acceptable purpose, other than 
delivery to the mill; 

• the appointment of LPD&VCCs and officers; 
• the authority for officers to enter lands, to inspect any sugarcane and to remove 

samples, if required; and 
• the right of appeal by anyone on whom an order has been served. 

 
In December 1981, SASA Council also appointed the Pest, Disease and Variety Control 
Steering Committee (PD&VCSC), the members of which were growers, miller representatives 
and staff of SASRI.  The terms of reference of this Committee were: 
 

• to assist with the establishment of LPD&VCCs;  
• to devise a set of guidelines to enable the local committees to operate uniformly; 
• to monitor the activities of the local committees; and 
• to make recommendations to the SASA Council about pest and disease control. 
 

At the outset, seven Pest and Disease Control Officers were appointed under the Extension 
Department at SASRI. These officers were deployed to serve 17 LPD&VCCs whose areas of 
jurisdiction were linked directly to mill supply areas. The officers worked closely with the local 
SASRI extension specialists, so that they could benefit from their experience and knowledge. 
Officers and their field staff, under the direction and control of the Head of Extension at SASRI, 
were responsible for developing work programmes for their areas, in consultation with their 
LPD&VCCs. Staff also had direct access to specialist services at SASRI to assist them with 
their work. 

 
Initially there were 15 local field inspection teams across the industry, each under the control 
of a Pest and Disease (P&D) Officer. Teams were mostly housed and administered by the local 
milling company that was directly involved with the local P&D operations at the time.  
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Some rationalisations of LPD&VCCs were undertaken early on, particularly where there was 
overlap in mill areas in the same broad geographic regions. The Noodsberg and Union Co-op 
LPD&VCCs amalgamated, as did the Empangeni and Felixton Committees, and the Eshowe 
and Melmoth grower groups joined the Entumeni LPD&VCC from Amatikulu.  
 
Whilst the control of eldana, smut and mosaic disease were the key focus areas during this 
period, some LPD&VCCs started seedcane schemes that were aimed at improving the quality 
of the planting material available to growers over the longer term.  
 
In 1987, provision was made for the regionalisation of the P&D function, whereby individual 
LPD&VCC areas were to fund their local operation entirely, and the P&D Officer and staff would 
be employed by, and report to the LPD&VCC. In most instances this necessitated increased 
administration costs and personnel. 
 
 

Regionalised pest disease and variety control: 1987 – 2015 
 
LPD&VCCs  
 
For a period, financial assistance in the form of a grant from SASA, enabled the LPD&VCCs 
to move from a centrally funded function to a fully locally funded operation. This change 
necessitated the imposition of levies on growers, but also enabled the employment of additional 
field survey teams, two in the Midlands and one each at Sezela and Glendale. The total number 
of teams across the industry increased to 21. However, it was noted in the SASRI Annual 
Report that even with this increased number of teams, ‘this number is not adequate to survey 
all commercial cane fields’ and consequently there was a ‘need to train growers’ staff’ (Anon, 
1986).  
 
At the beginning of this period, the seven P&D Officers were still employed by the Experiment 
Station. However, by 1990, the position of P&D Officer was no longer part of the SASRI staff 
complement; instead, it became a regional, grower-funded position. The rapid turnover of 
Officers had resulted in growers changing their approach to the P&D Officer position.  
 
Operational management of LPD&VCCs 
 
To meet the need for stability and cost-effectiveness, one of the options local committees 
chose was to employ suitably qualified, part-time P&D Officers. Other LPD&VCCs promoted 
experienced field staff to the position. These Officers already had long service and were ideally 
suited to organise the work programme and manage the survey teams.  
 
In Zululand, and later at Pongola, growers opted to combine the SASRI extension specialist 
and P&D Officer functions into a single position. This model had the advantage of enabling 
close ties with SASRI to be maintained.  
 
Being self-funded, local committees were responsible for recruiting, employing, and equipping 
staff, owning, and operating vehicles and renting premises. To do this, the committees had to 
open bank accounts, to produce a set of accounting books for audit and to raise funds, while 
levies had to be motivated annually for approval by the local grower associations.   
 
Local committees also required financial and management oversight, in addition to technical 
capacity. To address this, a management structure was required, in addition to the P&D 
Officers. This function was structured differently between regions and was largely responsible 
for the overall management of staff, finances, and assets. In some instances, a local grower 
affairs manager, or administrator, was given this responsibility, in addition to their other duties.  
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The position of LPD&VCC chairman held responsibilities beyond that of the technical aspects 
of biosecurity. The chairman was often involved in decisions regarding the recruiting of staff, 
disciplinary issues, the purchase of assets and other routine requirements of running the 
operation.  
 
Local rules  
 
Importantly, this period saw the development and refinement of local rules and hazard levels 
relating to pests, diseases, and seedcane. Having had experience in trying to contain eldana 
and diseases, such as smut and mosaic, it became clear that specific and enforceable local 
rules and hazard levels were necessary, if progress was to be made in containment of these 
threats.  
 
In the Zululand region the local committees followed a unified approach to define rules. Hazard 
levels for eldana were applied to cane to be harvested in the current season and for cane to 
be carried forward to the next season. As eldana was expected to increase with age of cane, 
maximum ages for plant and ratoon crops were specified and a specified minimum percentage 
of the area under cane on farms that was required to be harvested each season.  
 
In the irrigated regions, where smut was a significant threat, committees specified levels of the 
disease where the compulsory removal of infected stools would be required, to maintain the 
disease at a level where it did not pose a threat. Where levels were found to be higher, the 
field was required to be eradicated, either immediately, or after the next harvest.  
 
Pest and disease surveys 
 
In the period 1987-2015, the survey procedures for eldana, diseases, off-types, RSD, and 
seedcane, as developed by SASRI in the 1980s, remained largely unchanged. For eldana, this 
involved the removal of a standard 100-stalk sample from a field, recording larvae recovered, 
the percentage of damaged stalks and the percentage of stalk redness (indicating sucrose 
loss).  
 
In surveys for diseases in commercial fields, a pre-determined number of randomly selected 
50-metre sites were surveyed, depending on the size of the field.  
 
In the case of ratoon stunt, a much smaller sample of 20 stalks per field was typically removed. 
Here, the inspectors would select stalks based on their apparent weaker appearance and thus 
the likelihood of those being diseased.  
 
Surveys in seedcane were carried out by either inspecting every row of sugarcane, in the case 
of certified seedcane, or by a random survey (at times, at an increased frequency of 50-metre 
sites). Acceptable levels of diseased or off-type stools for certified seedcane were adopted 
from previous criteria that had been set at SASRI. For other categories of seedcane, a more 
lenient hazard level was generally adopted. 
 
During this period, the proficiency of surveys was mostly monitored and evaluated by the local 
P&D Officer, who would conduct regular in-house training. On occasion, cross-regional 
gatherings for evaluation and training took place, for example, in Zululand and the North Coast. 
 
As LPD&VCCs were responsible for bulking up and release of new SASRI varieties to growers, 
the inspection teams were able to build up knowledge of the appearance and growth 
characteristics of the new varieties, and to alert SASRI of any important features or problems.   
 
Survey programmes followed seasonal patterns and the crop growth cycle. Disease and 
seedcane surveys could only be carried out in the late spring, summer, and autumn months. 
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Eldana surveys were possible year-round but were targeted according to need. For example, 
in the off-season surveys were in mature cane to prioritise fields for harvesting, and 
increasingly, once insecticide spraying became an option to control eldana, surveying cane for 
the following season became routine. RSD surveys could only be carried out in cane older than 
nine months, so this was commonly carried out over the winter period. Whilst these seasonal 
patterns dictated survey times, there were no overall targets of survey areas for each threat. 
 
Variety control 
 
In 1999, LPD&VCCs were given the responsibility for variety control, and amendments to the 
SIA, 2000 (Anon, 2000) were made to this effect. Along with this, LPD&VCCs also assumed 
responsibility from SASRI for bulking up of new SASRI varieties, including the selection of co-
operators and the distribution of seedcane.  
 
Seedcane schemes 
 
Before 1982, seedcane nurseries were not widespread across the industry. It has been 
reported that there were only 10 individual farm nurseries across the entire industry in 1978 
(Anon, 1978). One of the earliest action steps taken by LPD&VCCs was to encourage the 
production of good seedcane, which was recognised as an effective means of reducing disease 
levels in the long term.  
 
Tucker and Rowland (1987) describe six regional initiatives across the industry aimed at 
producing mainly certified, but also commercial, seedcane for sale to growers. Three of these 
were still in existence at the time of centralisation in 2015.  
 
Fortmann et al. (2006) described the development of one of these schemes at Felixton, where 
in 1985 participation by growers was made compulsory. This guaranteed the annual delivery 
of quantities of certified seedcane to each grower’s farm sufficient to provide enough seedcane 
for the following year’s planting requirements. This scheme served as a model for other areas, 
where similar schemes were proposed.  
 
As the focus on seedcane progressed during the period of regionalisation, other categories of 
seedcane were recognised, provided they met the LPD&VCC criteria for use as planting 
material (Anon, 1999). 
 
Alternatives to conventional whole-stick seedcane appeared during this period in the form of 
hot-water treated single-budded setts, and Meyer et al. (2010) reported on the development of 
NovaCane® tissue culture material to ensure disease-free, true-to-type seedcane material.  
 
Co-ordination of LPD&VCC activities  
 
Despite the relative autonomy of local committees and the lack of a direct link with SASA, 
SASRI extension specialists who had served as ex-officio members of LPD&VCCs since their 
inception, were able to provide technical support to committees and access to specialists, if 
necessary.  
 
Annual meetings of LPD&VCC chairmen were organised by the Head of the Extension 
Department at SASRI. At these meetings, the chairmen presented a report on their committee’s 
activities as well as the current hazard levels, levies on growers and staff numbers. These 
meetings were an opportunity to discuss common problems and to receive technical reports 
from SASRI specialists. A summary of the pest and disease status in the industry was also 
presented by SASRI (Anon, 1999). 
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Apart from the annual meeting, there were occasional regional workshops in some areas. For 
example, in 2003, a Pest and Disease Roadshow was organised by SASRI where members 
of LPD&VCCs, P&D staff and Extension Officers from each area within the region participated 
in specialised technical sessions to develop common strategies to combat local threats such 
as eldana.  
 
The development and circulation of a generic constitution for LPD&VCCs was an attempt to 
create uniformity among the regions. This was an initiative by SASRI to ensure that there was 
adequate and uniform governance among the committees. 
 
Inevitably a significant level of autonomy developed amongst the various LPD&VCCs during 
this period. Job descriptions, salary scales and administrative functions varied significantly. 
The biosecurity function also underwent some differentiation. Committees independently 
developed their own local hazard levels, work standards and even terminology in their regions, 
although they mostly followed the original procedure for field surveys developed by SASRI. 

 
 

Regularisation: 2015 to 2019 
 
Although regularisation was fully implemented in April 2015, several earlier events had 
assisted in its progression.   
 
In 2009, it became apparent that certain aspects of the way LPD&VCCs were operating were 
not legally compliant. Following legal advice, it was realised that, in accordance with the SIA 
2000, SASA remained the body responsible for the P&D function (Anon, 2009).   
 
Thus, a process began whereby SASA became more directly involved in LPD&VCC issues. In 
2009, for example, crop eradication orders in the Lowveld were funded by SASA, by 
arrangement with the LPD&VCC and the local milling company, which confirmed the 
responsibility of SASA in instances where biosecurity issues threatened the wider industry. 
 
In 2010, the North Coast LPD&VCC was unable to recover sufficient levies to fund their 
operations, due to a serious drought, and SASA was required to provide a bridging loan for 
operations to continue. Here too, SASA acknowledged and honoured its responsibility for 
issues relating to the biosecurity of the industry. 
 
Approval by SASA Council was also granted for SASA and SASRI to become involved with 
local LPD&VCC human resources issues, and assistance was given to two LPD&VCCs that 
were recruiting staff. Legal assistance was also delivered to the LPD&VCCs through the Legal 
Compliance Officer, based at SASA.  
 
Governance 

 
In terms of the SIA 2000, the SASA Council was responsible for the Pest, Disease, and Variety 
Control function of the industry and all the LPD&VCCs were to report to it. However, since it 
was not practical for the then 11 Committees to report to Council, a new compliance and 
governance structure was agreed upon, where LPD&VCCs would report to the PD&VCSC, 
which, in turn, would assume the responsibility of reporting to Council. Consequently, the 
PD&VCSC met on a quarterly basis as from 2009, as opposed to the ad hoc approach that 
had previously been taken. 

 
The PD&VCSC presented a document to Council proposing that, amongst other background 
issues, several core changes be made to the current biosecurity operation. The principle was 
to return the field staff to SASA and to adjust the staff complement, to adequately fulfil the 
industry biosecurity requirements. This proposal was made in 2009 and the return of field staff 
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only took place in 2015, which gives an indication of the extent of negotiation and preparation 
that was required for this transfer.  
 
Included in these changes in governance, was the appointment of a Biorisk Manager (later 
called the Biosecurity Manager), who was to co-ordinate the biosecurity and pest and disease 
affairs in the industry, and who was based at SASRI and reported to the SASRI Director.  
 
A working group was formed, comprising of members of the PD&VCSC, SASA Council, 
Canegrowers, South African Sugar Millers Association (SASMA), SASA Management and 
SASRI staff, with the purpose of driving this review and the subsequent changes to the 
structure of the P&D function in the industry. 
 
Control areas 
 
In 2014, all LPD&VCC control areas had already been demarcated and described according 
to local municipality boundaries and physical features, such as roads and rivers, for annual 
publication in the Government Gazette. In 2016, a further LPD&VCC control area was identified 
in northern KwaZulu-Natal and named the Mkhuze/Makhathini LPD&VCC control area. A 
committee representing the growers in the Greater Makhathini region was appointed and an 
additional survey team was employed to carry out surveys in this region. This brought to 24 
the number of teams servicing the industry.  
 
LPD&VCC Rules 
 
In 2011, the industry working group agreed that a set of industry rules should be drafted in 
accordance with Clause 88 (a) of the SIA 2000, to regulate the rules and procedures to be 
followed by LPD&VCCs. Until that point, LPD&VCC governance had been guided by a generic 
P&D Constitution. Whilst this constitution served its purpose, and had been adopted by each 
LPD&VCC, the committees were, in fact, always committees of SASA, and therefore already 
bound by the SASA Constitution.  
 
In drafting the LPD&VCC Rules (Anon, 2015), several key requirements were included to 
address the legislation, namely: 
 
Part A - Committee governance. This section provided rules for, amongst others, the 
composition of the LPD&VCCs, the election of committee members and office bearers, the 
frequency of, and procedure for, holding meetings and other administration requirements. 
Dispute resolution was also addressed. The demarcation of LPD&VCC control areas, and the 
control of varieties through the gazetting of varieties permitted for planting in each LPD&VCC 
control area, was also covered in this section. The regulation of seedcane was also covered, 
providing for the identification and approval of sources of seedcane in the industry. 
 
Part B – This incorporated the provisions of the Notice under Clauses 77 and 78 of the SIA 
2000, which specified and made legal various hazard levels and remedial operations for each 
of the existing threats, as well as for potential external pests and diseases. The minimum 
standards for pest and disease surveys and samplings, which each LPD&VCC was obliged to 
complete each year, were also specified. 
  
Part C – This specified individual hazard levels and remedial operations for commercial cane 
in each LPD&VCC. 
   
Part D – This section detailed the standards and procedures applicable to the different 
categories of seedcane. 
 

Stranack RA Proc S Afr Sug Technol Ass (2021) 93 : 25-38

33



The Rules (Anon 2015) were explicit that all existing LPD&VCC rules were to be ratified by 
SASA, that the industry rules would serve as the minimum standards, and that less stringent 
local rules would not be permitted. All proposed changes to the local rules and hazard levels 
would, in terms of the industry rules, need to be approved by SASA Council. 
A draft of these new industry LPD&VCC rules was circulated to all LPD&VCCs for comment 
and discussion. After the proposed amendments were considered and included, where 
necessary, the final draft was approved by the SASA Council in March 2015. 
Centralisation of the Biosecurity Inspectorate 
 
On 1 April 2015, the SASRI Biosecurity Inspectorate came into existence as an entity, with its 
own staff structure and budget, under the SASRI division of SASA. The Biosecurity Manager, 
supported by a dedicated Resource Manager, was responsible for all budget and operational 
aspects. Both the milling and growing sections contributed to the costs of the new entity.  
    
Operationally, local SASRI Extension Specialists were appointed to fulfil the statutory role of 
P&D Officers and to serve as local managers, with biosecurity officers and technicians – 
previously the P&D Officers or P&D Managers – reporting to them. The officers and technicians 
were directly responsible for the survey programme and day-to-day management of the survey 
teams. Extension specialists provided technical support and management oversight. It was 
agreed that a payment would be made from the industry to the levy-funded regional extension 
operation, to compensate for the support provided by SASRI extension. 
 
On regularisation, SASRI assumed responsibility for all field employees and the associated 
administrative support and management that were previously the responsibility of the 11 
LPD&VCCs. Since salary scales varied considerably amongst the regions, a process of 
engagement with the employees was embarked upon resulting in a phased approach to 
equalise salary scales and benefits over a period. The integration of these employees into 
SASRI enabled access to various benefits, including becoming members of the SASA 
Provident Fund and gaining access to the central clinic at SASRI, for annual health 
assessments and treatment.   
  
Standard job descriptions were developed for inspectors, supervisors, officers and technicians 
and appropriate job grading was agreed upon. The minimum qualifications for these positions 
were also agreed upon. Employment contracts were drawn up and signed and  
the contribution of extension to the new structure was recognised in the job descriptions and 
programmes of work of extension specialists.  
 
In areas where there were contractual arrangements in place with industry and local grower 
structures to provide administrative support to LPD&VCCs, these were retained. Initially, this 
was to provide continuity, but were phased out such that only three such arrangements 
remained in place by 2019.  
 
The health and safety of employees was a significant consideration when the operation was 
centralised. In line with legislation, all employees were entitled to be transported and to be able 
to work under safe conditions and, to this end, all vehicles and personal protective equipment 
were standardised, with new vehicles and equipment being obtained or leased, to provide the 
necessary protection. 
 
All local staff were interviewed and assessed on centralisation, to determine their level of 
competence and to identify their training needs. Since 2015, a wide range of training initiatives 
have been conducted, including health and safety, supervisory, leadership, driver competency, 
and other technical training relating to pests and diseases. Regular in-house refresher training 
on old varieties, as well as instruction on new varieties, was facilitated by the close relationship 
with SASRI specialists.   
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Work programmes and reporting 
 
With defined minimum percentages that are required to be surveyed for each biosecurity threat, 
the officers and technicians of the inspectorate were required to plan an annual programme of 
work. Monthly reporting on progress enabled SASRI management to monitor progress and 
make necessary adjustments, if required. As they had done previously, officers and technicians 
provided LPD&VCCs with regular reports on surveys, with the additional responsibility to 
provide SASRI with details of their progress in the work programme.  
 
In a series of workshops before centralisation, P&D and extension Officers met to agree on the 
standard procedures of surveys and sampling. A manual was developed, a copy of which was 
given to each officer and technician.     
  
The monthly reports to SASRI on the areas surveyed and the status of various biosecurity 
threats were consolidated into quarterly reports and presented to the Sugarcane Research and 
Sustainable Agriculture (SRASA) Committee, a committee that is charged with oversight of 
SASRI functions. This committee reports to SASA Council and has taken on the role of the 
PD&VCSC in the oversight of biosecurity in the industry since 2016. In addition, any decisions 
on changes to local rules, and other related biosecurity issues, were referred to the SRASA 
Committee to be recommended to SASA Council for decision or noting. 
 
All LPD&VCC meetings and protocols were regularised regarding the appropriate membership 
of the industry sections and held in accordance with the SASA meeting requirements. Records 
of all meetings were submitted to SASRI.  
 
The annual Chairman’s Meetings continued to be held and were combined with a technical 
workshop for SASRI extension and biosecurity staff. At these annual meetings, subject 
specialists presented summarised survey data and trends from across the industry. 
 

 
Incursion by longhorn beetle (Cacosceles newmannii) – a coordinated response  

 
In 2015, the new biosecurity structure faced its first major challenge. Way et al. (2017) reported 
that a larva of an unknown cerambycid beetle was recovered from a stalk of sugarcane during 
a routine field survey for eldana in a field on a farm in the Entumeni area of Zululand, KwaZulu-
Natal. Further surveys in the area revealed a wider presence of similar larvae, the borings of 
which had caused considerable damage to the cane stalks.  
 
As the Entumeni LPD&VCC, within whose control area the infestation had occurred, had only 
one field inspection team, there was therefore an urgent need to increase the survey resources, 
to determine the full extent of the incursion. To this end, and enabled by centralised 
management, additional teams were brought into the area to supplement the surveys 
undertaken by the local team. This greatly facilitated the rapid identification of the area affected 
by the pest, as well as those areas nearby that were at high risk for the presence of the pest. 
 
As the identification of the pest was of major importance, the entire Inspectorate was brought 
to the site of the outbreak and trained in the identification of the pest and the damage that it 
caused. SASRI’s Knowledge Management Unit also produced pamphlets and identification 
guides to assist not only the Inspectorate, but also to assist local growers and transport 
contractors in the identification of the pest. This training and information resulted in several 
suspected cases being investigated further.  
 
SASRI and SASA Industry Affairs assisted the efforts of the Entumeni LPD&VCC to control the 
pest by effecting a Notice, under Clauses 77 and 78 in the SIA 2000 in the Government 
Gazette, proclaiming the longhorn beetle a hazardous pest, industry-wide, and the necessary 
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control measures required. The affected area was also quarantined as an emergency 
measure.  
 
To assist the Entumeni LPD&VCC in the implementation of the large-scale sugarcane 
eradication programme in the area, SASRI appointed their local extension specialist as the 
project manager and deployed an on-site dedicated researcher to begin investigative work on 
control measures and on understanding the ecology of the pest.  
 
Once identified and found to be an indigenous cerambycid, Cacosceles newmannii, SASRI 
initiated various research projects into the pest which were guided by senior entomologists and 
the Research Manager at SASRI. A multi-disciplinary task team was set up at SASRI to guide 
the control efforts on the ground and to provide further support for the research effort. Expertise 
was sought by SASRI specialists, both locally and overseas, in the end helping SASRI to be 
able to recommend a strategy aimed at containing the potential spread of the pest.      
 
As part of the greater effort to contain the pest, a containment fund was approved by the SASA 
Council to enable the eradication, treatment, and long fallowing of the affected area, which 
exceeded 1 100 hectares. This was achieved within two years.  
 
As an effort to address further possible outbreaks across the industry, an amendment to all 
LPD&VCC local rules was proposed and approved, detailing the remedial measures required, 
should an outbreak occur.  
 
Overall, the threat posed by the longhorn beetle was successfully contained, due to the 
relatively swift and decisive action taken and enabled by the centralised Biosecurity 
Inspectorate.   
 

 
Discussion 

 
The history of pest and disease outbreaks in the South African Sugar Industry indicates that 
these threats have been widely distributed, despite being localised at first. For example, eldana 
is now present throughout the industry and still causing significant damage where it is not 
effectively controlled. Of the five most recent incursions, tawny rust, MSV, Thrips, YSA and the 
longhorn beetle, three of them are already significant threats in all the agroclimatic regions of 
the industry. These realities demonstrate why biosecurity is a centralised industry 
responsibility, rather than a regional responsibility, enabling a standardised and coordinated 
approach to control. This has shown to be best achieved with LPD&VCCs being committees 
of SASA and with the inspectorate being placed under the management of a division of SASA.    
 
The integration of SASRI extension into the oversight and management of the inspectorate 
and its work programme has been advantageous in that it has brought SASRI technical support 
closer to both the LPD&VCCs and to the inspectorate doing the work on the ground. Standard 
survey procedures and recording, as well as regular training and evaluation, have improved 
confidence in field survey results.  
 
The acceptance of a set of industry rules and minimum standards for pest, disease and variety 
control has been significant in unifying the industry’s approach to biosecurity. Whilst the 
importance of local rules has not been reduced, the industry rules provide a standard against 
which any proposed change to a local regulation can be assessed. In addition, the current rules 
are based on the best available knowledge, are subject to scientific scrutiny and consider the 
wider impact of any proposed change. This was evident in the addition of the rules relating to 
the control of the longhorn beetle, as well as the recent changes in certain areas regarding the 
control of eldana, where insecticide spraying options became available. 
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The LPD&VCC rules have also enabled issues that were not adequately addressed previously, 
to be brought into prominence, such as the control of seedcane, with the requirement that all 
commercial cane fields must be planted with either LPD&VCC certified or approved seedcane 
by 2023. 
 
With the annual work programme under centralisation still being guided by LPD&VCCs, the 
management and implementation of the annual programme is left to the officers and 
technicians, which frees up time in meetings for the LPD&VCCs to attend to biosecurity issues.  
 
Accountability for the work delivered is made possible by the management structure of the 
Inspectorate. This has also enabled flexibility in the deployment of staff, where necessary, as 
in the case of the longhorn beetle outbreak. The staff structure has also enabled a career path 
for those wishing to make biosecurity a career. To date, three biosecurity officers have been 
promoted to the position of extension specialists, which has provided opportunities for other 
staff below them to advance.  
 
Before regularisation, the committee chairmen and treasurers bore the responsibility of 
managerial and budget decision-making. This and other arrangements with local millers and 
other local administrative and financial support services, masked to an extent the true cost of 
the operation of the Inspectorate and local committee functions. Through centralisation, the 
true cost of biosecurity to the industry is now known and reflected in a centralised budget, 
which must pass the necessary scrutiny of the industry each year. 
 
Reporting regularly to Council, by way of the SRASA Committee, has meant that the industry 
principals are regularly appraised regarding the pest, disease, and variety issues in the 
industry.  
 

Conclusions 
 
Prior to 2015, LPD&VCCs successfully maintained a high level of awareness and response 
amongst growers regarding pests and diseases. Important initiatives were also started, such 
as seedcane schemes, and other pest and disease control strategies, supported by local rules, 
which looked to the longer term to provide protection for the crop. Supported by legislation, the 
LPD&VCCs were able to successfully implement and enforce local hazard levels and other 
regulations.  
  
The move to regularisation and centralisation of pest, disease and variety control has been 
beneficial as it has taken the responsibility for the operational aspects of biosecurity from the 
local committees and placing this in the hands of SASA, freeing up the LPD&VCCs to devote 
more time to focusing on local threats. This they can do with confidence, knowing that through 
the centralisation they have access to expertise and support, both technical and legal. The 
closer integration of SASRI extension into the Inspectorate has been highly beneficial, enabling 
extension specialists, with the support of SASRI specialists, to take a leading role in both 
guiding the LPD&VCCs in developing strategies and in directly managing the Inspectorate. 
 
The response to the longhorn beetle incursion by a centralised Inspectorate showed that an 
efficient, coordinated, and comprehensive response to new threats can be achieved. It has 
also shown that LPD&VCCs need not consider themselves to be alone in their fight against 
existing or new threats.  
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LPD&VCCs, SASRI specialists and extension specialists would not have access to accurate 
and reliable data upon which to take important decisions regarding the necessary strategies to 
limit the considerable potential damage to sugarcane caused by pests and diseases in the 
South African Sugar Industry.   
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Abstract 
 
The South African sugar industry uses Recoverable Value (RV) as a measure of cane quality 
for cane payment purposes. The RV Content (RVC) of cane stalks is determined primarily by 
its sucrose content, fibre content and non-sucrose content. Forecasts of the seasonal average 
RVC for each mill are used to determine the monthly payments to growers, and they need to 
be accurate, in order to minimise payment corrections during, and at the end of, the milling 
season. Monthly forecasts are therefore issued from April to the last month of the milling 
season (typically December) by the Mill Group Boards (MGBs) and by the Seasonal RV%cane 
Forecasting Committee (FC) of the South African Sugar Association (SASA). The aim of this 
study was to evaluate the accuracy of the RVC forecasts over the 2012 to 2020 period and to 
assess their impact on grower finances. 
 
On average, the MGB forecasts showed a greater negative bias than the FC forecasts 
throughout the season for 12 mill supply areas (with the exception of Umfolozi and 
Umzimkulu). These forecasts deviated by more than -0.5% for Darnall, Malelane, Pongola and 
UCL, and by more than -0.3% for Maidstone and Noodsberg, while Eston and Umfolozi had 
average MGB forecast bias of less than -0.1%.   
 
The average cash-flow impact calculated from the MGB forecasts exceeded R10 per ton of 
sugarcane in eight cases. For six of these (Felixton, Darnall, Komati, Maidstone, Noodsberg 
and UCL) the impact could have been reduced to well below R10/t if the MGB had followed 
FC forecasts more closely. 
 
It is concluded that the quality of the RVC forecasts varied widely between the mill supply 
areas and that there is room for improvement in the forecast quality for at least seven mill 
areas. Improved RVC forecasts will reduce the negative cash-flow impact for sugarcane 
growers.   

Introduction 
 
The South African sugar industry uses Recoverable Value (RV) as a measure of cane quality 
for cane payment purposes. The RV content of cane stalks (RVC, %) is determined primarily 
by its sucrose content, fibre content and non-sucrose content (Groom, 1999).  Forecasts of 
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the seasonal average RVC for each mill (RVC) are used to calculate the monthly payments to 
growers. These RVC forecasts need to be accurate, in order to minimise any payment 
corrections during, and at the end of, the milling season. Monthly forecasts are therefore 
issued from April to the last month of the milling season (typically December) by the Mill Group 
Boards (MGBs) and by the Seasonal RV%cane Forecasting Committee (FC) of the South 
African Sugar Association. Forecasts are derived from the historical and current to-date cane 
crush and quality data, the current and expected growing conditions, the prevalence of pests 
and diseases, the conditions that affect harvesting and transport operations, the mill 
performance and the expected length of the milling season. Two RV prediction models have 
been developed by Singels et al. (2012) and are also used as a guide. 
 
The objectives of this study were to evaluate the quality of the FC and MGB RVC forecasts 
and to assess their impact on grower finances, specifically the impact on the cash-flow during 
the season. 

Method 
 
Monthly RVC forecasts for each mill area were compared to the actual RVC for the 2012-2020 
period. The forecast accuracy (quality) was quantified in terms of forecast bias and forecast 
error. Forecast bias is defined as the difference (in % units) between the forecast value and 
the actual value achieved at the end of the season, while forecast error is defined as the 
absolute difference (in % units) between the forecast value and the actual value. Average 
values were calculated for the early season (April to June, AMJ), the mid-season (July to 
September, JAS), the late season (October to December, OND) and for the season as a 
whole.  
 
The financial impact of inaccurate RVC forecasts was calculated as the 2020 monetary value 
of the respective forecast biases (FBMGB and FBFC, in %) for each month:  
 

CFIMGB = (FBMGB) /100 (0.95 RVPRICE2020) 
 

CFIFC = (FBFC) /100 (0.95 RVPRICE2020) 
 
where CFI is the Cash Flow Impact in R per ton of cane and RVPRICE2020 is the 2020 price of 
RV (R5 030.39 per ton of RV). The 0.95 coefficient reflects the 5% retention that was agreed 
to, in order to minimize the risk of over-payment.   

Results 
Forecast accuracy 
 
There is a clear tendency for negative bias in both the FC and MGB forecasts throughout the 
season, which possibly reflects an aversion to over-payment by millers to growers, in spite of 
the 5% retention that was agreed to (Figure 1). The MGB forecasts had a greater negative 
bias than the FC forecasts for 12 mill areas throughout the season, with the exception of 
Umfolozi and Umzimkulu. On average, the MGB forecasts deviated by more than -0.5% for 
Darnall, Malelane, Pongola and UCL, and by more than -0.3% for Maidstone and Noodsberg, 
while Eston and Umfolozi had an average MGB forecast bias of less than -0.1%.   
 
 
The industry average FC forecast error declined from 0.452% in AMJ to 0.173% in OND, while 
the MGB forecast error declined from 0.587% to 0.237% (data not shown), which reflects an 
improved forecast accuracy as the season progresses and as more actual cane quality 
information becomes available from the cane deliveries. At a mill level, the FC forecasts are 
more accurate than the MGB forecasts for 10 mill areas for AMJ, for seven (7) mill areas for 
JAS and eight (8) mill areas for OND. 
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Figure 1. Long-term mean bias of RVC forecasts for the different mill supply areas issued 

by the SASA RV Forecasting Committee (FC) and by the Mill Group Boards 
(MGB) in early, mid- and late season and for the season as a whole. Forecast 
bias is the mean difference between the forecasted RVC and actual RVC at 
the end of each season. 

 
 
Financial impacts 
 
The long-term mean Cash Flow Impact (CFI) calculated from the MGB forecasts (CFIMGB) 
exceeded R10 per ton of cane in eight cases, namely Felixton, Darnall, Komati, Maidstone, 
Malelane, Noodsberg, Pongola and UCL. For six of these (Darnall, Felixton, Komati, 
Maidstone, Noodsberg and UCL), the CFI could have been reduced to well below R10 per ton 
of cane if the MGBs had followed FC forecasts more closely. The FC forecasts for Malelane 
and Pongola, although more accurate than the MGB forecast, were not accurate enough for 
a low CFI, and need to be improved. It should be noted that the CFI calculated here does 
include the 5% retention that was recently imposed. For context purposes, a CFI of R10/ton 
translates to a cash-flow shortfall of R1 200/ha for an irrigated cane yield of 120 t/ha, and 
R700/ha for a rain-fed yield of 70 t/ha. It should be noted that cash-flow shortfalls during the 
season are eventually rectified at the end of the season, when the final RV price is declared. 
Growers who need as much of the monthly cash-flow that is owed to them as possible, should 
therefore play a role in ensuring that the RV forecasts are as accurate as possible. 
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Figure 2. Long-term mean cashflow impacts (R per ton of cane) calculated from the 
monthly MGB and FC RVC forecast bias errors for the different mill supply 
areas. 

 

Conclusions 
 
The quality of the RVC forecasts varied widely between the mill areas and there is room for 
improvement in the forecast quality for at least eight mill areas. Improved RVC forecasts will 
reduce the negative cash-flow impact for sugarcane growers.   
 

Acknowledgments 
 
We gratefully acknowledge Matthew Jones’s assistance in writing the scripts for data 
processing. 
 

References 
 
Singels A, Peacock S, Naidoo S, Paraskevopoulos A, Schorn P and Gabriel A (2012). Review 
of forecasts of seasonal average cane quality for South African sugar mills. Proc. S. Afr. Sug. 
Technol.  Ass. 85: 54-66. 
 
Groom GM (1999). An analysis of the 1998-99 Recoverable Value (RV) cane quality scheme 
to determine the varying effects of growing conditions and management practices on cane 
quality. Proc. S. Afr. Sug. Technol. Ass. 73: 1ii-1vii. 

Singels A et al Proc S Afr Sug Technol Ass (2021) 93 : 39-42

42



SHORT COMMUNICATION 
 

ESTIMATING THE MILL-SCALE FINANCIAL IMPACT OF REDUCED LOMS FROM 
REDUCED CANE SUPPLY: A CASE STUDY ON COASTAL MILLS IN SOUTH AFRICA – 

1996/97 TO 2019/20 
 

NJOKO S1 AND KADWA M1 

 

1 South African Cane Growers’ Association, 170 Flanders Drive, 
Mount Edgecombe, 4300, South Africa  

Sne.Njoko@sacanegrowers.co.za   Muhammad.Kadwa@sacanegrowers.co.za  
 
 

Abstract 
 
There has been a decline in cane supply in most coastal Mill Supply Areas (MSAs) in South 
Africa over the past two decades. By reducing the Length of Milling Season (LOMS), the 
industry proceeds could be maximised. Essentially, growers and millers may benefit from less 
crushing in the high-growth, early-season months and by streamlining the crushing operations 
in the middle of the season. From a Mill Group Board perspective, an inefficient and 
undesirable alternative would be to maintain a consistent LOMS that yields lower average 
cane crush rates, and therefore, reduced sugar production.  
 
By means of a desktop study, this paper aims to identify which of the above options were 
carried out by the various coastal MSAs and then to estimate the mill-scale financial impact 
on the industry. The weekly mill cane crush tonnages and the LOMS of the coastal MSAs are 
analysed for the period 1996/97 to 2019/20. The financial impact of a potentially reduced 
LOMS is estimated based on the change in sugar production, at an estimated export sugar 
price. An estimation of the financial benefit of reducing the number of operating mills, or by 
combining the MSAs, with the possibility of maintaining or increasing the LOMS, can also be 
studied. 
 
Keywords: Sugarcane supply, length of milling season, coastal mills, South Africa 
 

 
Introduction 

 
The Length of Milling Season (LOMS) refers to the length (in days or weeks) and timing of 
sugarcane crushing operations at a sugar mill, which is central to the competitiveness and 
profitability of any sugar Mill Supply Area (MSA) (Jenkins, 2014). By international standards, 
the South African LOMS is relatively long, namely, between 30 to 38 weeks, which. While this 
ensures the high utilisation of the milling capacity, it contributes to the declining season 
average of the cane quality, it affects the growth and yield of the subsequent ratoons, it 
increases the harvest-to-crush delay, and it contributes to more mill stops and rain-related 
breakdowns (Muchow et al., 1998b; Wynne and Groom, 2003; Kadwa and Bezuidenhout, 
2013). With respect to the revenue, growers prefer a shorter milling season, when the sucrose 
content is mostly high, whilst millers prefer a longer season to maximise the factory capacity. 
An ideal LOMS is one that strikes a balance between the needs of the two separate entities 
(Kwenda, 2015; Hildebrand, 1998).  
 
Figure 1 is a graphical depiction of the trends in cane production over the past 24 years for 
coastal MSAs. The general trend of the declining cane tons supports the literature (e.g. BFAP, 
2014). 
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Figure 1: Home mill cane tonnage trends of coastal MSAs for the past 24 years (Data 

source: CTS) 
 
If the LOMS is accordingly adjusted, in line with the cane tons, there would be increased 
efficiency and more sugar produced, resulting in an overall increase in revenue, which would 
benefit both the millers and growers. A net negative industry alternative would be to keep the 
LOMS constant whilst there is a reduction in cane supply. This would result in lower average 
cane crush rates and further reduced sugar production. 
 
This paper therefore aims to use a desktop study to identify which of the above options were 
carried out by the various coastal MSAs and to estimate the financial mill scale impact on the 
industry. 
 

Methodology 
 
A desktop study was conducted on all the coastal MSAs (Amatikulu, Darnall, Felixton, 
Gledhow, Maidstone, Sezela, and Umzimkulu). Each dataset included the data of 24 seasons, 
from 1996/97 to 2019/20, on an average weekly basis. The 1996-97 to 1999-20 seasons fall 
under the sucrose-based payment system. The Entumeni Mill closed in 2003/04 and therefore, 
for the purposes of this study, its cane will be assumed to be a part of the Amatikulu cane. 
The key variables that were considered for the undertaking of this study included the home 
mill cane tonnage and the RV%, the datasets of which were obtained from SASA’s Cane 
Testing Services (CTS). In the results, the growing and milling seasons are stated as an 
annual year (e.g. the 2009/10 season is referred to as 2009).  
 
The weekly home mill cane tons crushed and the RV% were obtained for the 24 seasons 
under study. All these weeks were then averaged, in order to simplify the data set. Once the 
two variables were calculated on an average weekly basis, the tons RV were calculated. 
 
Tons RV (current) = Tons crushed (current) avg x RV% avg ………………..……..……..... (1) 
 
Of the three variables used, the tons cane crushed and the tons RV are included in the current 
scenario calculation.  
 
A coefficient is then calculated by dividing the LOMS weeks in the “current” scenario by the 
LOMS weeks in the “ideal” scenario, where the LOMS in the “ideal” scenario was obtained by 
averaging the weeks in the LOMS under the sucrose based period or pre-RV. Where: 
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Average LOMS Pre-RV = (LOMS weeks1996 +……….+ LOMS weeks1999) /4………..…. (2) 
 
Average LOMS Post-RV = (LOMS weeks2000 +……….+ LOMS weeks2019) /20………... (3) 
Therefore: 
 
LOMS coefficient= Average LOMS Post-RV/ Average LOMS Pre-RV……………..…… (4) 
 
This coefficient was then multiplied by the weekly tonnage crushed in the “current” scenario, 
in order to obtain the “ideal” scenario: 
 
Tons crushed (ideal) avg = LOMS coefficient x Tons crushed (current) avg …………….....(5) 
 
(5) essentially implies that a higher tonnage needs to be crushed per week over a shorter 
LOMS, compared to the “current” scenario, where less tonnage is crushed over a longer 
LOMS. Lastly, the tons RV under the “ideal” scenario are calculated by: 
 
Tons RV (ideal) = Tons crushed (ideal) avg x RV% avg …………………………..……..  ... (6) 
 
When totalled, the cane tons crushed per season must be the same under the “current” and 
“ideal” scenarios. Once the total tons RV between the two scenarios were obtained, each was 
multiplied by a fixed sugar to RV ratio of 0.92, to obtain an estimate of the difference to sugar 
production and revenue. A conservative export price of R3 500 per ton sugar was used to 
quantify the revenue difference. Any linked changes to molasses production and industry costs 
are beyond the scope of this study.  
 
 

Results and Discussion 
 

The results of the findings are presented on a per MSA basis for all the coastal MSAs. 
 

“Current” versus “Ideal” LOMS 
 
Figure 2 represents what the differences in the LOMS are between the “current” scenario and 
the “ideal”, measured in weeks. For the most part, most mills could have further reduced their 
LOMS, which is illustrated by a value below zero. Maidstone shows the highest need for a 
reduction in LOMS; however, this value is also influenced by the moth-balling of one of the 
tandems at the beginning of 2014. The 2015 and 2016 seasons can be explained by the 
unexpected impact of the prolonged drought. 
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Figure 2: Difference in LOMS between the “current” and “ideal” LOMS scenarios (in 
weeks) over the past 24 years 

 
Sugar and Revenues 
 
Figure 3 depicts the tons sugar produced in the “current” scenario and the potential tons sugar 
that are estimated to have been produced, on average, with a reduced LOMS from 2000 to 
2019 (“ideal scenario”). The linked potential increased revenues are displayed above the 
graph. Felixton is estimated to make the biggest change, with no MSAs performing better than 
in the pre-RV period. The total that the South African sugar industry loses from the longer 
LOMS of the coastal MSAs can be estimated as R98.9m. 
 

 
Figure 3: Comparison of sugar produced and revenue differences in the “current” and 

“ideal” LOMS scenarios over the past 24 seasons 
 

This study highlighted that the LOMS could have been reduced further for most MSAs. For an 
industry that is in distress, serious consideration needs to be given to adopting a reduced 
LOMS or to provide relevant reasons for the constant or increasing number of weeks. Perhaps 
it would also be worthwhile for all MGBs in future to compare and determine the LOMS that 
will benefit everyone concerned. . 
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Abstract 

Compared to other economic sectors, agriculture has the important role of providing food 

and employment for the growing population of the world. As an agricultural industry, 

uncertainty of crop yield is one of the most basic risks small scale growers face. Majority of 

these farmers are unable to withstand such risks due to insufficient resources. The main 

objective of this study is to assess the awareness of insurance of small-scale sugarcane 

growers and to determine their willingness to pay for insurance in the KwaZulu-Natal 

Province.  

The study adopted a cross-sectional design, by incorporating data collected from small-scale 
growers in the sugarcane growing districts of KwaZulu Natal. The respondents were 
selected by using a probability sampling procedure, which is the random selection of 
sugarcane farmers’ households for a survey questionnaire by means of face-to-face 
interviews. The data from the 68 respondents were analysed using descriptive statistics, 
which included the frequencies of the socio-economic characteristics of households in the 
study areas, to determine their awareness and willingness to pay for insurance. Only Black 
Africans participated in the study, with an equal representation of male and female 
participants. The study revealed that 72% of the small-scale sugarcane growers interviewed 
were not aware of agricultural insurance, although most of them were willing to pay 
sugarcane insurance. A large proportion of those who were willing to pay for insurance had 
previously experienced losses, due to natural disasters. Therefore, it is recommended that 
the government should use existing extension officers to educate the farmers and to 
promote the importance and benefits of insurance products. 

Key words: Sugarcane, willingness to pay, insurance, risk. 

Introduction 

Sugarcane is known as a unique agricultural commodity that is produced in tropical and sub-
tropical regions world-wide. According to Zulu et al. (2019), more than 20 million hectares 
are planted to sugarcane in more than 90 countries, with an estimated global annual 
production of 1.69 million tons of sugarcane. The South African Sugar industry has been 
reported as being an industry that has significant potential for socio-economic development 
in rural areas, by creating jobs and providing an income to rural households. However, this 
unique commodity is subjected to various risks, including natural disasters, such as floods 
and fires, amongst others (South African Sugar Association, 2019). Climate change is 
currently one of the dominant production risks (Mbonane, 2018). Mdletshe (2014) added that 
smallholder farmers, particularly sugarcane farmers, are often situated in areas with 
uncertain and variable climate conditions, where there are high production risks. Evidence of 
crop losses from flooding was recently observed in the sugarcane farming areas linked to 
the St Lucia wetland system.  
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To fight against the loss of thousands of hectares planted to sugarcane, there is a need to 
introduce crop insurance cover options for farmers who are likely to be vulnerable to the risk 
of natural disasters and climate change. Therefore, this raises the question of how to make 
small-scale growers aware of, and adopt, industrial crop insurance, so that they can be 
prepared for any kind of challenging situation, whether it be a natural or human-induced 
disaster, that may occur during the production process. 

Methods and Materials 

Research design and sampling procedure 
 
This paper presents the findings of an investigation into six municipalities in the KwaZulu-
Natal Province. Quantitative research methods were used for this study. Due to the limited 
time available, data were collected at a specific point in time, and the study therefore 
adopted a cross-sectional design. The areas were purposely selected from a total of five 
sugarcane-producing regions that represented a high risk of natural and human-induced 
disasters, such as fire and heavy rain. Respondents were then selected by using a 
probability sampling procedure, which involves the random selection of sugarcane farmers’ 
households for a survey questionnaire that was administered by means of face-to-face 
interviews. 

Data collection and analysis 

Quantitative data were collected from respondents in the selected sugarcane-growing 
regions by means of a questionnaire. The questionnaire covered only quantitative research 
questions. In addition, the quantitative method focuses on numerical data, which are useful 
in the statistical methods of data analysis. Hughes (2006) noted that the quantitative 
information validates the description of a research phenomenon. Furthermore, quantitative 
data included the age, level of income and family size of the respondents. 
 
The data were sorted, coded, and summarised on Microsoft Excel and exported to Stata 
Version 15, where frequencies, counts and percentages were presented in the form of tables 
and charts. Both a descriptive and an inferential analysis were used to analyse the data. The 
descriptive statistics focused on social demographic background information, which included 
continuous numeric and dummy variables, such as age and gender.  

Results and Discussion 

This study presents the descriptive statistics, sample frequencies, percentages, and 
awareness of all the sampled households. To address the objective of the study, a 
descriptive statistical analysis was used to give the details on their socio-economic 
background, their awareness of agricultural crop insurance and the factors that determine 
their willingness to pay for crop (sugarcane) insurance. 
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Table 1. Socio-economic characteristics of the study group 
 

Sugarcane small-scale growers (n=68) 

Variables Frequency Total percentage 

Growing Region: KZN   

King Cetshwayo 12 17,65 

Jozini 23 33,82 

Ugu 13 19,12 

South Coast 20 29,41 

Marital status   

Single 31 45,59 

Married 32 47,06 

Widowed 5 7,35 

Population group   

Black African 68 100 

Educational level   

No schooling 2 2,94 

Primary school 16 23,53 

High school 34 50 

ABET 3 4,41 

Certificate 6 8,82 

Diploma 4 5,88 

Bachelor’s degree 2 2,94 

Honours 1 1,47 

Age   

30-45 17 25.0 

46-55 24 35.3 

56-65 19 27.9 

66-75 6 8.8 

76-85 2 2.9 

Gender   

Female 34 50 

Male 34 50 

Extension officer access   

Yes 41 39,71 

No 27 60,29 

Household size   

1-5 16 23,5 

6-10 38 55,9 

11-15 11 16,2 

16-20 3 4,4 
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Marital status is a variable that shows the relationship status of each small-scale grower. 
The results revealed that the people living in most households were married (47%), followed 
closely by those whose relationship status was single (46%) and 7% of households were 
comprised of widowed individuals (see Table 1 above). In addition, only Black Africans were 
participants in the study, as indicated by a 100% Black African population group. This is 
likely to be the demographic amongst many of the small-scale growers in the targeted 
regions.    
 
Gender is a variable that determines whether the main member of the household is male or 
female. According to the FAO (2016), females in rural areas are more likely to participate in 
subsistence crop farming, compared to males. However, in this study, the results showed 
there was equal participation of both males and females. 
 
Education was recorded according to the highest qualification that a participating individual 
had obtained. It is an important tool for farmers because it determines their ability to adjust to 
innovative solutions and to obtain access to information and technological developments. 
The results revealed that most of these small-scale growers had attended high school (50%) 
and 23.5% had a post-matric qualification. Most of the information in farming and training 
manuals is presented in English; therefore, for the farmers to access this information, they 
need the benefit of education and a good knowledge of the English language, as it is taught 
at most high schools in South Africa. 
 
The age variable was presented as the actual age of each small-scale grower. It is an 
important variable that determines the commitment and ability of the household to manage 
and continue with its agricultural practices. Sometimes, age can be linked to increased 
experience, and thus, older farmers might be more likely to mitigate against and manage 
risks than young farmers, having experienced them before or having had to put processes in 
place to limit any damage. 
 

The household size variable refers to the total number of people who resided in each 
household. The household size has an impact on the amount of produce required to support 
the family, because the larger the household size, the higher the production level required. 
The results showed that many households consisted of between 6 to 10 persons. Larger 
households might thus also have greater access to labour from within the family to assist 
with agricultural activities, which may, in turn, lead to increased or improved production. This 
statistic was not analysed in this study, as the yield figures were not captured. Larger 
households will be more susceptible to hardship because of crop failure, since more people 
are dependent on the success of the sugarcane crop to provide an income. 

The extension officer variable focuses on whether the small-scale sugarcane growers have 
access to extension officers and services or not. Most of the small-scale growers indicated 
that their knowledge, information, and resources were provided by extension officers, on 
specific topics, like poor pre-planting machines and unskilled labour. 
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Figure 1. Awareness of sugarcane insurance amongst respondents 

 
Figure 1 above revealed that 72% of small-scale growers were not aware of agricultural crop 
insurance, particularly sugarcane insurance, whilst 18% indicated that they were aware of 
agricultural insurance. Mbonane (2018) revealed that the low level of awareness and 
understanding of the expected benefits of crop insurance might be the reason why farmers 
refuse it, or have not investigated, or adopted, it. 
 

Table 2. Relationship between the willingness to pay for sugarcane insurance and natural 
disasters 

 
 

Natural disaster 

Willingness 
 

 

Yes No Total 

Yes 25 16 41 

No 16 11 27 

    

Total 41 27 68 

 

According to Table 2, most small-scale growers in the sample were willing to pay for 
sugarcane insurance, and a high number of them had experienced natural disasters. This is 
obvious, as the more the small-holder farmers experience natural disasters, such as fires 
and floods, the more they are willing to participate in agricultural insurance. 

Conclusion 

In conclusion, it was noted that the crop insurance scheme is not popular among the small-
scale growers in most parts of KwaZulu Natal Province. Many of these farmers are not even 
aware of such insurance. However, to enhance its adoption, the determinants of a 
dissemination strategy still need to be examined. Easy availability to extension officers is 
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essential for encouraging the promotion and adoption of insurance products by small-scale 
sugarcane growers. Therefore, it is recommended that the government should use the 
existing extension officers to educate farmers about the importance and benefits of 
insurance products.  
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Abstract 
 
During the 2018/19 season, the South African sugarcane industry committed itself to spending 
a further R1bn over a period of five years towards transformation, by specifically aiming at 
supporting Black small-scale and land-reform growers. As part of this intervention, the sugar 
industry approved an additional industry obligation cost of R172 million for the 2018/19 season 
Transformation Fund, which was to be split into eight key interventions. One of the interventions, 
which is referred to as ‘Intervention Eight’, was established to support the Black youth, by 
providing youth empowerment opportunities through internships and learnerships within the 
communities of the sugar industry. A total of R10 million was set aside for this intervention. 
These opportunities were channelled through the six sugar-milling companies and the two 
grower associations. This paper aims to discuss the positive impact of skills transfer that the 
Youth Empowerment Program has achieved through the 10 candidates that the South African 
Cane Growers’ Association (SACGA) placed on different sugarcane farms in the KwaZulu-Natal 
and Mpumalanga provinces of South Africa. The candidates were employed as Junior Farm 
Manager Trainees to gain practical farming experience, and this was accompanied by 
theoretical learning in the form of a Senior Certificate Course in Sugarcane Agriculture. An 
impact analysis was conducted by means of quarterly on-farm evaluations between the 
candidates and the growers, which form part of the monitoring tool for skills transfer and where 
growers list and evaluate the farming activities of the candidates. Secondly, a formal 
assessment of each candidate was conducted, where candidates provided formal presentations 
on the on-farm skills that they had learnt. The outcomes from the evaluations and assessment 
will be presented in this paper, with the aim of showing the impact of this intervention. The 
recommendations provided in this paper can be used to encourage the sugar industry, as well 
as the public sector and private development institutions to continue funding youth 
empowerment initiatives that are aimed at transferring skills, in order to develop the country. 
 
Keywords: sugarcane, transformation interventions, youth development, skills transfer, farming, 
South Africa. 
 

Introduction 
 

In the sugar industry, Small-Scale Growers (SSGs) and large-scale growers are categorized by 
using the total tonnage that they produce per annum. The SSGs are growers who produce 1800 
tons of cane, or less, while the large-scale growers are those who produce anything above 1801 
tons of cane (SASA, 2021). In an effort to support both small-scale and land-reform growers, 
the South African sugar industry has approved an additional transformation fund worth R1 billion 
over a period of five years towards transformation, with R172 million for the 2018/19 season. 
This fund uses eight key interventions (Annoop 2019) to accelerate transformation in the sugar 
industry. Intervention 8 was created to support the Black youth and women, by providing youth 
empowerment opportunities through internships and learnerships within the communities in the 
industry. A total of R10 million was set aside for this intervention. Through this programme, the 
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sugar industry has created 80 new employment opportunities for first-time job seekers within 
the sugarcane-growing regions. The 80 candidates include 48 matriculants and 32 graduates, 
who were placed throughout the sugar industry to gain a two-year work experience. These 
opportunities were channelled through the eight sugar industry members and the SA Cane 
Growers’ Association is one of those sugar industry members that has received the funds to 
empower the youth. The SA Cane Growers decided to provide opportunities for ten interns to 
work on sugarcane farms; these interns were graduates who were looking for agricultural farm 
work experience. This opportunity will assist the unskilled interns to get on-farm working 
experience and the skills that they have gained will help them to improve their opportunities to 
find employment, either on the farms where they have been placed, or elsewhere.  
 
This paper focuses on the impact of Youth Empowerment Program through the transfer of skills 
to the ten candidates within the SA Cane Growers (SACGA), who were placed on different 
sugarcane farms in the KwaZulu-Natal and Mpumalanga provinces of South Africa. 
 

Methodology 
 

The SACGA designed a uniquely-structured program for the ten interns, which is evaluated on 
a quarterly basis. Large-scale sugarcane growers were approached and requested to provide 
a platform for the candidates on their farms, and to become their mentors, so that they can 
experience what it would be like to become farmers in the future. The candidates were employed 
as Junior Farm Manager Trainees to gain practical farming experience, as well as theoretical 
learning through a Senior Certificate course in Sugarcane Agriculture, provided by the South 
African Sugar Research Institute (SASRI). Five of the candidates were females, four of them 
were placed on land-reform farms, two of them were placed in Mpumalanga and the rest were 
placed in KwaZulu-Natal. Five were agricultural graduates and the remainder are matriculants 
who possessed Matric passes in Mathematics and Science. As the interns were all placed in 
sugarcane farms, their work schedules were similar.  

 
The approach of this study is to analyse and measure the impact of the skills transfer Program 
on the 10 interns that were placed on different sugarcane farms in the KwaZulu-Natal and 
Mpumalanga provinces of South Africa. It will include: 
 

a) a quarterly evaluation;  
b) a formal presentation by the interns on their farming experience; and  
c) obtaining the SASRI Senior Course Certificate in Agriculture  

 
Quarterly evaluations 
 
The evaluation template in Table 1 was used to evaluate the quarterly progress of the 
candidates on each farm. The evaluation procedure involved both the intern and the farmer, 
who was the mentor of the candidate, and the in the same session. The intern was then excused 
during Question 2, and likewise, the farmer was excused during Question 3. This was done to 
allow both the grower and the intern to speak freely, to ensure that a true reflection was given. 
Both the grower and intern then participated in listing all the activities that the intern had been 
involved in during the quarter, by highlighting the intern’s responsibilities and duties and the 
time-frame of each activity. The grower then gave a score for each activity, in order to rate the 
intern’s performance and to specify where the intern still needed to improve.  
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Table 1: Intern progress evaluation 

 
 
 

Formal presentation by the interns on their farming experience 
 
In December 2019, all interns were mandated to prepare and present the highlights of their 
farming experience. The presentation highlighted their activities, their role and the 
responsibilities that they were given in the farm. It also highlighted the challenges that they faced 
and how they managed to overcome them, and they were expected to mention what they had 
gained and learnt through these challenges. Each intern was requested to also choose, and 
focus on, one farming topic that interested them during their farming journey. The stakeholders 
who were invited to attend the formal presentations included the mentors/growers, the SASRI 
Knowledge Manager, the SASA Development Manager, a SACGA Board representative, a 
SACGA Executive representative and the SACGA team that is involved in the Youth 
Development program 
 
SASRI Senior Course Certificate in Agriculture  
 
All interns were enrolled in the Senior Course Certificate (SCC) in Agriculture through SASRI, 
via distance learning. The course was run in conjunction with the practical side of farming, with 
the aim of linking the theoretical with the practical. SASRI provided the SCC study material for 
the interns. An appointed SCC facilitator was responsible for setting the tests, which were sent 
to SASRI for moderation, to check the standard and then to approve them. The SCC 
assessments were completed and invigilated by the SACGA managers in each of the regional 
offices near the farms where the interns were placed. 
 

Results and Discussion 
 
Quarterly evaluations 
 
Table 2 provides an example of one intern’s overall evaluation results of all  that was done on 
the farm during the first quarter. The interns worked on the farms as Junior Farm Manager 
Trainees, with 60% of their time being spent doing field work, 30% on doing farm administration 
and planning, and 10% in the farm workshop.  
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Table 2: Intern progress evaluation 

 
 
xx is an intern who has an Honours degree in Agriculture and who majored in Agricultural 
Extension. She was placed on a land-reform farm in the Sezela Mill area along the South Coast. 
She worked as a Junior Farm Manager Trainee, and this was her first evaluation, which was 
done in April 2019. 
 
In the above example, the intern received an average rating of 8 for her performance on the 
farm, compared to  the average score of all ten interns, which was 7.  
 
Formal presentation by the interns on their farming experience 
  
All interns were invited to present their formal presentations to the sugar industry stakeholders 
on the 11th December 2019. Their presentations illustrated the farming skills that had been 
transferred from the growers to the interns. It was clear from all their presentations that their 
farming skills were indeed improved and that they had been empowered with farm management 
skills.  
 
SASRI Senior Course Certificate in Agriculture  
 
The Senior Course Certificate in Agriculture results are presented below. All interns achieved 
generally pleasing results. It appears that studying for the SCC via distance learning, while doing 
farming practical experience, improved the performance of the interns. The table below shows 
an analysis of the SCC distance learning results of the 10 interns.  
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Table 3: Analysis of the SCC results  
 

Number of interns that wrote SCC 10 

Number of SCC modules written 10 

Highest student mark  90 

Lowest student mark  69 

Students average 79 

Number of interns that passed with Honours 
(80% and above) 

5 

Number of interns that passed with Merit 
(70% - 79%) 

4 

Number of interns that passed (60% - 69%) 1 
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Conclusion and Recommendations 

 
The general outcomes of the analysis of the farm evaluations, the assessments of the interns’ 
presentations on their farming experience and learning, as well as the results of the SCC, 
indicated that the Youth Empowerment program has had a positive impact on the skills transfer 
of the 10 candidates that the SACGA placed on different sugarcane farms in the KwaZulu-Natal 
and Mpumalanga provinces of South Africa.  
 
This SACGA approach of placing interns to work full-time on farms, while studying for their SCC 
via distance learning, yielded excellent results with regard to the transfer of skills. As SA Cane 
Growers, we believe that the skills transfer program has been successful, as eight of the ten 
interns have been formally employed on their placement farms, and one got employed 
elsewhere, which would not have necessarily been the case before the skills transfer program. 
This shows that the program is working in the right direction, namely, developing future farmers, 
and similar programs are recommended in order to grow a network of young farmers in the 
future.  
 
It is also recommended that the findings provided in this paper be used to encourage those 
involved in the sugar industry, the public sector and private development institutions to continue 
funding youth empowerment initiatives for the development of the country. 
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Abstract 
 

This study evaluates the role of agricultural extension relating to the improvement of access to 
information among smallholder farmers and extension officers, with the overall aim of increasing 
smallholder sugarcane productivity in Eswatini. The research process adopted for this 
investigation involved a theoretical process on one hand, and an empirical process on the other. 
Both processes followed a systematic investigation pattern. The theoretical approach discussed 
how agricultural extension can use Information and Communication Technology (ICT) to 
facilitate knowledge and information access among smallholder sugarcane farmers, to help 
them improve their productivity. The empirical process involved data collection through 
structured interviews with respondents, comprising smallholder sugarcane farmers and 
extension officers within the sugar industry of Eswatini. A total of 189 respondents participated 
in the investigation into their perception of three information access issues: a) the barriers to 
information access; b) their readiness towards the use of ICT to access information; and iii) how 
this information and knowledge is currently being managed. The study found that the 
respondents did not generally perceive most of the barriers to be a hindrance to information 
access amongst themselves. They also regarded themselves as being ready to use ICT, 
specifically cell phones, to access sugarcane production information. Finally, the study revealed 
that almost all the respondents have already started using their cell phones to manage 
information within their workplaces and farms. Based on the findings, the study then developed 
a communication model that makes use of the available communication resources to improve 
information dissemination and management among the sugar industry players.  
 
Key Words: ICT, Eswatini, smallholder, extension, sugarcane production. 
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Introduction 

Background to the study 

The success of agricultural research has been viewed by Khang and Moe (2008) to be affected 
by a number of influences, and that new technologies, which emanate from the research, are 
required to improve productivity. They went on to observe that the adoption of these 
technologies is dependent on a number of factors, including the acceptability of the technology 
as well as its sustainability in a particular area. 

Lee Eden and Kalusopa (2005) noted that an improvement in agriculture has a positive impact 
on poverty reduction strategies, hence improving the people’s welfare. However, this can only 
be achieved if there is a functional information delivery system. Information is an important 
resource for socio-economic development, as it enables farmers to make accurate choices for 
improved productivity (Marchionini, 1997). 

In the past, the focus was more on instructing farmers on what they must do to improve their 
livelihoods; however, this was not able to change the fate of the poor smallholder farmers 
(Cecchini and Scott, 2003). Participatory approaches, as noted by Green (2000), remain the 
best alternative for improving the productivity of most rural poor farmers, and literature has 
identified a number of their benefits. Extension officers should therefore work with the farmers 
on the ground to nurture their skills for improved productivity. 

In the wake of the challenges brought about by globalization, the smallholder sugarcane 
growers have become a high-risk group (Dlamini and Worth, 2018). Their survival is at stake, if 
proper measures that address their low productivity levels are not urgently brought into line with 
the required levels, in order to ensure that their farming activities are financially, economically, 
socially and environmentally viable. Increasing the productivity of smallholder sugarcane 
growers within the context of wider sustainable viability (using large-scale growers as a 
benchmark for technical productivity), smallholder growers will increase their income and reduce 
the vulnerability of their livelihood strategies. The production trends for the past 12 years have 
shown that the productivity of small-scale growers has been consistently lower than that of the 
large-scale growers (Figure 1). Assuming that greater productivity translates to increased yields, 
increasing smallholder production could also substantially increase Eswatini’s national sugar 
production, thereby bringing additional income for the country at large, and for smallholder 
growers, in particular.  

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

60



 

Figure 1. Production trends for the different grower category in the sugar industry of 
Eswatini (Source: Eswatini Sugar Association) 

 

The focus of the research has been based on the increasing entrance of mobile phones and 
their subsequent usage by the marginalised population in the rural areas of developing 
countries (Bhavnani et al., 2008). One of the ways that can be used by development agencies 
to reduce poverty among rural people is to improve their communication services. This will 
result in improving the economic and social growth of rural farmers. Recent studies have 
indicated that the value of mobile phones, and their associated benefits, are higher among the 
rural people (Bhavnani et al., 2008).  

The prevalence of low-cost, second-hand phones has made communication even more 
affordable. Currently, Eswatini has two mobile cellular service providers (MTN-Eswatini and 
Eswatini Mobile), with a geographical coverage of about 90% and a rising subscribership base. 
The combined fixed line and mobile cellular density is slightly above 60% of the population 
(Sutherland, 2014). With regard to broadcasting, the country has one state-owned television 
station with one channel; however, satellite dishes are able to access South African and other 
international providers. There are also two radio stations; the one is State-owned, with three 
channels, and the other one privately-owned, with one channel (Sutherland, 2014). 

Research Objectives 

This research explores and addresses the question: How best can the Eswatini extension 
service employ Information and Communication Technology (ICT), especially mobile phones, to 
reduce the persisting productivity gap that exists between smallholder and large-scale 
sugarcane growers? 

10.00

11.00

12.00

13.00

14.00

15.00

16.00

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

TSH/AN

ANNUAL GROWER AVERAGE YIELDS IN TSH/AN
Smallholder Medium Scale Large Scale

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

61



The specific objectives of the study were: 

1) to explain the demographic variables of respondents; 

2) to identify the barriers regarding the use of ICT by farmers and extension officers in 
accessing information and knowledge for improved sugarcane productivity; 

3) to determine the readiness of smallholder sugarcane farmers and extension officers 
regarding the use of ICT, to access timely, accurate and up-to-date sugarcane production 
information; 

4) to describe information and knowledge management, as it occurs among sugarcane 
farmers and extension officers, for improved productivity; and 

5) to propose a model for improving information and knowledge access among Eswatini’s 
smallholder sugarcane farmers and extension officers, for improved sugarcane 
production. 

Theoretical framework  
 
The agricultural extension services include transferring knowledge to farmers, advising and 
educating them in their decision-making, enabling them to clarify their own goals and 
possibilities, assisting them to engage in scientific enquiries and stimulating desirable 
agricultural development. A variety of extension programs have been used to achieve all of the 
above, without much success (Aker, 2011; Anandajayasekeram, 2008; Anderson and Feder, 
2004; Worth, 2012). 

The main objective of information exchange among the sugar industry stakeholders is to 
facilitate development and to narrow the productivity gap that exists between smallholder and 
large-scale farmers. Farmers need to be exposed to the exchange of new ideas for the purpose 
of improving their productivity. The Diffusion of Innovations theory explains how a new idea 
gains momentum over time and spreads through a social system, until it is adopted (Rogers, 
1962). The use of ICT in extension, in order to access and exchange information, is one idea 
that is spreading rapidly among smallholder sugarcane farmers in Eswatini. Its adoption will 
result in improved information access and exchange, thus improving the farmers’ productivity. 
On the other hand, there is the Technology Acceptance model which explains how users of a 
new idea come to accept it and use it effectively. This model suggests that when users are 
presented with a new idea, a number of factors influence their decision regarding the new idea. 
One of the factors is the degree to which this new technology will enhance their performance, 
and the other is their belief that the technology will be free from effort (Davis, 1989). All these 
theories are centred around the Information Communication Technology for development 
(ICT4D) theory. The overall aim is to facilitate development among smallholder sugarcane 
farmers, using ICT in the rural areas of Eswatini. 

With the rise in demand for agricultural services, many variants of approaches, models and 
methods have evolved to connect researchers, extension officers, producers and consumers. 
However, these service delivery models have been criticized for failing to reach the poor and 
marginalized farmers in remote villages (Omotayo and Adedoyin, 2005). 

ICT in extension has been recognized as a necessary tool for facilitating access to the required 
information and knowledge, and it also allows the efficient and transparent storage, processing 
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and communication of information, even in remote areas (Aker and Mbiti, 2010; 
Anandajayasekeram, 2008; Chapman et al., 2003; McNamara, 2009; Richardson, 1997). The 
growth in ICT investment has also been found to be positively associated with the growth in 
both the GDP and productivity of developing countries (Kraemer and Dedrick, 1994). 

The theoretical framework of this study consists of three facets, as indicated in Figure 2 below, 
namely: (a) the barriers to information access via the use of ICT by farmers and extension 
officers; (b) the readiness of farmers and extension officers for the use of ICT to access 
information; and (c) the current information management practices by farmers and extension 
officers. Previous studies (Adebayo and Adesope, 2007; Omotayo and Adedoyin, 2005) have 
sought to study these variables in isolation from one another. However, this study employed an 
interdependency approach, namely, that the barriers to information access, the readiness for 
information access and the current information management among smallholder farmers and 
extension officers are all linked to one another. 

 

Figure 2. Diagrammatic representation of how information access influences the 

productivity gap between smallholder and large-scale farmers. 
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Integrating the abovementioned three factors to address the challenge of the poor sugarcane 
productivity among smallholder farmers, so as to meet the increasing demand for sugarcane 
production, is no easy task. This study, however, hypothesises that the use of ICT by 
agricultural extension could be a viable vehicle towards achieving improved productivity among 
smallholder sugarcane growers, thus meeting the ever-increasing demand for sugar, both 
locally and internationally. In order to examine this hypothesis, this research studied the role of 
agricultural extension in the Eswatini sugar industry, to improve information access among 
smallholder farmers and extension officers, in the context of improving sugarcane productivity. 
Finally, the study proposes an ICT-based agricultural extension service delivery model for the 
sugar industry in Eswatini. 

Importance of the study 

The whole study was carried out in Eswatini, with the objective of supporting the country’s public 
and private extension services in their quest to improve productivity and to increase the yields of 
smallholder sugarcane farmers, by combining the power of communication, knowledge 
management and networking that is offered by existing telecommunication technologies, 
specifically mobile phones. The study is important, in that it explores a unique area of research 
for Eswatini sugarcane production. The findings will contribute to solving the persisting dilemma 
of low productivity and the loss of potential income by many smallholder sugarcane farmers in 
Eswatini. In addition, given that Eswatini’s smallholder sugarcane sector is similar to that in 
other countries in Southern Africa, the study may be of value more broadly.  

Research Methodology 
 

Research design 
 
A research design is controlled by the notion of the fitness of purpose. The aim of the research 
decides the methodology and the design of the research. Cohen et al. (2013, p. 78) view it as 
“an action plan for getting from here to there, where ‘here’ is the initial set of questions and 
‘there’ is the set of answers”. The study was based on a survey carried out in the Lowveld 
region of Eswatini, where most of the smallholder sugarcane farmers are located. Four 
enumerators who had recently graduated from the University of Eswatini, were hired and trained 
on how to collect the data. 

Study population 
 
The population consisted of all the smallholder sugarcane growers in Eswatini who are currently 
actively involved in the sugarcane-growing industry and affiliated to the Eswatini Cane Growers 
Association (ECGA), under the umbrella body of the Eswatini Sugar Association (ESA). The 
study was a census and the total number of these smallholder farmers who participated in the 
study was one-hundred-and-seventy-two (N=172). Also included in the study were the 
sugarcane extension officers from different organisations that provide extension services to the 
different smallholder farmers. These included extension officers from ESA, ESWADE, 
government, input suppliers and financiers. The total number of these sugarcane extension 
officers was seventeen (N=17), and they all participated in the study.  
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Data-gathering methods 
 
A blend of data-gathering techniques was used for obtaining the data for this study. They were 
obtained from two different sources, namely, the sugarcane farmers and sugarcane extension 
officers. The study used quantitative research to investigate the perceptions of the respondents, 
and primary data were obtained from them by using face-to-face interviews, following a 
structured questionnaire.  

Research validity and reliability 
 
A panel of experts was engaged to review the instrument for its content validity. This panel 
consisted of two senior extension managers from the Eswatini Sugar Association (ESA), one 
extension manager from the Food and Agricultural Organisation (FAO - Eswatini) and four 
academic staff members from the Department of Agricultural Education and Extension at the 
University of Eswatini. Their recommendations and amendments were incorporated into the final 
instrument used for data collection in the study. A pilot test was also conducted to determine the 
reliability of the instrument by using cane growers from the Vuvulane Estate, whose 
characteristics, according to ESA, are not significantly different from the rest of the farmers; 
these growers did not participate in the study. Kuder Richardson (KR21) and Cronbach Alpha 
procedures were used to calculate the reliability coefficients of independent variables. The 
frame-error, selection-error and non-response error were managed in line with suggestions by 
Miller and Smith (1983). An updated list of all current and active smallholder sugarcane farmers 
was obtained from the Eswatini Sugar Association (ESA) extension services, thereby managing 
the frame-error. Farmers who appeared on the list, yet were no longer growing sugarcane, were 
removed to control the selection-error.  

Data Analysis 
 
Data were collected by using a pre-tested schedule. Quantitative data were organised, 
described, coded and analysed. The Statistical Package for Social Sciences (SPSS) was used 
to derive descriptive statistics, such as percentages, averages and frequencies (Bryman and 
Cramer, 2002).  

Expected outcomes 

The key outcomes expected from the study are set out below: 

 
i) developing a workable communication model that will use the available ICT to facilitate 

information access for extension officers and smallholder sugarcane farmers, in order to 
improve their productivity; and 

ii) providing the Government of Eswatini, through the Ministry of Agriculture, as well as the 
sugar industry, with a picture of: 

• any existing barriers that may hinder information access through the use of ICT 
among extension officers and smallholder sugarcane farmers; 

• how ready extension officers and smallholder sugarcane farmers are to start 
using ICT for accessing sugarcane production information; 

• how information and knowledge is currently being managed by both extension 
officers and smallholder sugarcane farmers; and 
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• how the scenario described by these three key findings can be improved to 
enable easier access to sugarcane production information via ICT, thereby 
improving smallholder sugarcane productivity. 

Limitations of the study 

The study concentrated on the Lowveld of Eswatini, where mainly sugarcane is grown. This 
makes the findings and the generated conclusions more specific and relevant for this region, 
and they may therefore not necessarily be generally applicable to the other regions of the 
country. However, given the similarities of the rural conditions in Eswatini (particularly with 
reference to ICT and other infrastructure), it should be possible to generalize the study findings 
to other smallholder sugarcane farmers in Eswatini. Furthermore, as the issue of information 
access affects every farmer, irrespective of the type of crop grown by the farmer, the findings of 
this study may shed light on information access in other commodity sectors. Due to time and 
budget limitations, this study approach was a once-off study, and it only gives a snapshot of the 
current situation, which is highly dynamic. A longitudinal study would have given a much clearer 
picture of the findings, particularly measuring the trends and exploring the real-time effects of 
the information accessed via ICT. 

Results and Discussion 

The reporting of the results and discussion are organised into four sections, which is in line with 
the study objectives, namely: (a) to describe the respondents by their demographic variables; 
(b) to determine the barriers that prevent the use of ICTs to access sugarcane production 
information; (c) to manage the sugarcane production information; and (d) to develop a 
communication model for the sugar industry of Eswatini. 

Respondents’ Demographic Variables 

In order to present a good understanding of the respondents, the study aimed at describing 
them according to their demographic variables, including their age, gender, education level, 
sugarcane production experience and marital status. The results are presented in Table 1 below 
and they reflect that most of the respondents were in the 30-39 year age group (38.6%), 
followed by those in the 40-49 year (19%) age group, for both smallholder farmers and 
extension officers.  

Table 1. Respondents’ demographic profile 

  Farmer (N=172) EOs (N=17) Total (N=189) 

Characteristic Category F % F % F % 

Age 19 - 29 24 13.9 3 17.6 27 14.3 

 30 - 39 64 37.2 9 53.0 73 38.6 

 40 - 49 32 18.6 4 23.5 36 19.0 

 50- 59 25 14.5 1 5.9 26 13.8 

 > 60 27 15.8 0 0 27 14.3 

Gender Males 124 72.1 17 100 141 74.6 

 Females 48 27.9 0 0 48 25.4 

Education None 8 4.7 0 0 8 4.2 

 Primary 30 17.4 0 0 30 15.9 
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  Farmer (N=172) EOs (N=17) Total (N=189) 

Characteristic Category F % F % F % 

 Secondary 38 22.1 0 0 38 20.1 

 High school 56 32.6 0 0 56 29.6 

 Tertiary 40 23.3 17 100 57 30.2 

Experience 1 – 5 69 40.1 4 23.5 73 38.6 

 6 – 10 28 16.3 7 41.2 35 18.5 

 11 – 15 40 23.3 3 17.6 43 22.8 

 16 – 20 14 8.1 2 11.8 16 8.5 

 21 < 21 12.2 1 5.9 22 11.6 

Marital Status Married 151 87.8 13 76.5 164 86.8 

 Single 21 12.2 4 23.5 25 13.2 

With regards to gender, both farmers and extension officers had a higher proportion of male 
respondents (74.6%). This implies that the sugar industry of Eswatini is male-dominated. It is 
worth noting again that all (100%) of the sugarcane extension officers were also male. This 
observation provides an opportunity to encourage women to participate in this industry. The 
educational level of the respondents indicates that a majority (30.2%) had tertiary education with 
an almost similar number (29.6%) that had high school qualifications, while the rest never 
finished secondary school. Regarding the extension officers, all had gone through tertiary 
education and this was mainly due to the minimum requirement set by ESA for one to be 
employed as an extension officer. 

Regarding the number of years of service, both farmers and extension officers indicated a high 
proportion (38.6%) having 1-5 years of service in the sugar industry. These were followed by the 
respondents who had 11-15 years of experience (22.8%). Very few respondents had above 21 
years of experience. The majority (86.8%) of them were married, while the rest were single. 
From the results of the demographic variables, it could be concluded that most of them were 
educated middle-aged, married males, with 1-5 years’ experience in sugarcane production. 

Barriers preventing the use of ICT to access sugarcane production information 

The study aimed at determining the barriers that prevent the use of ICTs to access sugarcane 
production information via ICT, as perceived by sugarcane farmers and their extension officers. 
Respondents were asked to rate their perceptions regarding the industry’s barriers on the use of 
cell phones as one of the technologies for accessing information among the smallholder 
sugarcane growers, extension officers and other stakeholders in the sugar industry of Eswatini. 
The items were arranged into the five domains outlined in the conceptual framework, namely: 
(a) information-related barriers; (b) organisation-related barriers; (c) human resource-related 
barriers; (d) technology-related barriers; and (e) policy-related barriers. The results are 
presented in Table 2.  
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Table 2. Perceptions of barriers towards accessing sugarcane information by a cell phone 
as technology for communication. 

Items Farmers(N=172) EOs(N=17) Total (N=189) 

 Mean SD Mean SD Mean SD 

Information Related Barriers 2.66 .865 3.45 1.452 2.73 .955 

Organization-related barriers 2.44 .636 2.65 1.211 2.46 .704 

Personnel-related barriers 2.99 .937 3.68 1.121 3.05 .973 

Technology-related barriers 3.24 1.120 4.74 .902 3.37 1.181 

Policy-related barriers 3.19 1.132 4.25 1.069 3.28 1.164 

 

They indicate that both farmers and extension officers perceived that information-related 
barriers (M=2.3, SD=.96) and organizational structure barriers (M=2.46, SD=.70) do not hinder 
information access within the sugar industry of Eswatini. Information-related barriers are those 
that have to do with its availability and accessibility. 

A difference in perception was observed between the farmers and extension officers in their 
personnel barriers, Technology barriers and Policy barriers. In all the above-mentioned barriers, 
farmers disagreed that these barriers were a hindrance in the use of ICT to access information 
among the sugar industry stakeholders. However, extension officers agreed that these barriers 
were indeed a hindrance in the use of ICT for information access. These differences could be a 
result of the different educational backgrounds of these two groups.  

All the extension officers had gone up to tertiary level and were experts in the field, which was 
not the case with the smallholder sugarcane farmers. Due to their education level, extension 
officers had a better understanding of the issues that hinder the use of ICT by farmers in 
accessing sugarcane production information. As stated above, these issues involved 
technology, policy and personnel. They require some degree of education or literacy level, in 
order to understand them, which some of the smallholder farmers do not have. For the 
technology barrier, farmers indicated a mean value of 3.24 (SD=1.12), whereas extension 
officers reported a higher mean value of 4.74 (SD=.92). The same difference was observed with 
policy barriers, where farmers recorded a lower mean value of 3.19 (SD=1.13) and extension 
officers recorded a higher mean value of 4.25 (SD=1.07). Regarding the personnel barriers, 
farmers exhibited a lower mean value of 2.99 (SD=.94) and extension officers exhibited a higher 
mean value (M=3.68, SD=1.12). 

Readiness regarding the use of ICT in accessing sugarcane production information 

The study also sought to determine the perceived readiness level of the Eswatini sugar industry 
regarding the use of ICT in accessing sugarcane production information. The results are 
presented in Table 3 below and they indicate an overall mean score of M=4.37 (SD =.95) on the 
farmer’s readiness regarding the use of ICT for information access within the sugar industry. 
This mean score implies that farmers are perceived by the majority of respondents to be ready 
for the use of ICT, specifically cell phones, as a technology for disseminating information within 
the sugar industry in Eswatini. This is also supported by the fact that the majority of the 
sugarcane farmers owned cell phones and were already using these gadgets to disseminate 
work-related information within, and outside of, their work stations. It was also highlighted that 
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most of these farmers were using their own airtime to communicate work-related issues during 
and after working hours. 
 
Table 3. Perception of readiness towards the use of ICT to access sugarcane production 

information 
 

Items Farmers 
(N=172) 

EOs 
 (N=17) 

Total  
(N=189) 

 M SD M SD M SD 

Farmer Readiness 4.42 .94 3.81 .89 4.37 .95 

Extension Officer Readiness 5.10 .47 5.29 .45 5.12 .47 

Infrastructure Readiness 5.09 .50 4.69 .76 5.05 .54 

Management Readiness 5.22 .59 5.29 .69 5.22 .60 

 

The overall perception of extension officer readiness towards the use of ICT had a mean score 
of M=5.12 (SD = .47), indicating that all respondents perceive extension officers to be ready for 
the implementation of cell phones as a technology for disseminating information among the 
stake holders within the sugarcane industry. All the interviewed extension officers possessed 
personal smart phones and all had gone through tertiary education, which made them ready for 
the introduction of such a technology. All respondents agreed that extension officers, with their 
high ICT competency, can improve their teaching and learning by integrating such technology 
into their extension programs. Respondents also agreed that this is the right time for promoting 
the dissemination of information within the sugar industry of Eswatini. 

The results in Table 3 indicate a mean score of M=5.05 (SD = .54) on infrastructure readiness 
for the use of ICT within the sugar industry. This is an indication that most respondents agreed 
that the infrastructure in the sugar industry of Eswatini is perceived to be ready for the use of 
cell phones as a technology for information dissemination. The respondents reported that they 
all had access to a cell phone network in their respective sugar-growing areas. Network 
coverage is very crucial for cell phone connectivity, and the electricity that supplies energy to 
the satellites and for recharging cell phones was reported to be accessible by all the 
respondents in their respective areas of sugarcane production. The availability of cell phone 
service centres within the vicinity of each mill makes it easy for the respondents to get 
immediate help when their cell phones have a problem. Airtime is also readily-available in 
almost all the small grocery shops situated within the farmers’ residential areas.  

Management was perceived by most respondents to be ready for the use of ICT, in order to 
circulate information within the sugar industry of Eswatini. This is indicated by the overall mean 
score of M=5.22 (SD=0.60) in Table 3. Respondents agreed that extension management knows 
how to use ICT, specifically cell phones, and the use of such technology was supported. They 
went on to confirm that a plan for the implementation of ICT usage was in the pipeline. 

Management of sugarcane production information 

Any organisation that aims to adopt the use of ICT to access information must have at least the 
minimum hardware requirements, as well as the necessary software to use that hardware. ICT 
hardware includes the physical equipment that will enable the sugar industry stakeholders to 
communicate effectively. Without appropriate equipment and easy access, it is quite hard to 
access information via ICTs (Oliver and Towers, 2000). However, Broadbent (2001) stated that 
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this does not require a huge infrastructure. Efficient internet connectivity and an adequate 
supply of communication gadgets would be enough for an effective communication system.  

The study therefore enquired about the availability of hardware and its usage within the sugar 
industry, and it focused particularly on cell phone technology, the internet and other factors 
associated with mobile cellular usage.  

Cell phone possession and ownership 

The study indicated that all farmers and extension officers (100%) in the sugar industry 
possessed cell phones and that these cell phone devices are used in disseminating work-
related information among the Eswatini sugar industry stakeholders, on a daily basis. With 
regard to the ownership of these devices, the study revealed that the majority of the 
respondents (98.6%) personally owned the cell phones, while only 3.2% reported that they were 
using company-owned devices. All the respondents reported that they were using their own 
airtime to disseminate work-related information on  their cell phones. This is an indication that 
smallholder sugarcane farmers and their extension officers have realized the importance of 
using cell phone technology for the timeous and accurate dissemination of information among 
themselves and other sugarcane stakeholders.  

Cell phone type and brand  

The majority of the respondents reported that they were using the Nokia brand (70.9%) of cell 
phones, followed by the Samsung brand (13.8%), while the rest were using other brands. This 
could be attributed to the fact that these brands were readily-available on the market, they were 
affordable and easy to fix. With regards to the type of cell phone being used by the respondents, 
most reported that they were using the regular type (59.3%) of phone, mainly because they 
were cheaper and less complicated to use. Only 40.7% of the respondents reported that they 
were using smartphones. Regular phones are cheaper and easy to operate, whereas smart 
phones are expensive and require a certain level of skill to operate them. 

Network and electricity accessibility 

All respondents reported that they had access to their cellular network almost everywhere within 
the sugar industry of Eswatini. The only difference reported was the strength of the cellular 
networks, as some places had a weaker connection than others, because the topography and 
network infrastructure distribution do influence the network strength in a given area. With regard 
to electricity, all respondents reported that they had access to electricity in their homes, which is 
where they recharge their cell phones. This is mainly due to the Rural Electrification project 
driven by the government of Eswatini, which has seen a number of rural areas being provided 
with affordable electricity. The availability of electricity and mobile cellular networks within the 
sugar industry of Eswatini has made the sugar industry ready for the implementation of most 
ICT programmes, especially the use of cellular phones. 

Social media usage 

It is very important to group farmers, in order to be able to share information with them as a 
group, while they physically remain at their respective work-stations. This can best be achieved 
by using the social media that are accessible via cell phones. The study revealed that more than 
half of the respondents (59.7%) were not yet connected to any social media. Only 40.3% were 
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connected and this presented the need to educate and encourage the respondents to use social 
media platforms for accessing new information on sugarcane production. 
 
Reliability and accuracy of information sources 

The study aimed at determining the reliable and accurate sources for sugarcane production 
information among farmers and sugarcane extension officers. The results indicated that the 
Eswatini Sugar Association (97%) was perceived by respondents to be the main information 
source that always provided the most reliable and accurate information for the Eswatini 
sugarcane industry, followed by the farmers themselves (76%), the input suppliers (71%) and 
the financial institutions (61%). This implies that sugarcane farmers and extension officers have 
to trust in the information that they receive from these outlets. Researchers and other 
information generators can use these outlets to disseminate information that could assist 
sugarcane farmers to improve their productivity. Libraries (2.6%), universities (2.6%) and NGOs 
(1.1%) were perceived as being the worst sources of reliable and accurate sugarcane 
information. Although the association is somewhat oblique as to how the farmers show this level 
of discernment, these findings suggest that the farmers are managing information as it relates to 
their farming operations, which is in keeping with Ndoro (2011).   

Timeliness of relaying information 

Relaying accurate information at the right time for use by farmers is very crucial and has a huge 
impact on the productivity of a farmer (Meyer et al., 2011). The study sought to determine which 
sources are perceived by the respondents to be very efficient in disseminating information at the 
right time. Once again, the results indicated that the Eswatini Sugar Association (96.3%) was 
the best source for relaying information timeously, for use by smallholder farmers, followed by 
farmers themselves (84.2%), input suppliers (67.2%) and financial institutions (66.2%). These 
results suggest that the current arrangement in Eswatini meets the view of Meyer et al. (2011) 
about the importance of correct and timely information to help smallholder sugarcane farmers 
with their decision-making. These findings further suggest that although farmers perceive that 
the information is relayed timeously, it could be because of the use of ICT 

 

Mode of information communication 

The study also intended to determine the mode that is mostly used by the sugar industry to 
effectively circulate information among its stakeholders. The results indicated that farmers and 
extension officers perceive cell phones (87.4%) to be the most-used mode of communicating 
sugarcane production information, followed by face-to-face (83.6%) and radio (53.9%). 
Respondents have confirmed that the cell phone is the ideal technology that is currently in use 
to disseminate information within the sugar industry. This is also supported by the fact that 
almost all sugarcane farmers possess cell phones. This finding presents an ideal opportunity for 
the sugar industry extension service to introduce a formal communication system that uses 
mobile phones to facilitate information and a knowledge exchange between smallholder farmers 
and other industry stakeholders. These findings are entirely consistent with the argument of 
Masuki et al. (2010) that one of the ways through which extension can reach a large number of 
farmers is by using ICT. The findings are inconclusive, with regard to the impact of the costs 
associated with the way in which information is disseminated. 
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Frequency of information exchange 

Determining the frequency of information exchange between smallholder sugarcane farmers 
and the other sugar industry stakeholders is very crucial, as it identifies those sectors that are 
effective in information exchange. The results showed that smallholder sugarcane farmers 
exchange information more frequently with the Eswatini Sugar association extension agents 
(91%), followed by farmers (85.7%), extension agents from suppliers (81%) and extension 
agents from financial institutions (60.3%). This finding explains that information and knowledge 
is mainly exchanged among these four main sectors, and they are therefore consistent with the 
view that extension officers are a crucial connector between the farmers and other actors in the 
dissemination of agricultural knowledge and information. They further suggest that the strength 
of this exchange will be enhanced by using ICT to access expert knowledge, which can, in turn, 
be used to improve the smallholder farmer’s knowledge (Adebayo and Adesope, 2007; 
Omotayo and Adedoyin, 2005) 
 
The proposed refurbished sugarcane extension communication model 

The suggested model is a result of the study findings and it fits well to the country’s telecom 
infrastructure. It aims to address the problems of converting extension information into digital 
form, while at the same time allowing marginalised smallholder sugarcane farmers to have 
timely access to accurate information. 

The model presented in Figure 3 is a refurbished sugarcane extension communication model 
that aims to facilitate better communication between sugarcane farmers, information generators 
and extension officers. This model identifies the three elements that are used to refurbish the 
existing model, in order to improve information dissemination among the sugar industry 
stakeholders via ICTs. The model proposes that there should be a telecentre, which is 
administered by the ESA, in conjunction with MTN, to coordinate all information between the 
different extension service providers and smallholder sugarcane growers.  

It also proposes that every stakeholder, especially smallholder farmers and extension officers, 
should possess mobile phones for receiving and sending sugarcane production information, to 
and from themselves and other stakeholders. This will ensure that technical messages are 
relayed timeously and effectively between farmers and extension officers. Finally, the model 
requires sufficient network coverage in all the areas where sugarcane is grown, which will 
enable the use of mobile phones for information circulation. Once again, the study found that 
almost every sugarcane growing area in Eswatini is covered by a mobile network, although at 
different strengths. This will enable every farmer to have unlimited access to the information 
disseminated via ICT. 
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Figure 3. A refurbished model for the sugar industry extension to deliver sugarcane 
production information to smallholder sugarcane farmers 

 

The interaction between rural farmers and extension officers via ICT within the telecentre will be 
enhanced, since there will always be people in the telecentre who will facilitate the exchange of 
information, thus giving both farmers and extension officers unlimited access to vital information. 
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The main components of the model consist, firstly, of the user base, namely, the sugarcane 
farmers, extension officers and institutional users. The second component is the user interface, 
which consists of the mobile applications for farmers and extension officers, as well as the web-
based interface for institutional users. This refurbished model suggests creating an extension 
system that allows accurate and reliable information to be circulated timeously among the 
industry stakeholders via mobile phones, enabling everyone to possess adequate and up-to-
date information for making accurate decisions on time. This will, in turn, escalate to improving 
sugarcane productivity, especially among smallholder farmers. 

Mobile phones 

Despite their new entrance into remote agricultural communities, mobile phones are already 
assisting smallholder farmers in the rural remote areas to improve their agricultural activities. 
Advances throughout the mobile phone ecosystem have presented numerous advantages to 
smallholder sugarcane farmers, including: 

• access – most rural and remote areas of developing countries are experiencing an 
increase in mobile wireless networks and the number of people using mobile phones is 
on the increase; 

• affordability – the availability of affordable devices has made it possible for even rural 
smallholder farmers to own second-hand mobile phones and to use them to exchange 
information; and 

• applications – the available applications and services found in mobile phones start with 
simple text messaging services, to increasingly advanced software applications. These 
applications allow even the less-skilled person, in terms of operating the gadgets, to be 
able to benefit from them. Making/receiving a call and sending text messages are some 
of the applications that are simple to operate.  

The most common way through which mobile phones can enhance sugarcane production is by 
facilitating farmer exposure to less costly information. Where sugarcane production areas are 
remote, with inaccessible roads, substituting phone calls for travel reduces the time and cost 
burden for every sugar industry stakeholder. Sugarcane farmers who utilise mobile phones do 
save on travelling costs (Overå, 2006) and this effect is more real to those farmers that operate 
in remote areas (Muto and Yamano, 2009). It is not possible however, to completely avoid 
transport, because extension officers do need to physically visit the farmers in the field, for real 
assessments and demonstrations. Mobile phones are multifunctional devices ranging from 
regular phones to smart phones, and they do much more than simply placing a voice call.  

The capabilities of mobile phones are improving on a daily basis, and information channels are 
converging. Smart phones and software applications provide advanced functionality, such as 
conference calls, video conferencing, social media, GPS for mapping functionality, mobile 
money applications, etc. Extension can now access many clients within a short space of time 
through mobile-based learning platforms, such as texts, pictures, videos, etc. which provide 
information to sugarcane farmers on how to improve their sugarcane production skills and 
knowledge. 
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The Information and Communication Centre 

This is the main engine of the model and it consists of the technology centre, infrastructure 
management, knowledge management, a helpline and a panel of experts. 

The technology centre is where information is given to farmers/extension officers via mobile 
phones. The information may vary from general issues regarding sugarcane production, to more 
specific issues, such as weather updates, the control of sugarcane pests and diseases, the 
market environment, etc. The study has revealed that sugarcane farmers are heavy users of the 
regular phones manufactured by Nokia and Samsung. 

Another application will be the collection of information from the field for institutional users by 
using mobile phones. This will ensure an efficient and accurate data collection process that will 
yield timely reports. Infrastructure management also involves the management of information 
exchange links (between the Internet and cell phones). 

The main objective of knowledge management is to produce meaningful information from the 
operational data and to get useful results from it by providing more personalised, client-oriented 
and crucial information that can be forwarded straight to the farmers’ handsets. The knowledge 
that is generated will be for researchers, research users and policy-makers. The helpline will 
operate like a call centre and it will address sugarcane production problems that cannot be 
solved via mobile applications. For issues that cannot be answered by the helpline staff, the call 
will be re-directed to a conference call, where an expert in the field will be asked to shed some 
light on the problem. This is where a Frequently Asked Questions (FAQ) database will be 
updated 

A panel of experts in sugarcane production is proposed that will support the helpline staff. It will 
consist of knowledgeable extension officers who are already working in the field and who will 
work as consultants on the helpline. The queries that are not addressed by the helpline will be 
forwarded to the appropriate research institutions. 

Specifically, the model aims to achieve the following: 

• the provision of accurate, reliable and timely usable information among the sugar 
industry stakeholders. The information mainly will be about the information needs of 
smallholder sugarcane farmers, as identified by Dlamini and Worth (2018). Such 
information will be distributed through mobile applications; 

• the dissemination of information in a local language. This is easier for Eswatini, as one 
national language is used and understood by every citizen of the country; 

• the delivery of voice-based content to the sugar industry stakeholders, thus overcoming 
literacy barriers; 

• the establishment of a helpline backed by experts in the sugarcane-growing field and 
providing advice within the shortest possible time; 

• the improvement of agricultural extension by using specialized applications on mobile 
phones, such as those applications that can aid in data collection for surveys conducted 
by research institutions; and 
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• The creation of a solid financial and technological base, in terms of content. 

Impacts of the project  

The project will ensure the fair access to information by sugarcane growers, especially 
smallholder farmers. This will improve the ability of farmers to make accurate and informed 
decisions, thus improving their productivity. The process of collecting data by using mobile 
phones will lower the infrastructure costs, remove transportation costs, increase accuracy and 
also help in the monitoring of field staff. The project output will also have an influence on policy-
making and enhance the working standards of extension officers. 

Opportunities offered by the proposed design 

The proposed design has the ability to assist the sugar industry stakeholders in accessing up-
to-date information and guidance from different reliable sources. These sources may include 
extension officers, other farmers and agricultural database websites, to mention a few. 
Requests are forwarded to the information communication centre where appropriate responses 
are generated by the relevant researchers. This approach is different from the traditional one 
(Overå, 2006), where all queries are managed by one agricultural expert. 

Unlimited exposure to information - Another interesting aspect of this model is its ability to 
stimulate farmer-driven extension, where farmers initiate a request for guidance and assistance, 
based on their unique needs. This model also ensures that farmers get a real time response to 
their requests, and they do not have to wait for extended periods to submit their request, when 
the extension officer visits them. The demands can be made almost immediately when there is 
need for it (Overå, 2006).  

Cost-effectiveness - The suggested model is also cost-effective and these costs can be 
distributed to all the industry stakeholders, so that it is shared equally. This will make even 
smallholder sugarcane farmers able to contribute towards this project. The design is also self-
sustainable, as all the services that it provides could be charged at a minimum fee. Donor 
agencies are also willing to finance projects that are aimed at improving the productivity of 
smallholder rural farmers. This is evident from the contribution made by the European Union 
towards improving the road networks, as well as capacitating smallholder farmers in sugarcane 
production. 

Challenges 

This part of the study highlights some of the challenges of the model and discusses how their 
effects could be minimized. 

Illiteracy - Illiteracy has always been a challenge, when it comes to technology adoption. This is 
especially true when the technology has to do with information exchange. For instance, more 
people use their mobile phones for voice communication than for the text messaging 
functionality. New applications have been put in place that have the capacity to recognise 
voices. These applications are ideal for the illiterate population so that they can have access to 
information on ‘voice sites’ (and not websites) in audio format.  

Power supply requirement - All ICT tools need electricity to operate. However, as observed 
earlier in this study, Eswatini has embarked on a project of rural electrification, which has seen 
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the entire sugar belt receiving complete coverage. This could, however, be supplemented by the 
use of solar panels during the day. 

Funding - The funding required for this suggested model can be in two parts, namely, the 
establishment costs and the maintenance costs. These could be provided by collaboration with 
the Eswatini Sugar Association (the umbrella body of the Eswatini Cane Growers’ Association 
(ECGA) and the Eswatini Millers’ Association, sponsors and the government of Eswatini.  

Implications of the Study 

The study has revealed that the sugar industry of Eswatini is currently at an advanced level of 
technology readiness. Literature has indicated that, on average, smallholder sugarcane farmers 
in the rural areas of developing countries are still finding it difficult to obtain crucial sugarcane 
production information by using ICT. However, this study has revealed the opposite for the 
smallholder sugarcane farmer in the rural areas of Eswatini. Almost all the smallholder farmers 
were found to be ready for the use of ICT, specifically cell phones, to access and exchange 
timeous crucial sugarcane production information, so as to improve their productivity. What has 
been viewed in literature as being barriers that inhibit the use of ICT by smallholder farmers, has 
been perceived by smallholder farmers in the sugar industry of Eswatini as not applicable in 
their context.  

The study further indicated that smallholder farmers frequently use their mobile phones to relay 
information via voice calls. The Eswatini Sugar Association emerged as the main source of 
production information, it is capable of relaying information timeously, and the highest frequency 
of communication within the sugar industry is between farmers and extension officers. The visits 
between the two are most frequently initiated by the farmers. 

These results imply that smallholder farmers in the sugar industry of Eswatini are more than 
ready for the introduction of ICTs, in order to improve the access to information among 
themselves. Therefore, the Eswatini Sugar Association, in its quest to improve sugarcane 
productivity among smallholder farmers, would do well to capitalize on this readiness and 
facilitate an organised system of information exchange among the industry stakeholders, by 
using ICTs. The proposed model from this research could assist in realising this. 

Recommendations for further study 

This research had a number of limitations that open the way for further research in this field. 
The study was carried out in one region only, namely, that of Eswatini, and it focused on a 
single commercial crop, namely, sugarcane. It is likely that the issues researched in this study 
are also relevant to other crops grown in Eswatini.  

While the research facilitated a comprehension of the readiness, as well as the information 
management and perceived barriers related to information access via ICT, it is not possible to 
generalise the outcome of the study to other samples. Different areas have diverse attributes, 
with regards to infrastructure and management. Therefore, more research should be carried out 
in various parts of Eswatini, as well as in other developing countries, to achieve more conclusive 
and generalizable results. 

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

77



The study evaluated the readiness of smallholder farmers in the initial stages of ICT programme 
application; hence, there is a need to conduct further research to evaluate the readiness for, 
and hindrances of, the application of ICT programmes later. 
 

References 
 
Adebayo, E and Adesope, O (2007). Awareness, access and usage of information and 

communication technologies between female researchers and extensionists. 
International Journal of Education and Development using ICT 3(1): 85-93.  

Aker, JC (2011). Dial “A” for agriculture: a review of information and communication 
technologies for agricultural extension in developing countries. Agricultural Economics 
42(6): 631-647.  

Aker, JC and Mbiti IM (2010). Mobile phones and economic development in Africa.  Journal of 
Economic Perspectives, 24 (3): 207-32.  

Anandajayasekeram, P (2008). Concepts and practices in agricultural extension in developing 
countries: A source book: IFPR (International Food Policy Research Institute), 
Washington D. C. and ILRI (International Livestock Research Institute), Nairobi, Kenya. 

Anderson, JR and Feder G (2004). Agricultural extension: Good intentions and hard realities. 
The World Bank Research Observer 19(1): 41-60.  

Bhavnani, A, Chiu, RW, Janakiram, S, Silarszky, P and Bhatia, D (2008). The role of mobile 
phones in sustainable rural poverty reduction.  Washington DC: World Bank Global 
Information and communication Department Retrieved October 25, 2015.  
from http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONAN
DTECHNOLOGIES/Resources/The_Role_of_Mobile_Phones_in_Sustainable_Rural_Po
verty_Reduction_June_2008.pdf  

Broadbent, B (2001). Tips to help decide if your organisation is ready for e-learning. Retrieved 
on October 25, 2015, from http://icde.net/en/arshive/articles/012.htm.  

Bryman, A and Cramer, D (2002). Quantitative data analysis with SPSS release 10 for 

Windows: a guide for social scientists: Routledge. https://doi.org/10.4324/9780203471548 

 

Cecchini, S and Scott, C (2003). Can information and communications technology applications 
contribute to poverty reduction? Lessons from rural India. Information Technology for 
Development 10(2): 73-84.  

Chapman, R, Slaymaker, T and Young, J (2003). Livelihoods approaches to information and 
communication in support of rural poverty elimination and food security: Overseas 
Development Institute, London. 

Cohen, L, Manion, L and Morrison, K (2013). Research methods in education: Routledge. 
Falmer, London 

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

78

http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/The_Role_of_Mobile_Phones_in_Sustainable_Rural_Poverty_Reduction_June_2008.pdf
http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/The_Role_of_Mobile_Phones_in_Sustainable_Rural_Poverty_Reduction_June_2008.pdf
http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/The_Role_of_Mobile_Phones_in_Sustainable_Rural_Poverty_Reduction_June_2008.pdf
http://icde.net/en/arshive/articles/012.htm


Davis, F (1989) Perceived Usefulness, Perceived Ease of Use, and User Acceptance of 
Information Technology. MIS Quarterly, 13, 319-340. 
https://doi.org/10.2307/249008. 

 
Dlamini MM and Worth SH (2018). Information Management Using ICTs to Access Sugarcane 

Production Information in Swaziland: Perceptions of Smallholder Sugarcane Farmers 
and Extension Officers. International Journal of Social Sciences and Management 
Review 1(1): 15-29. 

 
Green, M (2000). Participatory development and the appropriation of agency in southern 

Tanzania. Critique of Anthropology 20(1): 67-89.  

Khang, DB and Moe, TL (2008). Success criteria and factors for international development 

projects: A life‐cycle‐based framework. Project Management Journal 39(1): 72-84.  

Kraemer, KL and Dedrick, J (1994). Payoffs from investment in information technology: Lessons 
from the Asia-Pacific region. World Development 22(12): 1921-1931.  

Lee Eden, B and Kalusopa, T (2005). The challenges of utilizing information communication 
technologies (ICTs) for the smallholder farmers in Zambia. Library Hi Tech 23(3): 414-
424.  

Marchionini, G (1997). Information seeking in electronic environments: Cambridge University 
Press, London. 

McNamara, K (2009). Improving agricultural productivity and markets: The role of information 
and communication technologies. Agricultural and Rural Development Notes: No 47, 
World Bank, Washington DC 

Meyer, J, Rein, P, Turner, P, Mathias, K and McGregor, C (2011). Good management practices 
manual for the cane sugar industry (Final). PGBI Sugar and Bio-Energy, Johannesburg, 
South Africa.  

Muto, M and Yamano, T (2009). The impact of mobile phone coverage expansion on market 
participation: Panel data evidence from Uganda. World Development 37(12): 1887-1896.  

Oliver, R and Towers, S (2000). Up time: Information Communication Technology: Literacy and 
access for tertiary students in Australia. Canberra: Department of education, training and 
youth affairs  

Omotayo, A and Adedoyin, S (2005). Information Communication Technology (ICT) and 

Agricultural Extension: Emergency issues in transferring agricultural technology in 

developing countries. Agricultural Extension in Nigeria. Ilorin: Agricultural Extension 

Society of Nigeria.  

Overå, R (2006). Networks, distance, and trust: Telecommunications development and 
changing trading practices in Ghana. World Development 34(7): 1301-1315.   

Richardson, D. (1997). The Internet and rural and agricultural development. FAO: Rome, 
Communication for Development.  

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

79

https://doi.org/10.2307/249008


Rogers, EM (1962). Diffusion of Innovations. Free Press, New York. 
 
Sutherland, E (2014). Telecommunications in the Kingdom of Swaziland. Communicatio 40(4): 

376-399.  

Worth, S (2012). Agricultural extension in South Africa: status quo report. Discussion document. 
Department of Agriculture, Forestry and Fisheries. Pretoria, South Africa. 

Dlamini MM et al Proc S Afr Sug Technol Ass (2021) 93 : 59-80

80



SHORT NON-REFEREED PAPER 
 

THE INFLUENCE OF SOCIAL DYNAMICS ON THE ADOPTION OF BETTER 
MANAGEMENT PRACTICES  

 

1,2JUMMAN A, 3,2BEZUIDENHOUT CN 
 

1South African Sugarcane Research Institute,  
P/Bag X02, Mount Edgecombe, 4300, South Africa  

2University of KwaZulu-Natal, College of Agriculture, Engineering and Sciences, 
Bioresources Engineering   

3Massey University, School of Food and Advanced Technology, Palmerston North, New 
Zealand 

ashiel.jumman@sugar.org.za  
 
 

Abstract 

 
The social factors that stimulate shifts in human behaviour are not always easy to understand 
or appreciate. A system dynamics modelling approach was used to isolate and study social 
dynamics, in order to demonstrate how peers influence the adoption of agricultural Better 
Management Practices (BMPs). The theory from literature, narrative data from semi-
structured interviews with farmers in Pongola, as well as interactions with extension 
specialists, were assimilated to inform the construction of the model. The resultant model 
included a stock and flow chain, positive Word-of-Mouth (WOM), as well as dis-adoption and 
negative WOM. The stock and flow chain offers a life-cycle view of the adoption process. A 
farmer can progress from first becoming aware, to developing an interest and then to adopting 
the BMP. Interested farmers can lose interest and remain as non-adopters, while adopters 
can also dis-adopt. The number of adopters determines the strength of positive WOM. The 
majority of farmers consult early adopters about their success/failure with a BMP before taking 
any adoption decisions. Existing adopters, however, can also choose to dis-adopt. Dis-
adopters serve as a source of negative WOM, which stimulates further dis-adoption. Negative 
WOM can also cause interested farmers to lose interest and become non-adopters. An 
individual can be exposed to positive and negative WOM, simultaneously. The stock and flow 
chain depicts how farmers can be at different stages in the decision-making process with a 
different set of experiences, opinions and social influence. The net-effect of promoting and 
opposing social forces dictates the resultant success or failure of an innovation. 
 
Keywords: Adoption, social dynamics, word of mouth, knowledge exchange, system dynamics 
modelling 
 
Abbreviations: 
Word of Mouth (WOM) 
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Introduction 

 
The main reasons for adoption success or failure are generally well-documented in literature. 
The influential variables include the characteristics of the innovation (Rogers, 2003; Hochman 
and Carberry, 2011), the personality traits of the farmer (Rogers, 2003; Vanclay, 2004) and 
the economic, social and environmental context (Sunding and Zilberman, 2001; Leeuwis, 
2004; Vanclay, 2004; Kuehne et al., 2017). 
 
Agents of technology transfer usually focus on the science and economics of an innovation, 
but often overlook the social dimension (Vanclay, 2004). The relative advantage is usually 
important for promoting adoption (Rogers, 2003; Pannell et al., 2006; Kuehne et al., 2017). 
Simultaneously, an unfamiliar innovation creates uncertainty, and the risk perception inhibits 
adoption (Tsur et al., 1990; Feder and Umali, 1993; Marra et al., 2003). As you will come to 
see in this paper, social interaction with peers is a crucial mechanism for dealing with the 
perception of risk and uncertainty.  
 
For this reason, social dynamics was isolated and studied on a computer modelling platform, 
in order to transparently map the way in which peers affect adoption decisions. The pertinent 
literature relating to the role of social dynamics in adoption is presented first.  
 
Literature  
 
Farmers often approach innovations with a high level of scepticism and uncertainty (Pannell, 
1999; Marra et al., 2003; Pannell et al., 2006). The adoption decision-making process can be 
viewed as an exercise in reducing the risk perception (Rogers, 2003). Early adopters typically 
have sufficient financial resources and will test an innovation on a small scale (Abadi Ghadim 
and Pannell, 1999; Rogers, 2003). However, based on innovation diffusion theory (Rogers 
2003), the larger remaining portion will usually first seek out existing adopters to gain 
confidence and support for an idea. Interaction with peers by Word of Mouth (WOM) is usually 
the most accessible and efficient method to learn about, and decide on, new technologies and 
practices. An individual will gain the confidence to adopt when enough of his/her peers, who 
have already adopted the innovation, express positive signals about it. 
 
In a recent review, Pickering et al. (2017) highlighted the relevance of social cognitive theory 
(Bandura, 1977; 2004) and social identity theory (Turner, 1975; Haslam et al., 2012). In social 
cognitive (learning) theory, Bandura (1977) suggests that a substantial portion of an 
individual’s behaviour is learnt from social interaction, i.e. learning is based on the imitation of 
role models. Social identity theory (Turner, 1975; Haslam et al., 2012) suggests that perceived 
beneficial identity and self-confidence is derived from matching individual behaviour with the 
group norms. The literature reinforces the fact that consultation with peers is a vital activity for 
confidence-building and decision-making, with regard to new practices and technologies.    
 

Material and Methods 

 
The STELLA® software (ISeeSystems, 2015) was used for building the system dynamics 
model. The theory from literature (as presented above), the narrative data from semi-
structured interviews with farmers in Pongola and interactions with extension specialists were 
assimilated to inform the construction of the model. 

 
Results  

 
The construction of the system dynamics model was informed by the full set of narrative 
results, originally published by Jumman (2016) and Jumman and Bezuidenhout (2019). The 
information presented below provides examples of the data.  
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Narrative data 
 
Question: If you ever have a problem on the farm, who do you seek advice from?  

Answer:  “Phone a friend, mostly. Normally you would phone a guy who you know has a good 
business running. I won’t ask one guy also, I will ask a couple of guys.” 

Question:  If there are new developments and technology advancements, how will you get to 
learn about it? 

Answer:  “In this area, it’s easy. Everyone talks and you will get to hear about it in meetings 
and stuff. In the sugar business, especially, the guys talk a lot about what’s 
happening and the latest.” 

Question: How do you know when to adopt a technology? 

Answer:  “I will always wait until someone gets success first and then I will see. And also, I will 
test it first, I won’t just go big.” 

 
A WOM System Dynamics Model 
 
The four main features of the model include the stock and flow chain, positive WOM, dis-
adoption and the subsequent negative WOM. Positive WOM contributes to adoption success. 
Dis-adoption and negative WOM represent the forces that oppose or prevent adoption.  
 
The system dynamics model map offers a life-cycle view of the adoption process across a 
community. The stock and flow chain captures the systematic and logical movement of 
farmers through the adoption, dis-adoption or non-adoption process.  
 
In the upper half of Figure 1, the existing adopters give rise to “positive WOM” which gets 
farmers moving from the “aware farmers” stock into the “interested farmers” stock, and from 
the “interested farmers” into the “adopters” stock. Inflow into the “adopters” stock reinforces 
and strengthens “positive WOM”, which increases the number of farmers moving through the 
stock and flow chain (a virtuous circular feedback loop).  
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Figure 1: Model map illustrating positive and negative WOM   
 
 
As depicted in the lower half of Figure 1, a fraction of adopters can, for example, experience 
“failure” and dis-adopt the innovation. The dis-adopters flow into the “disgruntled farmers” 
stock. “Disgruntled farmers” serve as a source of “negative WOM”, which feeds back to the 
“dis-adoption fraction”. Hence, dis-adoption is driven by the combined effect of “failure” and 
“negative WOM”. An increase in “disgruntled farmers” increases the “negative WOM”, which 
further increases the number of disgruntled farmers”, creating a vicious circular feedback loop.  
 
“Negative WOM” can also stimulate “interested farmers” to lose interest and become 
“uninterested farmers”. “Losing interest” is a competing outflow and reduces the number of 
“interested farmers” available to become “adopters”. “Uninterested farmers” also contribute to 
the “negative WOM”. Another vicious cycle is introduced. “Negative WOM” can cause 
“interested farmers” to lose interest and stimulates a fresh wave of “negative WOM”. In 
addition, “negative WOM” can also hinder the “aware farmers” from becoming “interested 
farmers”.  
 
Finally, uninterested and disgruntled farmers can neutralize and move back into the “aware 
farmers” stock, with the possibility of reconsidering the innovation at some point in the future. 
 

Discussion 
 
The system dynamics model represents a simplification of complex social dynamics. Isolating 
the peer effect of WOM, however, offers a number of insights. When promoting an innovation 
to an individual, it is important to gauge where an individual might be located in the stock and 
flow chain. However, it is equally important to understand how the remainder of the peer group 
is distributed. 
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According to the model structure, “positive WOM” is only generated by “adopters” and 
influences the model via two entry points, namely, the “adoption fraction” and the “fraction 
becoming interested”. In contrast, “negative WOM” can be stimulated by two different groups. 
Both the “uninterested farmers” and “disgruntled farmers” generate “negative WOM”. Similarly, 
“negative WOM” feeds back into the model via three entry points, namely, the “dis-adoption 
fraction”, “losing interest” and the “fraction becoming interested”. Therefore, negative WOM is 
more difficult to control, once it is stimulated. One would have to work with different groups of 
people (source and recipients) simultaneously to minimise the effect of negative WOM. 
 

Conclusions and Recommendations 
 
In this paper a system dynamics model was used to demonstrate how community-scale 
positive and negative WOM originates and strongly influences the adoption decision-making 
process of individuals. An individual can be exposed to positive and negative WOM, 
simultaneously. The stock and flow chain depicts how farmers can be at different stages in 
the decision-making process, with a different set of experiences, opinions and social 
influence. The net-effect of promoting and opposing social forces dictates the resultant 
success or failure of an innovation. An individual is likely to adopt an innovation when he/she 
is exposed to more positive WOM from peers. Positive WOM instils confidence and 
reassurance that the innovation works and that the benefits can be realised. Non-adoption is 
likely when the negative WOM from peers is far greater than the positive experience.  
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Abstract 
 
Soil conservation seeks to avoid and moderate soil loss through erosion and to also promote 
the increased infiltration of rainfall into the soil, thereby slowing down and reducing the amount 
of runoff. In South Africa, contour banks and spill-over roads are the soil and water 
conservation structures that are generally employed for the protection of cropland against 
erosion in the sugar industry. Stream Flow Reduction (SFR) is the decrease in runoff as a 
consequence of anthropogenic activities and it is influenced by the distribution and infiltration 
properties of soils, the distribution of vegetation types, as well as the topography and climate. 
For an activity to be considered for declaration as an SFR activity in South Africa, its impact 
on SFR should be significant (i.e. an impact ≥ 10% of Mean Annual Runoff). The objective of 
this study is to investigate the impact of soil and water conservation structures on SFR in the 
sugar industry of South Africa. The study area consists of sugarcane-growing areas in South 
Africa. The results of model simulations showed that soil and water conservation structures 
result in SFR across all soil types and practices in the sugar industry. This was due to the fact 
that soil and water conservation structures intercept runoff and increase the amount of water 
infiltrating into the soil, thereby slowing down and reducing the amount of runoff. However, the 
SFR caused by soil and water conservation structures is insignificant (i.e. < 5.5%) and would 
not necessitate their declaration as SFR activities, as contained in the National Water Act of 
South Africa. 
 
Keywords: Soil and water conservation, South Africa, stream flow reduction, sugarcane 
 

Introduction 

Plant growth, agricultural yields and water quality are adversely hindered by soil erosion 
(Issaka and Ashraf, 2017). Poor land management, which causes damage to soil and leads to 
water runoff across a landscape, instead of adequate infiltration, is one of the factors that 
causes erosion (Liu, 2016). Soil conservation is the avoidance or moderation of soil that is lost 
through erosion (Sustainet, 2010). The purpose of soil conservation is to maintain the rate of 
soil loss at levels that are lower than the soil formation rate (Morgan, 2005). In addition, soil 
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conservation increases the amount of water infiltrating into the soil, which slows down and 
reduces the amount of water running off (Sustainet, 2010). Many soil conservation practices 
exist, ranging from mechanical structures (e.g. contour bunds, terraces and check dams) to 
soil management practices and agronomic measures (e.g. cover crops, tillage, mulching, 
vegetation strips, re-vegetation and agroforestry) (Krois and Schulte, 2014). Generally, crop 
cover and management practices reduce runoff to a greater extent than soil and water 
conservation structures (Maher, 1990). Extreme rainfall events do not necessarily translate 
into extreme runoff events, as variations of crop cover, at different stages of sugarcane growth, 
play a major role in the runoff volume that is generated (Otim et al., 2020a). Maintaining crop 
cover over a soil surface significantly reduces the runoff. Nonetheless, conservation structures 
are necessary to reduce both runoff and erosion after the crop cover has been removed. The 
management of land cover impacts runoff in various ways (USDA-ARS, 2013). For example, 
tillage practices, which mechanically disturb the soil surface, reduce runoff on soils with no 
biomass, compared to soils that have been left undisturbed for several years. Tillage-induced 
roughness has a significant impact on runoff and erosion (Takken et al., 2001) and the rougher 
the soil surface, the greater the infiltration, thereby reducing the runoff and erosion from the 
surface (Lavee et al., 1995; Battany and Grismer, 2000). According to SASA (2002), 
waterways, contour banks and spill-over roads are soil and water conservation structures that 
are employed to protect cropland against erosion in South African sugar industry. Contour 
banks are constructed across a slope, in order to intercept runoff water (Matthee and van 
Schalkwyk, 1984) and safely discharge it into stable grassed waterways or natural drains 
(Carey et al., 2015). Spill-over roads, on the other hand, allow runoff to flow from a higher field 
across the road structure to a lower field (SASA, 2002). Besides the positive effect of soil and 
water conservation measures on the hydrology, they increase infiltration and lower the runoff, 
thereby leading to a lower soil loss rate (Nyssen et al., 2009). Generally, the catchment runoff 
response from rainfall events depends on the interaction between the rainfall amount and its 
intensity, the antecedent soil moisture conditions and land cover (Maher, 2000). In addition, 
the runoff coefficients increase with the decreasing soil water storage capacity, soil depth and 
soil cover during rainfall events (Valentin et al., 2008). 
 
In South Africa, soil and water conservation practices are governed by the Conservation of 
Agricultural Resources Act (CARA) 43 of 1983, which states that, “The objectives of this Act 
are to provide for the conservation of the natural agricultural resources of the Republic by the 
maintenance of the production potential of land, by the combating and prevention of erosion 
and weakening or destruction of the water sources, and by the protection of the vegetation and 
the combating of weeds and invader plants” (CARA, 1983). 
 
Article 6 on “Control measures”, gives guidance to land users on soil and water conservation 
practices in South Africa, as illustrated below: 
 
(a) the utilization and protection of land that is cultivated; 
(b) the prevention or control of waterlogging or the salination of land; 
(c) the regulating of the flow pattern of runoff water; 
(d) the restoration or reclamation of eroded land, or land which is otherwise disturbed or 

denuded; 
(e) the protection of water sources against pollution on account of farming practices; and 
(f) the construction, maintenance, alteration or removal of soil conservation works, or 

other structures, on land. 
 
Stream flow comprises the runoff from the catchment under consideration and the runoff 
contribution from all upstream catchments (Schulze et al., 1995). On the other hand, Stream 
Flow Reduction (SFR) is the decrease in various aspects of the overall flow regime (Smakhtin, 
2001). Therefore, a reduction in runoff is synonymous with an SFR. According to the NWA 
(1998), commercial forestry is the only current Stream Flow Reduction Activity (SFRA) that 
has been declared in South Africa, but any activity including the cultivation of any particular 
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crop may be declared as a SFRA if that activity is likely to reduce the availability of water in a 
water course. Intensive agriculture systems (e.g. semi-permanent and permanent cash 
cropping, and monoculture plantations) are associated with negative impacts, like changes in 
the stream flow response and increased surface erosion (Ziegler et al., 2009). According to 
Bruijnzeel (2004), the net impact on the amount and timing of stream discharge that is 
associated with forest conversion to agriculture is a combination of evapotranspiration and soil 
infiltration. The impact of sugarcane on the water resources is likely to be negligible in both the 
North Coast and South Coast, whereas it is possible that sugarcane has a significant impact 
on the available water resources in the Midlands (Jewitt et al., 2009). Therefore, consideration 
should be given to the regulation of sugarcane as an SFRA. For an activity to be considered 
for declaration as an SFRA, its impact should be significant (i.e. impact ≥ 10% of the Mean 
Annual Runoff (MAR)) and the geographic extent should also be significant (i.e. area ≥ 10% of 
the quaternary catchment under consideration) (Jewitt et al., 2009). Factors that influence SFR 
include the spatial distribution and the infiltration properties of soils, the hydraulic 
characteristics and extent of aquifers, the rate, frequency and amount of recharge, the 
evapotranspiration rates, the distribution of vegetation types, as well as the topography and 
climate (Smakhtin, 2001). In general, the major processes that control evapotranspiration 
include rainfall interception, net radiation, advection, turbulent transport, leaf area and the 
plant-available water capacity (Zhang et al., 1999). Rainfall is the most dominant factor that 
initiates, drives and sustains runoff (Schulze et al., 1995). The quantification of SFR involves 
a comparison of the stream flows associated with a given activity, against the baseline stream 
flows (Jewitt et al., 2009). Hence, the objective of this paper was to investigate the impact of 
soil and water conservation structures on stream flow reduction in the sugar industry of South 
Africa. It is important to note that the stream flow reduction of growing sugarcane, compared 
to natural vegetation, will not be considered.  

Methods and Assumptions 

This investigation follows a previous study by Otim et al. (2020b), in which the runoff volume, 
peak discharge and sediment yield were simulated with the Agricultural Catchments Research 
Unit (ACRU) model and verified against the observed data from bare fallow and sugarcane 
fields. Based on the results, Otim et al. (2020b) concluded that the ACRU model is suitable for 
the simulation of the runoff volume, peak discharge and sediment yield from catchments under 
both bare fallow and sugarcane land cover in South Africa. Subsequently, this investigation 
utilised the data and results of runoff simulated with the ACRU model from a hypothetical 1 
km2 catchment for the four homogenous climatic zones (i.e. the Midlands, South Coast, North 
Coast and Zululand and Irrigated) in the sugar industry of South Africa. The study area, 
methodology and assumptions are presented in Otim (2020). The mean annual rainfall for the 
South Coast, North Coast, Zululand and Irrigated and the Midlands regions are 934, 1 146, 
642 and 818 mm, respectively, while the respective ratoon lengths are 16, 13, 12 and 21 
months. In addition, the sugarcane replant cycles after the last ratoon crop are 10, 10, 7 and 
16 years for the South Coast, North Coast, Zululand and Irrigated and Midlands regions, 
respectively. Over 46 080 scenarios were simulated for the period 1950-2017 (i.e. 68 years), 
as shown in Otim (2020), but for the purposes of this study, only a few select scenarios were 
used in the analysis of the various scenarios. This is because the volume of the simulated 
runoff in a given region, and for a given soil and water conservation practice, remained the 
same. 
 
In order to assess the impact of the soil and water conservation structures on Stream Flow 
Reductions (SFRs), the simulated scenarios were summarised into two broad scenarios. For 
Scenario 1, it was assumed that the sugarcane was grown on fields without soil and water 
conservation structures (i.e. baseline activity) and for Scenario 2, the sugarcane was grown 
on fields containing soil and water conservation structures. The SFRs were estimated by 
subtracting the annual average flows of Scenario 1 from Scenario 2 and a negative value 
denotes an SFR that is significant, if its impact is ≥ 10% of the MAR. On the other hand, a 
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positive value would denote an increase in stream flow. The resultant simulated SFRs were 
plotted and analysed for each soil and water conservation practice, for the various soil textural 
classes and for each homogenous climatic zone in the sugar industry. In addition, the SFRs 
for all the homogenous climatic zones were plotted in a single graph to assess how the regions 
compare to each other.  

Results and Discussion 

The results, analysis and discussion of the impact of soil and water conservation structures on 
SFRs, across the different homogenous regions, are presented below:  

Impact of soil and water conservation structures on stream flow reduction 

Plots of the SFRs against each soil and water conservation practice for the various soil textural 
classes for the North Coast, in the sugar industry of South Africa, are shown in Figure 1. The 
SFR varies between 0.02% and 0.80% of the MAR from fields without soil and water 
conservation structures (i.e. baseline activity) in the North Coast, with a higher SFR in the 
clayey soils than in the sandier soils, as shown in Figure 1. The relationship that is exhibited 
is logical, because clayey soils have a higher water-holding capacity and can store more rain 
water, which results in a lower infiltration rate and less runoff, compared to sandier soils. The 
SFRs for the South Coast, Midlands and Zululand and Irrigated regions are summarised in 
Table 1.  

Otim D et al Proc S Afr Sug Technol Ass (2021) 93 : 87-99

90



 

Figure 1. SFRs due to soil and water conservation structures in sugarcane fields in the North Coast region
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Table 1. Variation of SFRs as a percentage of MAR from baseline activities in the South 
 Coast, Midlands, and the Zululand and Irrigated regions 

 

Region SFR (%) 

South Coast 0.00 – 0.42 

Midlands 0.05 – 1.91 

Zululand and Irrigated 0.28 – 5.36 

 

The SFRs for the South Coast, Midlands, and Zululand and Irrigated regions also follow similar 
relationships to the SFRs in the North Coast, and the plots are shown in Figure 2 to Figure 4. 
 
Based on the above observations, it is evident that soil and water conservation structures 
cause decreases in the stream flow (i.e. negative values) across all regions, soil types and 
practices. This is consistent with the observations of Nyssen et al. (2009), who noted that soil 
and water conservation structures intercept runoff and increase the amount of water infiltrating 
into the soil, thereby slowing down and reducing the amount of water running off. The 
combination of soil and water conservation structures and agronomic practices, such as strip 
harvesting and conventional tillage, yielded the greatest reduction in SFR. This is because 
strip harvesting ensures that significant portions of soils are covered, thereby intercepting 
water drops and decreasing the kinetic energy of rain drops. This, in turn, increases the time 
necessary for infiltration, hence reducing the runoff, which is consistent with the observations 
made by the USDA-ARS (2013). In addition, conventional tillage practices mechanically 
disturb the soil surface, causing roughness, which increases infiltration and reduces runoff, 
which is in agreement with Takken et al. (2001). 
 
According to Jewitt et al. (2009), activities with an impact of greater than or equal to 10% of 
the MAR on SFR should be considered for declaration as SFRAs. Therefore, the impact of 
soil and water conservation structures on SFR is insignificant (i.e. < 5.5%) and does not 
necessitate declaring the soil and water conservation structures in sugarcane production as 
SFRAs, as contained in the National Water Act of South Africa. In addition, soil and water 
conservation structures regulate the flow pattern of runoff and combat erosion, which is a 
requirement of the Conservation of Agricultural Resources Act (CARA) 43 of 1983. Therefore, 
eliminating soil and water conservation structures would decrease SFR, but it would increase 
soil erosion, which is undesirable, and it would also reduce the water quality in streams. 
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Figure 2. SFRs due to soil and water conservation structures in sugarcane fields in the South Coast region 
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Figure 3. SFRs due to soil and water conservation structures in sugarcane fields in the Midlands region 
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Figure 4. SFRs due to soil and water conservation structures in sugarcane fields in the Zululand and Irrigated region
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Relationships in the stream flow reduction due to soil and water conservation 
structures across different homogenous climatic zones 

Graphs depicting the relationships in SFRs, due to soil and water conservation structures in 
sugarcane fields in the various homogenous regions, are shown in Figure 5. The greatest SFR 
occurs in the Zululand and Irrigated region, followed by the Midlands, North Coast and South 
Coast regions. The different magnitudes of the SFRs in the regions are attributed to variations 
in the climate, the ratoon length and sugarcane replant cycles in the homogenous regions. 
The high SFR in the Zululand and Irrigated and Midlands regions, which receive 642 and 818 
mm of rainfall, respectively, is because of the lower rainfall received and the fact that most of 
the rainfall received coincided with the periods of high crop cover, hence less runoff was 
generated and more SFR. On the other hand, the low SFR in the South Coast and North Coast 
regions, which receive 934 and 1 146 mm of rainfall, respectively, is because more rainfall 
was received and the fact that most of the rainfall received coincided with periods of low crop 
cover, thus generating more runoff and less SFR. These observations are consistent with 
those of Schulze et al. (1995) who noted that rainfall is the most dominant factor that initiates, 
drives and sustains runoff. Otim et al. (2020a) concluded that variations of crop cover at 
different stages of sugarcane growth play a major role in the runoff volume that is generated 
and that maintaining the crop cover over the soil surface significantly reduces runoff. However, 
the differences in the magnitude of SFR are insignificant, because they are all less than 10% 
of the MAR. The relationships exhibited are similar in trend, irrespective of the soil textural 
class, with the only differences occurring in the magnitudes of the SFR.
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Figure 5. Relationship of SFRs, due to soil and water conservation structures, in sugarcane fields in the various homogenous regions 
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Conclusions 

Generally, the impact of soil and water conservation on SFRs varies between 0.02% and 
0.80% in the North Coast region, while in the South Coast, Midlands and Zululand and 
Irrigated regions, it varies between 0.00% and 0.42%, 0.05% and 1.91% and 0.28% and 
5.36%, respectively. The SFR is greater in clayey soils than in sandier soils, because clayey 
soils have a higher water-holding capacity and can store more rain water, resulting in a lower 
infiltration rate and less runoff, compared to sandier soils. Furthermore, the greatest SFR 
occurs in the Zululand and Irrigated region, followed by the Midlands, North Coast and South 
Coast regions. The regional differences in SFR are attributed to variations in the 
evapotranspiration rate and the climate in the homogenous regions.  
 
In conclusion, soil and water conservation structures cause decreases in the stream flow 
across all regions, soil types and practices. This is because soil and water conservation 
structures intercept runoff and increase the amount of water infiltration into the soil, thereby 
slowing down and reducing the amount of water running off. The soil and water conservation 
practices, on the other hand, intercept water drops and decrease the kinetic energy of rain 
drops, which, in turn, increases the time necessary for the infiltration, hence reducing the 
runoff. According to Jewitt et al. (2009), activities that have an impact of greater than or equal 
to 10% of the MAR should be considered for declaration as SFRAs. Therefore, the SFR 
caused by soil and water conservation structures is insignificant (i.e. < 5.5%) and does not 
necessitate their declaration as SFRAs, as contained in the National Water Act of South Africa. 
However, if the soil and water conservation structures were to be eliminated, the SFR would 
decrease and soil erosion would increase, which is undesirable, and it would contribute to 
unsustainable long-term crop production. 
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Abstract 
 
Accurate irrigation scheduling was not widely practised in the South African sugarcane industry 
prior to 2014, especially in Pongola. Poor scheduling leads to over- and under-irrigation, low 
irrigation water productivity, crop stress, reduced yields and increased costs. However, the 
steep increases in electricity tariffs and the droughts that have been experienced, have 
generated a renewed interest in irrigation scheduling, and it has created an ideal opportunity 
for promoting its adoption. An irrigation scheduling demonstration trial was conducted on 
SASRI’s Pongola Research Farm, to demonstrate the benefits of effective irrigation scheduling 
under local conditions. In the trial, surface drip irrigation was scheduled by using the following: 
(1) the MyCanesim® simulation model, using the data from an automatic weather station; (2) 
soil water data from a capacitance probe; and (3) a combination treatment of MyCanesim® 
integrated with a capacitance probe. Irrigation with a fixed irrigation cycle served as the control 
treatment. The results were evaluated in terms of irrigation water applied, the cane and RV 
yield, the Irrigation Water Productivity (IWP) and the financial benefits. The use of irrigation 
scheduling technologies resulted in a decrease in the irrigation water applied, without 
negatively affecting the cane yield or quality, compared to a fixed-cycle schedule. Savings of 
up to 58% in irrigation water were achieved. All three scheduling technologies resulted in 
increased RV yields (the highest being 13%), improved IWP (the best 23.92 ton cane/100 mm 
irrigation) and financial benefits (cost savings and an improved yield) of up to R10 487/ha/year, 
relative to the fixed-cycle control. Although the results reflect the specific soil-climate scenario 
at the trial site, they confirm that substantial benefits can be realised from applying irrigation 
scheduling techniques. Based on a survey after the trial, 65% of the respondents adopted 
scheduling techniques (n = 100), which is a substantial increase from the 11% (n = 111) that 
were benchmarked in 2014.  
 
Keywords: Irrigation scheduling, adoption, MyCanesim®, capacitance probe, irrigation water 
productivity, demonstration trial. 

 

Introduction 

In South Africa, irrigated sugarcane production occurs on ± 65 000 ha (26% of the total area) 
and typically contributes between 30-40% of the total sugar production (Singels et al., 2019). 
Irrigation scheduling is the process of deciding when and how much water to apply (Pereira, 
1999), and it is a foundational and important management practice in these regions. Poor 
scheduling can result in under-irrigation, which leads to crop stress, reduced yields and 
increased susceptibility to pests and diseases, or over-irrigation, which leads to the misuse of 
water and electricity resources, the leaching of expensive fertilisers, potential yield reductions 
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from the rising water tables, as well as salinization and anaerobic soil conditions (Pereira, 1999; 
Lecler, 2004; Annandale et al., 2011).   

Irrigation scheduling, however, has not been widely practised in the South African sugarcane 
industry (Olivier and Singels, 2004), especially in Pongola (Jumman 2016), despite the 
availability of many scheduling tools (Stevens et al., 2005; Annandale et al., 2011, Lecler, 
2004). In contrast to the rest of South Africa, the Pongola Catchment was not considered as a 
water-stressed catchment (Anon, 2014). The construction of the Bivane Dam and the relatively 
good management by the local Water Users’ Association ensured a good water supply for 
irrigators. There were few water restrictions on record between April 2004 and November 2015. 
Unfortunately, when water is readily available, its value diminishes in the mind of the growers. 
As a result, the tendency to over-irrigate prevailed. Reinders et al. (2016) documented the 
history of rising water tables and the dramatic need for sub-surface drainage in large areas of 
irrigated sugarcane in Pongola. Adendorff (2016) also reported that the historic crop yields 
were, on average, 40% lower than the climatic potential. To some extent, the poor yields were 
attributed to poor irrigation management practices. In exploratory interviews, a number of 
farmers agreed that over-irrigation was a problem, and it was revealed that many farmers 
would seek to borrow water from their neighbours, after they had already used up their 
allocation for the season (Jumman, 2016).  
   
Several reasons for the lack of adoption of irrigation scheduling are presented in the literature 
(Stirzaker, 2006). In the Pongola area, the majority of these are attributed to grower 
perceptions. Anecdotal evidence from extension-grower interactions highlights the following 
reasons that are often used by growers to explain their non-adoption:  

• many growers still think that “they are irrigation farmers, therefore the sprayers must work”, 
“more is better for yields” and “I must use the water when it is available”; 

• the practical implementation of scheduling on a commercial scale is perceived to be a 
daunting task i.e. scheduling is seen as a technical, time-consuming and difficult task; 

• poor computer literacy, or a preference to not use computers, has caused growers to be 
intimidated by computer-based scheduling tools; 

• the perceived unnecessary, or excessive, pressure on the grower’s management time and 
inputs; 

• irrigation systems with old designs, such as drag-line systems with long fixed cycles, are 
considered to be inflexible and difficult to schedule; 

• the water tariff is a fixed charge per hectare and not volume-based (i.e. resulting in no 
incentive to save water); and 

• growers do not realise that any level of irrigation scheduling will hold benefits (the scheduling 
does not need to be 100% accurate). 

 

Steep increases in electricity tariffs have generated a renewed interest in irrigation scheduling, 

thus creating an ideal opportunity for promoting its adoption. In the past, Olivier and Singels 

(2008) made use of demonstration trials, together with grower days, to promote irrigation 

scheduling in the Komatipoort region. In addition, ripening demonstration trials in the irrigated 

areas were successfully used to improve BMP adoption (van Heerden et al., 2014). The 

literature indicates that demonstration trials can help to address the farmers’ risk perception, 

by proving that the benefits can be realised under local conditions and in close proximity to the 

farming community (Pannel et al., 1999; Cockburn et al., 2012). In addition, quantifying the 

advantage of scheduled irrigation over the current practices, in economic terms, is the key to 

promoting the adoption of a better management practice (Kuehne et al., 2017). 

 

The aim of this project was to improve the efficiency of irrigation water use and to promote the 

adoption of irrigation scheduling tools in the Pongola region, by demonstrating the benefits of 
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these scheduling tools under local conditions, compared to scheduling by using a fixed cycle 

(throughout the season). The demonstration trial was not designed to test or compare different 

irrigation scheduling tools, nor was it designed to be a rigorous scientific evaluation. However, 

it was used as an extension tool, to enable engagement with the farmers. In addition, the 

adoption of irrigation scheduling by the farmers in Pongola was evaluated. 

 

Methodology 

Demonstration trial 
 
The trial was planted in November 2014 on SASRI’s Pongola Research Station 
(27º24'58.370ʺS; 31º35'37.928ʺE). The trial site was on a deep, red Hutton soil, with a clay 
content of 30% and an estimated Total Available Water (TAW) of 120 mm. Variety N57 was 
planted in single cane lines, with a spacing of 1.4 m. The trial was irrigated with surface drip 
irrigation. The drip lines, comprising emitters with a rated delivery of 1 l/hr and 1 m spacing, 
were placed adjacent to each plant row. The peak application depth of the irrigation system 
was 17 mm, on a two-day cycle, which amounted to a daily equivalent application of 8.5 mm. 
The trial layout and irrigation scheduling treatments are depicted in Figure 1. The scheduling 
treatments were as follow:  

1. the MyCanesim® computer simulation system (Singels, 2007) using weather data only; 
the soil water content was monitored by a capacitance probe, but not to adjust the 
irrigation;  

 
2. a capacitance probe equipment for the near real time sensing of soil water status. The 

capacitance probes were 800 mm long with soil water sensors at 100 mm intervals; 
 

3. a combination treatment: MyCanesim® + capacitance probe. The algorithms developed 
in a previous project were used to automatically upload the capacitance probe data into 
the MyCanesim® system and to process the data to correct the simulated soil-water-
content where differences occurred (Paraskevopoulos and Singels, 2014); and 

 
4. control treatment: fixed-cycle irrigation of 6 mm per day, with a subjective delay in 

irrigation when larger rainfall events occurred (typical farm practice). The soil water 
content was monitored by a capacitance probe, but not to adjust irrigation. 

 
In each of the scheduling methods, irrigation was initiated when the “scheduling tool” indicated 
that the available soil water was depleted to a pre-set level of 37.5% of the TAW. Therefore, 
the irrigation application of 17 mm allows for 23% of the TAW to be available for the storage of 
rainfall immediately after an irrigation event. Records were kept of the irrigation volumes and 
the rainfall was recorded at the SASRI automatic weather station at the research station. 
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Figure 1. Illustration of trial layout and treatments (scheduling methods) applied 

The trial was laid out as a strip trial, with the treatments placed next to each other. The four 
strips were divided into six replication plots of equal length, which were harvested and 
measured separately. Each plot was six rows wide and 20 m long. In each plot, the outer row 
was excluded as a boundary row and the inner four rows were harvested and weighed. 
Samples from each plot were also analysed at the Pongola Mill Room for their sugar content 
and expressed in terms of their Recoverable Value (RV%). Following Wynne et al. (2009), the 
formula for RV% is: 

 RV% = S – d*N – c*F  

Where: S = Sucrose%,   
  N= Non-sucrose%,   
  F = Fibre%,  
  d = the relative value of sucrose which each unit of non-sucrose diverts from sugar 

production to molasses and  
  c =  the loss of sucrose from sugar production per unit of fibre. 
 
Treatments were evaluated in terms of the irrigation water applied, as well as the sugarcane 
and RV yields. The Irrigation Water Productivity (IWP) was assessed by calculating the yield 
component per hectare (cane and RV yield), for every 100 mm irrigation water used. The 
financial benefits were determined by calculating the cost saving, in terms of water and energy 
use, as well as the additional income, due to the gains in the RV yield, relative to the control 
treatment.  

Due to the effects of a serious drought, the trial results from the first and second ratoons were 
discarded. Hence, the results presented in this paper were the values averaged across 
replication plots in the plant, and the third and fourth ratoon crops.  
 
Quantifying adoption of irrigation scheduling 
 
The adoption of irrigation scheduling in Pongola was quantified via a simple (single question) 
survey in February 2020. As shown in Table 1, the growers were asked to select which 
irrigation scheduling method/s were being used, from a range of options. 
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Table 1. Questionnaire used to quantify the adoption of irrigation scheduling in Pongola 

 

Select scheduling method used on your farm - Tick one of the following: 

1 Intuition and/or own experience   

2 Use a rainfall delay rule (e.g. delay irrigation when rainfall is more than 15 mm)    

3 Wetting Front detector   

4 Tensiometers   

5 Capacitance Probes   

6 Neutron Probe   

7 Daily ET from Automatic Weather Station   

8 Soil Water Budget Calculation (profit and loss)   

9 Crop (Computer) Models   

10 Irrigation scheduling service provider   

11 
Other: Specify 

  
  

 

In 2020, the total number of grower codes issued in Pongola was 204. This was used as the 

population size (N = 204). The sample size, denoting the number of responses received was 

100 (n = 100), which amounts to 49% of the population and represented an area of 8 124 ha 

(total area = 16 796 ha).  

In Table 1, Options 1 and 2 were counted as the non-adoption of irrigation scheduling tools 

and Options 3 to 10 were counted as adoption. Instances were encountered where more than 

one option was ticked. This was either due to farmers using different options on different fields 

(e.g. tensiometers on sprinkler fields and capacitance probes on drip and centre-pivot fields), 

or making use of an irrigation scheduling service provider, who made use of multiple 

technologies to provide the service (e.g. the Daily ET data from automatic weather stations, 

along with capacitance probe data were used in computer models to generate the scheduling 

advice). In each of these situations, only the most sophisticated/advanced scheduling option 

(of those presented) was used and counted for the analysis.  

 

Results and Discussion 

It must be highlighted upfront that the results presented in this paper are for a specific set of 

local conditions, in terms of the soil, planting date, crop variety, seasonal weather and irrigation 

system. The results are illustrative and reasonable variation can be expected under different 

conditions.  

Irrigation applied 

 

The rainfall received for the 12-month period (November to November) for the plant, third and 

fourth ratoon crops were 554, 675 and 639 mm, respectively. The average irrigation that is 

subsequently applied for each treatment is shown in Figure 2. The error bars in Figure 2 depicts 

the standard deviation. Substantial water savings were realised by all irrigation scheduling 

tools. In comparison to the fixed-cycle control treatment, irrigation was reduced, on average, 

by 38, 45 and 58% for the MyCanesim®, capacitance probe and the combined treatments, 

respectively. 
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Figure 2. Irrigation water applied (averaged over three crops) for each scheduling 

method. 

 

Sugarcane and RV yields 

  

The sugarcane and RV yield data are presented in Figures 3a and 3b, respectively. The box 

and whisker plots present the minimum, first quartile, median, third quartile and maximum cane 

and RV yield values for each treatment across the three cropping seasons and five replications. 

The black dot and data labels in Figures 3a and 3b indicate the average cane and RV yield 

values. 

 

As shown in Figure 3, the use of the irrigation scheduling tools also increased the sugarcane 

and RV yields. The sugarcane yield, on average, increased by 7.89 (7%), 11.76 (11%) and 

10.89 (10%) tons/ha for the MyCanesim®, capacitance probe and the combined treatments, 

respectively. Similarly, the average RV yield improved over the control treatment by 1.07 (8%), 

1.70 (13%) and 1.60 (12%) tons/ha.  
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Figure 3. Cane (a) and RV (b) yield data achieved under each irrigation scheduling 

method 

 

Irrigation water productivity 

  

The Irrigation Water Productivity (IWP) is used to evaluate how much yield benefit was derived 

from every unit of irrigation water. The IWP, in terms of cane and RV yield, are shown in Figures 

4a and 4b, respectively. IWP was expressed as tons of cane per hectare or tons of RV per 

hectare, per 100 mm irrigation water applied. The combined effect of yield improvement and 

reduced irrigation for the irrigation scheduling treatments resulted in a marked improvement in 

the IWP over the control treatment. The cane yield IWP was improved by 6.54 ton cane/ha/100 

mm (73%), 10.51 ton cane/ha/100 mm (117%) and 14.94 ton cane/ha/100 mm (166%) for the 

MyCanesim®, capacitance probe and the combined treatments, respectively. Similarly, RV 

IWP increased by 0.82 (73%), 1.37 (123%) and 1.92 (172%) tons RV/ha/100 mm for each of 

the scheduling tools used for different treatments.  

 

 
Figure 4. Irrigation water productivity in terms of (a) Cane Yield and (b) RV yield  

 

Potential financial benefits of irrigation scheduling tools 

 
Table 2. Financial benefits of irrigation scheduling tools: water and electricity cost 

savings and added income from RV yield increases above the control treatment 
 

 
 
The financial benefits derived from using the irrigation scheduling tools in this specific 
demonstration trial are shown in Table 2. The financial benefits include savings in water and 
electricity costs from reduced irrigation, as well as additional income from increases in the RV 
yield. Relative to the fixed-cycle control treatment, the average savings in water and electricity 
over the three seasons amounted to R2 583/ha (34%), R3 076/ha (41%) and R3 943/ha (51%) 

Water 

Costs

Electricity 

Costs

Water +

Electricity 

costs

Cost 

savings RV gain

Extra Income 

from RV gain

Combined benefit

(cost saving + RV gain)

(t/ha) (R/ha) (R/ha)

Control (Fixed cycle) R2 774 R4 744 R7 518

Canesim R1 728 R3 207 R4 935 R2 583 1.1 R4 390 R6 973

Capacitance Probe R1 529 R2 913 R4 442 R3 076 1.7 R6 962 R10 038

Canesim+Probe R1 178 R2 398 R3 575 R3 943 1.6 R6 545 R10 487

Footnotes: Water costs = 22.78 c/m^3, Active electricity costs = R1.31 (2019 Landrate Tariff), RV pice = R 4086.26

(R/ha)
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for the MyCanesim®, capacitance probe and combined treatments, respectively. The financial 
benefit from the improved RV yield achieved with the irrigation scheduling methods amounted 
to R4 390/ha, R6 962/ha and R6 545/ha. 
 
The combined financial benefits from using the irrigation scheduling tools (cost saving plus 
yield benefit) amounted to R6 973/ha, R10 038/ha and R10 487/ha for the MyCanesim®, 
capacitance probe and the combined treatments, respectively.  
 
In this trial, we set out to demonstrate that the benefits of using the irrigation scheduling tools 

outweigh the cost of the tools, when compared to scheduling with a fixed cycle. By way of 

example, Figure 5 depicts the cost for the capacitance probe used in the trial, and which is 

commercially available in South Africa, relative to the benefits realised in the demonstration 

trial. The costs consisted of a once-off software fee, the cost for the probe hardware and an 

annual probe fee for maintenance and battery replacement. In practice, a probe is typically 

used to schedule 10 to 30 ha, depending on soil uniformity, or the field and irrigation block 

layout. Hence, the average annual benefit in R/ha reported in Table 2 must be multiplied by 

the number of hectares scheduled by the probe. In this example, we conservatively assumed 

that the probe is used to schedule a field of 10 ha.  

 
 

Figure 5. Cost and benefit of capacitance probes, compared to scheduling with a fixed-

irrigation cycle 

 

As shown in Figure 5, the benefits substantially outweigh the cost of scheduling with 

capacitance probes, when compared to scheduling with a fixed irrigation cycle. Based on the 

results of this trial, the combined financial benefit from 2 ha, in the first year, will cover the 

purchase and maintenance costs of capacitance probes in the first year. Thereafter, the annual 

probe fee will be covered by the financial benefit from just 0.19 ha. Alternatively, an RV yield 

increase of 0.49 tons/ha over the 10 ha area will cover the start-up costs in the first year and 

just 0.05 tons RV per ha (over 10 ha) for the annual maintenance cost in the subsequent years. 
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Adoption of irrigation scheduling tools 

 

The irrigation scheduling adoption status was benchmarked by Jumman (2016) and is 

presented in Figure 6a. In 2014, only 11% of the sample (n = 111) adopted irrigation scheduling 

tools. The survey results in 2020, presented in Figure 6b, suggest that a substantial increase 

in adoption was realised. For the sample (n = 100), 65% of the respondents indicated adoption 

of irrigation scheduling tools.  

 

In the context of promoting irrigation scheduling tools, it was important: (1) to obtain the trial 

results; (2) to demonstrate the benefit by translating the water savings and yield data into 

economic terms; and (3) to publicise the results via grower days and the published media. It 

is, however, difficult to establish the role of the demonstration trial, and the subsequent 

extension activities, in increasing the adoption of irrigation scheduling tools in Pongola. Many 

other factors have also played a role. 

 

 
 

Figure 6. Adoption status of irrigation scheduling in Pongola in (a) 2014 (after Jumman, 

2016) and (b) 2020 

 

We hypothesise that some explanatory reasons for the adoption success in Pongola include: 

• a rapid increase in electricity tariffs;  

• the presence of extension in the region after a long period of no extension;  

• a severe drought in the 2015 and 2016 seasons;  

• increases in the water tariffs in 2018 and 2019; 

• the advancement and popularity of probe technology and an increased presence and 

marketing effort of probe suppliers;  

• a respected farmer in Pongola becoming an agent of an irrigation scheduling service 

provider (and his marketing efforts); and 

• possibly the financial strain on the industry from sugar imports and the health 

promotion levy (sugar tax), which may have caused a decline in the profit margins, 

forcing farmers to manage their input costs, such as water and electricity, more 

carefully. 

 

Finally, the distribution of the different irrigation scheduling methods used in Pongola is shown 

in Figure 7. Capacitance probes account for 52% of the sample (n=100). The non-adopter 

fraction (35%) consists of farmers who schedule according to their own intuition and experience 
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(22%) and/or subjective rainfall delay rules (13%). The irrigation scheduling service providers, 

who account for 9% of the sample, typically make use of a combination of capacitance probes, 

crop models and data from automatic weather stations and weather forecasts.  

 

In the 2020 adoption survey, a few growers indicated that they used tensiometers as a cheaper 

option to use on semi-permanent sprinkler systems, while drip and centre-pivot systems were 

being scheduled with capacitance probes or service providers. Since these growers were using 

multiple options, only the most sophisticated tool (continuous monitoring, etc.) was counted, 

when processing the data from the questionnaire. For this reason, Figure 6 incorrectly suggests 

that there were no tensiometers in use in the sample.    

 

 

 
 

Figure 7. Distribution of irrigation scheduling methods in Pongola 

 

 

More importantly, grower perceptions surfaced relating to the ease of implementing irrigation 

scheduling tools, in relation to different irrigation systems. It appears that their willingness to 

invest in scheduling tools is linked to the design and type of the irrigation system, in terms of 

flexibility and control. This was especially true for dragline and semi-permanent sprinkler 

systems, which were historically designed with long and less-flexible irrigation cycles. Growers 

perceived that the more modern and flexible irrigation systems, such as drip and centre-pivot 

systems, allow for more accurate scheduling. Therefore, we hypothesise that the adoption of 

more sophisticated irrigation scheduling tools is correlated with the type of irrigation system. 

This was a concern since semi-permanent sprinkler irrigation was still a dominant irrigation 

system in Pongola and accounted for 46% of the area under cane.   

 

The adoption data presented in Figure 5 represents the non-adopters and adopters as a 

percentage of the grower sample, and it does not reflect the area. Hence, while many growers 

are scheduling irrigation on their drip and centre-pivot systems, which creates an impression 

of good adoption, it is possible that a larger area under the semi-permanent sprinkler systems 

is still not being scheduled objectively. Future work is therefore recommended: (1) to confirm 

the adoption status on semi-permanent sprinkler systems; and (2) to explore the ease or 
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difficulty of using the current suite of available tools to beneficially schedule irrigation under 

semi-permanent sprinkler irrigation.  

 

Conclusions 

Although the results of this trial were site-specific, in relation to the soils and seasonal climatic 

conditions, the study clearly showed increased yields (7-12%) and a substantial reduction in 

the irrigation applications associated with the irrigation scheduling (38-58%) tools 

demonstrated. The combined value of improved yields, and water and electricity cost savings 

resulted in substantial financial benefits associated with using irrigation scheduling tools 

(R6 500-R10 500), compared to using a fixed irrigation cycle throughout the whole season.  

 

Although the main objective of this trial was to demonstrate the benefits of using irrigation 

scheduling tools over fixed-cycle irrigation programs, the differences in the results from the 

three different scheduling techniques were apparent. The better improvement in yield, and 

especially in water use (cost saving), were associated with the increased sophistication of the 

scheduling technique used. The combination treatment, making use of irrigation simulation 

software with weather data and real time soil water data from a capacitance probe, proved to 

be the most successful method of irrigation scheduling for all parameters measured in this 

case study. 

 

The results of this trial showed that if farmers moved away from a fixed irrigation cycle, the 

financial benefits of irrigation scheduling could cover the cost of the scheduling equipment and 

services, and it could improve the financial sustainability of producing sugarcane under 

irrigation. The start-up costs of capacitance probes, for example, could have been retrieved 

after the first year of implementation, from a small portion of the area (2 ha), relative to the area 

that is typically serviced (10 ha). 

 

In addition to the direct financial benefits, using scheduling tools could have a number of 

indirect benefits, mainly due to a reduction in over-irrigation. These indirect benefits include 

limiting the loss of nutrients through leaching, limiting the build-up of undesirable salts in the 

soil, decreasing susceptibility to pests and diseases, as well as reducing water pollution.  

 

Finally, a cross-sectional survey of 100 grower codes indicated that 65% of those fields/farms 

were making use of scientific irrigation scheduling, which suggests a substantial improvement 

from the 11% (n = 111) that were benchmarked in 2014. 
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Abstract 
 

Many Large-scale Growers (LSGs) are diversifying out of sugarcane production due to the 
ongoing sugar industry challenges that have impacted the returns on cane farming. This is 
evident, in part, by the 17% decrease in the area under cane over the past 10 years. The 
true costs of diversifying from sugarcane to another crop are unknown, as there are various 
hidden costs involved. This paper (poster) outlines the implicit opportunity costs, namely, the 
costs that do not have a monetary value, during the process of diversification. This was done 
by using online surveys and questions that were sent by means of mobile chat technology 
(Whatsapp). Lastly, the learning experiences of different growers will be provided. 
Diversification, the cost thereof, and the decision-making regarding diversification need to be 
understood in the sugar industry. It is an increasingly important trend, as it leads to growers 
becoming financially sustainable.  
  
 
Keywords: Diversification, Sugarcane, profitability   
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Introduction 
 
The majority of sugarcane growers are either diversifying their farm businesses, thinking of 
diversifying, or planning to diversify to other crops. This paper shares the experiences of 82 
Large-scale Growers (LSGs) from across the mill areas who have diversified their farm 
businesses. These experiences provide learning outcomes for sugarcane growers who are 
planning to diversify. The experiences of Small-scale Growers (SSGs) are also shared, in 
order to understand their different perceptions about diversification. The outcomes from this 
paper are aimed at providing an understanding of the scale of diversification in the mill areas 
and it will provide guidance to the South African Cane Growers Association (SACGA) and 
other stakeholders who offer grower support services. 
 
There are no existing platforms for growers to share their experiences and the challenges 
that they face in the management of farms with different enterprises. The monetary costs of 
diversifying, such as the per ha costs, are easily accessible, but other implicit costs are not 
easily known. 
 
This study aims to provide valuable information from the experiences of both LSG and SSGs 
when it comes to the topic of diversification within the sugarcane industry. The objective of 
the study is to share with those growers who are looking to diversify what costs they should 
look out for, as well as the challenges that are experienced in the process of diversification. 
 
 

Methodology 
 

A survey questionnaire, in which growers were asked to participate in a four-minute survey, 
was sent to the LSGs, using the Monkey Online Survey tool, and a survey with five 
questions was sent to the SSGs via the Whatsapp communication tool. 
 
A survey questionnaire with 12 questions was sent to LSGs in the SACGA database via the 
email system and their cell phones. It had a combination of questions with available options 
to choose from, as well as open-ended questions.  
 
A questionnaire with five questions was sent to the SSGs. Zulu was used as the language of 
preference, so that the growers could answer in their vernacular, which allowed them to 
express their views easily.   
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Results and Conclusions 
 
Figure 1. Variety of crops on participating farms 
 

 
 
This question was aimed at understanding which crop most growers diversify to. Figure 1 
shows that the majority of LSGs who participated in the survey also farm with macadamia 
nuts and other crops, such as vegetable crops, tea tree and pecan nuts, etc., and a few of 
them also planted citrus. 
 
 
Figure 2. The reason why participants diversify their farm businesses 

 
This question wanted to understand the reason behind the farm diversification trends in the 
sugar industry. Figure 2 shows that the profitability of other crops is the main reason why 
most farmers diversify, followed by the uncertainties surrounding the sugar price and market. 
The least number of growers was influenced by the challenge of trying something new and 
the regional trends. 
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Figure 3. Other costs in farm diversification 

 
 
Figure 3 shows that one of the costs that most growers should look out for, if they want to 
diversify, is the time taken away from the cane, because the other crops taking a longer 
period to harvest, when compared to sugarcane. Training and skills transfer, as well as 
access to markets, are the other costs that provide a challenge in diversification.   
 
 
Figure 4. Implicit costs in the diversification process 

 
 
This question wanted to establish which implicit costs the growers think would cause the 
most strain in the process of diversification. Figure 4 shows that most growers chose 
enterprise development as the most costly exercise, because it is time-consuming. This was 
followed by time, as it takes a long period to gain benefits  of farm diversification. The other 
costs included crop insurance, setting up an irrigation system, the loss of income from cane, 
less cash-flow, the establishment costs and the time taken for the other crop to become 
profitable. 
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Table 1. Implicit costs and reasons why growers should consider their importance  
 
Implicit Cost Response and Advise 
Time “The time taken for the trees to mature - during this time the 

irrigation, maintenance of the orchards, pruning, fertilising 
and herbicides were underestimated.” 
 

Agronomy “Land prep, soil corrections, cost of trees and fertilizer, 
irrigation requirements. Waiting for a return on new crop.” 
 

Enterprise Development “You need a lot of capital to fund any crop diversification 
and the time waiting for it to become profitable” 
 

Enterprise Development “The lack of income from the sugar combined with the costs 
of establishing the diversification crop” 
 

Skills and Expertise “Lost a lot of trees due to lack of expertise” 
 

Time “Macs slow to produce income and Tea Tree high 
establishment cost and labour” 
 

 
 
Table 1 shows some of the other costs, things to look out for and some advice shared by six 
growers with those farmers who are planning to diversify their farms.  
 

Small-scale Grower Survey Results 
 
A total of 16 growers from different mill areas participated in the survey. A summary of the 
survey results can be found in Table 2. It is clear from the response summary that SSGs 
perceive diversification as a way of getting an income from cash crops, while waiting to 
harvest their sugarcane. The majority of the participants have not diversified, but have the 
desire to do so. While many challenges were mentioned regarding the implementation of 
diversification, all participants noted its importance and recommended that other SSGs 
should consider diversification. 
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Table 2. Summary of SSG Survey Results  
 

 
 

Conclusion and Recommendations 
 
Diversification is an on-going trend in the sugar industry and LSGs and SSGs see 
diversification differently. LSGs diversify to expand their business enterprises and to mitigate 
the risk due to the uncertainties around the sugar price and market. SSGs, on the other 
hand, see diversification as a way of food security and a way of making money, while waiting 
to harvest the cane crop. The common challenges around diversification for both LSGs and 
SSGs include their skills/expertise, the need for land and capital equipment. Both grower 

1. What do you understand about the importance of diversification?  
• Food security,  
• It’s a way of getting income as sugarcane takes longer to harvest and get income 
• Department of Health encourages we eat healthy food items. 
• It way of getting cash/extra income from other businesses 

 
2. Have you diversified? If Yes which crops/business enterprise? 

If yes majority answered: 
• Sell fruits and vegetables 
• Planted cabbages, spinach  
• Sell airtime and electricity tokens 
• Cane contracting services 
• Chillies, peppers, broiler chickens 
• Construction 
• Baking  
3. Do you have plans to diversify, which crop/business do you want to venture 

into? 
• Rabit farming,  
• Tuckshop 
• Plant butternut and spinach 
• Plant mealies, potatoes 
• Chicken farming 
• Construction   

 
4. What are challenges that you could face in the process of planning to 

undertake diversification? 
 

• Crop theft 
• Capital for equipment, funding, seedlings 
• Lack of skills and expertise 
• Access to market 
• Land 

 
5. Would you advise other SSGs too consider diversification? Why 

 
• Yes, mills are closing a bad indication about the sustainability of the sugar industry. 
• Yes, the times we live in require more than one crop to sustain you. 
• Cane takes longer to harvest while cash crops take shorter periods. 
• Extra income 
• RV price fluctuations are causing uncertainties  
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types strongly advise their counterparts to diversify their business due to the uncertainties 
that surround the sugar market and because profitably requires them to expand their 
business offerings. The learning outcome of the LSG survey shows that the diversification 
process is long and that it takes a long time before a profit can be experienced. A lot of 
costly capital investment is required for an enterprise to develop, and expert skills are crucial 
for a business enterprise to be successful. Nevertheless, as costly as diversification is, the 
growers see it as being a worthwhile task that will yield great benefits, in the long run.  
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Abstract 
 
From April 2018, the South Africa government implemented a tax, the Health Promotion Levy 
(HPL), on non-alcoholic Sugar-Sweetened Beverages (SSBs). The HPL resulted in the cost 
of sugar for SSB manufacturers rising above the threshold level and almost tripling instantly 
on 1 April 2018. Most SSB manufacturers swiftly reformulated their product mixes by 
substituting the sugar beyond the threshold, with artificial sweeteners. This resulted in a 
significantly sharp decrease in demand for local sugar in South Africa, which is the greatest 
source of the industry revenue. Preliminary data indicate that local sales to SSB manufacturers 
have been reduced by approximately 50%. Due to industry legislation, the equivalent of the 
decrease in sugar sales must currently be exported at considerably below-cost of production 
world prices. Therefore, the industry revenue has been significantly reduced. This paper aims 
to estimate the financial impact of the HPL, specifically on sugarcane growers in South Africa. 
The estimation is based on the final 2018/19 RV Price to growers, compared to a hypothetical 
RV Price, without the reduction in sales to the SSB sector. The annual average large-scale 
SA Cane Growers Cost Survey results for rain-fed and irrigated regions are analysed to 
demonstrate the negative impact of the HPL on the growers’ returns. The earnings before 
interest, the management salaries, as well as the tax and depreciation are compared in the 
two scenarios. A further comprehensive study can be conducted on this topic; for example, on 
the reduced demand in other sectors because of the HPL, on the impact of further threshold 
changes, on expanding the levy to other sectors, and on different levy rates.  
 
 
Keywords: Sugar tax, health promotion levy, sugarcane growers, economics, finance, 
alternative sweeteners 
 

Introduction 
 
As from April 2018, the South Africa government implemented a new levy, on non-alcoholic 
Sugar-Sweetened Beverages (SSBs), namely, the Health Promotion Levy (HPL) (SARS, 
2018). When it was implemented, the HPL was based on sugar content, at a rate of R0.021 
for each gram of sugar over a threshold of 4g/100ml (SARS, 2018). Whilst R0.021 may appear 
to be insignificant, at the time of implementation, it was about 200% of the retail price of sugar 
(Nel and Musingadi, 2019; Saxena et al., 2019; Stacey et al., 2019). Effectively, the cost of 
sugar over the threshold tripled almost instantly for SSB manufacturers on 1 April 2018! To 
avoid passing this excessive additional cost on to the consumers, most SSB manufacturers 
swiftly reformulated their product mixes by substituting the sugar beyond the threshold with 
artificial sweeteners (Bosire et al., 2020; Stacey et al., 2019). This resulted in a significantly 
sharp decrease in demand for local sugar in South Africa.  
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Historically, SSB manufacturers purchased over 500 000 tons of locally produced sugar (e.g. 
BFAP, 2019; Kadwa, 2019). Preliminary information, based on less than two years’ data, 
indicates that sales have reduced in this sector by approximately 50%. Due to the South 
African industry legislation (SIA, 2000), the equivalent of the reduction in local sugar sales 
must now be exported. In general, the prices realized by sugar exports are considerably below 
the cost of production and they are sold at a loss. According to the Division of Proceeds (DoP) 
calculation (SIA, 2000), the industry revenue per ton of sugar has therefore been reduced. 
 
This paper aims to estimate the financial impact of the HPL, specifically on sugarcane growers 
in South Africa, based on the preliminary 50% reduction in sugar sales to the SSB sector. 
 

Methodology 
 

The estimation is based on the final 2018/19 RV Price, which was R3574.41/ton RV, compared 
to a hypothetical RV Price without the reduction in sales to the SSB sector. Table 1 below 
displays a summary of this calculation. The Local Market Demand Estimate (LMDE) difference 
includes changes to the carry-over sugar tonnages, based on the industry formula. The 
additional industry revenue is estimated by using the actual 2018/19 weighted average local 
and export price differential. Industry costs are assumed to remain the same.  
 
Table 1. Estimating the HPL impact on the RV Price: 2018-19 
 

  2018/19 Final RV Price 
  Actual Hypothetical 
RV (t) 2404397 2404397 
Saleable Sugar (ts) 2183821 2183821 
Local market sales (ts) 1227709 1477709 
LMDE (ts), including carry-over changes 1140989 1442970 
LMDE Difference (ts)   301981 
Export Availability (ts) 1042832 740851 
Additional Industry Revenue   R1 373 753 846 
Growers' DoP Share of Proceeds   R883 498 190 
RV Price Change   R367.45 
2018/19 Final RV Price R3 574.41 R3 941.86 

 
 
The average large-scale growers’ annual SA Cane Growers Cost Survey results for rain-fed 
and irrigated regions are analysed to demonstrate the negative impact of the HPL on the their 
returns. Large-scale commercial farm economics were analysed by using survey data from 
SA Cane Growers’ Association (SACGA, 2019). Only actual data for the 2017 season were 
available, and the data for the 2018 season were estimated by using indices from the Crops 
and Markets Reports released by the Department of Agriculture, Forestry and Fisheries 
(DAFF, 2019). The survey elicited cost and income data from a sample of large-scale growers 
from the 14 Mill Supply Areas (MSAs) in SA. The average cost and income statistics reported 
in this study were determined by weighting the MSA values by the deliveries of large-scale 
growers in each MSA. 
 
The Earnings Before Interest, management salaries, Tax and Depreciation (EBITD) are 
compared in the two price scenarios. 
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Results and Conclusions 
 

The hypothetical estimated price, namely R3941.86, is a 10% improvement, compared to the 
actual price achieved during the 2018/19 season. The hypothetical price would have been 
beneficial to the growers, as displayed in Table 2. Rain-fed growers would have been better 
off by R45.21 per ton cane, and irrigated growers would have experienced an increase in 
revenue of R49.05 per ton cane. The reduced demand of sugar in the local market had a 
substantial impact on growers and their returns. As shown in Table 2, the R45.21 per ton effect 
for the rain-fed growers would have pushed the EBITD into positive territory. Unfortunately, 
these growers experienced a loss for the 2018/19 season. The irrigated growers were better 
off as they were already in positive territory, but the R49.05 per ton in the hypothetical scenario 
would have been welcome after years of drought and the low water supply before the 2018/19 
season.  

 
Table 2. Earnings before Interest, Management Salaries, Tax and Depreciation for 

the Actual 2018/19 RV Price compared to the Hypothetical Price 

  Rain-fed Irrigated 
2018/19 Season Actual  Hypothetical  Actual  Hypothetical  
Gross Income (R/t) 439.24 484.45 477.18 526.24 
Total Operating Costs (R/t) 467.14 467.14 372.41 372.41 
EBITD (R/t) -27.90 17.31 104.77 153.83 
Positive Difference in EBITD (R/t)   45.21   49.05 

 
The reduction in the LMDE, due to the implementation of the HPL, therefore had a significant 
effect on the price. The drop in price then caused the average rain-fed grower to incur a 
substantial loss in the 2018 season. A loss of this magnitude has a detrimental effect on the 
financial sustainability of growers who deliver most of the sugarcane in the industry. 
Considering that farm staff and wages make up 30% of the total costs of sugarcane 
production, a substantial loss for growers, due to policy decisions, puts employment on 
sugarcane farms in rural areas at risk (SACGA 2019).  
 
A comprehensive study on this topic can be researched further; for example, the reduced 
demand in other sectors, because of the HPL, as well as the impact of further threshold 
changes, expanding the levy to other sectors, and different levy rates. 
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Abstract 
 
The Recoverable Value (RV) cane payment system has been utilized in the South African 
sugar industry since the 2000/01 season. Compared to the previous sucrose-based payment 
system, the RV formula aimed to incentivize growers to minimize the fibre and non-sucrose 
cane content. After two decades of employing RV, a review of the macro-environment changes 
over time was conducted. This paper provides the trends of non-sucrose and fibre cane 
content, pre- and post- the RV cane payments system, at a Mill Supply Area (MSA) level. A 
seasonal dataset was used to analyse each of the 14 MSAs for the period 1996/97 to 2019/20. 
An average value from the 1996/97 to 1999/20 seasons was used as the ‘base’ season, which 
is compared to each season since 1996/97. The analysis indicates that, compared to the 
sucrose-based system, there has generally been no reduction in the non-sucrose content 
since 2000/01, whilst there have been both increases and decreases in the fibre cane content. 
Furthermore, as expected, the non-sucrose and fibre cane content increased in the drought 
seasons. Therefore, since the RV cane payment system was introduced, the changes to non-
sucrose and fibre have generally been underwhelming. Future studies may investigate the 
reasons for the recent increasing trends and possibly provide remedial action. In addition, the 
intra-seasonal variations in each MSA could be explored. This study also provides the basis 
for further research into the effectiveness of the RV payment system.  
 
Keywords: Recoverable value, cane payments, cane quality, fibre, non-sucrose, South African 
mill supply areas 
 

Introduction 
 
Cane payment systems are important for providing incentives for growers and millers to 
improve their efficiency (Wynne, 2009; Todd and Forber, 2005). From the 1926/27 to the 
1999/2000 seasons, sugarcane growers in South Africa were paid according to the quantity 
of sucrose in their cane, at a fixed price per ton of sucrose (Wynne, 2009). Since the 2000/01 
season, growers and millers in the South African sugar industry receive revenue that is based 
on the Recoverable Value (RV) formula (Groom, 1999; Moor, 2002; Murray, 2002).  
 
The RV formula was adapted from the Estimated Recoverable Crystal (ERC) formula (van 
Hengel, 1974), in order to exclude the undetermined losses in the factory, to accommodate 
for the growers’ and millers’ share in the molasses proceeds, and to assume no value for the 
fibre, except as fuel in the form of bagasse for factory boilers (Moor, 2002). The RV formula 
payment system aspires growers to improve their cane quality, in terms of clean and mature 
cane, and to obtain a higher revenue that is based on an increase in overall sugar recovery 
(Groom, 1999; Wynne, 2009). In other words, the RV formula aims to incentivize growers to 
maximise the sucrose content, and at the same time, to minimise the fibre and non-sucrose 
content in their cane deliveries (Wynne, 2009).  
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Groom (1999) concluded that “under an RV scheme, coastal growers are on average worse 
off than inland growers, and that dryland growers are worse off than those able to irrigate their 
cane, particularly in a dry season.” It is concerning that there has been limited literature since 
2000/01 to test this statement, especially with the increased prevalence of extreme weather 
events and climate change, such as the multi-year droughts in 2010-2011 and 2014-2016. 
The Bureau for Food and Agricultural Policy (BFAP) study (BFAP, 2014) provided a detailed 
report on the factors that have led to the decline in cane supply, especially in coastal regions, 
and it focused on the RV tons per hectare, rather than on the fibre and non-sucrose content.  
 
After two decades of employing RV, a review of the macro-environmental changes over time 
is overdue, especially necessary at a time when the industry is under severe financial strain 
and when many job losses have already occurred (see Dlamini et al. 2019; Singels et al. 2019; 
Nicholson and Kadwa, 2017). Whilst industry stakeholders may well be aware of the changes 
in production, in terms of a shrinkage in the cane tonnages on an industry-scale, the Mill 
Supply Area (MSA) level is less certain. 
 
This paper revisits whether the fibre and non-sucrose content in cane has decreased since 
the change from the sucrose-based cane payment system.  
 

Methodology 
 
To provide a clearer indication of the changes over time, this study has focused on the MSA 
level. Therefore, 14 datasets were analysed on a per season basis, one for each MSA, using 
the home cane dataset. The effect of different Length of the Milling Seasons (LOMS) for each 
MSA is beyond the scope of this study, as well as some other reasons for cane quality 
changes, including the harvest-to-crush-delays (HTCD), the harvesting methods and the 
newly-adopted cane varieties. Each dataset included 24 seasons of data, from 1996/97 to 
2019/20. The 1996-97 to 1999-20 seasons fall under the sucrose-based payment system, or 
pre-RV. It is important to include these seasons, in order to recognise the non-sucrose and 
fibre percent cane content pre-RV, and to compare it to the post-RV seasons (i.e. from 
2000/01). A separate analysis of the Entumeni region was excluded from this study, as that 
mill closed in the 2003/04 season, and hence, the dataset was incorporated into the Amatikulu 
MSA.  
 
The cane quality variables considered for this study included the fibre and non-sucrose 
percent cane and these were obtained from SASA’s Cane Testing Service (CTS). The 
sugarcane season in South Africa extends from April to March. For the sake of simplicity, the 
growing and milling season are referred to in the results as an annual year (for example, the 
2019/20 season is referred to as 2019).  
 
For both the non-sucrose and fibre percent cane content, a weighted average value for the 
four pre-RV seasons was used as the base season. The base season was then compared to 
each of the 24 seasons, and calculated as a percentage difference. For example, if the base 
season non-sucrose percent cane content was 2.2% and the actual season value was 2.3%, 
then the difference would be 10%. Any value above 0% for the non-sucrose and fibre cane 
content indicates that these variables have increased, compared to the base season, which is 
against the objectives of the RV payment system.  
 
The results for the 14 MSAs are broadly grouped into two categories, namely: (a) coastal; and 
(b) inland and irrigated regions. The rainfed coastal belt MSAs are included in the first category 
alphabetically, namely, Amatikulu, Darnall, Felixton, Gledhow, Maidstone, Sezela, and 
Umzimkulu. Therefore, the remaining seven MSAs make up the inland and irrigated region.   
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Results and Discussion 
 

Fibre % cane 
 
Figure 1 displays the fibre percent cane, compared with that of  the base season. Generally, 
there has been an increase in fibre content for the coastal MSAs, with a large shift during the 
2010-11 and 2015-16 drought events. Intriguingly, there were no sharp changes in the 2002-
03 drought event. On the contrary, except for UCL, there has been a 3% to 8% decrease in 
the fibre content in the inland and irrigated regions that, in the main, occurred in the 2002-
2003 seasons. The 2016 spike in Umfolozi is most likely due to the especially disastrous 
drought-related cane quality season for that MSA. 
 

 

 
Figure 1: Fibre % cane change – from the 1996/97 season to the 2019/20 seasons 
 
 
Non-sucrose % cane 
 
Figure 2 displays the non-sucrose percent cane, compared with that of the base season. 
Unlike with fibre content, there appears to be no apparent decrease in non-sucrose for all 
MSAs, except for Komati and Umfolozi. Furthermore, many MSAs have experienced an 
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increase in the non-sucrose content. This is worrisome, considering that non-sucrose is 
usually penalised at a higher rate than fibre content in the RV formula, based on values of the 
‘c’ and ‘d’ factors. 
 

 

 
Figure 2: Non-sucrose % cane change – from the 1996/97 season to the 2019/20 season 
 
 

Conclusions 
 

The results in this paper suggest that, since the introduction of the RV payment system in the 
2000/01 season, there have generally been underwhelming changes to both the fibre and non-
sucrose cane content in most MSAs. Many MSAs have experienced an increase in these 
variables, which may have negatively affected the throughput and sugar recovery of the mills. 
The reverse could also apply at certain MSAs, where the degradation of factory performance 
increases the HTCD, which negatively influences the non-sucrose. These areas can be 
investigated further. Other recommended studies include analysing the effect of the LOMS 
changes on cane quality, the HTCD, the choice of cane variety in the RV payment system, 
and a potential review of the intended effectiveness of the variables included in the RV 
payment system.  
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Abstract 

 

Ratoon stunt (RSD - Leifsonia xyli subsp. xyli - Lxx) is considered to be a manageable disease, 

provided the recommended integrated management strategy is followed. Once a field has been 

planted, the main risk of spread is at harvest. While it is possible to easily and effectively 

decontaminate cane knives during the harvesting operation, mechanical harvesters pose more 

of a challenge. An effective disinfectant and a suitable method are required to decontaminate 

mechanical harvesters and to minimise the risk of RSD spread, particularly between fields and 

farms. A foaming quaternary ammonium compound (QAC), containing benzalkonium chloride 

and didecyl dimethyl ammonium chloride, was found to be effective against Clavibacter 

michiganensis (used as an indicator bacterium) and Lxx in in vitro and in vivo experiments, 

respectively. This disinfectant was identified as a suitable alternative to the current industry 

standards, Jeyes Fluid and methylated spirits, for minimising the risk of RSD spread on farm 

implements. Three field trials confirmed that mechanical harvesters transmit RSD from infected 

to healthy stools at harvest. The procedure used to decontaminate the harvesters took two 

people up to 40 minutes to complete, and while it reduced spread into healthy cane in the trials, 

it did not eliminate the risk completely. Management strategies to accommodate this risk will 

need to be implemented.  

 

Keywords: ratoon stunt, RSD, Leifsonia xyli subsp. xyli, mechanical harvester, 

decontamination, disinfectant 

 

Introduction 

Ratoon stunt (RSD), caused by Leifsonia xyli subsp. xyli (Lxx), is widespread in South Africa 

and is estimated to cause annual losses of over R50 million (McFarlane et al., 2018). It is an 

insidious disease with no obvious external symptoms and can be inadvertently spread by 

planting infected seedcane (Steindl, 1961; Egan, 1980; Roach, 1987) or from infected to 

healthy plants on contaminated farm implements and machinery, such as cane knives (Steindl, 

1950; Bailey and Tough, 1992; Comstock et al., 1996), planters, and mechanical harvesters 

(Taylor et al., 1988; Damann, 1992; Hoy et al., 1999). Bacterial populations in xylem sap 

increase as the cane matures (Gillaspie and Teakle, 1989; Grisham, 1991), so the most 

important periods of spread occur at planting and harvest (Hoy et al., 1999). Disease incidence 

within fields increases with each harvest (Grisham, 1991; Bailey and Tough, 1992).  
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Ratoon stunt is considered to be a manageable disease, provided the recommended 

integrated management strategy is followed: primarily planting healthy seedcane from a 

certified or approved source, decontaminating farm implements, and fallow periods that allow 

sufficient time to identify and remove volunteers from the previous planting. Volunteers can be 

an important source of inoculum in newly-planted fields (Gillaspie and Teakle, 1989). It is 

relatively easy to effectively decontaminate cane knives (Bailey and Tough, 1992) and, 

provided recommendations are followed, the risk of spread on cane knives between fields is 

low. Unlike diseases such as smut and mosaic, RSD is not spread by wind, rain or insect 

vectors (Gillaspie and Teakle, 1989) and should therefore not pose a risk to neighbouring 

farms. While the use of cane cutters through contractors increases the risk of farm-to-farm 

spread, this is minimal if time is taken to decontaminate their cane knives. Jeyes Fluid [carbolic 

acid, 10% (v/v)] and methylated spirits (75% v/v) are currently recommended for this purpose 

in South Africa (Bailey and Tough, 1992).  

 

Mechanical harvesting is being practised in some areas in South Africa. Research in Australia 

and the USA indicated that RSD spread by mechanical harvesters is rapid (Taylor et al., 1988; 

Damann, 1992; Hoy et al., 1999). There is therefore increased risk of field-to-field spread on 

growers’ farms in South Africa. Of more concern, is the increased risk of spread into Certified 

and Approved Seedcane nurseries and farm-to-farm spread. In Australia, spread was 

minimised by decontaminating the harvester after cutting infected cane (1unpublished data, 

PWJ Taylor). A similar approach was followed to that which was effective for the 

decontamination of mechanical planters (Croft and Kaupilla, 1989). The procedure involved 

decontaminating all accessible parts of the harvester that came into direct contact with freshly 

cut stubble, or where infected juice could accumulate and drip onto the cane row. These parts 

identified as being a source of contamination were washed with tap water under high pressure 

before applying a quaternary ammonium compound (QAC) containing benzalkonium chloride 

(0.1% v/v) with a knapsack. These compounds are effective against Gram positive bacteria, 

such as Lxx, and benzalkonium chloride is recommended for the decontamination of farm 

implements in other sugar industries (Gillaspie and Teakle, 1989). 

 

This study investigated the efficacy of the harvester decontamination procedure recommended 

in the Australian sugar industry. Alternatives to the disinfectants that are currently being used 

in the South African industry (Jeyes Fluid and methylated spirits) were also tested.  

Materials and Methods 

Disinfectants - laboratory assays 

Three formulations containing quaternary ammonium compounds (QAC) with their constituent 

surfactants, and that are registered for use in the food and agricultural industries in South 

Africa, were tested in vitro (Table 1). A new disinfectant, with a proprietary blend of various 

sulfate salts and bioflavonoids, was included in the study. Since Lxx is not suitable for in vitro 

assays due to its poor growth in culture, closely related Clavibacter michiganensis was used 

as an indicator bacterium. 
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Table 1. Registered quaternary ammonium compounds tested against Clavibacter 

michiganensis in use-dilution assays  

 

A use-dilution test was used to assess the efficacy of the disinfectants (Risser, DD  

https://scholarlycommons.pacific.edu/open-textbooks/5). Nutrient broth was inoculated with C. 

michiganensis and incubated at 30⁰C for 3 days or when turbidity (OD600) exceeded 0.5 nm 

using a spectrophotometer (Biotek, Model Synergy HT). Sterile glass beads were aseptically 

dipped into the culture and dried on sterile filter paper in a laminar flow for approximately 40 

minutes. The selected QAC disinfectants were tested at four concentrations [0.06, 0.1, 0.3 and 

0.6% by mass of active ingredient/s in the formulation) using sterile deionised water, and 1 mL 

aliquots were transferred to sterile 1.5 mL microfuge tubes. The proprietary mix was used at 

the recommended concentration of 0.55% (w/v). A single coated bead was transferred to a 

tube with disinfectant and left for 5 minutes before transferring to a fresh tube of sterile nutrient 

broth. This was repeated for all disinfectants at all concentrations. Two standards, Jeyes Fluid 

(carbolic acid – 10% v/v) and ethanol (70% v/v) were included, along with a water control with 

no disinfectant. The treatments were replicated five times. The tubes containing the beads 

were incubated at 30⁰C and turbidity (OD600) was measured after 5 days.  A sample (20 µL) 

was taken from each tube and streaked onto nutrient agar to confirm the presence/absence of 

C. michiganensis. The experiment was repeated. To determine the contact time required for 

effective disinfection, the experiment was repeated using two concentrations of each QAC 

disinfectant (0.06 and 0.6% by mass of active ingredient/s in the formulation) and three 

specified soak times (dip, 1 min and 5 mins). The inoculated beads were soaked in the 

proprietary mix for 5 minutes only.  

Pot experiment 

The efficacy of the QAC disinfectants was tested in a pot experiment. Infected stalks of N14, a 

variety that supports high populations of Lxx, were cut with secateurs to contaminate the 

blades. The blades of the secateurs were then soaked in the disinfectants (3% v/v) for 5 

minutes. Jeyes Fluid (10% v/v) and ethanol (70% v/v) were included as standards and the 

secateurs were soaked in water for the control treatment. The secateurs were then used to cut 

single budded setts from stalks of N14 that were confirmed to be Lxx-free using 

immunofluorescence microscopy (IFM) (Harris and Gillaspie, 1978). The treatments were 

replicated ten times. The setts were transferred to seedling trays and germinated in the 

glasshouse at 28-30⁰C. The plants were transferred to 25 L pots after 2 months and grown in 

the glasshouse for a further 13 months, before testing for the presence of Lxx using IFM.  

Mechanical harvester field trials  

Three trials were conducted to test the efficacy of the decontamination procedure. For all trials, 

a similar procedure was followed: The first ~10 m of each selected cane row of an established 

field was removed and replaced with a spreader section of RSD-infected N14 transplants. A 2 

m gap was left between the end of each spreader section and the corresponding cane row. 

Intensive testing using IFM, confirmed that the rows used for each trial were RSD-free before 

harvest. For the positive control rows, the harvester cut the RSD-infected spreader section 

Code Active ingredient

Proportion of 

formulation (%)

Recommended 

rate (label)

LD 50 

(concentrate)

QAC 1
Benzalkonium chloride (C10-16-Alkyl dimethyl benzyl ammonium chloride)  

Didecyl dimethyl ammonium chloride
6.4 3% >2000mg/kg

QAC 2 Didecyl dimethyl ammonium chloride 12.6 0.15% >3000mg/kg

QAC 3 Didecyldimethyl ammonium chloride 12.0 1% >4000mg/kg
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before moving into the healthy cane with no decontamination (Figure 1). For the 

decontamination/test rows, the harvester cut the spreader section and was then 

decontaminated before moving into the healthy cane. 

 

 
Figure 1. Schematic of the procedure followed for the mechanical harvester trials 

 

The decontamination procedure involved removing, by hand, as much plant and soil debris 

from the harvester as possible. Focus was placed on all accessible parts of the harvester that 

were likely to come into contact with the harvested cane row, or where the infected juice could 

accumulate and drip onto the cane row. This included the base-cutters, crop dividers, throat, 

rollers, butt-lifter, boot, chopper box, elevator and topper. Finer debris was removed from these 

parts with water sprayed under high pressure from a 200 L fire cart. QAC1 (benzalkonium 

chloride and didecyl dimethyl ammonium chloride) was applied at a concentration of 3% (v/v) 

with a knapsack to all these parts, with a contact time of 5 minutes. When the cane was at 

least nine months old, one stalk was collected from the first 20 stools of the harvested cane 

rows.  Each stalk was numbered sequentially and tested for RSD using IFM. 

 

Trial 1: Komati Research Station (N49): The tramline spacing did not match the harvester 

configuration, requiring alternate tramlines to be cut by hand to allow the harvester to move 

down the rows, reducing the size of the trial.  The RSD-infected spreader sections were planted 

as tramlines (10 transplants per tramline). The trial was harvested on 30 August 2017 with a 

John Deere CH570 harvester. Three positive control rows and two test rows were harvested.  

 

Trial 2: Komati Research Station (N25, N41): The cane in this trial was planted as single rows. 

The RSD-infected spreader sections in Trial 1 were used to contaminate the harvester before 

cutting each row in Trial 2. Treatments were replicated five times. The trial was harvested on 

21 August 2018 with a John Deere CH570 harvester. 

 

Trial 3: Bruyns Hill Research Station (N39): The cane in this trial and the RSD-infected 

spreader sections were planted as single rows. A Claas self-propelled harvester was used, 

which cut two rows with each pass. The trial was harvested on 25 September 2018. In this trial, 

the decontamination treatment was replicated three times, while the positive control was not 

replicated. Strong winds caused the cane to lodge before sampling, and only the first five stools 

of each row were sampled. 

 

 

 

 

 

REP No.

ROW 

No.
RSD GAP

TREATMENT

1

2

KEY

Direction of harvester

RSD spreader section 

No decontamination before harvesting (control)

Decontamination before harvesting

1
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Results and Discussion 

 

Disinfectants – laboratory assays 

 

The three QAC disinfectants were as effective against C. michiganensis as the standards at 

the four concentrations tested in vitro (Figure 2a). No growth was detected in the test tubes 

with the inoculated, disinfected beads after 5 days, or on the agar plate post-test. The 

proprietary mix was less effective than the QACs and the standards in disinfecting the beads 

in these experiments, although the OD600 was significantly lower than the control (P<0.001) 

(Figure 2b).  

 

 
 

Figure 2. Efficacy of a) QAC disinfectants (QAC 1: Benzalkonium chloride + Didecyl 

dimethyl ammonium chloride, QAC 2 and QAC 3: Didecyl dimethyl ammonium 

chloride) used at four concentrations (% mass of active ingredient/s in each 

formulation), and b) a propriety mix (100% v/v), on the growth of Clavibacter 

michiganensis. Standards: Ethanol (70% v/v) and Jeyes Fluid (10% v/v); 

Control: Deionised water. Contact time 5 minutes. Different letters above the 

bars in Figure 2b indicate significant differences between treatments.  

 

The QACs were as effective as the standards when applied as a dip and when the beads were 

soaked in the disinfectants for 1 and 5 minutes (Figure 3). The standard contact time for QACs 

is 5 minutes and this would be recommended for the decontamination of farm implements, to 

ensure their efficacy in a field situation. 
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Figure 3. Efficacy of QAC disinfectants (QAC 1: Benzalkonium chloride + Didecyl 

dimethyl ammonium chloride, QAC 2 and QAC 3: Didecyl dimethyl ammonium 

chloride) used at two concentrations (% mass of active ingredient/s in each 

formulation) on the growth of Clavibacter michiganensis. The disinfectants were 

applied to inoculated beads at three specified soak times (dip, 1 min and 5 

mins). Different letters above the bars indicate significant differences between 

treatments. 

 

Disinfectants – pot trial 

 

In the pot trial, Lxx was detected in 70% of the plants in the water control treatment and in 10% 

of the plants in the Jeyes Fluid treatment. Plants in the ethanol and QAC 1 treatments tested 

negative. Leifsonia xyli subsp. xyli was detected in both the QAC 2 and QAC 3 treatments, 

despite the concentration of the disinfectants being higher than the recommended rate. 

Benzalkonium chloride is used effectively in other sugarcane industries to manage RSD (Croft, 

1989; Gillaspie and Teakle, 1989). The formulation containing a combination of benzalkonium 

chloride and didecyl dimethyl ammonium chloride (QAC1) will be recommended as an 

alternative to Jeyes Fluid and methylated spirits. CropLife has confirmed that the sugar industry 

does not require specific registration of this chemical for use as a disinfectant on farm 

implements and machinery. 

 

Harvester field trials 

 

In Trial 1, RSD was detected in all positive control rows and in one stool in one test row (Figure 

4). The results were similar to the reports from Australia, where infection ranged from 0 to 67% 

of the first seven stools in the positive control rows (Taylor et al., 1988). The transmission of 

Lxx extended as far as ten stools along the row in those trials.  
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Figure 4. RSD incidence in previously healthy rows of N49, with or without the 

decontamination of the mechanical harvester, after harvesting RSD-infected 

cane. 

 

Transmission was limited in Trial 2, with RSD being detected in only two stools in one of the 

five positive control rows (Figure 5), which made it difficult to assess the efficacy of the 

decontamination process.  

 
Figure 5. RSD incidence in previously healthy rows of N25 and N41, with or without the 

decontamination of the mechanical harvester, after harvesting RSD-infected 

cane (see key in Figure 2). 

 

A similar case of limited transmission was reported in one trial conducted in Australia, where 

no RSD was detected in some positive control rows (unpublished data, PWJ Taylor). This was 

attributed to low (undetectable) bacterial populations in the selected stalks. Researchers in the 

USA reported variability between sites, years and variety (Hoy et al., 1999). In those trials, the 

distance of RSD transmission ranged from 0.2 to 14 m from the inoculation source. Varietal 

susceptibility is known to affect the rate of RSD transmission on cane knives (Gillaspie and 
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Teakle, 1989; Bailey and Tough, 1992) and harvesters (Damann, 1992). However, both N25 

and N41 included in this trial are susceptible to RSD and support high numbers of bacteria 

(unpublished data, SA McFarlane). Spread into these varieties was therefore expected. Hoy 

et al. (1999) suggested that environmental conditions may affect the rate of transmission after 

the extent of spread in one of the eight susceptible varieties included in the trial was high in 

two trials, and low in the third.  

 

Severe lodging after strong winds affected sampling in Trial 3, and only the first five stools in 

each row were sampled. RSD was detected in all the stools sampled in the two positive control 

rows. The decontamination procedure reduced, but did not eliminate, RSD spread in the test 

rows, with up to 50% of the sampled stools testing positive (Figure 6).  

  
 

Figure 6. RSD incidence in previously healthy rows of N39, with or without 

decontamination of the mechanical harvester, after harvesting RSD-infected 

cane. 

 

For all three trials, the decontamination procedure took two people between 28 and 40 minutes 

to remove as much plant and soil debris from the harvester as possible, to wash all critical and 

accessible parts with water and apply the disinfectant. This time included the required 5 minute 

contact period for the disinfectant. The fire cart, with the pump/delivery hose pressure set as 

high as possible, was fairly effective in washing the harvester, but it was not possible to remove 

all the plant and soil debris at the field edge. Once the harvester was back at the depot, a more 

thorough cleaning was possible. To improve the efficacy of the procedure, the decontamination 

of the harvester should be conducted at the depot or farm workshop, preferably while the 

harvester is raised on a trailer or in a designated area that allows easy access to the 

undercarriage. The use of a disinfection bath (a concrete sump), or high pressure 

decontamination sprays located at the depot or fitted to the trailer should be considered.  

 

The trials confirmed that RSD is transmitted on mechanical harvesters. While RSD levels were 

lower in the test rows, indicating that it is possible to reduce spread by following the 

decontamination procedure recommended in Australia, the risk was not completely eliminated. 

Although this decontamination procedure is recommended in Australia, it is seldom practised 

due to the time it takes to complete, and the harvester operators are reluctant to lose this time 

between fields or farms (personal communication, BJ Croft). However, fields are replanted less 

frequently in South Africa than Australia. With more harvests, substantial RSD spread and 

increase is likely over time and the risk of significant yield reductions associated with severe 

infections is increased. For this reason, the decontamination of harvesters that are operating 

in the South African industry is recommended. Harvesters should not move between farms 
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without going through this process. The procedure should also ideally be followed before 

entering different fields on a farm. Based on the results of these trials, in-field decontamination 

of mechanical harvesters during the harvesting operation (i.e. stopping the harvester in the 

middle of a field to decontaminate) is unlikely to be effective. If done thoroughly, the process it 

time-consuming and access to some of the parts of the harvester will be more restricted in the 

field. The in-field decontamination of mechanical harvesters is therefore not recommended. 

 

Studies in the USA indicated that the greatest risk of RSD spread and increase is at planting 

(Hoy et al., 1999). Seedcane cut with mechanical harvesters has multiple points of entry for 

Lxx, and the risk of infection is high. The results from our trials, as well as those in the USA 

and Australia, highlight the risk of infecting seedcane sources during the harvesting process 

and introducing infection when planting new fields. Mechanical harvesters that are also 

assigned to harvest commercial fields during the season must therefore not be used to harvest 

Certified Seedcane, or ideally any other category of planting material. 

 

Conclusions 

 

The risk of RSD transmission by mechanical harvesters was confirmed. While the 

decontamination procedure reduced RSD spread, the risk was not completely eliminated. To 

improve the efficacy of the procedure, decontamination of the harvester should be conducted 

at the depot or farm workshop, preferably while the harvester is raised on a trailer or in a 

designated area that allows easy access to the undercarriage.  

 

The decontamination procedure took two people between 28 and 40 minutes to remove as 

much plant and soil debris from the harvester as possible, to wash all the critical and accessible 

parts with water and to apply the disinfectant. This included the required 5 minute contact time. 

 

A foaming quaternary ammonium compound containing benzalkonium chloride and didecyl 

dimethyl ammonium chloride, with a surfactant 2-butoxy-ethanol at a concentration of 3% (v/v), 

is proposed as a suitable alternative to Jeyes Fluid and methylated spirits.  

 

 

Acknowledgments 

Special thanks to Eben Basson (iZolima - Lowveld) and Peter Schroeder (Midlands North), for 

generously providing their mechanical harvesters for the field trials, and to Professor Teresa 

Coutinho (University of Pretoria) for providing the Clavibacter michiganensis cultures. 

Thanks also to Karlien Trumpelmann and the Lowveld Biosecurity team, Willem Robbertse, 

David Wilkinson, Allan Buss and Philani Malunga, for their valuable assistance with the field 

trials, Solen Subramoney and the RSD team for processing the RSD samples, Rayhaan 

Govender for his assistance with the laboratory and glasshouse work, and Peter Tweddle, 

Marius Adendorff, Rowan Stranack and Stuart Rutherford for their advice.  

 

 

McFarlane SA et al Proc S Afr Sug Technol Ass (2021) 93 : 129-138

137



References 

Bailey, RA and Tough, SA (1992). Rapid spread of ratoon stunting disease during the manual 

harvesting of sugarcane and the effect of knife cleaning on the rate of spread. 

Proceedings of the South African Sugar Technologists’ Association 66: 78-81. 

Comstock JC, Shine JM Jr, Davis MJ and Dean JL (1996). Relationship between resistance to 

Clavibacter xyli subsp. xyli colonization in sugarcane and spread of ratoon stunting 

disease in the field.  Plant Disease 80: 704-708. 

Croft, BJ and Kaupilla, EE (1989). Sterilization of mechanical planters for control of ratoon 

stunting disease. Sugar Cane Spring Supplement: 6-7. 

Damann, KE (1992). Effect of sugarcane cultivar susceptibility on spread of ratoon stunting 

disease by the mechanical harvester. Plant Disease 76: 1148-1149. 

 

Egan, BT (1980). Methods used to improve the health status of plant sources during the 1970’s. 

Proceedings of the Australian Society of Sugar Cane Technologists 2: 83-87. 

 

Hoy, JW, Grisham, MP and Damann, KE (1999). Spread and increase of ratoon stunting 

disease of sugarcane and comparison of disease detection methods. Plant Disease 83: 

1170-1175. 

 

Gillaspie, AG Jr and Teakle, DS (1989). Ratoon stunting disease. In: Diseases of sugarcane, 

major diseases. C Ricaud, BT Egan, AG Gillaspie Jr and CG Hughes (Ed), Elsevier, 

Amsterdam, pp 59-80. 

 

Grisham, MP (1991). Effect of ratoon stunting disease on yield of sugarcane grown in multiple 
three-year plantings. Phytopathology 81: 337-340. 

 
Harris, RW and Gillaspie, AG Jr (1978). Immunofluorescent diagnosis of ratoon stunting 

disease. Plant Disease Reporter 62: 193-196. 

McFarlane SA, Zhou, M and Rutherford, RS (2018). Progress in reducing disease incidence 

in the South African sugarcane industry. Proceedings of the South African Sugar 

Technologists’ Association 91: 70-73.   

Roach, BT (1987). Observations on the incidence, effects and control of ratoon stunting 

disease. Proceedings of Australian Society of Sugar Cane Technologists 9: 109-116. 

Steindl, DRL (1950). Ratoon stunting disease. Proceedings of the International Society of 

Sugar Cane Technologists 7: 457-465. 

Steindl DRL (1961) Ratoon stunting disease. In: Sugar cane diseases of the World. Vol. 1. 

Major diseases (Eds JP Martin, EV Abbott and CG Hughes) pp. 433-459. Elsevier, 

Amsterdam. 

Taylor PWJ, Ryan CC and Birch RG (1988). Harvester transmission of leaf scald and ratoon 

stunting disease. Sugar Cane 4: 11-12. 

 

McFarlane SA et al Proc S Afr Sug Technol Ass (2021) 93 : 129-138

138



SHORT NON-REFEREED PAPER 

 

PLANT-ENDOPHYTE-PEST INTERACTIONS: INVESTIGATING THE BIOLOGICAL 
CONTROL OF E. SACCHARINA AND STEM ROT DISEASE IN SUGARCANE 

MEMELA NS1,2, RUTHERFORD RS1,2 AND SCHMIDT STEFAN2 
1South African Sugarcane Research Institute, P/Bag X02, Mount Edgecombe, 4300, South 

Africa; 
2University of KwaZulu-Natal, South Africa 

Nongcbo@gmail.com, Stuart.Rutherford@sugar.org.za, Schmidts@ukzn.ac.za 
 
 
 

Abstract 

Endophytic Beauveria bassiana reduces insect and pathogen damage in several important 
crops. To find alternative control methods against both the stalk borer Eldana saccharina and 
the stem rot disease agent, Fusarium spp., 28 sugarcane genotypes and natural host plants 
of E. saccharina were surveyed for the presence of endophytic B. bassiana. Collectively, 326 
plant samples (roots, stems or leaves) were sampled from five locations in sugarcane-
producing areas. Following the disinfection of the plant surfaces, 130 fungal colonies were 
confirmed as B. bassiana by using a DNA sequence analysis of the Internal Transcribed 
Spacer region (ITS). Of those, 119 were recovered from 22 of the 28 sugarcane genotypes. 
The number of B. bassiana isolates obtained from the upper internodes were significantly 
higher (P = 0.003, df = 27) than those from the lower internodes. Furthermore, varieties N31 
and N41 were found to favour endophytic colonisation, with B. bassiana being isolated from all 
the plant parts that were sampled. The potential of two B. bassiana isolates (TL-leaf and 
N41S1TI) as biocontrol agents against the Fusarium strains (PNG40, MN57a, SC17 and ZN7) 
were also investigated. In vitro plate co-culture assays revealed that both genera (Fusarium 
and Beauveria) had the ability to antagonise and limit the growth of the other. When B. 
bassiana strains were grown in the Fusarium culture filtrate of a 2000 ppm concentration, and 
vice versa, both genera had a significantly lower biomass. The dynamics that may exist 
between the plant, the endophytic biological control agent, the pathogen and the pest are 
important to understand if biological control strategies are to be adopted effectively.                              

 

Key words: Eldana saccharina, Beauveria bassiana, Fusarium spp., endophytes, biological 
control, microorganism interaction. 

 

Introduction 

Eldana saccharina Walker (Lepidoptera: Pyralidae) (Eldana) is a problematic sugarcane stem 
borer pest in South Africa (Singels et al., 2016). It owes its success to its cryptic life cycle and 
its intricate relationship with the Fusarium species. Its larvae bore into the lower parts of the 
stalk, completing all their larval stages by feeding on the internal tissues. The larvae remain 
protected within the stem from traditional pest management methods (Keeping, 1995). The 
feeding damage and larval survival is compounded by wound infections from some Fusarium 
spp. (McFarlane et al., 2009). Fusarium species form complex interactions with plants and 
insects. Some species improve the larval development and survival (Fusarium 
pseudonygamai: SC17), while others form antagonistic associations (F. sacchari: PNG40). 
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Microorganisms, such as Fusarium spp., form complex ecological interactions with plants, 
insects and each other in agricultural systems (Ishaq, 2017). In plants, they can occur as 
beneficial endophytes, living asymptomatically and defending against insects. Yet they also 
can form pathogenic associations (Malcolm et al., 2013), which cause plant infections and 
diseases. A similar association was observed between sugarcane Fusarium spp. and Eldana. 
Therefore, in order to effectively control both Eldana and Fusarium spp. infections, a deeper 
understanding is required of the interactions existing between the plant-pathogen-pest and the 
biological control agent. 

Microorganisms colonise plant tissues by competing for space and nutrients. They also 
produce secondary metabolites, which may limit and antagonize other microorganisms present 
(Dara, 2019) thus forming good biological control agents. The reported potential of endophytic 
Beauveria bassiana as a dual biological control agent against pest and pathogens, makes it a 
potential candidate for alleviating the Eldana-Fusarium problem in sugarcane. Limited research 
has been conducted on B. bassiana for controlling sugarcane pest and disease (Kasambala 
et al., 2021). Hence, this study aims to survey for endophytic Beauveria spp. isolates in 
sugarcane ecosystems and to investigate the interactions that exist between Fusarium-
Beauveria, using in vitro techniques. 

  

Materials and Methods 
 
Sample collection and isolations 

Collectively, 326 plant materials, comprising of either leaf, stem and/or roots, were collected 
from sugarcane-growing regions in KwaZulu-Natal, from natural host plants of E. saccharina 
and sugarcane (28 genotypes). The plant material was cleaned, cut into sections (for 
sugarcane: top node, top internode, bottom node and bottom internode) and disinfected, as 
described by Reay et al. (2010). It was then transferred onto Sabouraud Dextrose Agar (SDA), 
supplemented with 50 mg/l Dodine, 50 mg/l Chloramphenicol and 50 mg/l Rifampicin. The 
plates were incubated at 25°C for two weeks (Rehner et al. 2011). DNA was extracted from 
the mycelia by using a PrepMan® Ultra buffer. The ITS1-5.8S rRNA gene-ITS2 region was 
PCR-amplified, sequenced and subjected to an NCBI-BLAST search, to confirm its identity. 
 
 
Fusarium-Beauveria interaction 

To gain an understanding of the interactions existing between Beauveria bassiana (TL-leaf and 
N41S1TI) and the Fusarium spp. strains (PNG40, MN57a, SC17 and ZN7), two in vitro assays 
were conducted, namely: (a) co-culture assays; and (b) culture filtrate assay. 
 

a. Co-culture assays 
Co-culture assays were carried out in 90 mm Potato Dextrose Agar Petri dish plates, as 
described in Rahman et al. (2009) and Thanh et al. (2014). Using a pipette, 10μl of a 106 
conidia/ml suspension of B. bassiana TL-leaf or N41S1TI were placed on adjacent sides 
to the Fusarium strain, PNG40, MN57A, SC17 or ZN7, and allowed to grow concurrently. 
For the controls, each fungal strain was grown alone. Eighteen replicates were conducted 
for each combination. All plates were incubated at 25°C and the radial growth was 
measured every three days, until Day 12, when the growth covered the plate and ceased.  

b. Culture filtrate assay 
A Culture Filtrate (CF) of Fusarium isolates SC17 and PNG40 was produced, and the 
concentration was quantified, as described by Mahlanza et al. (2013). Beauveria bassiana 
isolates TL-leaf and N41S1TI were cultured in Potato dextrose broth containing 0, 1000 

Memela NS Proc S Afr Sug Technol Ass (2021) 93 : 139-144

140



and 2000ppm Fusarium CF. After seven days, the fresh and dry weights of B. bassiana 
were recorded to assess the effect of CF on the B. bassiana. This procedure was 
conducted to test the effect of B. bassiana CF on the growth of Fusarium SC17 and PNG40.  

 

Results and Discussion 

Isolations 

A total of 130 Beauveria bassiana fungal colonies were isolated from 22 sugarcane genotypes 
and seven natural host plant species of E. saccharina, which indicated a natural occurrence of 
endophytic B. bassiana within the sugarcane ecosystem. Genotypes N41, N31 and N28 had 
the highest number of B. bassiana (Figure 1), while NCo376 and N11 had zero isolates. 
Mahlanza et al. (2015) also reported a higher endophytic colonisation of N41 than NCo376. 
Finkel et al. (2017) reported that different genotypes possess different nutritional content, 
genetics and biochemical profiles, which contribute to the plant microbiome assemblages. This 
suggests that different genotypes can favour high, middle, low or/and no endophytic 
colonisation by fungi. 
 
 

 
 

Figure 1. Biplot diagram of Principal Component Analysis (PCA), describing B. bassiana 
isolated from 22 of the 28 sugarcane varieties from the top (internodes and 
nodes) and bottom (internodes and nodes). Different circle colours represent 
the clustering of varieties with similar isolations of B. bassiana: orange: low, 
blue: medium and black: varieties with highest numbers of B. bassiana in the 
bottom internode, top internode, top node and bottom node 
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The number of B. bassiana strains isolated from different sugarcane parts (top internode, top 
node, bottom internode and bottom node) was significantly different (P = 0.002, df =3), with a 
significantly higher number (P = 0.003, df = 27) of B. bassiana strains isolated from the upper 
internodes than from the lower internodes (Figure 1). This may be explained by the higher 
nitrogen content levels in the upper stalk regions (Mahlanza et al., 2014). Nitrogen is essential 
for endophyte-microbial growth (Wei et al., 2020) and protein synthesis for actively-growing 
plant tissue (Mattson, 1980). 
 
Fusarium-Beauveria interaction 

a. Co-culture assays 

Both the Fusarium spp. and B. bassiana radial growth increased over time, whether they were 
grown in a co-culture or alone. A regression analysis revealed the gradients of B. bassiana 
strains to be significantly different (p <0.001) from those of Fusarium spp. B. bassiana TL-leaf, 
and N41S1TI had half (0.10031; 0.10019, respectively) the gradients of Fusarium MN57 
(0.24598), PNG40 (0.24370) SC17 (0.23174) and ZN7 (0.22148). The Fusarium strains grew 
faster and had larger radial growth measurements (cm), when compared to B. bassiana.  
 
There was a reduction in the colony radius when Fusarium spp. and B. bassiana strains were 
grown in co-culture, compared to the controls (i.e. those grown alone). However, there was a 
significant interaction (F <.001; d.f.= 3) between the days and fungal strains (grown alone or in 
co-culture) for all the Fusarium spp. strains tested. This indicated that the reduction of radial 
growth in co-culture is dependent on the day’s post-inoculation. Culebro-Ricaldi et al. (2017) 
found that the radial growth of F. oxysporum was only lower than B. bassiana when F. 
oxysporum was applied on agar plates two days after B. bassiana inoculation. Thus, if this 
endophytic method of colonisation is to be used, B. bassiana must colonise the plant before 
colonisation by other opportunistic fungi.  
 
b. Culture filtrate assay 

A dose-dependent response was observed for all the strains tested. Higher culture filtrate 
concentrations (2000ppm) had a significant effect on B. bassiana (P = 0.043, d.f. = 1) and on 
Fusarium spp. (P = 0.031; d.f. = 1), always resulting in reduced weight for the tested strains. 
Similar results were observed by Yun et al. (2017) when they exposed Botrytis cinerea to 
different concentrations of B. bassiana filtrate. Both Fusarium and Beauveria species produce 
secondary metabolites, enzymes that are able to degrade the fungal cell walls, and have 
antifungal, antibacterial and/or insecticidal activity (Künzler, 2018; Woźniak et al., 2019; Raad 
et al., 2019; Venkatesh and Keller, 2019). 

There was no significant interaction (F = 0.226, d.f. = 1) between B. bassiana strains, 
concentration and the Fusarium culture filtrate used. This means that B. bassiana strain TL-
leaf always weighed more and grew better than strain N41S1TI when grown in Fusarium spp. 
culture filtrates of different concentrations. Similar results (F= 0.798, d.f. = 1) were observed 
when Fusarium SC17 or PNG40 were grown in B. bassiana CF. Fusarium PNG40 always 
weighing more than Fusarium SC17. These results indicate that the production of mycotoxins 
is both species- and strain-dependent, with some species needing the production to be 
triggered by different factors or extremes (Duarte and Archer, 2003; McFarlane et al., 2009). 
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Conclusion 

In conclusion, the results revealed that B. bassiana is prevalent in sugarcane tissues. These 
native B. bassiana strains could be ecologically-compatible biocontrol agents for E. saccharina, 
or against the plant pathogens of sugarcane. Both B. bassiana and Fusarium spp. have the 
ability to reduce each other’s radial growth in vitro. Fusarium spp., however, grew faster and 
localized B. bassiana growth on Petri dishes. Therefore, for the potential application of B. 
bassiana as a dual control against E. saccharina and Fusarium spp., insect bioassays must be 
conducted to investigate their interaction. Furthermore, the inoculation of tissue culture plants 
with B. bassiana, followed by Fusarium spp., must be investigated to mitigate these challenges. 
These results emphasise the importance of understanding plant-pathogen and insect pest 
interactions, as these factors contribute to the effectiveness of biological control agents. 
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Abstract 

Crop damage by yellow sugarcane aphid (YSA) (Sipha flava (Forbes); Hemiptera: Aphididae) 
in southern African sugarcane has increased markedly over the past few seasons. In 2013, 
YSA was discovered on sugarcane at Mount Edgecombe (KwaZulu-Natal) in South Africa 
(Way et al., 2014). However, its impact on commercial sugarcane production in African 
countries has not yet been quantified. This study considered the likely severe economic impact 
of YSA on southern African sugarcane, and aimed to quantify the biomass yield loss caused 
by YSA in potted sugarcane of a South African variety that is susceptible to YSA damage, as 
a proxy of potential loss in commercial fields. The experiment evaluated yield loss in potted 
sugarcane that was artificially infested with YSA, compared with uninfested plants, under 
caged conditions in a glasshouse environment. 

The results showed that sugarcane dry leaf and stalk biomass yield were both significantly 
reduced by 44%, and that fresh leaf and stalk mass were reduced by 50% and 45%, 
respectively, in infested plants, compared with uninfested control plants. This demonstrates 
that YSA has the potential to greatly reduce yields, especially when infestations occur in young 
cane. The study highlights the likely severe economic impact of YSA infestation on commercial 
sugarcane production in South Africa.   

Keywords: Sipha flava, Aphididae, Infestation, Leaf damage, Economic damage, Biomass 
yield.  

Introduction 

Growers have raised their concern over the effects of yellow sugarcane aphid (YSA), Sipha 
flava (Forbes) (Hemiptera: Aphididae), on cane and sucrose yields. Research in the United 
States indicates that yield reductions due to YSA feeding damage are usually as a result of 
infestations during the early plant growth stages (Wilson, 2019). Infestation within the first three 
months of growth and with two out of six leaves below the Top Visible Dewlap (TVD) having 
>50% damage, was enough to reduce sugar content at harvest by up to 6%, while more 
extensive damage with all six out of the six leaves below the TVD with >50% damage early in 
the season, reduced yields by 19% (Nuessly and Hentz, 2002). Hall (2001) found that the 
height of the primary shoot of young potted sugarcane plants infested with an average of 99.2 
aphids was reduced by 36.2%, and in dry mass by 71.7%, compared with uninfested plants 
after a three-week period of exposure to YSA. The regeneration of shoots of infested plants 
after harvest was only 35.3%, compared to the 94.1% regeneration of uninfested plants (Hall, 
2001). Yield losses due to a severe YSA outbreak in Puerto Rico during 1964 were estimated 
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at US$1,200,000, where 1600 to 2020 ha of young cane were destroyed by YSA and 20,200 
ha were infested by the aphid (Gaud et al., 1965). 

There is no quantitative information on the effect of YSA on sugarcane yield elsewhere, or in 
South Africa. Due to the difficulties experienced in determining yield loss in field trials 
established during 2014 in the Pongola and Gingindhlovu areas (KwaZulu-Natal, South Africa) 
- principally as a result of the insect’s patchy, unpredictable infestations - the present study, as 
in Hall (2001), used potted sugarcane that was artificially infested with YSA as a means of 
obtaining an estimate of yield loss. 

Methods 

Single seedlings of a YSA-susceptible sugarcane variety (N42) were planted in 6 L pots filled 
with a sand-and-compost mix and grown in a glasshouse inside insect-proof cages (bugdorm®, 
47.5 x 47.5 x 93.0 cm, Megaview Science Co., Taiwan). After one month of growth, the plants 
were either artificially infested with YSA or left uninfested, and placed in a randomised design, 
with six replications (= a total of 12 pots). The infested plants were inoculated with ten late 
nymphal stadium aphids each, which were placed onto the upper surface of the lower leaves. 
When inoculating the plants, the largest and most active individuals were directly transferred 
from a petri dish stocked with aphids from a nearby sugarcane field, using a fine paint brush. 

The aphids were monitored by means of daily inspections, along with the damage caused, until 
such time as about 50-60% of leaf area had been damaged. At this stage, all the aphids were 
removed from the infested plants using a Craftsman Hand Vacuum (Craftsman, Illinois, USA), 
and they were later counted per plant in the laboratory. The date of removal of aphids from the 
plants varied because the rate of development of the infestation and the time taken to achieve 
equivalent leaf damage varied between plants. On average, aphids were left to feed on the 
plants for 37 days. Following aphid removal, all plants were returned to their original cages in 
the glasshouse, where they were left to continue growing for a further 100 to 120 days post-
aphid-removal. Thereafter, the plants were harvested on the same day to measure the number 
of tillers, stalk fresh mass, stalk dry mass, stalk length, stalk diameter (at 30mm height from 
the base), green leaf fresh mass, green leaf dry mass, number of non-senesced (green and/or 
aphid-damaged) leaves, and number of dead leaves in infested and uninfested plants. 

ANOVA was performed on the results to compare the above yield variables between the 
infested and uninfested plants 

Results 

A mean of 7226 aphids was collected per infested plant (range: 5992 to 9182, n=6 plants). 
Stalk fresh mass, stalk dry mass, green leaf fresh mass, green leaf dry mass, and stalk 
diameter were significantly reduced in the infested plants, compared to the uninfested plants 
(Table 1). There was a large percentage decrease in stalk fresh and dry mass, as well as green 
leaf fresh and dry mass in infested plants (Table 1), which demonstrates that feeding by YSA 
greatly reduced the shoot biomass yield. 
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Table 1: Mean values, ANOVA P values, and percentage decreases between 
uninfested and YSA-infested plants for sugarcane yield-related variables 

Sugarcane Variables  Control  YSA-infested P 
value 

Percentage 
difference 

Stalk fresh mass (g) 219.7 109.8 0.054 50.0 

Stalk dry mass (g) 35.3 19.8 0.037 43.9 

Stalk length (cm) 66.3 63.5 0.638 4.2 

Stalk diameter (mm) 17.1 13.2 0.004 22.6 

Total No. of stalks 3 2 0.374 27.7 

Green leaf fresh mass (g) 548.3 300.8 0.035 45.1 

Green leaf dry mass (g) 113.2 63.3 0.032 44.1 

Dead leaf mass (g) 31.3 26.2 0.493 16.3 
No. of non-senesced (green and/or 
aphid-damaged) leaves 41 32 0.311 21.5 

No. of dead leaves 27 22 0.391 17.7 

Total No. of leaves 68 54 0.176 19.9 
 

Discussion and Conclusions 

The results demonstrated that YSA feeding has the potential to greatly reduce yields where 
infestations occur in young cane. They also provide the first quantitative evidence for the 
negative effects of YSA damage on plant growth in South African sugarcane. In the USA, Hall 
(2001) recorded a substantial (71.7%) reduction in stalk dry mass in young YSA-infested potted 
plants, compared to uninfested plants, following three weeks of YSA feeding. Nuessly and 
Hentz (2002) subjected two-month-old potted sugarcane to YSA feeding for eight to ten weeks 
and then transplanted the plants into the field, where they were kept aphid-free for seven 
months. The authors found that YSA feeding resulted in thinner and lighter stalks, as in the 
present study, and a sucrose loss of up to 19% where the damage was excessive. Our study 
also showed that even after the aphids had been removed for three to four months, the 
sugarcane suffered a significant loss in shoot mass. A knowledge of yield losses to YSA is 
critical for developing management strategies against the pest, and further field-based studies 
are required. Such knowledge will incentivise farmers to adopt pro-active YSA monitoring and 
management, which will benefit their own operations in the long-term, as well as the industry, 
in general. 
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Abstract 

The South African Sugar Research Institute (SASRI) is currently developing an Insect-
Resistant (IR) and Herbicide-Tolerant (HT) Genetically Modified (GM) sugarcane cultivar that 
will be relatively resistant to Eldana saccharina Walker (eldana) and tolerant to imazapyr, an 
agrochemical that is suitable for managing Cynodon dactylon, a cynodon grass species 
(cynodon). A Focus Group Discussion (FGD) was held with a cohort of smallholder farmers in 
the Umbumbulu region to investigate their willingness to adopt cultivars of sugarcane with 
these traits. The findings were then discussed with the SASRI Extension Officer in the region. 
The participants in the FGD agreed that weeds, including cynodon grass, are problematic in 
sugarcane production in their area and that herbicides (Velpar® and Diuron ®) are used to 
control them. However, the respondents generally disagreed that eldana is problematic in their 
fields. The SASRI Extension Officer strongly disagreed that this is true and stated that many 
smallholders are relatively unaware of the prevalence of eldana in their sugarcane. 
Smallholders may under-inspect for eldana because the process entails the loss of millable 
sugarcane stalks. Nevertheless, the FGD participants indicated a willingness to adopt new 
cane cultivars with traits that reduce their costs and improve the effectiveness of managing the 
extant pests, subject to the availability of affordable seed-cane of these cultivars and 
herbicides. It is expected that sugarcane cultivars with IR and HT traits may elicit a strong 
positive yield response in areas where eldana is currently either not managed or under-
managed, and where chemicals are used to control weeds, which will promote its rate of 
adoption in the area. 

Keywords: Smallholders, genetically-modified sugarcane, focus group discussion, eldana, 
cynodon 

Introduction 

The increasing prevalence of the stalk borer, Eldana saccharina Walker (eldana) and the 
creeping grass weed, Cynodon dactylon (cynodon grass) have caused the costs associated 
with the control of pests and diseases in sugarcane production to increase. Rutherford (2015) 
estimated that the cost of controlling eldana in 2014 was approximately R344 000 000, (R1 269 
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per hectare under cane), while Nicholson et al. (2017) reported that weed control contributes 
13% and 18% to the planting and ratoon management costs, respectively.  
Smallholders tend to benefit the most from GM technologies in South Africa, as the magnitude 
of cost savings by IR and HT genes are relatively substantial, compared to those of large-scale 
farmers (Cloete et al., 2006; Azadi et al., 2016). However, Gouse et al. (2005) argued that the 
benefits of GM technologies are not fully understood by smallholder producers, owing to their 
averseness to adopt new technologies. The South African Sugar Research Institute (SASRI) 
is currently developing an Insect Resistant (IR) and Herbicide Tolerant (HT) Genetically 
Modified (GM) sugarcane cultivar to help mitigate the challenges and costs of managing the 
eldana and cynodon pests (Snyman and Rutherford, 2017). 
 
The objectives of this study were to ascertain the views of smallholder farmers in the inland 
region regarding the prevalence of eldana and cynodon in their sugarcane fields and to 
investigate their willingness to adopt GM cane cultivars with IR and HT traits. 

Materials and Methods 
 
A Focus Group Discussion (FGD) was held with 12 smallholder farmers in the Umbumbulu 
area to investigate: (a) the farmers’ awareness of, and their efforts to control, pests and weeds 
in their sugarcane fields, and (b) to gauge their interest in adopting cultivars of sugarcane that 
have Insect Resistant (IR) and Herbicide Tolerant (HT) traits. An FGD is a group of interacting 
individuals with common interests and characteristics who gather together to gain information 
from each other about a specific issue, and to establish their perceptions and attitudes towards 
a certain intervention or technology (OECD, 1993). The methodology of using open-ended 
questions gives the interviewees and discussion participants the flexibility to respond freely, 
which prevents prompted answers that are caused by leading questions (Ndoro et al., 2015). 
A potential shortcoming of this methodology is that some participants may try to dominate the 
discussion, to the exclusion of the other participants. However, the OECD (1993) indicated that 
a discussion group of seven to ten participants is not likely to give rise to a detailed discussion 
and that contributions will be made by all, or most, of the individuals in the group. 
 
The FGD was planned with the assistance of the area manager and extension officer, to select 
participants: (a) who are registered small-scale sugarcane producers with a consistent record 
of supplying sugarcane to the mill and who keep reliable records of their farming activities, and 
(b) who are generally reliable, co-operative and willing to share information. The main 
discussion topics during the FGD were:  
 

● What are the predominant sugarcane cultivars grown by small-scale farmers in this 
region, and why? 

● Which pests are the most problematic for small-scale sugarcane farmers? 
● What activities do small-scale farmers undertake to manage these pests, and are these 

methods generally successful? 
● Do small-scale sugarcane farmers in the area prefer sugarcane cultivars that are 

relatively less susceptible to eldana, or not? and 
● If the seed-cane of an eldana resistant sugarcane cultivar were available, would small-

scale farmers be likely to buy it? 
 

The discussion was held in isiZulu and, with the consent of each FGD participant, it was also 
recorded. One-on-one interviews with the extension officers were conducted as a follow-up to 
the FGD, in order to discuss the findings of the FGD. 

Results and Discussion 
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The N12 cultivar is the dominant cultivar and it accounts for approximately 67% of the total 
area under cane, followed by N54 (17%), N47 (8%) and NCo376 (8%). The area allocated to 
N12 has declined, as farmers have increasingly adopted new cultivars that have a higher 
expected yield, a shorter cutting cycle and increased resistance to pests and diseases. The 
focus group participants agreed that N54, which has been available since 2017, will probably 
replace N12 as the dominant cultivar in the region in the future, due to its ability to ratoon and 
produce a yield, even when it is produced on poor soils. 
 
The farmers agreed that weeds are a problem in sugarcane production in the Umbumbulu 
area. These include various broadleaf weeds and grass species, the most prevalent of which 
are Bug weed (Solanum mauritianum), the Common blackjack (Bidens Pilosa), creeping grass 
(Cynodon dactylon) and Guinea grass (Panicum maximum). Farmers use both manual and 
chemical methods to control the weeds in their fields. Manual control is normally used to 
eradicate weed trees, while chemicals such as Velpar ® and Diuron® are used to kill grass and 
other small broadleaf weeds. Therefore, the HR trait is likely to appeal to the farmers, rather 
than the IR trait. However, it was evident from the FGD (and subsequent) discussions that the 
real effect of eldana might not be fully understood. 
 
The farmers generally agreed that eldana is not a problem in their fields. The SASRI Extension 
Officer, Mr Botha, contested their claim and confirmed that eldana is a pervasive pest in the 
area. He contended that many small-scale farmers under-inspect their fields for eldana 
because the process would entail the loss of millable sugarcane stalks. This may be the reason 
why farmers generally underestimate the extent of the eldana problem (Botha, 2018, 
Pers.comm).  
 
The FGD participants generally agreed that smallholder farmers are willing to adopt strategies 
to manage pests, including the adoption of new cultivars, but that it is subject to their underlying 
liquidity constraints. The farmers’ underestimation of the eldana problem is unlikely to constrain 
their adoption of sugarcane with IR traits because these cultivars are likely to have a positive 
yield response and the negative effects of eldana, which are aggravated by drought conditions, 
are expected to decrease.   

Conclusions 
 
Studies show that eldana and cynodon have caused substantial losses in the South African 
sugarcane industry. However, the smallholder farmers in the inland Umbumbulu area seem to 
be unaware of the degree of the damage caused by these pests. Even though farmers 
generally agreed that the cynodon weed is problematic, they do not perceive eldana as an 
essential pest because their fields are under-inspected, in order to avoid the loss of millable 
stalks. Therefore, the HT trait in GM is more likely to appeal to smallholder farmers than the IR 
trait. Smallholder farmers should be properly trained and provided with information about pest 
inspections and the necessary control measures that are available, so that they will have a 
better idea of the severity of the eldana problem in their fields. This will help them to be 
proactive and to adopt the appropriate technologies to guard against such pests.  
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Abstract 

 
Drone phenotyping of key plant traits, i.e. canopy cover and photosynthetic efficiency, could 
enhance sugarcane breeding. The objectives of this study were to assess: (1) the impact of 
these traits on yield; (2) the feasibility of estimating these traits with drone-captured crop 
reflectance parameters; and (3) the feasibility of predicting yield from these parameters. A trial 
comprising 53 genotypes, with two water treatments and three replications, was planted near 
Komatipoort. The well-watered (WW) treatment was fully irrigated, while stress was imposed 
in the water deficit (WD) treatment 160 days after planting (DAP) at canopy closure. Ground 
measurements were taken on ten reference genotypes: fortnightly for fractional interception 
of photosynthetically active radiation (FIPAR), a proxy for green canopy cover, and stomatal 
conductance (gs), a proxy for photosynthetic efficiency, on seven occasions, coinciding with 
drone flights. Normalized Difference Vegetation Index (NDVI) and canopy temperature (Tc) 
were derived from drone imagery for all plots on seven occasions. Stalk dry matter (SDM) 
yield was measured at approximately 340 DAP. SDM correlated significantly with FIPAR in 
the WW treatment at 98 (r=0.73*) and 109 DAP (r=0.66*), along with seasonal average gs 
(r=0.88*). WD SDM was negatively correlated with gs in the pre-stress period (r=-0.81*), but 
was positively correlated in the stress period (r=0.77*). This suggests that high gs is desirable 
only under non-water-stressed conditions. The results confirm that FIPAR and gs are influential 
traits for determining yield. FIPAR correlated significantly with NDVI (r=0.75*), and gs with Tc 
(r=-0.50*) for water stress-free crops with partial canopy cover. SDM showed mostly significant 
correlations with NDVI for both treatments, and declined with crop age. SDM also correlated 
significantly with Tc only for water stress-free crops in the WW (r=-0.61*) and WD (r=-0.48*) 
treatments. These results suggest that NDVI and Tc of water stress-free crops before canopy 
closure could be used to identify high-yielding genotypes. Initial results are promising in that 
they show drone phenotyping could assist plant breeding. Refinements in the trial and data 
capture methodologies are needed to better understand the impacts of stress and to improve 
the reliability of drone phenotyping for breeding application. 
 
Keywords: High throughput phenotyping, plant breeding, canopy cover, canopy temperature, 
NDVI, stomatal conductance. 
 

Introduction 
 

Sugarcane breeding is resource intensive and time consuming, due to the phenotyping of 
large populations for several traits throughout the crop growth cycle at multiple locations and 
with replicated trials. Indirect selection criteria, with limited traits, are used in the early stages 
on large populations of genotypes. Physiological knowledge about water use efficiency and 
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drought tolerance could be used to increase the selection efficiency in the early stages of the 
breeding programme by eliminating unsuitable genotypes and ultimately, accelerating the 
genetic gains in crop performance. 
 
Stomatal conductance (gs) is a key trait for which genetic variation exists and it can be 
exploited in breeding (Inman-Bamber and Smith 2005; Smit and Singels 2006; Eksteen et al. 
2014; Basnayake et al. 2015). gs controls water loss (and carbon fixation) from the crop canopy 
(Jarvis and NcNaughton, 1986), with the rate of water loss strongly influencing canopy 
temperature (Tc). gs, together with crop canopy cover, determine yield as they represent the 
productivity and size of the photosynthetic system, respectively. gs can be estimated through 
remotely-sensed Tc, and green canopy cover can be estimated from remotely-sensed 
Normalized Difference Vegetation Index (NDVI). 
 
We report on the findings from an early-stage investigation into the use of drone-sensed crop 
reflectance information for monitoring genotype performance. The objectives of this study 
were to assess: (1) the impact of green canopy cover and gs, on yield; (2) the feasibility of 
estimating these traits with drone-captured NDVI and Tc; and (3) the feasibility of predicting 
yield from NDVI and Tc. 
 

Materials and Methods 
 

A field trial comprising 53 genotypes subjected to two water regimes, was established near 
Komatipoort (October 2018 – September 2019). The trial area included three blocks (~1 ha 
each) spaced apart, with each block divided into the two water treatments. The well-watered 
(WW) treatment received adequate water throughout the crop cycle. The water deficit (WD) 
treatment received sufficient irrigation during the early stages of crop growth up to 160 days 
after planting (DAP). Thereafter, water deficit was imposed by withholding irrigation during 
nine stress periods that lasted between 9 and 29 days each, depending on rainfall. 
 
Ground measurements included: (1) soil water content, which was measured continuously in 
selected plots with Aquacheck capacitance probes; (2) fractional interception of 
photosynthetically active radiation (FIPAR) by the green canopy, which was measured 
fortnightly for ten reference genotypes with a ceptometer; and (3) gs, which was measured 
with the CIRAS-3 photosynthesis system for reference genotypes on seven occasions.  
 
Crop reflectance in the visible (RGB, 380 – 750nm), near infrared (NIR, 800 - 875nm) and 
infrared (thermal, 7.5 – 13.5µm) bands were captured on seven occasions, which coincided 
with gs measurements (Table 1). In three separate flights per measurement date, a DJI 
Phantom 4 drone was flown with: (a) a standard DJI FC330 RGB camera; (b) Sentera 
Precision NIR single sensor; and (c) a FLIR Vue Pro R camera. Image processing (radiometric 
calibration, georectification and image stitching) was carried out in the Pix4D, ArcGIS and 
QGIS software packages. Plot average values for NDVI and Tc were estimated from a net plot 
area that excluded the edge effects. Estimates of Tc were obtained after soil and senesced 
leaf pixels were masked through supervised (maximum likelihood algorithm) image 
classification procedures. Stalk dry matter (SDM) yield was measured at harvest (~340 DAP). 
 
The crop canopy and crop water status were quantified in terms of FIPAR and a crop water 
satisfaction index (CWSI), calculated following the soil water deficit factor used in the Ceres 
models (Jones and Kiniry, 1986): 

                                          𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 2𝐴𝐴𝐶𝐶𝐶𝐶/𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶                                                Equation 1 
 
where ASW is the profile average plant available soil water content as measured with probes, 
and ASWC is the profile average plant available water content of the soil at field capacity, 
estimated from soil texture. 
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Results and Discussion 
Trait impacts on yield 
The correlations between SDM and FIPAR for the WW treatment were strongest and 
significant (p= 0.05) at 98 (r=0.73*) and 109 DAP (r=0.66*) when FIPAR differed significantly 
between genotypes (data not shown). The relationship was not significant for the WD 
treatment, presumably because water stress was imposed when the canopy was fully 
developed. These results suggest that measurements of FIPAR can be used as an indicator 
of early vigour to identify high- and low-yielding genotypes for water stress-free crops.  
 
SDM also correlated well with gs for each measurement, except at 161 DAP, and with seasonal 
average gs (r=0.88*) for the WW treatment (Table 1). The relationship varied over time for the 
WD treatment, where SDM and gs showed a significant negative correlation (r=-0.81*) in the 
pre-stress period at 118 DAP, and a significant positive correlation (r = 0.77*) shortly after the 
imposition of mild water stress at 189 DAP (Table 1). This suggests that high gs is desirable 
only in stress-free environments, and that relatively low gs may be advantageous in 
environments where water deficit is likely. 
 
Trait phenotyping 
Overall, FIPAR correlated well (r=0.75*) with NDVI for both water treatments when crops had 
medium canopy cover and high water satisfaction (Flights 1-3) (results not shown). However, 
the range in NDVI values was limited, and measurements are needed earlier in the growth 
cycle, during partial canopy, to reveal more about early vigour. Crop water stress significantly 
reduced NDVI in the WD treatment for high canopy cover (flights 4-7), which is in agreement 
with previous research (Begue et al. 2010).  
 
Furthermore, gs showed a significant correlation with Tc when averaged over the season 
(Table 1), and when the CWSI was high (r=-0.50*). 
 
Yield phenotyping 
SDM correlated significantly with NDVI throughout the season for both treatments, except at 
265 DAP for the WD treatment (Table 1). The correlation for the WW treatment declined with 
crop age and was stronger than that of the WD treatment. 
 
Tc differed significantly between genotypes under WW and WD conditions for the first two 
flights, and for the WW treatment of the third flight only (data not shown). The Tc values 
measured in the subsequent flights showed significant spatial variation in an east-west 
direction, possibly due to the soil effects, which obscured the genotypic differences in Tc. 
Statistical correction with REML analysis for spatial trends did not improve the correlations. 
Overall, SDM correlated significantly with Tc for stress-free crops (flights 1-2) when the spatial 
variation did not affect Tc estimates in the WW (r=-0.61*) and WD (r=-0.48*) treatments. These 
correlations increased further (r=-0.65* and -0.54*, respectively) when considering erect cane 
only, as lodging was found to affect Tc estimates. These results highlight the importance of 
phenotyping erect crops that are grown on uniform soils. 
  
Interestingly, the study found a significant correlation between SDM of the WD treatment when 
expressed relative to the corresponding WW values, and the differences in Tc between the 
WD and WW treatments that were measured during flights 1 to 3 (r=-0.55*) (data not shown). 
This relationship could be further explored as the basis for phenotyping of drought tolerance.
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Table 1. Correlation between stalk yield (SDM) and stomatal conductance (gs), Normalized Difference Vegetation Index (NDVI) and 
canopy temperature (Tc); between canopy cover (FIPAR) and NDVI; and between gs and Tc, for the well-watered (WW) and 
water deficit (WD) treatments measured on different dates and for the season as a whole. Values in brackets represent 
correlations for erect (unlodged) cane. The average canopy cover (FIPAR) and crop water satisfaction index (CWSI) values 
for each flight and treatment were categorized as low (L), medium (M) or high (H). Values in bold (with an asterisk) indicate 
statistical significance at p=0.05. 

Flight Date 
(DAP) FIPAR CWSI SDM vs gs FIPAR vs NDVI gs vs Tc SDM vs NDVI SDM vs Tc 

Treatment: WW WD WW WD WW WD WW WD WW WD WW WD WW WD 
1 20 Feb 19 

(118) 
0.71 
(M) 

0.70 
(M) 

1.74 
(H) 

1.30 
(H) 0.91* -0.81* 0.49* 0.63* -0.55 -0.40 0.64* 0.36* -0.59* 

(-0.66*) 
-0.48* 
(0.44*) 

2 12 Mar 19 
(138) 

0.75 
(M) 

0.73 
(M) 

1.65 
(H) 

1.17 
(H) 0.75* 0.27 0.69* 0.51* -0.57 -0.11 0.56* 0.32* -0.56* 

(-0.50*) 
-0.40* 

(-0.47*) 
3 4 Apr 19 

(161) 
0.87 
(H) 

0.77 
(M) 

1.80 
(H) 

1.30 
(H) 0.06 0.22 0.61* 0.18* -0.36 0.12 0.53* 0.28* -0.24* 

(-0.21*) 
-0.00 

(-0.06) 
4 2 May 19 

(189) 
0.81 
(H) 

0.78 
(M) 

1.64 
(H) 

0.68 
(M) 0.84* 0.77* 0.02 -0.23 0.08 0.18 0.54* 0.53* -0.00 

(-0.03) 
-0.20 

(-0.15) 
5 30 May 19 

(217) 
0.86 
(H) 

0.85 
(H) 

1.74 
(H) 

0.54 
(M) 0.78* 0.05 0.03 -0.15 -0.22 0.63 0.40* 0.29* -0.17 

(-0.13) 
-0.19 

(-0.20) 
6 17 July 19 

(265) 
0.87 
(H) 

0.86 
(H) 

1.76 
(H) 

0.40 
(L) - 0.57* 0.05 -0.19 - 0.40 0.45* 0.22 0.00 

(0.04) 
0.00 

(0.00) 
7 26 Sep 19 

(336) 
0.89 
(H) 

0.89 
(H) 

1.69 
(H) 

0.34 
(L) 0.57* - 0.04 0.08 -0.32 - 0.32* 0.37* -0.20 

(-0.02) 
-0.20 

(-0.22) 
 Seasonal average 0.82 0.80 1.72 0.82 0.88* 0.01 0.38* -0.49* -0.44* 0.21 0.61* 0.35* -0.54* 

(-0.55*) 
-0.46* 

(-0.48*) 
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Conclusions 
 

The study confirmed that FIPAR and gs are influential traits for determining yield. Initial results 
show promise for the use of drone spectral imagery to assist plant breeding by identifying 
high-yielding genotypes in stress-free crops. This suggests that drone-captured NDVI and Tc 
of stress-free crops before canopy closure could be used to identify high-yielding genotypes. 
Refinements in trial and data capture methodologies are needed to better understand the 
impacts of stress and to improve the reliability of drone phenotyping for breeding application. 
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Abstract 

Trinexapac-ethyl (Moddus®) was recently registered as a sugarcane ripener in South Africa. 
Due to the large differences in their chemical costs and their diverse hormonal mode of action, 
research trials were undertaken to compare the efficacy and economics of the two hormonal 
ripeners, Ethephon® and Moddus® in selected sugarcane varieties. The data collected over 
three ratoons with selected irrigated varieties, in a replicated trial at Pongola (South Africa), 
are presented. Chemicals were applied with a hand-held spray boom at the time-intervals and 
rates specified on the product labels. The recoverable value percent (RV%), juice purity and 
yields (cane and RV) were determined at harvest, while the ratoon regeneration after harvest 
was quantified through tiller population counts. The regional ripening, harvesting and cane 
haulage costs were used to estimate the gross margin return of each treatment. In N36, N41 
and N57, no difference was observed between the two chemicals in the magnitude of the RV% 
increases achieved. In N49 and N53, Moddus® resulted in larger increases in the RV% than 
Ethephon®. Moddus® stimulated ratoon regeneration, especially in N49 and N53. Despite the 
higher ripening cost, Moddus® was more profitable than Ethephon® in N36, N49 and N53, but 
not in N41 and N57. Averaged over the varieties, Moddus® was more profitable than 
Ethephon®, especially when the cane haulage costs were high. High levels of profitability in 
popular varieties, such as N36, N49, N53, and the stimulation of ratoon regeneration, are 
positive attributes that distinguish Moddus® from Ethephon®.  
 
Keywords: cane quality, chemical ripening, Ethephon®, irrigated varieties, Moddus®, 
sugarcane, economics 

Introduction 

Chemical ripening is an established strategy that is used to increase cane quality (Donaldson, 
2001). Trinexapac-ethyl (Moddus®) was recently registered as a sugarcane ripener in South 
Africa (van Heerden et al., 2015). It is well-known that different varieties do not respond the 
same to ripeners (Donaldson, 2001; Ngxaliwe and van Heerden, 2015), hence the varietal 
responsiveness to Moddus®, and a comparison of its efficacy with other registered ripeners, 
are current research topics.   
 
Due to the large difference in their chemical costs and their diverse hormonal mode of action, 
the objective of the research reported here was to compare the efficacy and economics of the 
two hormonal ripeners, Ethephon® and Moddus®, in selected irrigated sugarcane varieties. 
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Methods 

Field trial  
 
A completely randomised trial with six replicates was repeated over three ratoon crops at 
Pongola, South Africa. The trial included three treatments: the unsprayed control (Con), 
Ethephon® (Eth) and Moddus® (Mod) and five irrigated varieties: N36, N41, N49, N53 and N57. 
The plots consisted of six rows that were 8 m long and spaced 1.4 m apart. The three ratoon 
crops were harvested in April 2017, 2018 and 2019 at an age of 12 months.  

 
Chemical ripener application  
 
The Ethephon® and Moddus® were applied 12 and 10 weeks before harvest, respectively, with 
a hand-held spray boom fitted with two TK SS1 stainless steel flood-jet nozzles. A CO2 
pressurised knapsack was used to apply the products at a rate of 1.5 l/ha (Ethephon®) and 1.0 
l/ha (Moddus®) at 175 kPa and in a water volume of 57 l/ha. 
 
Measurements and yield determination 
  
At product application, the whole-stalk juice purity was estimated in variety of control plots by 

means of a hand-held refractometer, and the PurEst® smartphone application. At harvest, a 12-

stalk sample was collected from Rows Two and Five in each plot for the determination of the 
recoverable value percent (RV%) in the Pongola millroom. Rows Three and Four in each plot 
were harvested and weighed to determine the cane yield (tc/ha). The RV yield (tRV/ha) was 
calculated as the product of tc/ha and RV%. Stalk population counts (x1000 stalks/ha) were 
performed at intervals after the harvest of each crop to determine any residual effects of the 
ripener treatments on ratoon regeneration. The data were statistically analysed using Genstat® 
(18th Edition). Since there was no significant year x treatment interaction, but a significant 
variety x treatment interaction, the data obtained over the three ratoon crops were combined 
per variety. 
 
Economic analyses 
 
The commercial ripening costs (R/ha) specific to Pongola, the general industry harvesting 
costs (R/tc), the standard and high cane haulage cost scenarios (40 and 100 R/tc, 
respectively), and the April 2019 RV price (R/tRV) were used to estimate the gross margins 
(R/ha) for each treatment.  

Results and Discussion 

Due to vigorous growing conditions, the estimated whole-stalk juice purity in all varieties at the 
time of the Ethephon® and Moddus® application was <75% and <85%, respectively (results not 
shown), which indicates the suitability of both products for chemical ripening (van Heerden et 
al., 2014). 
 
All variety x ripener treatment combinations achieved significant increases in the RV% over 
the controls. In N36, N41 and N57, there were no significant differences between the RV% 
responses achieved by the two treatments. The RV% response in the Moddus® treatment was 
0.9 and 1.1% larger than in the Ethephon® treatment in N49 and N53, respectively (results not 
shown). 

Because of the large increases in the RV%, despite the absence of any significant effects on 
the cane yield (results not shown), all the variety x ripener treatment combinations achieved a 
higher income from the RV yield than the control treatments (Table 1).   
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An economic analysis revealed that all the variety x ripener treatment combinations were 
profitable, with increases in gross margins ranging between R2395 – R11 071/ha for the 
standard haulage cost scenario, and R2927 – R10 954/ha for the high haulage cost scenario 
(Table 1). In N36, N49 and N53, the Moddus® treatment was more profitable than the 
Ethephon® treatment under both haulage cost scenarios. This advantage was realised, despite 
the much higher ripening cost, namely R1164/ha for the Moddus® treatment versus R153/ha 
for the Ethephon® treatment, brought about by differences in the chemical cost and miller 
subsidy. In N41 and N57, the Ethephon® treatment was more profitable than the Moddus® 
treatment under both haulage cost scenarios, indicating the existence of varietal differences in 
the relative economic response to these two products. Combined across the varieties, the 
Moddus® treatment was more profitable than the Ethephon® treatment, by a margin of R432/ha 
and R627/ha, under the standard and high haulage cost scenarios, respectively (Table 1).  

 
Table 1. Effect of ripener treatments on gross margin returns calculated from the 

combined data collected over three ratoon crops. Income = RV yield x April 
2019 RV price; Ripener (Rip) cost = chemical + aerial application cost; Harv & 
Haul cost = harvesting + cane haulage costs; GM = gross margin; ∆GM = GM 
difference between ripener treatment and respective control 

Var Trt RV 
yield 

Income Rip 
cost 

Harv & 
Haul 
cost1 

Harv & 
Haul 
cost2 

GM1
 GM2

 ∆GM
1
 ∆GM

2
 

  tRV/ha (R/ha) (R/ha) (R/ha) (R/ha) (R/ha) (R/ha) (R/ha) (R/ha) 

N36 Con 13.5 56 213 0 16 206 24 170 40 007 32 043 -  
 Eth 13.9 57 679 153 15 124 22 556 42 402 34 970 2395 2927 
 Mod 14.3 59 364 1164 15 222 22 702 42 978 35 498 2972 3455 

N41 Con 12.7 53 465 0 15 969 23 816 37 496 29 649 -  
 Eth 14.5 61 044 153 16 175 24 123 44 716 36 768 7220 7119 
 Mod 13.7 57 882 1164 15 661 23 356 41 057 33 361 3561 3712 

N49 Con 13.9 58 498 0 14 820 22 102 43 679 36 396 -  
 Eth 15.6 66 028 153 15 059 22 459 50 815 43 415 7137 7019 
 Mod 16.3 69 269 1164 14 814 22 093 53 291 46 011 9612 9615 

N53 Con 11.6 48 551 0 14 341 21 388 34 209 27 162 -  
 Eth 12.5 52 135 153 14 030 20 924 37 952 31 057 3742 3895 
 Mod 13.5 56 640 1164 13 863 20 675 41 613 34 801 7404 7639 

N57 Con 10.2 42 631 0 15 805 23 571 26 826 19 060 -  
 Eth 12.8 54 092 153 16 042 23 925 37 897 30 014 11 071 10 954 
 Mod 12.7 53 023 1164 14 884 22 198 36 975 29 661 10 148 10 601 

ALL Con 12.4 51 983 0 15 428 23 009 36 555 28 973 -  
 Eth 13.9 58 271 153 15 286 22 798 42 832 35 320 6277 6347 
 Mod 14.1 59 316 1164 14 889 22 205 43 264 35 947 6709 6974 
1Scenario using general industry harvesting cost plus a standard cane haulage cost of R40/tc, 2Scenario using 

general industry harvesting cost plus a high cane haulage cost of R100/tc 

Following harvesting, the Moddus® treatment temporarily resulted in significant higher stalk 
population counts (increased tillering), relative to the control, in the next ratoon of all varieties, 
except N41 (results not shown). The Ethephon® treatment did not enhance tillering in any 
variety. These results indicate that Moddus® enhances ratoon regeneration, but that the 
presence and persistence of this effect depends on the variety. These observations agree with 
reports from Brazil and Australia (Resende et al., 2000; Di Bella et al., 2007). 
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Conclusion 
 
The results showed that chemical ripening led to substantial increases in the gross margins of 
all five irrigated varieties, but that the magnitude of response to these two ripeners was different 
between the varieties. High levels of profitability in popular varieties, such as N36, N49, N53, 
as well as the stimulation of ratoon regeneration, are the positive attributes that distinguish 
Moddus® from Ethephon®. 
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Abstract 
The initial crosses, resulting in modern sugarcane hybrids, involved a single Saccharum 
cultum cultivar as the female and S. spontaneum as a male parent, followed by backcrossing 
with S. officinarum. A limited number of clones from each species were used during the 
nobilization process, with S. cultum predominating within the parentage of modern sugarcane. 
Our molecular analyses revealed that S. robustum and S. officinarum are a single species 
continuum, rather than two distinct species, as previously recognized. Moreover, the S. 
spontaneum clones used within the international breeding programmes were found to be 
genetically less diverse than was previously thought. This study also revealed that the 
hypothesis that S. officinarum is less diverse than S. spontaneum is not the case. The two 
most closely-related genera to Saccharum (Miscanthidium and Narenga), have never been 
exploited as parents in sugarcane breeding. All traditional sugarcane breeding programmes 
have reached a yield plateau, and re-nobilization presents a way forward for breaking the yield 
ceiling, and unlocking the true potential of sugarcane’s ancestors will result in breeding more 
efficient crops. Such progeny can be grown in marginal lands, whilst demonstrating an 
increased efficiency in fertile land, with an improvement in yield due to the novel sources of 
biotic and abiotic resistance genes and the reduction in resource utilization. New strategies 
need to be developed and incorporated in breeding programmes by employing the under-
utilized relatives of Saccharum, for both sugar and biofuel production. This will place the global 
sugarcane industries on a more sustainable footing.   
 
Keywords: Saccharum, Cultum, Officinarum, Spontaneum, Diversity, Re-nobilization 
 
 

Introduction 
 
Sugarcane is an important crop for food and energy production, due to its ability to accumulate 
high levels of sugars in its stem, along with its high biomass yield. It accounts for 80% of the 
sugar produced worldwide and is known as the best converter of solar energy into sugar 
(Reddy et al., 2008). The evolutionary history and taxonomy of sugarcane is complex, due to 
its extensive prehistoric distribution and wide hybridization (James, 2003). It is believed that 
cultivated sugarcane throughout the world is derived from hybrids between Saccharum 
officinarum (Noble Cane) and Saccharum spontaneum, with further backcrossing to S. 
officinarum to recover the high sugar-producing phenotypes (nobilization). Currently, the 
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Saccharum genus is believed to consist of three recognized species, namely S. spontaneum, 
S. officinarum and S. robustum, and three cultigens, namely S. sinense, S. barberi and S. 
edule (Paterson et al., 2013). Despite its economic importance, there has been no large-scale 
systematic study of the genus Saccharum and the existing model of sugarcane origins has 
remained largely unchallenged for almost 50 years, except for the recent report by Lloyd 
Evans and Joshi in 2016. In the current study, using whole chloroplast genome analyses and 
partial Internal Transcribed Spacer (ITS) phylogeny, we were not only able to elucidate the 
true relationships between the Saccharum species, but also to uncover the true diversity that 
exists in the currently sequenced germplasm.    
 

Material and Methods 
 

Chloroplast genome isolation and sequencing 
 
Two approaches were used to assemble the whole chloroplast genome. In the first approach, 
the total DNA was isolated and in-house designed chloroplast primers (Lloyd Evans et al., 
2019) were used to amplify the whole chloroplast genome. The amplicons were then pooled 
together and were sent for sequencing via the Illumina platform. The second approach isolated 
the whole chloroplast DNA by means of tRNA-based primers and magnetic bead capture with 
direct sequencing, using MinION.   
 
Chloroplast genome assembly, alignment and phylogeny 
  
Illumina sequence data were assembled with SPAdes, the gap was filled and polished with 
Pilon, followed by annotation, using Verdant. MinION data were assembled with CANU and 
annotated with Verdant and Chloro-Box (https://chlorobox.mpimp-golm.mpg.de/). Keyword 
mining of Sequence Read Archive from NCBI, based on the term Saccharum, was used to 
identify additional assemblable sequences. All assemblies were combined prior to assembly 
with SATÉ, and refinement with PRANK, followed by a consensus tree determination by IQ-
Tree (Nguyen et al. 2015). Branch support for a single branch and non-parametric bootstrap 
were determined by using IQ-Tree and MrBayes for Bayesian inference (Ronquist and 
Huelsenbeck, 2003).  
 
ITS phylogenetics 
 
ITS regions were mined from GenBank and full length 45s rRNA cistrons were sequenced, as 
described for MinION. Phylogenetics were performed, as for whole chloroplasts. 
 
Determination of within-population diversity 
 
Based on the work of Scheiner et al. (2017), the equation for within-species divergence (Mean 
Proportional Diversity, M(P)) was applied to sugarcane cultivars within the three sugarcane 
species, yielding Equation 1: 
  

𝑀𝑀(𝑃𝑃) =  
∑ ∑ 𝐿𝐿𝑖𝑖𝑖𝑖∈𝑏𝑏(𝑆𝑆𝑖𝑖)
𝑆𝑆
𝑖𝑖

𝑇𝑇 × 𝑆𝑆
…………………………………..Equation 1 

 
Where, i represents the ith species, j represents the jth branch (from the common origin), S is 
the species, 
T is divergence time, Lj is the length of the jth branch segment, Lij = Lj/Sj (the length of branch 
segment j divided by the number of species sharing that segment). 

 
Results and Discussion 
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It is conspicuous that the branch lengths in the S. spontaneum are generally shorter than those 
of the S. officinarum (Figure 1). Our finding inverses the current belief that S. spontaneum 
represents accessions captured in the wild, whilst S. officinarum represents cultivated 
accession. Moreover, we demonstrated that S. officinarum and S. robustum, along with S. 
sinense, S. barberi and S. edule, form a single species continuum, with S. cultum being a 
separate species that includes the majority of modern sugarcane hybrids. Hence, the genetic 
base of S. officinarum has broadened considerably. Moreover, large-scale human intervention 
in the selection of S. spontaneum accessions, which results in only a subset of the species 
being selected during breeding, cannot be overruled.  
 
 
Figure 1. Complete non-ultrameric chloroplast based phylogeny of Saccharum and 

Outgroups. * = represents complete branch support for sH-aLRT, non-
parametric bootstrap and Bayesian inference. // = long branches truncated for 
clarity 

 
Table 1. Mean proportional divergence among different species 
 

S.NO Species Mean Proportional 
Divergence  

1 Saccharum cultum 0.9895 
2 Saccharum officinarum 0.58857 
3 Saccharum spontaneum 0.48281 
4 Miscanthus sinensis 0.23 
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The original work on M (P) assumed ultrameric phylogenies with dated nodes. However, as 
the branch lengths within standard trees are proportional to the divergence time, it is possible 
to approximate the term T with the following novel equation (Equation 2): 
 

𝑇𝑇 ≅  
∑ ∑ 𝐿𝐿𝑖𝑖∈𝑏𝑏(𝑆𝑆𝑖𝑖)
𝑠𝑠
𝑖𝑖

𝑆𝑆
……………………………………..Equation 2 

 
The approximate origin times from Equation 2 were utilized for normalization in Equation 1 to 
determine the mean diversity for each species. A smaller number indicates greater genetic 
diversity, with Miscanthus leading, followed by S. spontaneum, S. officinarum and S. cultum 
(Table 1). This demonstrates slightly more genetic diversity in S. spontaneum, compared to 
S. officinarum, but it also shows that S. spontaneum accession is not representative of a wild 
species, both in the SASRI and global germplasm collections. A limited number of clones from 
S. spontaneum were used during the initial breeding of modern sugarcane, and the findings 
need to be revisited to improve the breeding programme further.  
 

Conclusion 
 

Early breeding efforts employed all possible combinations (demonstrated by ITS 
phylogenetics) as some modern hybrids have S. officinarum, S. spontaneum and S. cultum 
as their female parents. This important finding raises a question about the currently-accepted 
belief that S. spontaneum was only used as a male parent during the initial hybridization that 
led to modern sugarcane cultivars. In the majority of crosses, S. cultum was the female 
founder, but repeated back-crossing to S. officinarum resulted in a narrow genetic base. S. 
cultum is confirmed as a new species, with a novel Polynesian subspecies being identified for 
the first time in this study. Re-nobilization, based on limited S. spontaneum in the current 
collections, will not result in improved genetic gain, as the clones currently used in breeding 
programmes are not representative of the wild species. Moreover, there is an urgent need for 
further exploration and to collect additional clones of S. spontaneum and S. cultum to be 
included in the breeding programme. The outcome will have substantial implications in the re-
drafting of introgression breeding strategies and will play a huge role in directing the 
importation and/or extension of SASRI’s germplasm.  
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Abstract 
 
Flowering is required for crossing in sugarcane, but it is undesirable for commercial 
production because it reduces the cane yield, the sucrose content and the sugar yield in 
crops harvested in the late-season, when side shoots and pithing develop in the stalks. In 
South Africa, natural photoperiod induction occurs in March, and flowers emerge from May to 
September. The objectives of this study were to determine the effect of location on genotype 
flowering, to estimate the broad sense heritability for flowering and to evaluate the flowering 
trends among irrigated cultivars. The total number of flowered stalks per plot was counted 
from the irrigated late season plant breeding trials at the Pongola and Mpumalanga Research 
Stations and at the off-station sites in Pongola, and converted to Flowers per Hectare (FPH). 
There were significant location effects that were accompanied by a higher FPH at the 
Pongola Research Station than at other sites. Significant Genotype by Location (GL) 
interactions suggested that the variety choice may reduce the effect of flowering in 
commercial crops if high- and shy-flowering cultivars were to be planted in the early and late 
season, respectively. Significant genotype and GL variances indicated a genetic variability for 
flowering. The high broad sense heritability (0.70-0.97) suggested that selecting low-
flowering genotypes was efficient. Cultivars, such as N71 and N73 (no flowers), would be 
suitable for the late season, while N36 (63 000 FPH), N53 (63 000 FPH) and N70 (68 000 
FPH) should be confined to early- and mid-season planting and harvesting. Significant 
genetic variability and high Broad Sense Heritability (BSH) indicates that breeding for low-
flowering is possible. 
 
Keywords: Broad sense heritability, late season, genetic variances, cultivar flowering   
 

 
Introduction 

 
In sugarcane, flowering is desirable for breeding where fertile flowers are cross-pollinated to 
generate genetic variability (Horsley and Zhou, 2013; Berding, 1981; Moore and Nuss, 1987; 
Brett and Harding, 1974). However, flowering reduces the cane and sugar yields when 
harvesting is delayed after flower emergence (Alexander, 1973; Rao, 1977). Flowered stalks 
produce side shoots (Julien et al., 1978) and pithed internodes (Long, 1976), which reduce 
the cane yield and sucrose content. The objectives of this study were to determine the effect 
of location on genotype flowering, to estimate the Broad Sense Heritability (BSH) for 
flowering and to evaluate the flowering trends among irrigated cultivars.   
   

Materials and Methods 
 
Data on the total number of flowered stalks were collected from 16 plant breeding variety 
trials that were established in the late season at the Pongola Research Station (PRS), 
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Delmont Farm (DF) and the Mpumalanga Research Station (MRS). The data were analysed 
using the Mixed Procedure of the Statistical Analysis System (SAS Institute, 2019) and by 
using the linear mixed model, 
 

Yijk = µ + Li + R(L)ij + Gk + GLik + GR(L)ijk                           Equation 1   
 

where Yijk is the number of flowers per hectare from in the kth genotype planted in the jth 
replication of the ith location, µ is the overall mean, Li is the effects of the ith location, R(L)ij is 
the effect of the jth replication nested within the ith location and was the experimental error 
for the location effect, Gk is the effect of the kth genotype, GLik is the effect of the interaction 
effect of the ith location by the kth genotype, and GR(L)ijk is the effect of the interaction of 
the kth genotype by the jth replication nested within the ith location and was the experimental 
error for genotype and genotype by location interaction. To estimate the variances and Broad 
Sense Heritability (BSH), the data for each trial were analysed by using the linear mixed 
model, 
 

Yijk = µ + Ri + B(R)ij + Gk + GB(R)ijk                        Equation 2 
 

where Yijk is the flowered stalks per hectare of kth genotype in the jth lattice block nested 
within the ith replication, µ is the overall mean, Ri is the random effect of the ith replication, 
B(R)ij is the random effect of the jth block nested within the ith replication, Gk is the random 
effect of the kth genotype, and GB(R)ijk is the random interaction effect of the kth genotype 
by the jth lattice block nested within the ith replication. The broad sense heritability was 
calculated by using, 
 

𝐻𝐻 = 𝜎𝜎𝐺𝐺2/(𝜎𝜎𝐺𝐺2 + 𝜎𝜎𝑒𝑒2

𝑟𝑟
),                                                      Equation 3 

 
where 𝜎𝜎𝐺𝐺2 is the variance of genotype effects, 𝜎𝜎𝑒𝑒2 is the error variance and r is the number of 
replications. 
 

Results 
 
There were significant (P<0.0001) location effects (L) F-values for 10F, 12F, 13F, P<0.001 
for 14F and P<.01 for 15F (Table 1). The series 10F, 12F, 13F, 14F, 15F produced significant 
and higher L effect F-values than 11F. The genotype effect F-values were significant 
(P<0.0001) across all the trial series, where series 10F, 12F, 13F, 14F, 15F produced higher 
F-values than 11F. Genotype by Location (GL) interaction effect was significant (P<0.0001) 
across all series, where 10F, 12F, 13F, 14F, 15F produced higher values than 11F. The 
mean flowering ranged from 11,500 to 23,700 flowers per hectare, R2 (0.73 to 0.96) and CV 
(49.2 to 121.1%). The evaluation of GL means showed higher flowering at PRS than at MRS 
and DF. The data analysis of individual trials showed a significant (P<0.0001) G variance for 
all trials. BSH ranged from 0.70 to 0.97, with higher values among the PRS trials (0.88 to 
0.97). 
 
Table 1: Analysis of variance for fixed effects of flowering across the trial series 
 
Effect 10F 11F 12F 13F 14F 15F 
Location 351.8**** 4.5 391.3**** 532.7**** 55.7*** 81.0** 
Genotype 42.9**** 7.8**** 28.8**** 22.5**** 10.1**** 10.9**** 
G*L 13.8**** 2.6**** 10.1**** 15.1**** 2.9**** 7.9**** 
Mean 18.0±11.7 11.5±13.5 23.7±11.6 22.3±10.0 12.3±14.9 14.7±12.3 
R2 0.89 0.73 0.94 0.96 0.84 0.90 
CV% 64..8 117.6 49.2 44.7 121.1 83.6 
**P≤0.01, ***P≤0.001, **** P≤0.0001  
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There were significant differences (P<0.05) for mean flowers among the control varieties in 
the PRS trials (Table 2). For the 13F series at PRS, varieties N36, N53, N60 and N70 
produced significantly (P<0.05) more flowers than N25, N41, N49, N57, N71, N73 and 
NCo376. In another 13F series trial at DF, N36 and N53 produced significantly more flowers 
than the other varieties. Varieties N36, N53 and N70 flowered in all the 13F trials, while N25, 
N41, N49, N57, N71 and N73 did not flower. Varieties N36 and N53 flowered in all trials, 
while N25, N41, N57, N71 and N73 produced very few or no flowers.   
 
Table 2: Cultivar means for flowering in trials at the Pongola Research Station (PRS), 

Mpumalanga Research Station (MRS) and Delmont Farm (DF) 
 
 13F   14F   
Cultivar PRS MRS DF PRS MRS DF 
N25 0.0±0.0b 0.0±0.0a 0.0±0.0c 0.0±0.0b 0.0±0.0a 0.0±0.0a 
N36 76.8±18.6a 2.9±4.1a 12.9±0.2a 45.0±15.1a 8.4±11.9a 0.0±0.0a 
N41 0.0±0.0b 0.0±0.0a 0.0±0.0c 0.0±0.0b 0.0±0.0a 0.0±0.0a 
N49 0.0±0.0b 0.0±0.0a 0.0±0.0c    
N53 64.2±10.8a 1.1±1.6a 6.7±9.4ab 49.5±47.8a 7.1±10.1a 0.0±0.0a 
N57 0.0±0.0b 0.0±0.0a 0.0±0.0c 0.0±0.0b 0.0±0.0a 0.0±0.0a 
N60 78.0±23.8a 0.0±0.0a 0.0±0.0c 4.9±3.7b 0.8±1.1a 0.0±0.0a 
N70 68.0±22.6a 3.3±3.9a 2.1±2.9bc    
N71 0.0±0.0b 0.0±0.0a 0.0±0.0c    
N73 0.0±0.0b 0.0±0.0a 0.0±0.0c    
NCo376 4.3±7.1b 0.0±0.0a 0.0±0.0c 0.0±0.0b 0.0±0.0a 0.0±0.0a 
 10F   11F   
N25 0.3±0.5a 0.0±0.0a 0.0±0.0a  0.6±1.1b 0.0±0.0a 
N36     14.4±9.0a 12.9±14.3a 
N41 0.0±0.0a 0.0±0.0a 0.0±0.0a  0.0±0.0b 0.0±0.0a 
N53     11.9±5.8a 7.6±6.8a 
NCo376 4.7±7.9a 0.0±0.0a 0.0±0.0a  0.2±0.4b 0.0±0.0a 
 15F   12F   
N25 0.0±0.0b  0.0±0.0a 0.0±0.0c 0.0±0.0a 0.0±0.0a 
N36 72.5±44.1a  0.0±0.0a 59.3±10.5ab 4.2±5.2a 10.5±1.8a 
N41 0.0±0.0b  0.0±0.0a 0.2±0.4c 0.0±0.0a 0.0±0.0a 
N53 70.3±18.3a  0.0±0.0a 69.3±18.7a 2.3±2.7a 16.2±22.9a 
N57 0.0±0.0b  0.0±0.0a    
N60 10.6±15.0b  0.0±0.0a 35.4±28.5b 0.2±0.3a 0.0±0.0a 
NCo376 0.0±0.0b  0.0±0.0a 0.8±1.1c 0.0±0.0a 0.0±0.0a 
Values with different letters in a column are significantly different at P≤0.05 
 
Discussion 
 
The significant location effects suggest that the site characteristics have an influence on the 
flowering of genotypes, as well as on the number of flowers. The PRS location consistently 
produced the highest number of flowers in all trial series, which suggests that the conditions 
of the location were more conducive to flowering. The PRS location is located on a 6% slope 
that faces south-east, compared to MRS, which is flat, and DF, with a north-facing slope. 
Previous studies (Clements, 1975) reported no evidence of the effect of slope on flowering in 
Hawaii. However, the study in Hawaii was conducted on an island with a more tropical 
environment, where sugarcane flowers every year, whereas in South Africa, which has a 
subtropical environment, the slope may influence flowering.      

All trials showed significant G effects, which suggests that there are high genetic 
differences for flowering. Several genotypes produced no flowers across all trials, while other 
genotypes produced high numbers of flowers in all trials, which indicates the genetic control 
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of flowering. There were significant GL effects across all trials, suggesting location-specific 
flowering, where some genotypes were high-flowering at one location and low-flowering at 
another location. The GL provide the potential to refine the cultivar recommendations and 
positioning, using the flowering data. Cultivars, such as N71 and N73, did not flower in all 
environments and will typically be the most suitable for late season planting, as well as for 
Dwangwa Estate in northern Malawi, where flowering occurs every year. High-flowering 
cultivars, such as N36, N53 and N70, must be planted and harvested in the early- to mid-
season.    

The analysis of variance components showed significant G and GL variances, which 
suggests the presence of genetic variability for flowering and indicates that breeding for low-
flowering will be effective. High broad sense heritability indicated that the selection of low-
flowering genotypes in trials will reduce flowering in populations. The results showed a higher 
BSH at the PRS, where a higher number of flowers were recorded, which suggests that this 
was the ideal testing and screening site for flowering. 

The cultivars that were used as controls in the trials were evaluated for flowering, in order 
to use the data to review and refine the recommendations. The results showed that cultivars 
N36, N53 and N70, which produced the highest number of flowers in all the trials, must only 
be planted in the early- to mid-season, where harvesting occurs before the flowers emerge. 
The results showed that cultivars N25, N41, N49, N57, N71 and N73 were low-lowering and 
can be planted for mid- to late-season harvesting. These low-flowering cultivars will be good 
candidates for export to Malawi and Zambia, where flowering occurs every year.  
 

Conclusion 
 
The large genotype differences for flowering suggest that high- and low-flowering cultivars 
can be selected. A high genotype variance indicated the presence of genetic variability, while 
a high BSH indicated that selecting for low-flowering will be effective. Low-flowering cultivars, 
such as N71 and N73, were ideal late-season cultivars, while high-flowering cultivars (N36, 
N53, N70) must be planted and harvested in the early- to mid-season. The low-flowering 
cultivars, such as N71 and N73, would be ideal for export to Zambia, Malawi and other 
tropical environments, where sugarcane flowers every year.  
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Abstract 

 
Soil erosion is one of the most threatening and production-limiting factors in KwaZulu-Natal 
(KZN) agriculture. In the province, about 60-70% of soils under sugarcane cultivation are 
prone to compaction and surface-crusting. They are also highly susceptible to erosion, and 
mitigation practices should therefore be consistently promoted. Gully erosion is far more 
conspicuous than rill erosion, but in KZN, it constitutes only about 87 522 ha, compared to the 
2 138 038 ha affected by rill erosion. The latter occurs despite the abundant availability of 
biomass/residue in the province (in the sugarcane industry and elsewhere) to cover the soil 
surface – which is one of the three legs of conservation agriculture, with the other two being 
reduced soil disturbance and crop rotation. The objective of this paper is to review the soil 
conservation systems that have been used in the sugarcane industry over the last 80 years. 
Field conditions leading to erosion, such as compaction, crusting, bare surfaces, tillage and 
the slope of sugarcane fields, are discussed. The preventative practices that are discussed 
include bunding to control surface water flow (contour banks, ridging, bench terracing and 
basin listing), amelioration of sodic soils, minimum tillage, strip cropping, cover crops, 
mulching and controlled traffic. The paper concludes with an outline of the practice 
combinations that can be employed to protect the soil against erosion, taking compatibility and 
the ease of implementation into account.  
 
Keywords: erosion, crusting, compaction, contours, strip cropping, mulching 
 
 

Introduction 
 
The most widely-recognised definition of Conservation Agriculture (CA) is that of the FAO 
(2008), which indicates that it is “a farming system that promotes the maintenance of a 
permanent soil cover, minimum soil disturbance (i.e. no tillage), and the diversification of plant 
species. It enhances biodiversity and natural biological processes above and below the ground 
surface, which contribute to increased water and nutrient use efficiency and to improved and 
sustained crop production.” For successful implementation, all three principles relating to 
minimum soil disturbance, the maintenance of permanent soil covers and a cropping rotation 
system involving at least three different crops, must be adopted (Pittelkow et al., 2015).  
 
On a global scale, Africa currently contributes only about 0.3% of the area under CA. Its 
adoption across the continent increased from almost zero in 1988, to approximately 300 000 
ha in 2007 (FAO 2008). Subsequently, the estimated area under CA has increased from 480 
000 ha in the late 2000s, to 1.2 million ha by 2013, across 15 countries (Kassam et al., 2015).  
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In South Africa, CA is currently administered under the Conservation of Agricultural Resources 
Act, 43 of 1983 (CARA, 1983). It was estimated that the area of cultivated land under CA was 
368 000 ha in 2008 with no apparent increase evident in the 2013 census data (Kassam et 
al., 2015). This should be seen in the context of the estimated global adoption of CA of 100 
million hectares in 2007 (FAO 2008), which has increased to about 157 million hectares in 
2013, but still represents only 11% of global cultivated land (Kassam et al., 2015). When this 
trend is analysed further, it shows that large-scale adoption has occurred mainly in North and 
South America and Australia (FAO 2008; Kassam et al., 2015). These figures are, however, 
heavily skewed by the adoption of no tillage systems. In the literature, no tillage areas are 
often accounted for as the adoption of CA (Giller et al., 2015), which could be as high as 61% 
of the total area under CA (calculated from data by Derpsch, 2001). 
 
The apparent lack of the widespread adoption of CA in South Africa should be viewed in 
combination with the results of a study on land degradation (Hoffman and Todd, 2000). The 
KwaZulu-Natal (KZN) and Limpopo provinces were found to have the highest veld degradation 
index values. In addition, these two provinces, as well as the Eastern Cape, were also listed 
as having serious soil-degradation problems (Hoffman and Todd, 2000; le Roux et al., 2007). 
The single most important factor contributing to this degradation was soil erosion (le Roux et 
al., 2008). In the KZN region, gully erosion (the removal of soil along the drainage lines by 
surface water runoff) is far more conspicuous than rill erosion (the removal of soil when runoff 
water forms small channels, as it concentrates down a slope). Despite this, gully erosion 
constitutes only about 87 522 ha, compared to the 2 138 038 ha affected by rill erosion (le 
Roux, 2011). The substantial difference between the two is that, with gully erosion, far more 
subsoil, which is less fertile, is removed, compared with rill erosion, where the fertile topsoil is 
eroded. It is important to note that the degradation of soils in South Africa by means of erosion 
was acknowledged by the government as early as 1914 (Cooper, 1996).  
 
It is widely accepted that farming system-type practices that contribute to the adoption of CA 
and sustainable crop production will only be adopted if they are relevant or adapted to specific 
conditions and situations (Schroeder et al., 2019). Because of the nature of sugarcane, crop 
rotation is not practical, and international sugarcane production will therefore not be generally 
eligible for classification as CA. The aim of this paper is to review the conservation practices 
used in the South African sugarcane industry and to compile guidelines for their use in various 
scenarios.  
 

Methodology 
 
Information for this review was obtained mostly from published literature and SASRI research 
reports. As the main objective was to better understand the situation relative to sugarcane, 
the study focused on publications and reports from the South African sugar industry. The main 
causes of soil degradation were investigated, followed by the development of options for 
remedial practices in sugarcane production. 
 

Causes of soil degradation and erosion in the SA sugar industry 
 
Soil erosion is a natural process that is driven by wind and water. The rate of erosion depends 
on many factors including mismanagement of the land (Townsend, 1937; Laker, 2004). In 
seeking to understand the extent and causes of soil degradation and erosion in the South 
African sugar industry, the main soil groupings, classified according to five colour options and 
each linked to associated soil properties (Botha et al., 1999), are summarised in Table 1. The 
predominant soil characteristics suggest that a large proportion of these soil groups are 
vulnerable to soil degradation and erosion and require good on-farm management. Of concern 
is their susceptibility to crusting, compaction and erosion, particularly when considered in 
association with other factors, such as slope and tillage operations. The discussion of these 
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issues will continue below under specific headings, with the remedial strategies being 
highlighted in each case.   
 
Table 1. General soil groups found in the South African sugar industry (after Botha et 

al., 1999) 

Soil 
grouping 
based on 

colour 

Occurrence Predominant characteristics 
Representative 

area (% of 
industry) 

Dark brown 
humic soils 

Confined to the 
Midlands region 

• Often deep 

• High soil organic matter content 

• Mineralise large amounts of N 

• Low in P, K, Ca and Mg 

• Moderately to strongly acid 

• Relatively resistant to erosion 

8 

Black soils Across the industry 

• High clay content 

• High shrink/swell potential 

• Low water infiltration and 
conductance 

• Mineralise moderate amounts of 
N 

• Well-supplied with Ca and Mg 

• Sensitive to salinity and sodicity 

13 

Red and 
yellow soils 

Northern irrigated- 
regions (57%), 

Midlands (34%) and 
coastal lowland 

(15%)  
 

• Generally deep 

• Moderate to high water storage 
capacity  

• High water infiltration rates 

• Moderate soil organic matter 
content 

• High reserves of Ca and Mg in 
the coastal lowlands and 
irrigated regions 

• Acid in the Midlands 

• Generally well-drained 

19  

Grey soils 

North coats and 
Zululand and 

generally across the 
industry 

• Low in organic matter and clay 
contents 

• Crust easily  

• Prone to compaction and 
erosion 

• Low in nutrient reserves 

• Very sensitive to salinity and 
sodicity 

60 

 
 
Sodicity 
 
Sodic soils are particularly susceptible to physical degradation and erosion. Apart from surface 
sealing (see below), the chemical properties associated with higher exchangeable sodium, 
expressed as a percentage of the Cation Exchange Capacity (CEC), cause the dispersion of 
clay in soils and the collapse of soil structure (Nelson et al., 2001) particularly in the subsoil 
layers. Exposure of this chemically-degraded material will accelerate soil loss and erosion, 
especially in susceptible sloping positions in the landscape. 
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Crusting 
 
Crusting, or surface sealing, is the development of a thin (1-2 mm) compacted layer at the 
surface of unprotected (bare) soils (Laker and Nortjé, 2019). Despite the potential abundance 
of biomass in the KwaZulu-Natal region (due to the relatively high rainfall in the province and 
the potential availability of a mulch blanket following green cane harvesting), crusting is still a 
factor that limits water infiltration and causes significant amounts of runoff and erosion. Studies 
conducted at 19 sites in the Limpopo, Mpumalanga, KwaZulu-Natal and Eastern Cape 
provinces showed that the site with the lowest infiltration rate ascribed to crusting, was in 
KwaZulu-Natal where it would be least expected (Mills and Fey, 2004). Practices, such as the 
removal of cover vegetation, whether by ploughing, grazing or burning, tends to reduce the 
levels of soil organic matter (SOM), a key component of the soil structure, without which 
resistance to crusting is reduced (Mills and Fey, 2004). In addition, soils that are prone to 
crusting had one or more of the following properties: an Exchangeable Sodium Percentage 
(ESP) greater than 2%, a clay fraction dominated by shrink-swell clays like smectite, a Ca:Mg 
ratio smaller than 1, or an SOM below 0.2%. The reduced capacity of soils to absorb water is 
an ongoing issue in the sugarcane industry (Townsend, 1937) and the most visible effects of 
crusting are the reduced water infiltration rate, which leads to runoff and erosion, induced 
drought susceptibility, as well as inhibited aeration and root development (Laker and Nortjé, 
2019). Crusted soils may be ameliorated by a shallow soil disturbance (van Antwerpen, 2019), 
mulching or gypsum (Laker and Nortjé, 2019). 
 
Compaction 
 
Traditionally, cane loading after harvest has been a manual operation, with the cane being 
loaded into small rail trucks. Such activities were restricted to areas that did not impinge on 
the cane rows. With the progress in mechanisation, heavy loading and haulage machinery 
then became a common practice. Such advances, however, resulted in soil compaction that 
caused yield-limiting problems (Maud, 1960).  
 
It is well-known that compaction reduces the pore space between the primary soil particles, 
causing restricted soil aeration, water storage and water movement (infiltration and 
redistribution). However, it also impairs the respiration of established root systems, retards the 
water/nutrient uptake and reduces the normal biological processes (Laker and Nortjé, 2020). 
Compacted soils reach moisture saturation sooner than uncompacted soils and are 
waterlogged for longer periods. The risk of runoff and erosion is also drastically increased 
(Maud, 1960). Previous SASRI researchers (BE Beater, unpublished) have shown that cane 
grown in compacted soils retained relatively high stalk populations for longer periods during 
the growing season. Stalks were shorter, the uptake of nitrogen (N), phosphorus (P) and 
potassium (K) was reduced, and there was a lower N and chlorophyll content in the leaf tissue. 
In an associated trial, compaction was imposed by using a tractor and 2.5 ton trailer on a soil 
with 28% clay and 15% silt, which resulted in 23% fewer millable cane stalks at an age of 12 
months, compared to uncompacted soil (Cleasby, 1964). Swinford and Boevey (1984) 
reported a maximum reduction of 24% and 29% in stalk yield and the sucrose yield, 
respectively, in a first ratoon crop, due to compaction. In the subsequent second ratoon, the 
maximum reduction was 47% and 48% in the stalk yield and sucrose yield, respectively. 
 
Subsoiling (ripping) is the most common means of alleviating compaction. Compared to the 
total surface disturbance to a depth of 0.5 m, the effect of subsoiling is short-lived (Raper et 
al., 1994). However, the total soil disturbance does not conform to the principles of 
sustainability that require minimum soil disturbance (FAO, 2008). Although subsoiling 
alleviates compaction, Johnston and Wood (1971) and Boone (1986) showed that the 
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production potential of certain soils did not return that which was achieved prior to the imposed 
compaction. The use of permanent infield traffic zones provides an alternative approach for 
minimising soil compaction (Taylor, 1983). Van Antwerpen (2018) showed that such 
configurations resulted in high soil bulk densities in the interrow areas (traffic zones) but low 
soil bulk densities in the crop row (production zone) (Figure 1). 
 
 

 
 

Figure 1. Soil bulk densities measured in the interrow and crop row zones at depths of 
5, 15 and 30 cm after sugarcane stalks were extracted from fields, comparing 
conventional and controlled traffic systems (van Antwerpen, 2018). 

 
 
Slope 
 
The position in the landscape, the slope of the land and rainfall are natural features that cannot 
easily be changed or modified. As erosion is linked to each of these, Platford (1979) included 
it as one of the uncontrollable factors. However, Dymond (1945) had previously shown that 
the intensity of erosion increased with an increase in the steepness of the slope. In addition, 
the runoff that leads to soil erosion is closely associated with the slope length (Wischmeier, 
1971). Therefore, erosion can, in fact, be controlled by using soil management options and 
certain surface structures, including strip cropping (Wise, 1972), bench terracing (Gardiner 
and Cazalet, 1991), contour banks (Dymond, 1945), ridges (van Antwerpen et al., 1991) and 
basin listing (van Antwerpen, 1996). Another possibility is to ensure that the soil surface is 
covered. Dymond (1945) found that several cover crops (blue grass and the rotation of crops, 
like wheat and maize) were more efficient in minimising erosion, compared with a bare fallow. 
Townsend (1937) highlighted the benefits of surface mulching. 
 
 
Tillage 
 
As with most crops, sugarcane-producing soils are often worked during the preparation for 
planting (Schroeder et al., 2018). It is during this phase that fields are often subjected to bare 
fallowing, with the objective of eradicating, or at least minimising, soil-borne diseases, such 
as Ratoon Stunting Disease (RSD) and phytophthora. This period also enables the 
incorporation of lime and/or gypsum. Ridging is also practised to open the planting furrows. 
The time-span for completing such operations ranged from about three months to one year. 
In the pre-1960s, fallowing could last as long as two years (Archibald, 1960) and it contributed 
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to particular concerns about soil erosion (Townsend, 1937; Dymond, 1945). This led to the 
investigation into, and the development of, minimum tillage for sugarcane (Iggo and Moberley, 
1976). 
Soil erosion 
 
Soil erosion was identified in the early-1900s as a soil potential limiter (Cooper, 1996) in the 
South African agricultural production and in the mid-1900s as a continuing issue, in the 
sugarcane industry (Townsend, 1937; Dymond, 1945; Archibald, 1960). In particular, 
Townsend (1937) described shallow soils with an impermeable layer as essentially non-
absorbent and therefore susceptible to erosion. This was despite the recognition that most of 
the industry’s soils were almost permanently planted to cane, which was regarded by some 
as one of the best soil-holding crops in the world (Dymond, 1945). Townsend (1937) identified 
the denuding of the land, excessive ploughing, incorrect planting methodologies, the burning 
of crop residues and incorrect land drainage systems as the five principal causes of erosion. 
Subsequently, Archibald (1960) provided the following list of practices as options for mitigating 
erosion losses: 
 

1) dividing the fields into strips or bands to suit transport of the harvested crop out of the 
field, and retaining these strips when replanting; 

2) reducing the periods when fields are subjected to bare fallows, covering the soil as soon 
as possible after plough-out by using a cover crop, and refraining from fallowing fields 
on steep hills;  

3) keeping as much mulch in the fields as possible, by not burning; 
4) if ploughing is essential, incorporating as much residue as possible; and  
5) keeping infield vehicle tracks covered with mulch and/or dead weeds to prevent water 

from gaining momentum. 
 
 

Remedial practices to reduce the rate of soil degradation and erosion in the sugar 
industry 

 
The chemical amelioration of sodic soils 
 
It is essential that sodic soils are ameliorated prior to any other remedial practices aimed at 
conserving the soils (Hurney et al., 2008). This will ensure that adverse chemical conditions 
that contribute to the dispersion of clays and the degradation of the soil structure are remedied. 
Central to this strategy is the application of Ca to affected soils by using products such as lime, 
gypsum and filter cake (Meyer et al., 2013).    
 
Minimum tillage 
 
The conventional method of establishing plant cane was the plough-out of the final ratoon crop 
to a depth of about 30 cm, following harvest. Repeated discing, over an ensuing period of up 
to a few months, generally occurred before replanting. The main objective for the repeated 
cultivation was to eliminate volunteer plants being generated from the previous ratoon crop. 
Of particular concern was the possibility that these volunteer plants could have been a 
possible source of sugarcane diseases, such as Ratoon Stunting (RSD), infecting the new 
plant crop (Iggo and Moberly, 1976). The time required to complete this process ranged 
between seven and 14 weeks. During this period, the soil was tilled (loosened), unprotected 
(not covered) and very vulnerable to erosion. With this system, erosion was potentially prolific 
and a great source of concern (Townsend, 1937; Dymond, 1945; Archibald, 1960)  
 
The minimum tillage system that was developed requires the ratooning crop (following the 
final harvest) to grow till the 5-6 unfurled leaf stage, before being sprayed with glyphosate 
(4,32 kg active ingredient/ha). Following a successful kill of the crop, the interrow is loosened 
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with a minimum till rotary hoe, leaving the dead crop’s roots untouched. The loose soil is then 
furrowed and seed-cane is planted according to the on-farm requirements (Iggo and Moberley, 
1976).  
 
The advantages of the minimum tillage system are the substantially reduced risk of soil 
erosion, due to the elimination of land denudation, reduced cultivation costs, and the control 
of perennial weeds by the application of glyphosate. A disadvantage of the system is the 
possibility of a poor kill of the previous crop, due to unfavourable climatic conditions at the 
time when the glyphosate was applied, or the misapplication of the chemical (Iggo and 
Moberley, 1976). 
 
Controlled traffic 
 
Wheeled traffic within cane-fields was found to cause substantial increases in the soil bulk 
density, particularly when it occurred for the first-time (Maud, 1960). Smaller increases were 
also found to occur with every subsequent pass. Such mechanically-induced compaction was 
reported to cause marked losses in the sugarcane yields (Cleasby, 1964). In addition, stool 
damage, due to in-field traffic, resulted in further yield losses (Swinford and Boevey, 1984) 
because of the tendency for operators to drive ubiquitously across fields to remove harvested 
crops (Maud, 1960; Archibald, 1960). Such effects were previously of no consequence with 
the manual recovery and loading of cane stalks. However, the inherent inefficiency and 
onerous nature of such tasks resulted in the mechanical removal of large masses of harvested 
stalks from fields being considered as the only viable option. Therefore, vehicles routinely 
entering fields after the crop harvest created the need for permanent infield tracks (comment 
by Mr AC Barnes in Maud, 1960). Despite the advantage of tractors and trailers being kept off 
the stools and restricted to the traffic zone (comment by Mr Pearson in Archibald, 1960) which 
was not planted to cane (Maud, 1960), this system was not adopted at the time. It was not 
until the system was introduced as a ‘new farming system in sugarcane production in Australia 
(Bell et al., 2003; Garside et al., 2005) that it was promoted within the South African sugarcane 
industry (SASRI, 2002; van Antwerpen, 2007; van Antwerpen et al., 2014). 
 
The main principle of this system is to keep wheeled traffic off the cane row. To achieve this, 
the field is permanently divided into separate traffic and productive zones. In order to comply, 
the farmers have two options: The first is to change the wheel spacing of all the equipment 
entering fields, to suit the interrow spacings. The advantage of this approach is that farms may 
adapt relatively quickly to, and apply, a controlled traffic system. Another approach is to 
change the row-spacing of fields to suit the wheel-spacing of the equipment. With a 10% 
replant programme, it will take a farm at least 10 years to implement the system.  
 
The advantages of controlled traffic include avoiding stool damage, with tramline planting 
follow-up weeding is mainly limited to the traffic zone, improving the traction due to the firm 
surface of the compacted traffic zone, enabling traffic to enter the fields during wetter 
conditions compared to the conventional field layout, and restricting soil compaction to the 
traffic zones. Although the economic benefits will differ among farms, several outcomes will 
be generally applicable when this system is adopted on-farm. These include maintaining or 
improving the yields, reducing herbicide usage, decreasing the energy required in the 
preparation for replanting, using minimum tillage and minimising erosion. The disadvantages 
include the need for increased seed-cane if dual rows (tramline configuration) are planted, and 
the fact that water infiltration is reduced in the traffic zone due to compaction. To overcome 
this problem, rows should have a gradient of about 1:150 and the traffic zones should be 
covered with crop residue (Titmarsh et al., 2004; Tweddle, 2016; van Antwerpen et al., 2014).   
 
Bunding 
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The term ’bunding’ refers to containment. In agriculture it is often used to describe the 
engineering techniques requiring mechanical measures to control erosion. The structures to 
be considered in this section include contour banks, bench terracing, ridging and basin listing. 
Strip cropping will be discussed in the following section. The objective of bunding is to control 
the flow of surface water in such a way that erosion is minimised. To achieve this, the contact 
time of water with the soil is prolonged, to allow as much water as possible to enter the soil. 
The speed of flow of the remaining surface water should be kept as low as possible, to 
minimise soil erosion.   
 
The South African Conservation Agriculture Resources Act 43 of 1983 (CARA. 1983) 
stipulates that all fields with slopes steeper than 2% must be contoured, in order to minimise 
soil loss through erosion. Contour banks are substantial structures that are usually found on 
the up and down sides of a field, with the purpose of intercepting water running from a field, 
and to conduct it along the contour to a grassed waterway. Importantly, these structures need 
to be located at the correct vertical intervals, to minimise their impact on the production area 
and to be effective in their purpose. Platford (1987) recognised this need and developed a 
system that could be used in the sugarcane industry, which became known as the ‘nomograph’ 
(Platford, 1987). Recently, the concept of the nomograph was improved and converted into a 
computer-friendly Contour Spacing Design Tool (CoSDT) (Otim, 2020). This needs to be 
promoted and adopted within the industry. 
 
With bench terracing, wide steps are created on the shallow soils located on steep slopes. 
This is done by cutting into the existing hills to form water-carrying terraces on which crops 
may be established (Gardiner and Cazalet, 1991). Although sugarcane responded favourably 
to being grown on bench terraces, the yields were not significantly better than those achieved 
by using conventional approaches. Economic analyses indicated that a period of six years 
was required to cover the cost of establishing terraces. This concept was not generally 
adopted by South African sugarcane growers. 
 
Ridging is practiced on soils where the depth is limited by an impermeable layer or seasonal 
water table (van Antwerpen, 1991). Soil from the interrow zone is moved to the cane row to 
increase the depth on the row. Thus, every interrow becomes a water-carrying structure and 
it is therefore important that these ridges follow the contour. Should one ridge be broken by 
water, a knock-on effect will occur downslope, leading to gully erosion. In rain-fed regions, 
ridges are effective structures that can be used to improve rainwater use-efficiency, with 
commensurate improvements in the yield. In irrigated regions, wide ridges accommodate two 
narrowly-spaced cane rows (van Antwerpen et al., 2014). This configuration has been found 
to deter drivers from crossing the cane rows in-field. 
  
‘Basin listing’ is similar to the use of ‘planting pits’, which is called zaï in Burkina Faso and 
tassa in Niger. In rain-fed regions it is an effective method of capturing rainwater and reducing 
runoff and erosion. These basins (generally 1 m long and 15-20 cm deep) are generally 
arranged in a staggered position on hill-slopes. The soil excavated from the basins should be 
placed on the down-hill side of the pit (van Antwerpen, 1996). The creation of basins in the 
interrow zones has been mechanised by using a basin-plough. It was found that damage to 
the ratooning crop was substantial when basins were created in a ratooning field. As a result, 
yield improvements only occurred in the third crop after the basins were established, 
compared to the conventional flat surface practice. It is therefore best to create basins before 
planting. As in-field mechanical operations are slowed down by the presence of basins, the 
practice is better-suited to small-scale farming. 
 
 
Strip cropping 
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Strip cropping refers to young and older ratoons on alternative panels on steep hills (Wise, 
1972). Archibald (1960), a grower from the South Coast, commented on this practice as 
follows: “Strip replanting, which I regard as the most easily achieved, and yet most effective 
measure against soil erosion in our cane fields” and “I believe, too, that 75 per cent of our 
former rate of erosion has been stopped by the strip replanting method”. Wise (1972) a grower 
on the North Coast made the following comment: “When the area was purchased in 1957, 
there were 13 dongas on the farm, the largest being 1,7 hectares in extent. By practising strip 
planting and harvesting, I believe that the loss of soil from hillsides has virtually been 
eliminated.” 
 
The technique for creating and maintaining strip cropping was described by Archibald (1960) 
as follows: On steep slopes, graded roads (about 30 m apart) give natural divisions for the 
strips. When fields are planted/harvested, only cane between the upper and lower roads is 
cut, leaving the cane fields on either side to act as water-absorbing buffers and as a filter for 
any soil that might be washed from the planted/harvested strips in exceptionally heavy rain. In 
addition, after harvest, the maximum amount of residue should be retained to cover the 
surface and to prevent the appearance of crusts. 
 
Within the industry’s SUSFARMS programme, which encourages the use of better 
management practices (Hurly, 2013; Maher, 2007), strip cropping (planting and replanting) is 
advised for all fields exceeding a 2% slope, and it is compulsory where the slope exceeds 
12%. It is also advised that not more than three consecutive panels (three times the 
recommended vertical interval for contour structures) should be replanted/harvested at the 
same time. Sugarcane with a six-month difference in age should border either side of the strip 
panel. 
 
Mulching and cover crops 
 
Keeping the surface of agricultural soils covered is an essential conservation practice (FAO, 
2008). The material that is used can be dead or growing. Dymond (1945) regarded sugarcane 
as one of the best soil-holding crops in the world. However, despite this characteristic, 
sugarcane fields will erode if they are bare and on steep slopes. Archibald (1960) suggested 
that fields prone to erosion should not be burnt prior to harvest and that as much residue as 
possible needs to be retained on the land. Townsend (1937) commented on the effect that 
increased SOM have on soil properties when he said “I personally have no doubt whatever 
that if we go properly about the increasing of the organic matter in our soils, we will find two 
results-first, an enormous reduction in sheet erosion. which is the one that causes the trouble; 
and secondly, much more moisture available for the crop, and I do feel that this question of 
increasing the absorptive capacity of the soils is one that we have got to treat very seriously”. 
 
In South Africa, about 90% of all sugarcane fields are burnt in preparation for harvesting. 
Nonetheless, they yield at least 7 t/ha of unburnt leaf material which, if spread, will cover about 
70% of the surface. Other than the prevention of crusting, mulches have been shown to benefit 
sugarcane production in several ways. When a farmer switches from burning at harvest to no 
burning, the first observation is that the weed pressure is suppressed and less is spent on 
herbicides (Thompson, 1966). In dryland areas, evaporation is reduced by about 90 
mm/annum (Thompson, 1966) and the stalk yield is increased by 9 t/ha (Thompson, 1976). In 
irrigated areas, the average reduction in water required for irrigation (and therefore also 
electricity use) is 15% (Olivier and Singles, 2015). Soil carbon is enhanced (Thompson, 1965; 
Mthimkhulu et al., 2018), microbial activity is increased (Graham et al., 2002), soil aggregates 
are more stable (Mthimkhulu et al., 2016), it is a source of nutrients (van Antwerpen et al., 
2001), the water-holding capacity is improved (van Antwerpen, 2001) and the soil is warmer 
by 4ºC in winter and cooler in summer (Thompson, 1966). 
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In the mid-1990s, a grower near Dalton in the KwaZulu-Natal Midlands commenced a 
programme of applying 30 t/ha each of filtercake and fly ash to blocks of cane after harvest. 
A year later, he noticed a marked increase in earthworm casts (an indication that the soil is 
porous) and the water in his dam was less muddy (an indication of reduced erosion). Dymond 
(1945) commented that surplus sugarcane bagasse has a potential agricultural value as a 
surface mulch by itself or mixed with filtercake. 
 
Sugarcane fields are most vulnerable to erosion in the period between the destruction of the 
last ratoon of a crop cycle and the re-establishment of the field for a new sugarcane crop. The 
use of cover crops (green manuring) is an effective option for reducing the erosion risk. 
Popular crops are oats in winter and sunn hemp, or several bean species (velvet beans, 
dolichos beans and cowpeas) in summer. Cover crops have been reported to increase the 
stalk yields in up to three succeeding crops (Rhodes et al., 2010). In Eswatini, which is under 
irrigation, the response to fallowing and green manuring was about 50% in the first crop after-
plant and 25% in the second and third crops, with no response thereafter (Nixon, 1992). 
 

Discussion 
 
Several soil conservation practices have been implemented in the South African sugarcane 
industry over the past 80 years. An important objective was to minimise soil erosion and to 
increase soil organic matter. This paper has shown that soil erosion is an ongoing problem in 
South Africa and in KwaZulu-Natal. As a result, the sugarcane industry needs to focus 
continually on minimising the loss of valuable topsoil from sugarcane fields. All stakeholders 
should be aware of the importance of soil conservation, as the loss of soil is irreversible. If 
correctly implemented, all the practices discussed in this paper have the potential to contribute 
to the effective control of soil erosion. However, not all of these practices can be implemented 
on all farms, due to the differences in infrastructure, soil, climate and topography. It is 
encouraging to note that most individual farms have capacity for implementation of at least 
two of these practices. Since crusting and compaction (together with shallow soils, due to an 
impermeable layer) are the main causes for runoff, which leads to erosion, growers should 
give the management of these factors, high priority. Table 2 indicate the combinations of 
systems that should be considered, where applicable.  
 
Table 2. Primary and secondary conservation practices to be considered for several 

scenarios 

Scenario Time Primary Secondary 

Slope > 2% All seasons Contour banks 
Strip cropping, mulching, ridging, 
controlled traffic, basin listing 

Slope > 12% All seasons Contour banks Strip cropping, mulching 

Crusting 
Replant Minimum tillage 

Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 

Between 
ratoons 

Controlled traffic Mulching 

Compaction Replant Rip 
Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 
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Between 
ratoons 

Rip within a week of 
harvesting. Ensure 
subsoiler is equipped to 
manage surface residue. 

Mulching using cane leaves, 
filtercake, fly ash, bagasse or any 
manures available 

Shallow soils 
Replant Ridge 

Cover crops: 
  Summer i.e. sunn hemp 
  Winter i.e. oats 
Plan for Controlled traffic 

Between 
ratoons 

Maintain ridges Controlled traffic 

High water 
table 

Replant 

Maintain subsurface 
drainage system: 
open drains, mole drains, 
pipe drains 

Maintain ridges on the row. 
Cover crop: 
Summer i.e. sunn hemp 
Winter i.e. oats 

Between 
ratoons 

Surface water control 
Do not cover with a mulch. 
Maintain ridges 

 
 

Conclusion 
 

Sediment-laden water flowing into the Indian Ocean off the KwaZulu-Natal Coast after good 
rains indicates that more needs to be done to curb soil erosion within the South African sugar 
industry. Once the soil is carried from the land, it can never return. In 1937, Townsend made 
the following comment: “We are told that agriculture is the backbone of any country. Perfectly 
true, and hence the urgent necessity for every effort being made to conserve and safeguard 
this wonderful heritage - the land.” It is now 84 years later, and we are still dealing with the 
same problem – soil erosion. This is despite the fact that the proven practices discussed in 
this paper to reduce or even to illuminate soil erosion are known, some since 1937. Given the 
extent of the problem, and along with several other soil health issues, there will be value in a 
more aggressive outreach and education campaign.  
 

Recommendations 
 
The on-farm consequences of erosion are often not visible until they become severe and 
expensive to repair. Therefore, an awareness of soil erosion must be raised within the 
sugarcane industry and it should be accompanied by guiding best practices to mitigate and 
remedy the effects of erosion. Such a campaign requires regular knowledge exchange and 
intervention so that the message can become ingrained in the habits of farmers. The 
knowledge exchange events could include publications, workshops, training events, seminars 
and meetings to showcase the best practices, while on-farm interventions and demonstration 
trials in all extension regions are required to guide and help farmers adapt and adopt best 
practices. Soil erosion is, however, not restricted to the sugarcane industry, but it affects all of 
KwaZulu-Natal. All industries in the province must therefore work together to reduce the 
negative impact of soil erosion on the province.  
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ABSTRACT 

The BT1 long-term sugarcane trial, which was established at Mt Edgecombe in 1939, 
investigates the effects of residue retention and fertilizer application on crop yield and soil 
quality. Although these properties are routinely monitored, limited research has focused on the 
soil ecosystem and its functioning. The nematode community structure of BT1, which is 
frequently used to infer soil ecosystem health, was characterised shortly after the September 
2019 harvest. The biggest difference was observed between the fertilized and non-fertilized 
treatments, with the nematode community composition of the unfertilized treatments being 
indicative of a more mature and stable ecosystem. In contrast, the nematode community in the 
fertilized treatments indicated a less mature and stressed ecosystem, particularly where 
maximum residue was retained. Fertilization significantly increased the yield, but it also 
significantly reduced the soil pH, which most likely altered the soil nematode community and 
potentially masked the effects of other soil factors on the soil nematode community.  

Keywords: ecosystem functions and services; nematode community; soil health 

 

INTRODUCTION 

Soil health, described as “the continued capacity of the soil to function as a vital living 
ecosystem that sustains plants, animals and humans” (USDA-NRCS, 2012 
https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/), is characterised by the soil’s 
physical, chemical and biological properties. Biological properties are typically the most difficult 
to measure accurately. Previous biological studies at BT1 investigated the soil microbial 
community. Graham (2003) observed a positive effect of fertilizer and residue retention on 
microbial biomass. Mulching increased microbial activity and the activity of specific soil 
enzymes involved in nutrient turnover. Furthermore, microbial metabolic efficiency increased 
with increased residue levels. Wallis (2011) found that soil organic carbon (SOC) and 
magnesium had a significant association with bacterial structural diversity, while pH and total 
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cations had a significant effect on fungal structural diversity. In addition, SOC, pH and total 
cations influenced the catabolic diversity of both the bacterial and fungal communities (Wallis, 
2011). Mthimkhulu (2017) showed a positive effect of residue on total microbial abundance in 
the unfertilized plots. Bacterial abundance increased with residue retention, while the fungal 
abundance decreased. In addition, Mthimkhulu (2017) noted that bacterial and fungal 
evenness and richness increased in the unfertilized plots, with the increasing residue, but 
decreased in the fertilized plots.  

These studies provided an insight into the effect of the different management practices on soil 
biology, structure and function. However, the referenced studies examined the total microbial 
community and did not differentiate between beneficial and non-beneficial microorganisms or 
identify key groups that could be contributing to this trend. Furthermore, little information was 
presented on the soil ecosystem health. The use of nematodes, as bioindicators of soil 
ecosystem health, can potentially bridge that gap. Nematodes occupy key trophic positions in 
the soil food web, present a broad range of sensitivity to disturbance and are cheaply and 
easily quantified (with the correct expertise) into different trophic groups (Ferris et al., 2001, 
Neher, 2001). Furthermore, nematode-specific indices are available for the in-depth 
measurement of soil ecosystem structure and functioning. 

The aims of this study were: 1) to assess the soil ecosystem structure and function at BT1 
(under different management practices), using nematodes as bio-indicators; and 2) to 
determine the association between the soil ecosystem and selected soil properties. 

 

MATERIALS AND METHODS 

The BT1 trial details and nutritional soil sampling methods (conducted soon after harvest) are 
described in Mthimkhulu and Miles (2017). Five samples each were taken from two guard rows 
for nematode extraction two weeks after fertilization. Further details of the extraction 
methodology can be found in Pillay and Ramouthar (2017). Nematodes were extracted, 
counted and identified to genus/family level (Marais et al., 2017) and the nematode-specific 
(biotic) indices were calculated, using the online NINJA tool (Sieriebriennikov et al., 2014). To 
compare the treatment effects, the linear mixed model (REML) analysis was used, and where 
the data were not normal, even after transformation, the non-parametric Man Whitney-U test 
was used (Genstat 19th edition). A redundancy analysis was performed, using the multivariate 
analysis tool Canoco 5 to study the relationship between the nematode-specific indices, 
treatments and soil properties.  

RESULTS AND DISCUSSION 

Higher total nematode numbers, driven by the herbivores, were observed in the fertilized 
treatments, when compared with the unfertilized treatments. This difference in herbivores, 
however, was only significant when residue was retained. Higher yields, and presumably 
higher root biomass, in the fertilized treatments served as a food source for herbivores. No 
significant trend was observed for the other trophic groups (Table 1). Higher maturity (MI), 
enrichment (EI, burnt treatments only) and structure (SI) indices were found in the unfertilized 
treatments, when compared with the fertilized treatments. Although a consistent trend was 
observed for all three indices, the only significant difference was observed for the maturity 
index when no residue was retained (Table 1). The association of omnivores and predators 
(Fig. 1), as well as the EI, MI and SI (Table 1 and Fig. 1) with unfertilized treatments, is 
indicative of a mature and stable ecosystem (Ferris et al., 2001). The absence of fungivores 
and omnivores and the low percentage of predators, as well as the low structure and 
enrichment index in the fully-mulched, fertilized treatment, indicated that the soil was stressed 
and that the soil food web had degraded (Ferris et al., 2001). 
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Fertilization with N, P and K significantly increased the K levels at all levels of residue retention, 
but it affected the P levels only where residue was added. No significant effect on N was 
observed. Soil pH was significantly lower in the fertilized treatments, when compared with the 
unfertilized treatments across all residue levels (Table 1).    

Table 1. The effect of fertilizer on total nematode numbers, nematode trophic groups, 
biotic indices and soil properties  

BIOTIC FACTORS 

Treatment 
Nematodes 

(n) 
Herbivores 

(%) 
Bacterivores 

(%) 
*Fungivores 

(%) 
Omnivores 

(%) 
Predators 

(%) 
Maturity 

index 
*Enrichment 

index 
*Structure 

Index 

 Burnt with tops removed 
Unfertilized 765ab 95ab 1.0a 0.1b 3.3ab 0.7a 4.2b 25a 98a 

Fertilized 924abc 97b 2.8ab 0ab 0a 0.1a 2.5a 0a 59a 

 Burnt with tops retained 
Unfertilized 708ab 90ab 1.8ab 0.3b 6.2ab 1.4a 4.1ab 50a 97a 

Fertilized 1574c 98b 1.2a 0.25b 0.4a 0.1a 2.8ab 16a 65a 

 Fully mulched 
Unfertilized 547a 85a 6.7b 0a 7.5b 1.3a 3.7ab 0a 98a 

Fertilized 1339bc 99b 1.1a 0ab 0a 0.3a 2.7a 0a 35a 

          
p value 0.02 0.002 0.002 <0.001 <0.001 0.05 0.003 >0.05 >0.05 

ABIOTIC FACTORS 

Treatment   

 
N 

 (%) 
P  

(mg/l) 
K 

 (mg/l) 
Ca 

(mg/l) 
Mg  

(mg/l) Na (mg/l) 
S 

 (mg/l) 
C 

 (%) 
pH 

(CaCl2) 

 Burnt with tops removed 
Unfertilized 0.19ab 2.65a 43a 3618c 680b 58c 9a 3.7ab 5.1c 
Fertilized 0.19ab 14.93ab 104b 2610abc 453ab 45abc 33b 3.7ab 4.4b 

 Burnt with tops retained 
Unfertilized 0.18a 2.59a 46a 3540bc 628b 59c 8a 3.6a 5.2c 
Fertilized 0.21ab 32.91b 151b 2261ab 334a 34ab 28b 4.0b 4.3ab 

 Fully mulched 
Unfertilized 0.21ab 3.29a 44a 3467c 596b 45bc 10a 3.7ab 5.0c 
Fertilized 0.22b 32.25b 140b 1656a 340a 32a 36b 3.9ab 3.9a 

          
p value 0.007 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.015 <0.001 

Nematodes are the total number of nematodes found in 200g of soil. Nematode-specific (biotic) indices were calculated using the online NINJA tool 
(Sieriebriennikov et al., 2014). Soil properties were analysed by the Fertilizer Advisory Service (FAS). Data were subjected to a linear mixed models (REML) 
(Genstat 19th edition). Treatments with the same letter are not significantly different at the 5% significance level using the Sidak post-hoc test. Where data 
were not normal, data were transformed using the log(x+1) transformation. Back transformed means are presented. *Data were not normal and could not be 
normalised through transformation. Data were analysed using the non-parametric Man Whitney-U test and medians, instead of the means presented (Genstat 
19th edition). 

A redundancy analysis was used to further investigate the relationship between the nematode 
trophic groups, the calculated biotic indices and the measured soil properties. The biggest 
significant contribution to the variation in the nematode parameters was the application of 
fertilizer, compared with no fertilizer, which accounts for 47.2 % of the variation observed in 
the RDA biplots (Fig. 1). Consistent with the REML (Table 1), this was associated with higher 
total nematode numbers and herbivore occurrence (%). Bacterivore, omnivore and predator 
occurrence, as well as the nematode indices, were associated with no fertilizer application and 
a higher soil pH (Fig. 1).  

Consistent with the previous biological studies at BT1, the lower soil pH, which is a 
consequence of long-term fertilisation without liming, was identified as a key driver of soil 
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biological properties. The influence of soil pH on the soil nematode community has previously 
been described by Chen et al. (2015). These authors reported a substantial decrease in free-
living nematode trophic groups in a semi-arid grassland, due to soil acidification, and as a 
result, a reduced food source. They concluded that the positive effects of N fertilization on 
aboveground biomass, and consequently on below-ground communities, were outweighed by 
the negative effects of the N fertilizer on soil pH. Zhao et al. (2015) showed that the addition of 
lime to Eucalyptus plantations increased soil pH and consequently significantly reduced 
herbivore densities, while the temporal trends indicated an increase in the bacterial index and 
a reduced presence of fungivores. 

 

       

 

Figure 1. Redundancy-analysis ordination biplot illustrating the relationship between 
nematode trophic groups, nematode-specific indices and soil properties under 
different management practices in a long-term sugarcane trial. The RDA 1 and 
RDA 2 axes accounted for 31.55% and 5.5% of the explained variations, 
respectively. The green triangles represent treatment centroids, the red arrows 
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are vectors describing the soil properties and the blue arrows are vectors 
describing the nematode community properties.  

 
 

CONCLUSIONS AND FUTURE WORK 

This study represents the first assessment of soil health in the BT1 trial, using nematodes as 
bio-indicators. The results showed the potential of the selected indicators to identify properties 
that could be influencing the biological soil health. Consistent with previous studies, the 
dominant effect that was identified was the application of fertilizer, which negatively influenced 
the soil pH and the associated soil properties. However, it is important to consider that these 
findings were based on a single sampling event, thus representing a snapshot of the biological 
community at a certain point in time. Tracking the changes in the soil nematode community 
over time, with and without the addition of lime, could provide a greater insight into the factors, 
other than pH, that could also be influencing the soil ecosystem.      
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Abstract 

The soil pH determines the availability of nutrients and the type of fertilizer to be applied for 

productive sugarcane farming. There are three prominent electrolytes for determining the soil pH, 

namely, 0.01M CaCl2, 1M KCl and water. The Zimbabwe sugar industry uses the 0.01M CaCl2, 

while some archived data and analytical reports from sister-laboratories in the proficiency testing 

scheme use different electrolytes. There is need to establish models that connect the different 

pH-determining methods, for easy comparison and convertibility. A total of 298 soil samples from 

estates and private sugarcane growers were collected at a depth of 0-30 cm for this investigation. 

The soil pH was determined by using the three electrolyte solutions in different dilution ratios. The 

influence of soil Electrical Conductivity (EC), alkalinity and texture on the soil pH was also 

determined. The prominent soil textural classes used in the study were sand-clay, sand-clay-

loam, clay, clay-loam, sand-loam and a few sand soils. In all three electrolytes, the soil pH was 

found to increase with an increase in the electrolyte dilution, but the effect was greatest in water, 

followed by 0.01M CaCl2, and lastly, 1M KCl. The general observed trend in pH readings was pH 

(water) > pH (0.01 M CaCl2) > pH (1 M KCl). At a high EC, there were small differences in the pH 

readings of the three electrolytes solutions. Conversions from the water pH to salt electrolytes 

followed nonlinear models, which included the soil EC, polynomial, logarithmic and linear, in 

respective order. Conversions involving only salt electrolytes (0.01M CaCl2 and 1M KCl) were 

described by a linear model with an R2 of 0.958. The determination of pH in salt electrolytes was 

found to be the most robust and any conversions from water must be done by using nonlinear 

models, which incorporate the soil’s EC. 

Key words: pH, Electrical conductivity, electrolyte, 0.01 M CaCl2, 1M KCl  

 

Introduction 

In sugarcane farming, the soil pH is a critical parameter that is monitored to help optimise land 

productivity. Nutrient uptake, aluminum and heavy metal toxicity, microbial activity and the 

decomposition of organic matter, and many other soil reactions, depend on it (Neina, 2019; Penn 

and Camberato, 2019; Tavakkoli et al., 2015; da Silva Cerozi and Fitzsimmons, 2016). Soil pH 

measurements are commonly taken with a combination electrode, or a glass H+ sensing electrode 

coupled to a reference electrode (Kumar and Thakur, 2015; Khan et al., 2017). Other methods, 

like the use of field sensors and laser-induced breakdown spectroscopy, are also promising 

(Ferreira et al., 2015; Scheberl et al., 2019). Three electrolytes are commonly used to determine 

the soil pH, namely, the calcium chloride (0.01M CaCl2), the water and potassium chloride (1M 
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KCl) (Minasny et al., 2011; van Lierop, 1990; Little, 1992). The most common soil electrolyte ratios 

are 1:1 (saturated paste extract), 1:2.5 and 1:5 (Batjes et al., 2020; Miller and Kissel, 2010). The 

international standards for soil pH measurements, ISO 10390: 2021 (determination of pH for soil, 

treated biowaste and sludge) are trying to harmonise the soil electrolyte ratios to 1:5, but do not 

restrain the choice of electrolytes. The choice of these electrolytes is influenced mostly by 

agronomic management practices, climate, local scientific habits, soil properties and the 

customer’s preference (Kabała et al., 2016; Miller and Kissel, 2010).  

The rationale for using salt electrolytes (calcium chloride and potassium chloride) is their ability 

to give consistent readings in diverse soil electrolyte concentrations (Kome et al., 2011).  The 

typical pH (calcium chloride scale) for growing sugarcane in the Zimbabwe sugar industry ranges 

from 5.5 to 6.5 (Clowes and Breakwell, 1998). High acidic soils require corrective practices, such 

as liming, while high pH soils can be ameliorated by the application of sulphur or other acidifying 

products, like organic mulches (de Moraes et al., 2019; Liu et al., 2018). The soil pH also 

determines the type of fertilizer to be applied to the field (Kome et al., 2011). Fields with high pH 

values may result in the volatilization of nitrogen from ammoniacal fertilizers (Dattamudi et al., 

2016; Ramanantenasoa et al., 2019).  

In most cases, the soil pH readings are different for each of the three electrolytes, which makes 

the comparison and conversion of the results difficult. Several studies outside the Zimbabwe 

sugar industry have attempted to establish a correlation between the pH readings of different 

electrolytes, notwithstanding the complications of diverse soil physicochemical properties. 

Studies conducted by Kabala et al. (2016), to investigate the Poland soil pH readings in KCl and 

water, revealed that readings with a ratio 1:2.5 were slightly lower, compared to those in 1:5 for 

the same electrolytes; however, the differences were not significant. The same author proposed 

a logarithmic model for interconverting the pH readings in KCl and water. The investigation 

excluded CaCl2, which is used in the Zimbabwe sugar industry, and did not directly investigate 

the influence of EC on the pH measurements. In a separate study of the pH in Romanian soils by 

Gavriloaiei (2012), second order polynomial models best described the relationship between salt 

electrolytes and water. However, the study did not investigate the different soil to electrolyte ratios, 

or the influence of soil physicochemical properties, such as the EC and texture. Although there 

have been some common findings by researchers on the subject of soil pH measurements, some 

disagreements might be attributed to the local biogeochemical processes. The presence of many 

disagreeing models has discouraged the adoption in other regions, which has prompted the need 

to undertake local investigations (Sadovski, 2019; Minasny et al., 2011; Kome et al., 2011).  

The ability to convert pH data from one method to the other, allows the analyses from different 

laboratories to be adjusted, so that any recommendation based on an alternate method can be 

meaningfully applied. With ISO 10390: 2021 trying to harmonise the pH electrolyte ratios for 

international best practice, it is prudent to align the archived research to the new requirements, 

for future effective referencing. Since a plethora of models in literature do not agree, experimental 

models are necessary for the conversion of pH in different electrolytes. The objective of this study 

was thus to establish a local relationship between the pH measurements assessed in three 

different electrolytes in the soils of the Zimbabwe sugar industry. In addition, consideration is 

given to the soil: solution ratio, as well as to the salt and clay content, as potential parameters 

that affect the pH readings. 
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Materials and Methods 

Sampling and sample preparation 

This research for the Zimbabwe sugar industry was conducted on the sugarcane-growing soils of 

Triangle (21.02433o S, 3144536o E), the Hippo Valley (21.15736o S, 31.54139o E), Mkwasine 

(20.80851o S, 31.88138o E), ZSAES (21.03594o S, 31.61731o E) and Mwenezana (21.42289o S, 

30.72369o E) in the south-eastern Lowveld of Zimbabwe. The industry is in Ecological Region (iv) 

of Zimbabwe, which is characterized by very hot summers and very low rainfall (less than 450 

mm per annum), so that sugarcane is grown under irrigation. A total of 298 soil samples 

representing the Zimbabwe sugar industry were collected randomly in Mkwasine (25), Triangle 

Estate (89), Triangle private growers (16), Mwenezana (35), the Hippo Valley Estate (81), Hippo 

Valley private growers (23) and ZSAES (29) from April to December 2020. The sampling 

procedure followed the ZSAES chemistry laboratory Standard Operation Procedure for nutrition 

determination. A single sample consisted of soil from 30 cores dug with a Dutch auger at a depth 

of 0-30 cm. The cores were dug diagonally to cover the entire field. The soils from the 30 cores 

were combined, mixed and then sub-sampled to make a representative sample (each sample 

was made by combining soil from 30 cores). Samples were carried to the laboratory in fresh 

polythene bags for analysis. The soils had diverse characteristics, with textural classes sand-

loom, sandy-clay-loom, clay, clay-loom and sand-clay being present. The soil organic content and 

EC ranged between (0.21- 3.55%) and (9-7284), respectively. The soil pH in the CaCl2 (1:5) scale 

ranged from 4.69 to 8.74. The soil characteristics represented the soils found in the Zimbabwe 

sugar industry (Table 1). 

Table 1. Descriptive statistics for the 298 soil samples collected from the Zimbabwe sugar 

industry 

Variables Range Mean  Median  

Clay (%) 5-60 24 22 

Silt (%) 2-64 14 17 

Sand (%) 15-87 59 67 

EC (µS cm-1) 9-7284 361 85 

Organic matter 0.21-3.55 1.58 1.62 

pH (CaCl2) 1:1 4.63-8.68 6.55 6.76 

pH (CaCl2) 1:2.5 4.64-8.72 6.63 6.84 

pH (CaCl2) 1:5 4.69 – 8.74 6.75 6.93 

pH (KCl) 1:1 3.93-8.55 6.22 6.33 

pH (KCl) 1:2.5 4.03-8.58 6.29 6.39 

pH (KCl) 1:5 4.08-8.63 6.38 6.47 
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pH (water) 1:1 5.43-9.42 7.15 7.48 

pH (water) 1:2.5 5.69-9.51 7.38 7.64 

pH (water) 1:5 5.83-9.63 7.71 7.85 

 

Analysis of samples 

The soils were allowed to air-dry, were lightly milled and the larger soil particles were eliminated 

by sieving the soil through a 2 mm sieve (Huluka and Miller, 2014; Sikora and Moore, 2014). Soil 

samples (10 g) were suspended in electrolyte solutions 0.01M CaCl2 (CaCl2), 1M KCl (KCl) and 

water in ratios of 1:1, 1:2.5, 1:5 and 1:10. The suspensions were shaken for 1 h at 120 rpm on an 

orbital shaker (Tecnal TE-145) and the pH readings were recorded on a pH electrode attached to 

a Mettler Toledo Seven excellence multi-meter. Prior to the pH reading, the pH meter was 

calibrated with buffers of pH 4, 7 and 10 supplied by Mettler Tolledo. The electrical conductivity 

of the soil was determined by mixing 10 g of the soil sample with 50 ml of deionized water and 

shaking it for one hour on an orbital shaker, before taking the EC readings with an EC electrode 

that was attached to a Mettler Tolledo Seven Excellence multi-meter (Kargas et al., 2020). The 

soil texture was determined by using the Bouyoucos hydrometer method (Beretta et al., 2014), 

and the soil organic matter was determined by using the Walkley-Black method (Gelman et al., 

2012)  

Investigation of the effect of EC and texture on pH measurements 

The effect of texture was investigated by making scatter plots of the pH measurements in water 

and salt electrolytes for each of the soil textural classes, and the relationship was evaluated by 

comparing the R2 values. The influence of EC was evaluated by computing the difference between 

the pH in water and salt electrolytes (1:5 soil-electrolyte ratios) to get the change in pH. The 

change in pH was plotted against the soil EC to get the relationship through model fitting.  

Evaluation of the effect of soil acidity or alkalinity on the pH relationships 

The influence of alkalinity or acidity on the pH readings was assessed by regressing pH < 6.5 

and pH > 6.5 (CaCl2 scale) for different electrolytes separately, and noting the change in R2 and 

student t-test p-values. The change in pH (pH water – pH salt) was plotted against the pH and 

the relationship noted. 

Comparison of predicted pH with measured pH on developed models 

Thirty-one soil samples had their pH measured in all the electrolytes (CaCl2, KCl and water) 

Different models (polynomial, logarithmic, linear and EC incorporated) were tested to predict the 

pH. The predicted pH was correlated with the actual pH and the R2 and student T-test values 

were compared. 

Data analysis 

Descriptive statistics (mean, median, minimum and maximum values) were used to describe the 

data. The regression relationship between the pH values in different electrolyte solutions was 

determined by a regression analysis. Models (linear, logarithmic, power, exponential and 
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polynomial) were fitted and those with an R2 value close to 1 were considered. Where applicable, 

measurements were done in triplicate and the results were reported as mean values ± Standard 

Deviation (SD). The statistically-significant levels were determined by using a paired student t-

test when comparing the two groups. All computations were done by using Microsoft Excel and 

GraphPad prism software. Unless stated, p values ≤ 0.05 were considered to be significant. 

Results and Discussion 

Frequency distribution of soil pH in the sugar industry 

Selected soil samples represented the land used for sugarcane growing in the Zimbabwe sugar 

industry and the study indicated that the majority of soils (86%) have a pH (CaCl2 scale) that 

ranges from 5.5 to 7.5, which can sustain sugarcane production (Clowes and Breakwell, 1998). 

Data from the analysed samples indicate that only 1% of the soils had an acidic pH (below 5), 

while 12% are alkaline (a pH above 7.5). Some slightly alkaline and acidic soils are still suitable 

for growing sugarcane, although they need monitoring to ensure that the pH remains within the 

acceptable limits. The study indicated that there are few acidic soils in the Zimbabwe Sugar 

Industry, but that there might be some challenges with those that have a high alkalinity. The pH 

frequency distribution in the sugar industry is shown in Table 2. 

Table 2. Soil pH frequency distribution for 298 samples from Zimbabwe sugar industry 

pH range  
(0.01M CaCl2) 

pH< 5 5 ≤ pH < 7.5 pH ≥ 7.5 

Frequency 3 257 38 

Percentage  1 86 13 

 

The effect of soil to electrolyte dilution ratio on the pH measurements 

The trend in the pH readings was pH (water) > pH (CaCl2) > pH (KCl). The measurement of pH in 

salt electrolytes was most stable and robust among the three electrolytes, based on the low 

standard errors in the replicate readings. The present results concur with the research findings of 

other studies (Gavriloaiei, 2012; Minasny et al., 2011; Miller and Kissel, 2010). In all the three 

electrolyte solutions, the pH reading values were found to increase with an increase in the 

electrolyte dilution volume. The effect was, however, more pronounced in water, with an average 

increase of 0.61 units after a change in soil:electrolyte ratio from 1:1 to 1:10. On 0.01 M CaCl2, 

the same change in soil:electrolyte ratio resulted in an average increase of pH by 0.18 units, while 

1M KCl had an average increase of only 0.14 units (Figure. 1). 
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Figure 1. pH readings of different electrolytes at different soil:electrolyte ratios. The results 

were plotted as mean values ± standard deviation of triplicate readings. 

There were strong positive linear correlations between the pH readings of the same electrolytes 

at different soil:electrolyte ratios, with all P values of the regression model less than 0.001. 

Although there was a noticeable increase in the pH readings with an increase in the soil:electrolyte 

ratio, the difference was statistically insignificant (all student T-test p values greater than 0.05) 

when using the same electrolyte (dilutions 1:1, 1:2.5 and 1:5). This finding concurs with that of 

Kabala et al. (2016) for the pH in KCl and water scales. Thus, archived data with pH measured in 

1:1 and 1:2.5 ratios can compare well with that of a 1:5 ratio, as is the requirement for ISO 10390: 

2021, provided a similar electrolyte is used. Where precise conversion is necessary, linear models 

have been provided (Table 3). 

Table 3. Linear regression models connecting pH measurements of the same electrolyte 

at a different soil:electrolyte ratio   

Electrolyte  Soil: 
electrolyte 
ratio 

Linear Regression equation 

R2 value 

P < 
0.001 

T-test 
P 
values 

Water 

1:1 vs 1.2.5 𝑝𝐻𝐻20 (1:2.5) = 0.971 ∗ 𝑝𝐻𝐻20 (1:1) + 0.387 (1) 0.995 0.519 

1:1 vs 1:5 𝑝𝐻𝐻20 (1:5) = 0.976 ∗ 𝑝𝐻𝐻20 (1:1) + 0.454 (2) 0.991 0.417 

1:2.5 vs 1:5 𝑝𝐻𝐻20 (1:5) = 1.003 ∗ 𝑝𝐻𝐻20 (1:2.5) + 0.081 (3) 0.992 0.564 

CaCl2 

1:1 vs 1.2.5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:2.5) = 1.006 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:1) + 0.067 (4) 0.997 0.717 

1:1 vs 1:5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:5) = 0.997 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:1) + 0.199 (5) 0.996 0.704 

1:2.5 vs 1:5 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:5) = 0.998 ∗ 𝑝𝐻𝐶𝑎𝐶𝑙2 (1:2.5) + 0.096 (6) 0.996 0.907 

KCl 1:1 vs 1.2.5 𝑝𝐻𝐾𝐶𝑙 (1:2.5) = −0.006 + 1.020 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:1)  (7) 0.997 0.963 
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1:1 vs 1:5 𝑝𝐻𝐾𝐶𝑙 (1:5) = 1.047 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:1) − 0.045 (8) 0.996 0.601 

1:2.5 vs 1:5 𝑝𝐻𝐾𝐶𝑙 (1:5) = 0.962 ∗ 𝑝𝐻𝐾𝐶𝑙 (1:2.5) + 0.395  (9) 0.997 0.861 

 

Relationship between pH measurements in different electrolyte solutions 

The general observed trend in pH readings was pH water > pH CaCl2 > pH KCl. The highest 

average difference between the pH values was between water and KCl (1.26±0.39), followed by 

water and CaCl2 (0.90±0.33), and lastly, CaCl2 and KCl (0.36±0.16). The difference between the 

pH measurements in salt electrolytes and water was found to be greatly significant (p < 0.001, 

analysed by using a student t-test). The relationship between the pH measurements in salt 

electrolytes and water was not linear, while that of salt KCl and CaCl2 was found to be linear (Fig. 

2). 

  

Figure 2. Relationship between pH measurements in (a) CaCl2 and KCl, (b) Water and KCl 

and KCl and water. The soil:electrolyte ratio was maintained at 1:5 

The adoption of salt electrolytes pH values for use in water pH methods, or vice versa, without 

recalculations is not recommended, due to the observed differences.  The differences between 

the water pH and that of salt electrolytes is because the salt cations (Ca2+/ K+) exchange H+ from 

the surface exchange sites and so lower the measured pH. Water as an electrolyte does not 

cause a strong exchange of H+ from the soil, thus the pH readings in water are normally higher 

than those in salt electrolytes. In this study, linear, logarithmic and second-order polynomial 

models were evaluated for connecting pH measurements in salt and water electrolytes. The 

models were evaluated for the conversion of CaCl2 pH to water and a second-order polynomial 
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model with an R2 value of 0.825 fitted best, followed by a logarithmic model with an R2 value of 

0.824, and lastly, a linear regression model with an R2 of 0.820 (Table 4).   

Table 4. Models connecting pH measurements in CaCl2 and water 

Model Equation 

Linear 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −1.624 + 1.095∗ 𝑝𝐻𝐻20  

𝑅2 = 0.820, p < 0.001                
 

(10) 

Logarithmic 
𝑝𝐻𝐶𝑎𝐶𝑙2 = 8.226∗  𝑙𝑛 𝑝𝐻𝐻20 − 9.955    

𝑅2 = 0.824, p < 0.001 
 

(11) 

Polynomial 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −0.109∗𝑝𝐻𝐻20 

2 + 2.744∗ 𝑝𝐻𝐻20 − 7.802 

𝑅2 = 0.825, p < 0.001 
 

(12) 

Models relating the pH measurements of KCl to water exhibited the same trend with those of 

CaCl2 and water. The polynomial model had the highest R2 value of 0.75. This study revealed 

that the relationship between the salt and water pH is not linear and the same concept has been 

shared by many researchers (Kome et al, 2018; Kabala et al, 2016).  Although the polynomial 

model’s R2 values look better, compared to logarithmic and linear models, the improvement was 

not significant (Table 5).  

Table 5. Models connecting pH measurements in KCl and water 

Model Equation 

Linear 
𝑝𝐻𝐶𝑎𝐶𝑙2 = −1.743 + 1.063∗ 𝑝𝐻𝐻20  

𝑅2 = 0.744, p < 0.001                (13) 

Logarithmic 
𝑝𝐻𝐾𝐶𝑙 = 7.993∗ 𝑙𝑛 𝑝𝐻𝐻20 − 9.846    

𝑅2 = 0.749, p < 0.001       
 

(14) 

Polynomial 
𝑝𝐻𝐾𝐶𝑙 = −0. 128∗𝑝𝐻𝐻20 

2 + 2.997∗ 𝑝𝐻𝐻20 − 8.992 

𝑅2 = 0.751, p < 0.001 
 

(15) 

The relationship between the pH measurements in the salt electrolytes, CaCl2 and KCl, was 

described by a linear model. The difference between the pH values in CaCl2 and KCl was not 

statistically significant with a student t-test p value greater than 0.05. A linear regression model, 

which connects pH readings in the two electrolytes, is shown in Equation 16. 

𝑝𝐻𝐶𝑎𝐶𝑙2 = 0.616 + 0.961∗ 𝑝𝐻𝐾𝐶𝑙                                 
𝑅2 = 0.958, p < 0.001  (16) 

KCl pH is slightly lower than CaCl2 pH by 0.37 units, on average. A very strong positive correlation 

of 0.958 exists between the pH measurement values for CaCl2 and KCl. The strong correlation 

might be attributed to their ability to dislodge protons from the soil diffuse layer into the electrolyte 
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solution. The values of pH measured in water were constantly higher than those in CaCl2 and KCl, 

because water has limited capacity to extract protons from the soil colloids into the solution.  

Effect of soil acidity and alkalinity on pH differences between electrolytes 

Regressing pH < 6.5 and pH > 6.5 separately (CaCl2 scale) did not result in a significant 
improvement in the relationship between the pH measurement methods. Regressing pH of salt 
electrolytes against water at a pH of below 6.5 resulted in a polynomial model relationship with 
R2 of 0.724 and 0.709 for CaCl2 and KCl, respectively. Differences between pH measured in salt 
electrolytes and water was shown to decrease with an increase in the soil pH. At a soil pH above 
6.5 (CaCl2 scale), there was a weak negative correlation between the change in pH (pH in water 
– pH in salt electrolytes), with R2 values of 0.14 and 0.11 for CaCl2 and KCl electrolytes, 
respectively. The same trend could not be seen when comparing the change in pH between KCl 
and CaCl2, where the difference remained approximately 0.4 across the range. The results could 
not be meaningfully modelled to interpret the relationship of the pH measurements, due to the 
poor correlation (Fig. 3).    

  

Figure 3. Relationship between change in pH and pH (CaCl2) (a) pH (H2O – CaCl2) and (b) 

pH (H2O – KCl) 

The reason for the low differences at a high pH might be the presence of carbonates of base 

elements, such as sodium and calcium, which keeps the pH high, while the base ions (Ca2+ and 

or Na+) buffer the soil to allow comparable H+ ions to be available for pH measurements, in both 

salt and water electrolytes. High base saturation, due to the presence of base ions, can also 

cause both a high EC and a high pH. The influence of base saturation on the pH was also 

discovered by Kabala et al. (2016).  

Effect of electrical conductivity on the pH readings 

The differences in the pH reading between salt electrolytes and water decreased with an increase 

in EC. Thus, at a low EC (below 1000 µS cm-1) the differences were bigger and lower than at a 

high EC (above 1000 µS/cm). Above 1000 µS/cm, the differences reduced, but still exhibited a 

significant difference between the measurements, with a student t-test p value of 0.003 for pH in 

CaCl2 and in water, compared to p < 0.001 obtained when all samples were included. The p value 

for the comparison of pH in KCl and water at an EC above 1000 µS/cm also improved, but was 

still below 0.001. The same trends were witnessed by Miller and Kissel (2010) in North American 

soils and by Minasny et al. (2011) in the Queensland (Australia) soils. The reason for the small 
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pH differences at a high EC is the presence of soluble salts that act in a similar manner to the 

salts in the CaCl2 and KCl pH solutions, whose ions displace H+ ions, thus resulting in pH values 

closer to the salt extracts. Only 24 samples out of the 298 had an EC above 1000 µS/cm. The 

change in pH (pH in water - pH in salt electrolytes) at an EC below 1000 µS/cm followed 

logarithmic models, with R2 = 0.610 delta pH (water-CaCl2) and R2 = 0.606 for delta pH (water-

KCl). Delta pH (KCl - CaCl2) had no significant relationship with the EC shown by a very poor 

linear correlation R2 of 0.206 (Fig. 4).  

 

Figure 4. Change in pH readings against soil EC for 298 soil samples in the Zimbabwe 

sugar industry (a) pH (water) – pH (CaCl2) (b) pH (water) – pH (KCl) and (c) pH 

(CaCl2) – pH (KCl) 

It was seen that soil EC strongly influences the pH readings and can be meaningfully included in 

constructing models which relates the pH of different electrolytes. Nonlinear models connecting 

the pH of different electrolytes, with the EC included, are shown in Equations 17 and 18.  

𝑝𝐻𝐶𝑎 = 𝑝𝐻𝑊 + 0.193∗𝑙𝑛(𝐸𝐶 ) − 1.775            [17] 

𝑝𝐻𝐾𝐶𝑙 = 𝑝𝐻𝑊 + 0.231∗𝑙𝑛(𝐸𝐶 ) − 2.313            [18] 

With pHW, pHKCl and pHCa referring to pH in water, 1M KCl and 0.01M CaCl2, respectively.  

Correlation between pH measurements and soil texture 

There was no significant relationship shown by regressing clay, sand and silt percent content with 

pH in all the electrolytes (all R2 below 0.20). The relationship of pH (water) and pH (CaCl2) was 
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strongest in the sand-clay textural class, with an R2 value of 0.8373. Following the sand-clay 

texture were sand-loam, sand-clay-loam, clay-loam, and lastly clay, with R2 values of 0.822, 

0.738, 0.492, 0.234, respectively. It has been observed that the R2 for pH (water) and pH (CaCl2) 

reduced with an increase in the soil clay content. It is not clear what caused the weak correlation 

in clay-textured soil, but we suspect that it is attributed to the high adsorptive power of clay colloids 

to H+ ions, which causes difficulties in dislodging them into the solution for pH reading by water. 

Unlike water, CaCl2 is a strong electrolyte that is capable of exchanging Ca2+ ions for H+ ions, 

which will be measured by the selective H+ sensitive electrode. The results indicated stronger 

relationship between pH (CaCl2) and pH (KCl) on all soil textures (Fig. 5).   

 
Figure 5. Regression plots showing the correlation of water and KCl pH against CaCl2 pH 

in different soil textural classes: (a) sand-loom, (b) sandy-clay-loom, (c) clay, (d) 

clay-loom and (e) sand-clay 

Comparison of predicted pH with measured pH on developed models 

The linear model worked best on predicting KCl pH from the measured values of CaCl2 (R2 = 

0.956, p > 0.05) and thus conversions between salt electrolyte pH can be done by using the linear 

model, where necessary. The models that incorporated soil EC performed better than other 

models in predicting the pH of salt electrolytes from water pH values, as indicated by both the 

high R2 and p values, when the actual and predicted values were compared. These findings 

concur with work done by Minasny et al. (2011). The EC model worked best for predicting pH 
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CaCl2 from pH in water with (R2 =0.907), followed by a polynomial model (R2 = 0.899), the 

logarithmic model (R2 = 0.885), and lastly, the linear model (R2 = 0.864). The same trend was 

observed when predicting pH KCl from pH water. The observed differences in the R2 and p values, 

when comparing logarithmic, polynomial and EC models, is very small such that all the nonlinear 

models can be used to predict the salt electrolyte pH from the water pH with some degree of 

accuracy. The poor performance of linear models is an indication that the relationship between 

the salt electrolytes pH and water pH is not linear (Table 6). 

Table 6. R2 and p values from models predicting pH of different electrolytes against the 

actual pH reading values  

Prediction  Model R2 P value 

pH (CaCl2) from pH 
(KCl) 

Linear 0.956 0.664 

pH (CaCl2) from pH 
(H2O)  

Linear 0.864 0.014 

Logarithmic 0.885 0.712 

Polynomial 0.891 0.657 

EC model 0.908 0.999 

pH (KCl) from pH 
(H2O)  

Linear 0.864 0.059 

Logarithmic 0.885 0.119 

Polynomial 0.899 0.092 

EC model 0.907 0.253 

 

Conclusion 

This study established that soil pH measurements in CaCl2 or KCl electrolytes are more stable 

across a wide range of soil types and salt contents, and they are therefore preferred for use, 

compared to water. The soil EC greatly affected the pH measurements in water and the best 

model used for converting pH in water to pH in salt electrolytes incorporated the EC values. The 

logarithmic and polynomial models were also used competently to convert water pH to salt 

electrolytes, but they were surpassed by models that incorporated soil EC. An increase in soil 

dilution with the same electrolyte resulted in an increase in the pH measurement values; however, 

the increase had no significant effect on ratios less than 1:5. Electrolyte solutions of CaCl2 and 

KCl were less affected by the ionic strength of soil and gave persistent readings with changes in 

the soil:electrolyte ratios. Water pH is greatly affected by the soil:water dilution, as well as soil’s 

ionic strength, compared to the other two salt electrolytes. The difference between pH 

measurement values of salt electrolytes was not significant and, where high precision is not 

required, the two can be interchanged without major implications to agricultural practices. The 
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relationship between the pH of salt electrolytes followed a linear model and therefore any 

conversions, if necessary, can be successfully done with linear models.  
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Abstract 
 
Near Infra-red Spectroscopy (NIRS) has been suggested as a rapid, cost-effective and 
accurate diagnostic tool for leaf nutrient analysis that could replace the more traditional 
laboratory diagnostics. The Fertiliser Advisory Service (FAS) at SASRI measures nitrogen (N) 
using NIRS, while other elements are determined by X-ray fluorescence or acid digestion. To 
ease the operational workflow, it would be an advantage to be able to estimate nutrients using 
a single method, namely NIRS. This study evaluated the potential of NIRS as a diagnostic 
method for the measurement of key macro- and micronutrients (other than N). Three-hundred-
and-eighty-six sugarcane leaf samples that were used as part of quality control reference 
analysis in the FAS were used for the model calibration. About 40% of the samples were from 
growers within South Africa, while the remainder were from estates across southern and 
eastern Africa. The dried and milled leaf material was scanned on a Bruker MPA-NIRS 
instrument, and spectral pre-processing and partial least squares regression analysis (test 
validation (Tval) procedure, with a 70% calibration and 30% validation split, was undertaken, 
using the Bruker Opus Quant II software. Magnesium had the best test Tval calibration (R2 = 
89% and a ratio of performance deviation (RPD) = 3.1) and was classified as moderately 
successful. All the remaining elements had poor Tval calibrations (R2 < 70%, RPD < 2). These 
results indicate that NIRS cannot presently replace the current analytical methods used in the 
FAS. As the number of samples increase in the future, the use of more sophisticated modelling 
procedures and grouping of samples, based on regions, will be investigated in order to 
improve the calibration accuracy. 
 
  
Keywords: crop nutrition, foliar diagnostics, macronutrient, micronutrient, sugarcane leaf, near 
infrared spectroscopy, Bruker MPA-NIRS  
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Introduction 
 
Leaf analysis to determine the nutritional status of plants, has long been regarded as a useful 
crop fertility management tool (Miles 2010). In 1983, Near Infra-Red Spectroscopy (NIRS) was 
introduced to the sugarcane industry as a rapid, cheap and low-hazard diagnostic for 
determining leaf nitrogen (N), in order to replace the Kjedahl acid digestion method (Meyer 
1983, 1997). However, X-ray fluorescence spectroscopy (XRFS) analysis is used to estimate 
the calcium (Ca), magnesium (Mg), potassium (K), iron (Fe), copper (Cu), zinc (Zn), 
manganese (Mn), phosphorus (P) and sulphur (S) content (Wood et al., 1985), but no NIRS 
calibrations for these plant nutrients have yet been developed. While XRF analysis is more 
convenient than the traditional acid digestion method, it requires the use of complex equipment 
that is based on a radio-active energy source. In addition, XRFS is unable to predict boron 
(B), which requires acid digestion for analysis. Thus, the operational efficiency would benefit 
if all nutrient elements could be simply and simultaneously estimated from a single routine 
NIRS measurement. 
 
Numerous studies have indicated the potential of NIRS for analysing the nutrient status of 
plant material (van Maarschalkerweerd and Husted 2015). While studies on the use of NIRS 
in sugarcane leaf nutrition analysis are limited, there is evidence that the method is appropriate 
for routine leaf analysis. For instance, Larrahondo et al. (2001) and Yarce and Rojas (2012) 
found a high predictive capability of NIRS (regression R2 coefficients typically > 95%) for key 
macro- and micronutrients of sugarcane leaves in Colombia, and thus, NIRS was adopted for 
routine leaf nutrient analysis in that country. Chen et al. (2002) also reported a strong 
predictive capability (R2 = 99%) of NIRS for P in the leaf concentration range from 500 to 3500 
mg/kg). However, in a recent review, Pranato et al. (2020) reported a much wider range in the 
quality of calibration fit, over a wide range of crops, which suggests that while the technology 
has the potential for rapid diagnostics, it is not always successful. In this study, the potential 
of NIRS for measuring a range of macro- and micronutrients (other than N) was investigated 
as an alternative to the XRFS and acid digest methods that are used in the FAS.  
 

Materials and Methods 
 
Samples of leaf material (386) that were submitted to FAS by growers and used for quality 
control analysis to verify the XRFS calibrations, were selected for NIRS calibration. About 60% 
of the samples were from various estates in southern and eastern Africa, while the remainder 
were from South African farms and research trials. The samples were dried and milled to < 
0.5 mm, and sub-samples were digested in a nitric acid and hydrogen peroxide digest at 
125oC. The digest solutions were analysed for B, Ca, Mg, K, Cu, Fe, Mn, Zn, P, and S, using 
inductively-coupled plasma emission spectrometry. 
 
For NIRS calibration, the milled leaf material was scanned on a Bruker MPA-NIRS instrument. 
The samples were scanned three times between a wavelength of 800 and 2500 nm, where 
each scan was comprised of an average of nine scans. Model development was undertaken 
by using the Bruker OPUS Quant II software. Spectral pre-processing was performed by using 
an automated optimization function in the Quant II software, which aims to reduce the error 
estimate of the pre-processed spectra. Partial Least Squares Regression (PLSR) was used to 
calibrate the models by using a test-validation approach, where 70% of the dataset was used 
for calibration (Cal) and 30% for validation (Tval). Outliers were identified by using 
Mahalanobis distance criteria and poorly represented samples were excluded from the 
calibration procedures. The model quality was assessed by considering the regression fit and 
error estimation parameters for each element. For the classification of the model’s quality, the 
criteria suggested by Malley et al. (2004) were used:  
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Excellent:    R2 > 95% and RPD > 4;  
Successful:    R2 = 90 – 95% and RPD 3 - 4;  
Moderately successful: R2 = 80 – 90% and RPD 2.25 - 3;  
Moderately useful:   R2 = 70 – 80% and RPD 1.75 - 2.25  
Poor:     R2 < 70% and RPD <1.75  
 
In the context of this study where accurate quantitative estimates are desired, the “excellent” 
and “successful” classes in Malley et al.’s (2004) scheme were considered to be the minimum 
necessary for diagnostic purposes.  
 

Results 
 
A summary of the reference chemistry analysis and model Cal and TVal statistics are 
presented in Table 1. None of the nutrients achieved an excellent classification, although the 
Mg calibration was classed as successful (Cal R2 = 91%, RPD = 3.4), while the validation 
calibration was successful (TVal R2 = 89%, RPD = 3.1) (Table 1). The calibration of potassium 
was classed as moderately successful (Cal R2 = 74%, RPD = 2), with a moderately useful 
validation (TVal R2 = 70%, RPD = 1.8). All the other elements had very poor calibration and 
TVal R2 values (1.1 to 68%), as well as low RPD values (typically ≤1.7) (Table 1). These poor 
performing models are not suitable for diagnostic or screening purposes. 
 

Discussion and Conclusions 
 
The results found here are in contradiction to the findings of Larrahondo et al. (2001) and 
Yarce and Rojas (2012), who reported exceptional calibrations for sugarcane leaf analysis. 
They reported R2 and RPD values of greater than 95% and 5, respectively, for all the elements 
that they measured. Curiously, P and the micronutrients that performed very poorly in our 
study performed very well in the study of Yarce and Rojas (2012). In their study, over 580 
samples were used in the calibration, with a further 380 used for validation. It is interesting to 
note that the samples in their study were from a small geographical spread, and limited genetic 
material (few varieties) was used. In our study, the sample numbers were low, by comparison, 
while the samples represented very diverse geographical and genetic sources (South African 
and several African countries). This variation may have reduced the quality of the models 
being developed. 
 
Nonetheless, despite the success reported by Yarce and Rojas (2012), the foliar analysis of 
other plant species has not always been as successful. The results from several studies were 
reported in reviews by van Maarschalkerweerd and Husted (2015) and Prananto et al. (2020), 
with the calibration quality ranging from very poor to exceptional. Prananto et al. (2020) 
showed that the validation model R2 values, with the exception of N, ranged from < 50 to as 
high as 98% for most elements. However, what is noteworthy is that a few of the studies 
(except for N) seldom achieved R2 values > 80 % for the commonly assessed plant nutrients. 
While this highlights the potential of the technique, it does indicate that it may not be suitable 
under all conditions and that more local calibrations for optimal performance may be required. 
This does, however, limit the technique for use in laboratories that accept wide-ranging 
samples.  
 
Maarschalkerweerd and Husted (2015) suggest that often NIRS calibrations are of limited 
value due to species and varietal differences that can affect specific nutrient distribution in 
those plants. This is because most elements themselves have no major infrared response, 
and it is their association with the infrared-active structures in the plant that is used to estimate 
the concentrations based on empirical calibrations. They also report that the calibration 
performance of micronutrients is typically poorer than that of macronutrients, due to the lower 
tissue concentrations that increase the signal to noise ratios in the spectra. 
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The results of this investigation suggest that the use of NIRS is very limited for complete 
nutrient analysis of sugarcane leaves. While N can be predicted well (and this is currently 
routinely practised by the FAS), other elements need further development. While Mg, and to 
a lesser extent K, show potential for qualitative screening, the remaining elements did not 
have satisfactory calibrations. Therefore, this does not permit (or justify) the replacement of 
other diagnostic techniques in the FAS at this time.  
 
It is suggested here that the sample size used may not have adequately captured the spectral 
variation that is likely from a widespread sample distribution. Some concern exists over the 
sample quality, given that the sampling and handling of sample prior to delivery for analysis is 
beyond the control of the FAS. Nonetheless, there does appear to be potential for 
improvement in some of the models (notably Mg and K) and for increasing their use for routine 
testing, although it would possibly be limited to being used as a screening tool for the 
identification of variation in the fields and for the identification of problem areas. Further 
investigations should examine a greater range and number of samples to allow for the 
development of more robust global and regional models, the control of sample collection, 
preparation and handling to eliminate extraneous confounding influences and further 
investigations into advanced chemometric modelling techniques.  
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Table 1. Summary of reference chemistry analysis sufficiency ranges and calibration quality parameters used for the development of near 
infrared spectroscopy diagnostics of sugarcane leaf samples 

Element 
(mg/kg) 

Reference analysis summary statistics 
(mg/kg)1 Sufficiency 

range (mg/kg) 
Spectral pre-
processing 

method2 
Calibration3 Test validation3 

Min Max Avg SD Median R2 RMSEE RPD Class R2 RMSEP RPD Bias Class 
Ca 1271 8375 3078 1204 2882 1500-3800 FD + SNV 66.1 547 1.7 Poor 64.1 605 1.7 16.6 Poor 

Mg 833 5737 1948 828 1771 800-1800 SNV 91.1 216 3.4 Successful 89.4 264 3.1 12.2 Moderately 
successful 

K 4923 30831 13551 3205 13705 10500-15900 None 74.4 1450 2.0 Moderately 
useful 69.8 1660 1.8 -27.5 Poor 

P 1259 4454 2268 389 2256 1400-2400 FD 32.1 288 1.2 Poor 27.1 288 1.2 11.4 Poor 
S 926 4276 1920 459 1891 1200-2300 COE 45.5 317 1.4 Poor 25.7 342 1.2 12.1 Poor 
B 0.21 13.1 3.68 1.50 3.38 10-20 MMN 43.0 0.85 1.3 Poor 38.4 0.87 1.3 -0.03 Poor 

Cu 3.03 11.8 6.01 1.29 5.91 3-7 SLS 53.9 0.80 1.5 Poor 53.7 0.82 1.5 0.022 Poor 
Fe 51.9 1202 173 130 142 75-99 MSC 41.1 37.7 1.3 Poor 41.4 37.7 1.3 2.19 Poor 
Mn 13.9 322 63.9 46.8 48.0 15-99 SLS 16.6 28.3 1.1 Poor 38.0 20.6 1.3 0.342 Poor 
Zn 10.0 46.1 17.2 4.15 16.3 13-24 SLS 25.4 2.52 1.7 Poor 0 3.3 1.1 1.19 Poor 

1  Min = minimum, Max = maximum, Avg = average, SD = standard deviation, Med = median.  
2 FD = first derivative, MSC = multiplicative scatter correction, SLS = straight line subtraction, SNV = vector normalisation, COE = constant 

offset elimination, MMN = Max-Min normalisation. 
3  R2 = Coefficient of determination, RMSEE = root mean square error of estimation of calibration, RMSEP = root mean square error of 

prediction for test validation, RPD = residual prediction deviation. 
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                                                                   Abstract 

One of the major cost-drivers in sugarcane production is fertilizer. It is essential that farmers are 
able to reduce the cost of fertilization by considering other sources of nutrients, such as cane 
residues. The residues, such as the sugarcane leaves, tops and stalks, can be a good source of 
nutrients, which can be made available to the subsequent ratoons. In this report, we carried out 
a nutritional evaluation of dry and green leaves, stalks and tops, in order to determine the benefits 
of these components and how they will help the farmer to reduce the amount of fertilizer applied. 
The samples were collected from plots that were set up in a randomized complete block design. 
The samples were analysed for dry biomass, nitrogen, potassium, phosphorus and selected 
micronutrients. The results showed that the stalks constituted the bulk of the dry mass of cane, 
with an average mass of 27 tons/ha. The dry leaves constituted 8 tons/ha, the green leaves 
constituted 3 tons/ha and the tops constituted 1 ton/ha. The accumulation of nitrogen cane is 
variety-dependent. This suggests that the fertilizer uptake by varieties is different and that each 
variety should have its own fertilization regime. Of the 14 commercial varieties grown at the 
Zimbabwe Sugarcane Research Institute, ZN7 and CP71-1312 had the highest accumulation of 
nitrogen P, at an average of 3 kg/ha in all the components studied, while the K accumulation 
ranged from 120 kg/ha in stalks of CP72-2086 and averaged 19 kg/ha in tops and leaves of all 
the varieties. Fe accumulated in the components of certain varieties, such as CP72-1312, N14, 
ZN10, ZN2e, ZN3L, ZN4 and ZN6, and was negligible in the rest of the varieties. The conclusion 
of our studies is that sugarcane residues contain significant nutrients that can be used to 
supplement inorganic fertilizers. By retaining the residues, such as dry and green leaves, tops 
and left-over stalks, farmers can reduce their operational costs by applying less inorganic 
fertilizers. 

Key words: nutrient; sugarcane; variety; residues 
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Introduction 

Small-scale sugarcane farmers in Zimbabwe tend to over- or underestimate fertilizer 
application, due to the lack of information on the specific nutritional requirements of each 
variety (Menandro, 2017). The pattern of nutrients uptake by sugarcane, and the 
corresponding increase in biomass, is dependent on a number of factors, including the timing 
of the fertilizer application, the moisture conditions, the cane variety, and other climatic factors 
(Kingston et al., 1984). Other authors have shown that the rate of nitrogen (N) biomass 
accumulation by sugarcane, and the partitioning of biomass between the cane stalks, tops 
and leaves are dependent on the time when the crop was established. 
 
The distribution of nutrient elements in the sugarcane plant was studied by Kolawole et al. 
(2021), and their findings revealed that the major constituent in sugarcane tops and leaves 
was silicon, which represented 35-70% of the total ash. Potassium varied from 8-28%, while 
the phosphorus in the ash of the tops ranged between 1.5 and 4%. In the stems, there was a 
gradual decrease of mineral nutrients as the internodes grew older, except Si. Evidence has 
shown that the translocation of some elements in sugarcane occurs within the stem from the 
maturing internodes towards the younger ones (Glasziou and Gayler, 1972). The quantity of 
magnesium (Mg) and P decreased in the same direction and it was suggested that, as the 
tissue of the stalks matured, they lose K through the upward translocation of the element, 
which is similar to nitrogen (Thrower and Thrower, 1980). A comparison of the above- and 
belowground parts showed that during the early stages of development, the concentration of 
N in the aboveground portion was higher than that of the belowground portion of the plant 
(Freschet, 2018).  
 
Studies comparing the nutritional requirements of sugarcane varieties were conducted in 
Brazil in the same crop year under rain-fed conditions, or full irrigation, and focused on N, P 
and K (Tasso et al., 2009; Cardozo et al., 2018; de Andrade et al., 2021). The results showed 
that rain-fed plants had a higher demand for N and P, and a lower demand for K (Oliveira et 
al., 2010). Under rain-fed conditions, the low water availability at the soil surface increased 
the production of total root biomass and stimulated deeper root growth in the soil profile (Mann, 
2013).   
 
In addition to the nutritional requirements, the amount of nutrients retained by the aboveground 
plant parts of sugarcane stalks, leaves and tops, varied among the varieties (Oliveira et al., 
2011b). However, the nutrients are essentially exported from the soil-plant system to the stalks 
(Kingston, 1984). Nutrients that accumulated in the leaves and tops were returned to the soil 
either completely, through green cane harvesting, or partially, through burnt cane, in which 
there is a significant loss of nitrogen. Information on the partitioning of these amounts is 
important for the calculation of the nutritional balance, nutrient cycling and nutrient 
replacement, and serves as a support for new methods and forms of fertilization that are more 
efficient and economically-viable and that result in less waste (Coletiet et al., 2006).  
 
In cases of the limited availability of nutrients in soils, fertilization is a common practice by 
farmers to ameliorate the low nutrient supply. A global concern has been to reduce the use of 
fertilizers. Therefore, the best and most economical and ecological way of achieving maximum 
yields in our day, is by selecting and growing nutrient-efficient genotypes that are able to 
produce high yields (biomass) in soils with limited nutrients. Many researchers have studied 
the influence of genotype on biomass and plant growth (nutrient use efficient genotypes) and 
found a good correlation between genotype and biomass accumulation (Chatzistathis and 
Therios, 2013). According to Chapin and van Cleve, as cited by Fixen (2015), nutrient use 
efficiency is defined as the amount of biomass produced per unit of nutrient. Therefore, 
nutrient use efficient genotypes are those that have the ability to produce sufficient biomass 
in limited nutrient conditions. The possible reason for differential nutrient utilization efficiency 
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among genotypes is the differences in cultivars genetic material (differential nutrient uptake, 
accumulation and distribution among tissues and mechanisms of cultivars/genotypes) 
(Chatzistathis et al., 2011).  

This study focuses mainly on evaluating 14 commercial varieties grown in Zimbabwe and on 
partitioning the nutrients in the different components of the cane. If there are any differences 
in the accumulation of nutrients and biomass among the varieties, it will point to differential 
nutrient use efficiencies, and hence, differences in fertilizer requirements for optimum yields. 
Different rates of nutrients will be applied to each variety. Currently all varieties are being 
treated the same. Retaining the sugarcane residues in the soil without burning them will supply 
nutrients that can reduce the requirement of commercial fertilizers.  

Materials and Methods 

Study site 

The research was conducted at the Zimbabwe Sugar Association Experiment Station (ZSAES) 
in Chiredzi. The ZSAES lies at 21º01’S latitude, 28º38’E longitude and 430 m above sea level. 
Chiredzi is a semi-arid region that experiences very hot summers and short, cold winters. It 
experiences mean maximum daily temperatures of 30°C and mean minimum daily 
temperatures of 8°C (Szente et al., 2018). Evaporation can reach 8 mm a day during ambient 
temperature conditions (Clowes, 1998). The site is also in the agro-ecological Zone V of 
Zimbabwe, and the rainfall averages 590 mm per annum. Much of the area is covered by 
fertile paragneiss and basalt soils.  

Study layout and treatments 

The study was conducted at Field M3 of the Zimbabwe Sugar Association Experiment Station. 
The 14 commercial sugarcane varieties were planted on plots in a Randomized Complete 
Block Design (RCBD). The varieties were regarded as treatments, and the stalks, tops and 
leaves as levels. The plots measured 3 m x 3 m and were watered using furrow irrigation and 
subjected to common agronomical treatments, such as weeding, fertilization, as well as pest 
and disease control. The sampling was done after the cane had been burnt at harvest time, 
as this is the normal practise in the Zimbabwe sugar industry. The age of cane at harvest was 
12 months, measured from the date of the emergence of the crop. Fertilizer was applied at 
the beginning of the trial at the following rates: N (180 kg/ha), P (60 kg/ha), and K (200 kg/ha) 
were applied as urea, mono-ammonium phosphate and Muriate of Potash (MoP), respectively. 
MAP was applied soon after harvesting and urea and MoP were applied at the age of four and 
eight weeks after emergence. For the stalks, tops, dry and green leaves nutrient analysis data, 
the first factor was variety and the levels were ZN1L, ZN2E, ZN3L ZN4, ZN5, ZN6, ZN7, ZN8, 
ZN9, ZN10, N14, NCo-376, CP72-1312, and CP72-2086.  

Sample collection procedure 

The samples were collected from the plots/stations that had an area of 3 m² (1.5 m inter-row 
x 2 m in row). The samples were collected at harvest at the age of 12 months, as measured 
from the time of emergence. All the dry leaves, green leaves and tops of the cane from the 3 
m² were removed and placed in separate clean tonne bags. The cane stalks were cut at the 
base, using long cane knives to ensure the separation of the aboveground from the 
belowground plant parts, and they were tied into bundles, using string.  

Preparation of the stalks, tops, dry and green leaves for laboratory analysis 
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The fresh cane stalks from the 42 sampling plots were weighed separately, using a digital 
Crane scale, and then ground, using a disintegrator (FEMET, Model T139). The quartering 
method was used to thoroughly mix the ground stalks to obtain a one-kilogram sample for 
analysis. The stalks were oven-dried at 95ºC to a constant weight (approximately 24 hours) 
and were weighed to obtain the dry mass. A Willey-mill (Model 30710, Philadelphia, USA, 
serial 54742M-3) was used to finely grind the sample for nutrient analysis. 
 
The tops, dry and green leaves were oven-dried at 80°C for 24 hours to a constant weight. A 
scale was used to measure the dry weight. A hammer mill was used to grind the components. 
The quartering method was used to reduce the sample size to one kilogram. A Willey-mill 
(Model 30710, Philadelphia, USA, serial 54742M-3) was used to grind the sample further into 
finer particles for analysis. 

Nutrient analysis procedures for sugarcane plant components 

- Wet digestion 

A mass of 0.25 g of each sample (tops and green leaves) was weighed separately into the 
digesting tubes, followed by the addition of 1 g selenised sodium sulphate. Four ml of 
concentrated sulphuric acid and 3 ml of 30% 100v hydrogen peroxide were added into the 
digesting tubes. The samples were digested for one hour at 360°C on a digested block under 
a fume hood. The samples were left to cool after adding 10 ml of deionised water. After cooling, 
they were transferred into the 100 ml volumetric flask through a 91 Whatman filter paper and 
diluted to the mark with deionised water. The sample digests were analysed for K, Mg and Ca, 
using an atomic absorption spectrophotometer (SpectrAA50, Varian, Sydney, Austratlia). 

- Ashing method for the determination of iron 

One gram of the ground plant sample was weighed into clean crucibles, using a Metler Toledo 
balance (SB16001 model, Switzerland). The sample was ashed for two hours in a Muffle 
furnace at 480°C. Deionised water (0.5 ml) and 3 ml 1:1 hydrochloric acid were added to the 
ashed samples, in order to dissolve them and they were then dried on a hotplate. The 
procedure was repeated until the samples were completely dissolved. The sample was filtered 
into a 50 ml volumetric flask and diluted to the mark with deionised water. An analysis of both 
the macro- and micro-elements was done, using the Inductively Coupled Plasma (ICP-OES) 
spectrophotometer (SPECTRO ARCOS, Kleve, Germany). 

-  Nitrogen, carbon and sulphur 

For the determination of the total N, C and S, the TruSpec, (Carbon/Nitrogen Analyzer) 
Determinator (Leco Corporation, Michigan, USA) was used. Nitrogen was detected as N2, C 
as CO2 and S as SO2 gas.  

Data analysis 

The data from this research were subjected to a two-way Analysis of Variance (ANOVA), using 
the GenStat statistical package, 18th Edition (Biosci VSNC Group Company, UK). The 
separation of treatment means was done by using Fisher`s Protected Least Significance 
Difference at a 5% level of significance. 

Results 

Nitrogen accumulation in stalks, tops and leaves of 14 commercial varieties  
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There was an interaction (P<0.05) in the N accumulation between varieties and aboveground 
components. The nitrogen content in stalks of varieties CP72-1312, N14, NCo376, ZN10, 
ZN1L, ZN2E, ZN3L, ZN4, ZN5, ZN6, ZN8 and ZN9 was statistically lower than the nitrogen 
content in stalks of the CP72-2086 and ZN7 varieties. Varieties CP72-1312, N14, ZN10, ZN2E 
ZN3L, ZN4, ZN6 had higher N in the dry leaves, compared to the other varieties. The CP72-
2086, ZN1L, NCo376, ZN5, ZN7, ZN8 and ZN9 varieties had a lower N composition in the top 
and leaves. 

 

 

Figure 1. N accumulation in stalks, top, dry and green leaves of the 14 commercial 
varieties at harvest. 

Distribution of phosphorus in stalks, tops, dry and green leaves for the 14 commercial 
varieties 

There was an interaction (p<0.05) between the accumulation of P in the varieties and 
components. The phosphorus content in dry leaves, green leaves and tops was statistically 
similar across all the varieties; however, the P content in the stalks of varieties ZN1L, ZN3L 
and ZN10 was significantly lower than the P content in stalks of the N14, NCo376, ZN5 and 
ZN6 varieties. 
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Figure 2. Distribution of phosphorus in stalks, tops, dry and green leaves for the 14 
commercial varieties 

Distribution of potassium in stalks, tops, dry and green leaves for the 14 varieties. 

There was an interaction in K accumulation between the varieties and aboveground 
components (P ˂ 0.05). The K content in dry leaves, green leaves and tops was statistically 
similar across all the varieties; however, the K content in stalks of varieties CP72-1312 and 
ZN9 was significantly lower than the K content in the ZN7, ZN4, N14, ZN6, ZN5, ZN3L, 
NCo376, ZN8 and CP72-2086 varieties. 
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Figure 1. Distribution of potassium in stalks, tops, dry and green leaves for the 14 
commercial varieties 

Distribution of calcium in different sugarcane components across 14 varieties 

There was an interaction (P<0.05) in calcium accumulation between the varieties and 
aboveground components. The distribution of calcium in the tops, green leaves and dry leaves 
was statistically similar across all varieties; however, the distribution of calcium in the stalks 
was significantly higher in varieties CP72-2086, NCo376, ZN1L, ZN5, ZN7, ZN8 and ZN9 than 
in the CP72-1312, N14, ZN10, ZN2E ZN4 and ZN6 varieties. 

 

Figure 2. The distribution of calcium in different sugarcane components across 14 
commercial varieties 

 

Distribution of iron in different sugarcane components across 14 commercial varieties 

There was an interaction in iron accumulation between the varieties and aboveground 
components P ˂ 0.05. The Fe composition in green leaves and tops was statistically similar 
across all the commercial varieties; however, the Fe content in the dry leaves and stalks of 
varieties CP72-1312, N14, ZN10, ZN2E, ZN3L, ZN4 and ZN6 were significantly higher than in 
the CP72-2086, NCo376,ZN1L, ZN5, ZN7, ZN8 and ZN9 varieties.  
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Figure 3. Distribution iron in different sugarcane aboveground components across 14 
commercial varieties 

Discussion 

Distribution of N in sugarcane components across 14 commercial varieties 

Nitrogen content in stalks of the CP72-1312, N14, NCo376, ZN10, ZN1L, ZN2E, ZN3L, ZN4, 
ZN5, ZN6, ZN8 and ZN9 varieties was statistically lower than the nitrogen content in stalks of 
the CP72-2086 and ZN7 varieties. This might be because the varieties differ in their growth 
rate; with varieties containing larger N content growing quickly, producing highly-fibrous roots 
that are responsible for absorbing nutrients from the soil to the plant. The N in the stalks of the 
CP72-1312, N14, ZN5, ZN8, ZN10, ZN2E, ZN3L, ZN4 and ZN6 varieties was significantly 
higher than the N in stalks of the CP72-2086 and ZN7 varieties, because they had the best 
nitrogen synchronization with a high nitrogen uptake, which led to a high biomass production 
in the stalks (Oliveira et al., 2010). This was supported by Thorburn et al. (2011), who 
stipulated that the sugarcane yield depends on the complex interaction among the genotypes, 
the environment (soil and weather) and the management practices. Specific to N allocated in 
the tops and dry leaves, the foliar emission of ammonia via the stomata could have occurred 
during the leaf senescence, reducing the N content in the plant tissue of all the varieties with 
lower N content (Britto and Kronzucker, 2002). 

Distribution of P in sugarcane components across 14 commercial varieties. 

Varieties ZN1L, ZN3L and ZN10 recorded a significantly lower P content in the stalks than in 
varieties N14, NCo376, ZN5 and ZN6. At harvest, more tissue activity is in the stalks where 
simple sugars are converted into sucrose, hence the P accumulation in stalks across all the 
varieties is supported by Lazzo and Barazzi (1933) who found that P is generally concentrated 
in the tissues of maximum activity within the various sugarcane plant parts.  

The partitioning of K in sugarcane components across 14 commercial varieties 

A higher potassium content was found in the stalks than all the other components in all the 
varieties, because sugarcane is a heavy feeder of potassium. It is also because K is 
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responsible for the conversion of intermediate sugars into sucrose and in the loading and 
unloading of sucrose in the phloem (Rodrigues, 1995). Thus, the increase in the sucrose 
concentration in the stalk after physiological maturation, and its relation with K, may explain 
the high K content in the stalk at harvest, since K is mobile inside the plants (Maathuis, 2009) 
and it may be transported from the source (leaves) to the drain (stalk). Potassium is the most 
important nutrient in the osmoregulation process, which is important for cell extension and 
stomata movement in the stalk and other plant parts (Shukla et al., 2009; Kingston, 2014).  

Partitioning of Ca in sugarcane components across 14 commercial varieties 

A significantly lower Ca content was found in the stalks of the CP72-1312, N14, ZN10 and 
ZN6 varieties, which were statistically similar to the CP72-2086, NCo376, ZN1L, ZN5, ZN7, 
ZN8 and ZN9 varieties, with highly-significant amounts of Ca in their stalks. This might be 
explained by the fact that varieties do differ in their stalk morphology, which is influenced by 
Ca, which was highest in the stalks across all the components. This could be because calcium 
is an essential component of the middle lamella, the layer that connects the cell walls of 
adjoining cells that are mostly found in stalks. The results also showed that there was a higher 
Ca content, and other elements increased as well, in the dry and green leaves. The high Ca 
content led to a decrease in the potassium content in variety ZN2E. This was in harmony with 
other investigators (Rhodes, 2018), which found that a deficiency of potassium or magnesium 
resulted in an increased Ca content. 

Distribution of iron in sugarcane components across 14 commercial varieties 

The iron composition in green leaves and tops was statistically similar across all the 
commercial varieties. However, the Fe content in the dry leaves and stalks of the CP72-1312, 
N14, ZN10, ZN2E, ZN3L, ZN4 and ZN6 varieties was significantly higher than in the CP72-
2086, NCo376, ZN1L, ZN5, ZN7, ZN8 and ZN9 varieties, which can be ascribed to the 
differences in their leaf morphology. Darker and bigger leaves, with high surface area, were 
found on varieties CP72-1312, N14, ZN10, ZN2E, ZN3L, ZN4 and ZN6, hence supporting the 
fact that iron is essential for the formation of chlorophyll, although it is not a component of the 
pigment. Chlorophyll helps to facilitate the process of photosynthesis, which causes the 
sugarcane plant to grow. The content of iron in varieties ZN1L, ZN5, ZN7, ZN8 and ZN9 was 
statistically lower compared to CP72-1312, N14, ZN2E, ZN3L and ZN4 varieties.  

Conclusion 

CP72-2086 is to be recommended as the best variety because it accumulates larger quantities 
of nutrients in the stalks, tops, dry and green leaves, which improves the soil fertility due to its 
crop residues, which tend to decay with time and become available to the next crop plant. 
Sugarcane growers should manage sugarcane varieties differently with regard to their nutrient 
supply, as indicated by CP72-2086 variety, which accumulated higher nutrients than variety 
ZN1L, which accumulated the least nutrients. Fertilizer trials should be undertaken to come 
up with specific fertilizer recommendations for each variety, so as not to over- or under-apply 
the nutrients. Sugarcane growers should go for green cane harvesting, rather than burning 
sugarcane at harvest, as it is a more sustainable and natural way of nutrient replenishment, it 
does not destroy the micro-organisms and it facilitates and quickens the rate of decomposition 
of sugarcane residues, so that they are available for use by the next crop plant. 
 
A similar study should be undertaken to determine the distribution of dry mass and nutrient 
elements in the sugarcane plant components across all the commercially-released varieties in 
Zimbabwe, on different soils and under different climatic conditions, as the environment plays 
a pivotal role in sugarcane production. 
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This research has shown that large quantities of nutrients accumulate in the residues and 
more research need to be conducted to establish the time taken for the residues to decay and 
be available for uptake by the next crop. 
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Abstract 
 
Desktop GIS applications are commonly used in the sugar industry to record field 
boundaries, to calculate areas and to produce physical maps. They have a narrow 
functional focus and a limited capability to integrate with other enterprise data, in order 
to improve the efficiency of an operation. This poster describes a bespoke enterprise 
GIS that is integrated across functional organisational structures and that allows many 
users to manage, share and use the spatial data. This installation is increasing the 
effectiveness of the Ripener application for Cane Supply and for all growers within a mill 
area. This poster describes the migration to enterprise GIS, where spatial data is 
managed in a spatial relational database, rather than in an SHP file format, and it 
highlights the opportunities offered by its integration into other business systems and 
data. Here it is combined with field-level information, such as the harvest dates, the 
Ripener spray dates and Ripener products, to create a real-time operation and decision 
support system. The innovative use of web-based computing involves using an 
application that is emailed to growers each week, that operates in a standard web 
browser and that does not require a grower subscription or log in. The management of 
the full work-flow within the application is illustrated. Growers can view the 
recommended Ripener fields and place orders, which are automatically assigned to the 
contractors for fulfilment. On completion, the contractors upload the spray coverage 
files, and the coverage checks are performed. Continuous oversight of the progress, as 
well as reports to monitor the timeliness and quality of the Ripener application, are 
provided to the growers, Cane Supply and contractors. 
 
Keywords:  Ripener, GIS, distributed computing, integration, efficiency gains 
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Abstract 

 
Sustainable and environmentally friendly control methods against agricultural pests and 
diseases are key factors in the reduction of global warming and in achieving global food 
security through cost-effective crop production. Globally, sugarcane is an important source of 
job creation, especially for the financially- and skills-challenged populations. The damage 
caused by insect pests can account for up to 10% of all sugarcane crop losses, with stem-
borers being the most prominent pests. In South Africa, the sugarcane stem borer, Eldana 
saccharina (Walker), is a major cause of yield loss and is becoming an economic maize pest 
in other African countries. With direct crop losses estimated at over R150 million annually, the 
sustainable control of this pest is key to the revival of successful and profitable sugarcane 
production in South Africa. 
 
Effective chemical control is limited by high insecticide and application costs, as well as the 
feeding nature of the pest within the stalk. Little success has been achieved by using the 
natural enemies of this pest as a biological control. Eldana has also been found to form 
complex beneficial interactions with the Fusarium species that cause stalk rot in sugarcane. 
This association with Fusarium exacerbates the yield losses. The reduction of sugarcane 
Fusarium infections, by using non-pathogenic Fusarium strains like Fusarium oxysporum, 
could provide multi-fold benefits by reducing the pathogen population, eliminating mycotoxins, 
and reducing the pathogens that are associated with pest infestations. 
 
Several non-pathogenic F. oxysporum isolates have been used successfully as biological 
control agents against diseases like Fusarium wilt in tomatoes and Panama disease in 
bananas, in the reduction of the nematode populations in bananas, as well as the glasshouse 
populations of white-flies in tomatoes. Their endophytic ability, nutrient and infection site 
competition, as well as the production of secondary metabolites, which can repel harmful 
agricultural pests, make this fungal species a very attractive choice for the sustainable 
biological control of crop pests and diseases. Since non-pathogenic F. oxysporum has rarely 
been isolated from South African sugarcane plants, there has been no documentation of its 
use against sugarcane pests and fungal diseases. The identification of three isolates 
belonging to F. oxysporum, which were taken from healthy sugarcane roots on the South 
Coast, presented a unique opportunity for such a study to be conducted. 
 
Laboratory studies were conducted to determine the olfactory responses of E. saccharina to 
F. oxysporum isolates (FUS1, FUS5 and FUS6) by using the ‘two-pinned Petri dish’ method. 
The larval weight of the pest was recorded after 21 days of feeding on the modified diet 
containing powdered Fusarium-fermented maize. All the statistical analyses were conducted 
on GenStat, using the ANOVA Fischer test. One of the studied isolates (FUS1) presented the 
potential for it to be used in the integrated pest control programme, as it was most attractive 
to the pest (as evident from the olfactory results), it had a larval weight that was similar to that 
of the controls, but it also had the lowest larval survival percentage. The sugarcane stem-borer 
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has an established hierarchical host preference, with Cyperaceae plants being the most 
preferred host. The use of isolates, like FUS1, on the sedges that are currently being used in 
the integrated pest management approach for this pest, may improve the reduction of the pest 
population in sugarcane fields, especially if the adult moths have the same response as the 
larvae. Inoculating sugarcane plants with non-pathogenic Fusarium, which is antagonistic to 
Eldana, may reduce the incidence of the pathogenic Fusarium, which has been found to be 
beneficial to the pest, thus reducing the pest population. Further improvements may be 
achieved if more studies are conducted on the impact of these isolates on the pest’s natural 
enemies. 
 
Keywords:  Sugarcane, Eldana saccharina, non-pathogenic Fusarium oxysporum, Pest 
control 
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Abstract 
  
For many years, the South African Cane Growers Association (SACGA) has enabled Small-
scale Growers (SSGs) to attend various training courses offered by the Shukela Training 
Centre (STC) and the South African Sugarcane Research Institute (SASRI), using funds from 
the Growers’ Development Account (GDA). This training ranges from agronomic training to 
trainings on machinery-based skills. The SACGA has kept a database of those SSGs who 
have attended training courses at the STC, and this poster shows an analysis of this database, 
from 2009 to 2018. The purpose of the analysis is to identify the trends, in order to assist the 
industry in making decisions on how to best serve these growers and their training needs, and 
it will also show the impact of agronomic training on cane yields and the Recoverable Value 
(RV) over time. The analysis drills down to mill-level by showing the relationship between the 
training of an individual grower and the yields achieved by that same grower. The poster also 
covers the age distribution of SSGs, with the preliminary findings showing that most 
participants are above the age of 50. Lastly, it shows the benefits of improved production for 
the growers, compared to the cost to the industry. It is critical to understand this, in order to 
ensure that the funds spent on training SSGs is having a positive impact on their sugarcane 
operations and that it is improving their livelihoods.  
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Abstract 
 
The Zimbabwe Sugar Industry has witnessed an increase in new small-scale sugarcane farmers 
who have little or no appreciation of soil nutrition management. Some farmers practise the blanket 
application of fertilizers, without considering the nutritional requirements of the soil. There is need 
to encourage sugarcane farmers to monitor the nutritional status of their soils, in order for them 
farm profitably. The Agricultural Chemistry and Soils Laboratory at the Zimbabwe Sugar 
Association Experiment Station (ZSAES) has the mandate to serve sugarcane farmers with a soil 
nutrition analysis and to provide them with recommendations on fertiliser usage. A correct nutrition 
diagnosis emanates from the analysis of a representative field soil sample. The over-application 
of fertilizers will result in the unnecessary, and costly, purchase of fertilizers by farmers, as well 
as in environmental harm, due to the leaching of nutrients into the water bodies, which causes 
eutrophication, while under-application may result in crop starvation and poor yields. The ZSAES 
laboratory staff embarked on a soil sampling campaign in 2016 and 2017 in order to educate the 
farmers on the importance of correct soil sampling for nutrition management. The campaign 
involved road-shows, door-to-door visits, as well as the use of posters The campaign was spread 
across the entire sugarcane industry, and it covered estates and private growers in Hippo Valley, 
Triangle, Mwenezana and Mkwasine areas. The impact of the campaign was measured by the 
number of soil samples brought to the laboratory, as recorded in the sample registration books, 
and the farmers’ change in attitude towards nutrition analysis. The farmers were interviewed orally 
when they came to collect their soil test reports, in order to assess the change in their attitude 
towards soil sampling and analysis, as well as to solicit their feedback regarding the campaign. 
The campaign was deemed to be successful and helpful for the majority of farmers. There was 
an increase of 278% in the number of samples brought for nutritional analysis from across the 
Zimbabwe Sugar Industry between 2016 and 2018. A total of 434 private growers (48.3%) 
responded positively to the campaign by bringing samples, compared to the previous years, when 
an insignificant number did so. Projections for the year 2019 indicated that there would be a 
moderate increase in the quantity of samples to be brought for analysis. Mkwasine had generally 
fewer samples brought for analysis, in relation to the number of sugarcane growers, and the main 
reason cited was the lack of coordinated transport to the laboratory. It was observed that 51.7% 
of private growers were still growing sugarcane without any guidance on nutritional monitoring 
and the proper use of fertilizers. The trends indicate that there is a continuous need to 
conscientize farmers on the importance of soil nutrient monitoring by means of proper sampling. 
It is recommended that all sugarcane farmers in the Zimbabwe Sugar Industry must bring the 
correct soil samples for nutritional analysis and that fertilisers must be recommended, in order to 
achieve optimum sugarcane farming. 
 
Keywords: Soil sampling, nutrition monitoring, blanket application, fertilizer recommendations. 
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Abstract 

 
The desire to increase or decrease the harvest age, adoption of earlier maturing varieties or 
a suite of newly-produced varieties, as well as the impact of eldana on ageing of cane and 
the efficacy of chemically controlling the eldana levels, have created uncertainty with regard 
to the optimal harvest age under different sugarcane growing conditions of South Africa. As 
part of a broader SASRI project, SA Canegrowers has been requested to develop an 
economic decision support tool to assist in determining the optimal harvest age for different 
varieties, under the diverse growing conditions, by considering the whole-harvest cycle. 
SASRI's CaneTEC® may provide similar plant crop and limited ratoon results. However, the 
requirement for the whole-harvest cycle warrants the development of a specific model. 
 
This poster provides annotated screenshots of the associated worksheets, to illustrate the 
functionality and user-simplicity of the Microsoft Excel-based model. The model was kept 
simplistic, especially in terms of the variables, it is user-friendly and can easily be adopted to 
other relevant projects. The different growing conditions included irrigated, coastal-rainfed 
and midlands regions. For each growing condition, an option of up to six scenarios of 
different harvest ages are built into the model. The whole-harvest cycle involved a plant crop 
and nine ratoons.  
 
The economic gross margin analysis for each scenario, on a per hectare basis, considers 
the costs associated with cane planting, ratoon management, extraction to the mill (inclusive 
of all harvesting and cane haulage operations), compared to an income that is based on 
Recoverable Value (RV) tons and the RV price. The planting, ratoon management and 
extraction to mill costs are likely to be different for each growing condition. The values of the 
above variables should be updated annually. In addition, the model accommodates for the 
chemical control costs of eldana and the monthly incremental changes to both the cane ton 
yield and the RV % cane quality. Other economic parameters can easily be added to the 
model, if required. 
 
The example that is provided in the poster uses the coastal-rainfed growing conditions and 
employs five scenarios. The cane yield and quality incremental changes used in the example 
are unsubstantiated and, therefore the results are used exclusively for illustrative purposes. 
Essentially, five worksheets were utilised in order for an output to be achieved. The first tab 
comprises the cost, income, cane yield and quality assumptions. The second tab is the 
scenario builder for each growing condition. The remaining three tabs do not require any 
user input. The third tab grows the cane yield across the different scenarios. The fourth tab 
provides the detailed economic gross margin calculations of each scenario, and lastly, the 
fifth tab illustrates the summarised economic results. 
 
The actual, or simulated, cane yield and RV quality data are fundamental for achieving 
meaningful results for the different scenarios. An appropriate dataset, comprising the trial 
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data, commercial data and simulated crop model data, will be inputted into the decision 
support tool to assist in determining the optimal harvest ages of the various varieties and for 
the different growing conditions. It is envisaged that the model will also assist extension 
specialists, regional economists and growers in their decision-making regarding the harvest 
age and whole-harvest cycle. Furthermore, other variety-based research may utilize the 
model in the future. 
 
Keywords: Optimal harvest age, economic decision support tool, whole-harvest cycle 
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Abstract 
 
Molecular procedures need to be kept up to date to enable the most accurate detection and 
identification of pathogens. Molecular methods, together with spore traps, have successfully 
provided an early warning for the presence of orange rust (Puccinia kuehnii) in South Africa. 
Orange rust DNA was first detected in April 2016 on a spore trap located at the SASRI 
Komatipoort Research Station since December 2012. Symptoms have, however, yet to be 
observed on sugarcane in South Africa. The spore traps are also tested for the presence of 
brown rust (P. melanocephala) and tawny rust (Macruropyxis fulva). The weekly monitoring of 
the spore traps provides information on the presence of aerial spores, and this is used to 
advise the Biosecurity teams on the periods during which particular vigilance is required. Since 
April 2016, orange rust was detected between September and November 2016, January and 
April 2018 (the highest frequency detected), and November and December 2018; however, it 
was not detected throughout 2017 and 2019 and only in the month of August in 2020. The 
established PCR-based detection method for orange rust has been improved. The orange rust 
forward primer was changed (Pk2F: 5’-GGGAAACCTCATTATTAAC-3’), which resulted in 
improved amplification specificity. In addition, the DNA polymerase used (PCRBIO HiFi 
Polymerase; PB10.41-10; Analytical Solutions), as well as the thermal cycling conditions, were 
optimised to achieve better amplification across all three rust PCRs (orange, brown and 
tawny). These modifications were particularly effective in enhancing the reliability of the tawny 
rust PCR analysis. The change in the DNA polymerase resulted in a reduced analysis cost. 
 
A modification to the spore trap extraction method in June 2020 has enabled both rust and 
smut (Sporisorium scitamineum) DNA to be extracted from spores, and thus, the presence of 
both diseases can now be monitored. Manual spore grinding with micro-pestles was 
substituted with a FastPrep-24 (MP Bio) homogenizer, which ruptures the spores more 
effectively. In addition, a semi-quantitative smut detection PCR protocol was developed, which 
will facilitate future investigations on smut epidemiology. 
 
Furthermore, the phytoplasma-specific PCR assay has been optimised by using more target-
specific primer sequences and cycling conditions. This PCR relies on the amplification of a 
portion of the phytoplasma 16S rDNA gene, using nested PCR primers. The nested PCR 
assay makes use of the following primer sets: (i) MLOX (5’-GTTAGGTTAAGTCCTAAA 
ACGAGC-3’) and MLOY (5’-GTGCCAAGGCATCCACTGTATGCC-3’), which amplifies a 700 
bp fragment and serves as the template for PCR II; where (ii) P1 (5’-TCGTAACAAGGTAT 
CCCTACCGG-3’) and P2 (5’-GGTGGGCCTAAATGGACTTGAACC-3’) amplify a 210 bp 
fragment. All these recent modifications have been included in the suite of assays that are 
available for the rapid and reliable diagnosis of molecular diseases. 
 
Keywords:  diseases, molecular techniques, rust, smut, phytoplasma, gumming 
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Abstract 

 
The Eldana saccharina (eldana) stalk borer is an insect pest that damages sugarcane in South 
Africa and causes severe economic losses that are estimated at around R1 billion/annum. The 
objective of this study was to determine crop year effects on sugarcane breeding populations 
for eldana damage for the coastal long-cycle breeding programme. Data for Percent Bored 
Stalks (PBS) was obtained from the mini-line trials planted at Gingindlovu in 2013, 2014 and 
2015. The first 20 sub-plots of each family plot were inspected and the number of damaged 
stalks were recorded and converted into PBS. The results showed a significant (P<0.001) 
family effect on the populations planted in 2014 and 2015, indicating high variability in eldana 
damage among families in those years. They also indicate the ability to identify and select 
families with low damage and to discard those with high damage. The trials had mean levels 
of PBS ranging from 42.26% for 2013, to 55.95% and 67.66% for 2014 and 2015 respectively. 
Broad sense heritability was higher for 2014 population than both 2013 and 2015 populations 
suggesting higher family variability for in that year and possibly a higher discriminating ability. 
The results suggest that there is a high ability to identify and select families with low damage 
during a high eldana infestation.  The 2014 population produced higher predicted selection 
gains indicating a high probability of achieving high realised selection gains. The results 
suggest that there might be a need to optimise eldana damage sampling during low-infestation 
years, and to increase the accuracy of identifying low-damaged families. 
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The sugarcane stem borer Eldana saccharina (Eldana) causes losses to the South African 
sugar industry in excess of R1 billion annually if not adequately managed. Genetically modified 
(GM) sugarcane expressing the Bacillus thuringiensis (Bt) lepidopteran-specific insecticidal 
protein (Cry1A) has potential to control Eldana and related borer pests (e.g. Sesamia 
calamistis and Chilo sacchariphagus) in South Africa. Developing an understanding of where 
Bt Cry protein is produced in the sugarcane plant and applying this to how Eldana larvae feed 
are key determinants affecting insect management in the field, once commercial release takes 
place.  Samples of two GM sugarcane lines were tested for the presence of the Cry protein 
using commercially available EnviroLogix™ lateral flow strips. Although Cry1A protein was 
detected throughout both plants, band intensity varied from 0.5 (low) to 3 (high) between the 
samples and within lines, indicating variation in gene insertion and subsequent expression 
patterns. However, should newly hatched Eldana larvae forage behind or on leaf sheaths, on 
bud scales and root primordia prior to boring into the mature stem, they will be exposed to Bt 
protein. Linking expression information with the biology and feeding habits of Eldana will 
enable development of the most suitable GM line for industry deployment. Future work will 
involve the assessment of GM lines using Eldana pot-based bioassays. 
 
Keywords:  Eldana saccharina; genetically modified sugarcane; Cry1A expression; Eldana 
feeding habits 
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Abstract 
 

Sugarcane smut (Sporisorium scitamineum) is a prominent disease in the South African 
sugarcane industry. This study evaluated the accuracy of a model that was developed in the 
1990’s, which predicts the incidence of smut. An alternative model was also tested. 
 
Model data were collected from field trials planted between 1978 and 2017 in Mpumalanga, 
Pongola (both irrigated) and Empangeni (semi-irrigated), 106 data points. The data were 
randomly divided into two equal-sized sets for calibration and validation. For each site, the 
nearest weather station data and smut incidence in the first or second ratoon of each trial were 
collected. Using the whip count of the inspected area and assuming homogeneity, the number 
of whips per hectare were estimated. The whip count was related back to the local weather 
data, of which rainfall was the primary comparison variable. The main principle on which the 
models were built is that pre-plant rain will wash airborne smut spores into the soil. They will 
then germinate in the bare soil and, in the absence of a host, will die. Thus, the risk of infection 
in the plant crop is reduced, which also has an impact on the incidence of smut in subsequent 
ratoons.  
 
The original model (Model 1) correlated smut incidence (1000 whips / hectare per 100 mm of 
rain) logarithmically to total rainfall from June to September in the year prior to the smut 
assessment. Temperature effects were also considered. While the equation for Model 1 
changed after validation, the form of the equation remained consistent. Plotting weather-based 
predictions against validation infection levels, the model validated with an R2 of 0.45. Predicted 
smut levels were close to actual values for high rainfall but were highly variable and hence 
validated poorly for low rainfall. The modelled temperature components had little impact on 
the predictions. A problem with Model 1 was that winter rainfall was used, rather than pre-
plant rainfall. 
 
An updated model (Model 2) correlated total rainfall, categorised into ranges (0 – 25 mm, 25 
– 50 mm, etc, up to 225 - 250 mm) during the two months prior to planting to smut levels in 
the first or second ratoon. It was evident that infected whips decreased logarithmically as pre-
plant rainfall totals increased. This result remained consistent in the validation set. Rather than 
an overall descriptive equation, a tentative rain-dependant upper bound on smut incidence 
was derived. The equation was 𝑦𝑦 = −15 ln(x) + 87 where x is the two-month preplant rainfall 
total (mm) and y is the number of infected whips (1000s/ha). This equation is similar to that of 
Model 1, but does not include a division by rainfall in the y value. The upper bound held in 
94% of validation cases. 
 
Both models show promise, and the relationship between rainfall before planting and smut 
incidence remains consistently logarithmic. Smut infection levels vary more when rainfall 
levels are low, indicating the influence of other factors when rainfall is not dominant. It is 
envisaged that other factors, such as smut spore trap counts, as well as other weather 
variables, will be included in future work, to improve these predictions. Additional inspection 
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data from the plant and early ratoon crops will also be included. The work provides a basis for 
the development of an index to inform growers of the overall risk of smut in their climatic zone, 
depending on weather conditions preceding the time of planting and at harvest. 
 
Keywords:  sugarcane, smut, risk, model, rainfall, validation 
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Abstract 

 
A range of Decision Support Tools (DSTs) is available to Extension Specialists and 
growers, including the Excel-based ratoon replant DST. This DST aims to guide the grower 
on when to replant, based on the timing and value of the expenses and returns throughout 
the crop cycle. In this study, the ratoon decline trends from a range of commercial field 
record datasets have been used to model the changes in crop production over time. The 
model is flexible in that it can be fully customized to an individual grower’s records. It 
deviates from previous replant calculators by allowing for: (a) variable fallow period 
treatments prior to planting, with the associated costs and delays; (b) the flexible harvest 
ages of the plant and ratoon crops; (c) customizable yield decline values; (d) the graphical 
display of a crop’s yield performance; and (e) the equivalent investment value of each 
subsequent crop. The theoretical value loss of not adopting an optimized replanting 
strategy as compared against a common “plant + 9 ratoons” cycle is also presented. The 
theoretical optimum ratoon cycle age for targeted replanting is also proposed in the model 
output. 
 
This poster provides an overview of the replant DST and the main findings. In principle, 
the replant period of crops with a large yield decline rate should be substantially reduced. 
For crops with a low rate of yield decline, the starting yield tends to influence the optimum 
ratoon length, with the higher initial crop starting yields theoretically favouring a shortening 
of the replant cycle. 

 
A copy of the poster is available at: https://sasri.org.za/mechanisation/ 
 
Keywords:  replant, ratoon decline, optimization, economic analyses 
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Abstract 

 
In the event of new legislation that prevents sugarcane from being burnt, or market changes 
that enable value creation from sugarcane biomass, factory management would benefit from 
knowing which route should be taken to handle the extraneous matter associated with green 
sugarcane harvesting. The decision of whether to separate the leaf in-field, at the factory 
before processing, or to process the sugarcane with the leaves, will be driven by economic 
considerations. The impact of processing green sugarcane, together with the leaves, on the 
sugar quality and recovery must be known, in order to estimate the cost implications, if this 
route is to be taken. The Sugar Milling Research Institute NPC (SMRI) investigated the effects 
of processing green (unburnt) sugarcane on the quality of the extracted juice. The aim of the 
project was to investigate the contribution of brown leaf to the non-sucrose and colour in the 
extracted juice, and the colour and turbidity in clarified juice, and to estimate the effects of the 
added brown leaf on the sugar colour and recovery.  
 
A set of experiments using a full factorial design was conducted, using four different sugarcane 
varieties with different expected ICUMSA colour loads in the extracted juice. A pilot extractor 
was used to extract the juice from burnt and green sugarcane, with various amounts of added 
brown leaf. 
 
Predictions of sugar colour and recovery based on the extracted juice composition suggest 
that co-processing brown leaf with green sugarcane would either yield a higher raw sugar 
colour and reduce sugar recovery or incur higher processing costs to achieve the target sugar 
quality and sugar recovery.  
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Introduction 
 
The cheapest method of removing the leaves from sugarcane during harvesting is by burning 
the crop prior to cutting it. The burning of sugarcane offers some advantages: the burnt 
sugarcane is easier to transport and handle during factory processing and, since the purity is 
significantly lower and the colour of the leaf extract significantly higher than that of the cane 
stalk, there are no adverse effects associated with the removal of leaves on the sucrose 
recovery and quality of the sugar produced. The disadvantages of burning include the 
following: no leaf blanket remains in the field, there is no recycling of nutrients into the ground 
(van Antwerpen et al., 2006), there is faster post-harvest sugarcane deterioration and there is 
a loss of some biomass for energy generation. With the increasing environmental pressures 
and the risk of government regulatory changes prohibiting the burning of sugarcane, as well 
as the possibility of using brown leaf for renewable energy, there is a strong motivation for 
exploring the costs and benefits of green cane harvesting, i.e. harvesting cane without burning 
and bringing the brown leaf into the sugar factory.  
 
If legislation is introduced that prohibits the burning of sugarcane, or if the value of sugarcane 
biomass for renewable energy increases, decisions need to be made on how to manage and 
handle the brown leaf that is associated with unburnt sugarcane. Should it be removed in the 
field or at the factory, or should it be co-processed with the sugarcane? It is necessary for 
factory management to understand the challenges and costs associated with the processing 
of green sugarcane, compared to burnt cane, and an economic assessment of the various 
options could assist in deciding which route should be taken. Rein (2007) referenced sources 
that investigated the effects of processing sugarcane with brown leaf and noted that the effects 
on handling, preparation, throughput and extraction are fairly well understood, while the effects 
on sugar quality and recovery are not. A review of the literature pertaining to the effects of 
processing of green cane with brown leaf on the mixed juice quality, sugar quality and sucrose 
recovery (Barker, 2017a; Muir, 2008), and on factory and laboratory trials (Muir and Eggleston, 
2009; Muir et al., 2009), has identified the need for additional research on the effects of brown 
leaf on the juice quality and on percolation rates in the diffuser. In addition, the effect of 
sugarcane variety had not previously been investigated thoroughly. Furthermore, in many 
published investigations, replication was not included in the experimental design. 
Consequently, the variability and significance of the results could not be computed.  
 
An SMRI research project, as part of the Sugarcane Technology Enabling Programme for 
Bioenergy (STEP-Bio), a public:private partnership between the South African sugarcane 
processing industry and the Department of Science and Innovation’s Sector Innovation Fund, 
was undertaken to investigate the effects of processing green (unburnt) sugarcane, with 
various amounts of brown leaf, on diffuser operation and the quality of the resulting extracted 
juice. A previous study by Balkissoon et al. (2019) designed and tested a pilot extractor to 
allow juice to be extracted from samples of prepared cane. The juice quality from the extractor 
was found to correlate with the quality of juice extracted from the same cane in an industrial 
diffuser. This paper is an extension of the work by Balkissoon et al. (2019) and describes the 
second part of the project, which aimed (1) to investigate the contribution of brown leaf to non-
sucrose and colour in the extracted juice; (2) to understand the effect of brown leaf on 
percolation rates in a diffuser; (3) to investigate the contribution of brown leaf to the colour and 
turbidity of clarified juices; and (4) to estimate the economic impact of processing brown leaf 
with cane on the sugar quality and recovery in a diffuser factory.  
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Experimental Procedures 
 
General methodology 
The experiments were designed to quantify the colour and non-sucrose concentration in 
extracts from samples of prepared cane in a pilot extractor at different levels of brown leaf, for 
different cane varieties, and for samples prepared from cane that had been either harvested 
green or burnt prior to harvesting. For each sample, the percolation rate was measured in a 
packed cylindrical column. The extracts were then subjected to batch clarification tests in order 
to quantify the effect of burning and brown leaf composition on clear juice, and thereby to infer 
whether the higher colour and non-sucrose content attributable to brown leaf or burning 
persists across clarification. 
 
Cane samples and sample preparation 
Experiments were performed on a pilot scale, using samples of four different varieties of 
sugarcane. A portion of each variety that was sampled had been burned before harvesting, 
and the remainder was harvested green. This study differentiated between these types of 
harvesting method as burnt (leaves removed by burning) and green (cane harvested with 
leaves). In order for experiments using green harvested cane to be comparable between 
different varieties, the green cane of each variety was first separated into clean stalk, brown 
leaf and tops. Samples of the prepared cane, with comparable amounts of brown leaf for each 
variety, were created by combining brown leaf and clean stalks from the same variety in fixed 
ratios, up to the maximum brown leaf composition observed in the cane samples.  
 
Experimental design 
Experiments were conducted according to a full factorial experimental design (TIBCO 
Statistica© version 13.4.0.14) to test the effects of: (1) the sugarcane variety, (2) the harvesting 
method; and (3) the amount of brown leaf in the sample. The experiments were carried out in 
triplicate, giving rise to 48 tests (Appendix 1). The independent variables were:  
 

• harvesting method: 
o burnt (burnt sugarcane, considered to have no brown leaf); and 

o green (unburnt sugarcane with no brown leaf added) 
 

• amount of brown leaf:  
o no brown leaf (No BL, unburnt sugarcane with no brown leaf added); 
o medium (unburnt sugarcane with the addition of 7.5 g of brown leaf/100 g sample); and  
o high (unburnt sugarcane with the addition of 15.0 g of brown leaf/100 g sample  

 

• sugarcane variety (N12, N16, N39 and N47). 

 
Figure 1. The factors tested in this study were variety, harvesting method and amount 

of brown leaf 

N12 N16 N39 N47

Variety

Burnt
Green 

No brown leaf 
(No BL)

Green
Medium brown leaf 

(Medium)

Green 
High brown leaf

(High)

Harvesting method Amount of brown leaf
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Cane harvesting and collection 
Burned and green sugarcane of four varieties was obtained from the South African Sugarcane 
Research Institute (SASRI). The varieties were grown on the same farm under identical 
growing conditions. The amount of sugarcane required for the tests amounted to 
approximately 125 kg per variety for green sugarcane and 40 kg per variety for burnt 
sugarcane. Cane harvesting was undertaken by SASRI staff on an experimental farm in 
Empangeni. Cane was harvested without burning. A portion of each variety of harvested cane 
was then burned, to remove the brown leaves. On arrival at the SMRI, the cane was cleaned 
(topped and de-leafed). Table 1 gives the dates on which the sugarcane samples were 
harvested, collected, and then tested at the SMRI. 
 

Table 1:  Dates of sugarcane harvesting, burning, collection and testing 

 

Variety Harvesting Burning Collected Cleaning Testing 

N12 

6 Feb 7 Feb 7 & 8 Feb 7 & 8 Feb 

11 ,12 & 13 Feb 

N39 13 & 14 Feb 

N47 15 & 16 Feb 

N16 18 & 20 Feb 

 
 
The masses of resulting leaves, tops and cleaned sugarcane stalks were determined per 
variety and the percentage contribution of each of them was calculated. 
 
After harvesting, the cane begins to deteriorate, which influences the composition of the juice 
that can be extracted. Since a limited number of tests could be performed per day, the average 
time after harvesting could not be held constant (Table 1). Therefore, instead of using a 
completely randomised experimental design, the varieties were grouped together so that the 
effect of deterioration on the test results would be similar between samples of the same 
variety. However, the time after harvesting was different between varieties, and this needs to 
be accounted for when considering inter-variety variations in the results.  
 
For the tests using burnt sugarcane and green sugarcane without brown leaf, the sugarcane 
stalks were billeted into 15 cm lengths and weighed into 2 kg batches. These batches were 
shredded in a Waddell shredder for 5 seconds, according to the method described by Loubser 
and Barker (2011). For the tests using green sugarcane requiring the addition of brown leaf, 
the required mass of brown leaf (either 7.5% or 15% m/m representing medium and high 
levels, respectively) was added to the cleaned and billeted green sugarcane stalks and then 
shredded together in a Waddell shredder. Each prepared sugarcane sample was mixed well 
and sub-sampled for juice extraction in a pilot juice extractor, for percolation testing and for 
density testing, as described below. 
 
Juice extraction 
Juice was extracted from 3.0 kg sub-samples of shredded sample in a pilot juice extractor, 
using water at approximately 80°C for 30 minutes, according to the method described by 
Loubser (2018) and Balkissoon et al. (2019). The extracted juice was sub-sampled into six 
portions of 100 mL and stored at -22°C for further chemical analyses and clarification.  
 
Percolation testing 
The percolation tests were conducted according to the method described by Loubser and 
Barker (2011). Approximately 6 kg of shredded sugarcane was used for the percolation tests.   
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Density testing 
Density testing was carried out according to the method described by Loubser and Barker 
(2011). Approximately 1.2 kg of the shredded sample was used for the density tests.  
 
Juice clarification 
The juice obtained from the pilot juice extractor (approximately 1.5 kg per sample) was heated 
to 90°C in a 2 L stainless steel container (with an electrical heating element). The juice was 
stirred with a magnetic stirrer. Using a 10% (m/m) hydrated calcium hydroxide (milk of lime) 
suspension, the pH of the juice was adjusted to 7.3. The juice was then boiled for 20 s. An 
anionic polyacrylamide flocculant (LT 27) was added (3 mg/kg juice) to the juice as a 0.1% 
(m/m) solution and mixed gently by hand. The juice was decanted into three 250 ml graduated 
measuring cylinders and allowed to settle for 10 minutes. The clarity of the juice and the 
amount of calcium phosphate precipitate were observed and recorded (qualitatively). The 
supernatant juice from each of the three cylinders was sampled, mixed and frozen for later 
analysis. 
 
Chemical analyses of juices 
The extracted juice samples (unclarified) were analysed for ICUMSA colour (Anon, 2013), 
reducing sugars by High Performance Liquid Chromatography (HPLC) (Anon, 2011), brix or 
Refractometric Dry Solids (RDS) (Anon, 2018a), sucrose (Anon, 2018b) and conductivity ash 
(Anon, 2018c). The clarified juice samples were analysed for ICUMSA colour and for turbidity 
(Anon, 2014). To remove the effect of dilution on analyte concentrations, the results were 
presented relative to the dry solids content. For example, fructose is reported as fructose/brix, 
with units of g fructose/100 g RDS. 
 
Analysis of results 
The raw data from the pilot extractor experimental trials, percolation measurements and the 
clarification tests were analysed in TIBCO Statistica© version 13.4.0.14. The independent 
variables were: (1) variety; (2) harvesting method: burnt vs green (no brown leaf added); and 
(3) the amount of brown leaf added to green cane (none, medium and high).   
 
The dependent variables included: 
• gravity purity (g sucrose/100 g RDS) of unclarified juice; 
• colour (ICUMSA units; IU) of clarified and unclarified juice; 
• reducing sugars in unclarified juice (g fructose and glucose/100 g RDS);  
• ash in the unclarified juice (g conductivity ash/g RDS);  
• turbidity of the clarified juice (ICUMSA units; IU);  
• shredded sugarcane density (kg/m3); and  
• shredded sugarcane percolation rate (m/min),  
 
The clarified and unclarified juice qualities were compared for each prepared cane sample to 
test whether the effects of the harvesting method and the amount of brown leaf persisted 
across clarification. 
 

Results 
 
Mass contribution of brown leaf per variety 
 
The mass contribution of brown leaves and clean stalk to whole stick of sugarcane per variety, 
as delivered, are presented in Table 2. Tops, with associated green leaves, were not used in 
any tests. The average brown leaf percent mass contribution to the sugarcane stalk across 
varieties was 14.6%. Based on these values, high and medium-brown leaf percentage values 
of 15% and 7.5%, respectively, were selected for testing. 
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Table 2: Contribution of various components of the sugarcane per variety 
investigated 

 

Contribution of 

sugarcane component 

Variety 

N12 N16 N39 N47 

% contribution of clean 

sugarcane stalk  

84.17 80.34 85.24 90.77 

% contribution of brown 

leaf  

15.83 19.66 14.76 9.23 

 
Characteristics of extracted juice 
 
Effect of sugarcane variety 
An Analysis of Variance (ANOVA) test was performed at a significance level of 0.05 to 
determine whether the sugarcane varieties (green and with no brown leaf added) were 
significantly different from each other, by comparing the concentrations of each of the analytes 
present in the extracted unclarified juice, the sugarcane densities and the percolation rates. 
The ANOVA test revealed that variety had a significant effect on some of the analytes 
(P- values below 0.05 marked in red in Table 3). 
 
Table 3: ANOVA test indicating effect of variety on the quality of extracted juice, 
shredded cane density and percolation rate for samples of green sugarcane with no 
brown leaf (significant effects are shown by P-values < 0.05) 
 

Dependent variable P-value 

Gravity purity 0.0294 

Colour 0.0001 

Fructose/brix 0.0877 

Glucose/brix 0.2189 

Conductivity ash/ brix 0.0157 

Shredded cane density 0.1430 

Percolation rate 0.0140 

 
 
Since the varieties were chosen for their different colour characteristics, it was expected that 
the colour differences between the varieties would be significant. Figure 2 shows the 
difference in colour between respective varieties for juices extracted from green sugarcane 
with no added brown leaf. Variety N47 was selected as the low-colour variety and N12 was 
selected as the high-colour variety, while N39 and N16 were selected as the medium-colour 
varieties. Variety also had a significant effect on the gravity purity and conductivity ash. This 
was expected, based on the variety characterisation work done by Barker and Davis (2005). 
Similarly, Loubser and Barker (2011) showed that variety can have a significant effect on 
percolation rate.  
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Figure 2: Box and whisker plot showing colours of the juices extracted from the 
different varieties (green cane with no brown leaf added). SE = standard error 
 
The results for the ICUMSA colour conformed with expectations, based on previous 
experience with these varieties, with N12 and N47 showing the highest and lowest juice 
colours, respectively. However, since the time between harvesting and extraction could not 
be kept constant, some of the effects assigned to variety may have been somewhat 
confounded by the differences in storage time. For the interpretation of the colour results in 
unburned cane, the effect of storage was not expected to be large, since Eggleston et al. 
(2001) found that cane storage time did not result in large changes in measured ICUMSA 
colour in juice extracted from unburnt cane.  
 
Effect of burning sugarcane (burnt) vs harvesting green (No BL)   
An ANOVA test was performed at a significance level of 0.05 to determine if burnt and green 
sugarcane, without added brown leaf, were different from each other in terms of the 
concentrations of the analytes present in the extracted juice, as well as the sugarcane density 
and percolation rate. The ANOVA test indicated that juices extracted from burnt and green 
sugarcane were significantly different from each other for gravity purity and colour (P-values 
below 0.05, marked in red in Table 4).  
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Table 4: Results of ANOVA test showing effects of treatments burnt and No BL on the 
quality of juice extracted, sugarcane density and percolation rate (significant effects 
are shown by P-values < 0.05) 
 

Variable P-value 

Gravity purity % 0.0040 

Colour 0.0107 

Fructose/brix 0.0584 

Glucose/brix 0.8207 

Conductivity ash/brix 0.3889 

Shredded cane density 0.3339 

Percolation rate 0.2128 

 
A Least Significant Difference (LSD) test was performed for those variables that gave 
significant differences (viz. gravity purity and colour), to determine which varieties exhibited 
significant differences for those analytes between burnt and green sugarcane. The results are 
summarised in Table 5 where the green ticks indicate statistically significant differences of the 
mean values at a significance level of 0.05.  
 
Table 5: LSD test indicating differences between harvesting method (burnt or green, no 
brown leaf) for gravity purity and colour for all sugarcane varieties tested (P-
values< 0.05) (green tick indicates statistically significant differences) 
   

Analytes 
Sugarcane variety 

N12 N39 N47 N16 

Gravity purity % 
 

 
 

X 

Colour X 
   

 
 
The harvesting method viz. burnt or harvested green (No BL), was found to have a statistically 
significant effect on gravity purity for all varieties, except N16, according to the LSD test 
(Table 5). The purity of juices extracted from green sugarcane were higher than in juices from 
burnt sugarcane (results not shown). This was expected, since burning is believed to 
compromise the protective waxy layer of the sugarcane stalk and thus expose the interior of 
the sugarcane to microbial infection, which leads to deterioration of the sugarcane and an 
associated reduction in purity (Eggleston et al., (2001). 
 

Statistically-significant differences in the colours of extracted juices between samples from 
burnt and green sugarcane were observed for all varieties, except for N12, according to the 
LSD test (Table 5). Again, the contribution of deterioration to these differences could not be 
independently assessed, but it was noted that the N12 samples were processed first, with the 
shortest delay between harvesting and testing. In general, the average colour of juices from 
burnt sugarcane was higher than for juices from green sugarcane (results not shown). This 
may suggest that harvesting burnt sugarcane can result in higher juice colour values, 
compared to harvesting green sugarcane. However, it is not possible to assess whether this 
is due to the burning or accelerated deterioration in burned cane, relative to green cane after 
harvesting. Further experiments are required to test this hypothesis.  
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Effect of different levels of brown leaf (No BL, medium and high) on green cane on the 
variables measured  
An Analysis of Covariance (ANCOVA) was performed at a significance level of 0.05 to 
determine whether the amount of brown leaf added to green sugarcane correlated significantly 
to the changes in the extracted juice analytes, density and percolation. Variety was used as a 
categorical predictor, with the added brown leaf amount as the continuous covariate. For 
analytes that were significantly influenced by the amount of added brown leaf, Homogeneity 
of Slopes ANCOVA was used to test the hypothesis that the relationship between the change 
in analyte concentration and brown leaf amount was dependent on variety. Table 6 identifies 
all analytes where the slope of analyte vs. brown leaf amount was significant, i.e. that an 
increase in brown leaf amount resulted in a significant change in analyte concentration. For 
these analytes, the P-value was significant (<0.05) for the regressed slope with the amount of 
added brown leaf. The analytes fructose/brix and reducing sugars/ash did not show any 
significant relationship between the amount of analyte and brown leaf. 
 
For all analytes that were significantly correlated with amount of added brown leaf, except 
ICUMSA colour, the slope of analyte with increasing brown leaf amount was homogenous, i.e. 
the slope was not significantly different for different varieties. Table 6 presents the 95% 
confidence interval on these slopes, for all varieties combined. For ICUMSA colour, slope of 
analyte vs. brown leaf amount were not significantly different between N12 and N16 and 
between N39 and N47, indicating that these varieties divided into two groups with 
homogenous slopes. The Homogeneity of Slopes ANCOVA indicated that the homogenous 
slopes assumption could be used within these groups. The 95% confidence intervals on the 
two variety clusters are given.  
 
Table 6: Results of ANCOVA test showing the effect of brown leaf added to green 
sugarcane on the extracted juice quality, sugarcane density and percolation rate  
(a significant effect of brown leaf amount is shown by a P-value < 0.05) 
 

Variable* P-value 
Homogenous 

slopes 

Adjusted 

R2 

Effect on analyte per % 

increase in brown leaf  

(g/100 g sample) 

Gravity purity % <10-4 Y 0.7770 -0.2733 (± 0.0687) % 

Colour - N - - 

Colour N12 & N16 <10-4 Y 0.8821 1672 (± 318) IU  

Colour N39 & N47 <10-4 Y 0.9671 1346 (± 129) IU 

Fructose/brix 0.3214 N/A** N/A - 

Glucose/brix 0.0305 Y 0.4230 0.0355 (± 0.0320) g/100 RDS 

Conductivity ash/brix <10-4 Y 0.8070 0.0657 (± 0.0162) g/100 RDS 

Reducing sugar/ash 0.3354 N/A** N/A - 

Prepared sample density <10-4 Y 0.7237 -5.504 (± 1.202) kg/m3 

Percolation rate 0.0001 Y 0.8821 -0.0096 (± 0.0044) m/min 
*  Except for ICUMSA colour, ANCOVA model results include all varieties as categorical independent 
variables. 
** The slope of fructose/brix and reducing sugar/ash vs. amount of added brown leaf were not significant, 
consequently, Homogeneity of Slopes ANCOVA was not performed for these analytes 

 
Purity: Increases in brown leaf content are expected to reduce the purity of extracted juices 
(Rein, 2007). This overall trend was observed for all varieties. These trends are shown 
graphically for each variety in Appendix 2. Ignoring the effect of variety, the 95% confidence 
interval on the rate of decrease of gravity purity with brown leaf is between 0.21 and 0.34 units 
for every % increase in brown leaf (g/100 g sample). These results were compared to other 
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published studies, as mentioned below: 

• Scott et al. (1978), reported that the apparent purity of juiced extracted using a 
sugarcane press decreased by 0.33 units for every 1% increase in brown leaf; 

• Hemaida et al. (1977), using a three-roller mill, reported a decrease of 0.26 units for 
every 1% increase in brown leaf;  

• Lionnet (1985) investigated the extraction of non-sucrose components of sugarcane, 
using diffuser pots, and reported that the apparent purity of the extracted juice 
decreased by an average of 0.45 units for every 1% increase in brown leaf. However, 
only one sugarcane variety was used in this study; 

• Reid and Lionnet (1989) investigated the purity of mixed juice extracted from green 
sugarcane, with and without tops and brown leaf, under factory conditions. Mixed juice 
was extracted from sugarcane, using a milling tandem. The change in the mixed juice 
purity with addition of brown leaf and tops was reported as a decrease of 1.1% for 
every 1% increase in fibre of sugarcane.  

• Muir et al. (2009) conducted similar tests to this study and reported a 0.4% decrease 
in the mixed juice purity for every 1% increase in added leaf (green and brown). Due 
to the difficulty of performing factory trials, these tests were only performed once. 
Without replication, no estimation of uncertainty could be made.  

 
The results reported in this paper fall into the same range as these previous studies. 

 
Colour: Excellent correlations were obtained between the extracted juice colour and the 
amount of brown leaf. The effect of brown leaf content on colour is shown graphically as Box 
and Whisker plots for each variety in Appendix 3. Varieties N12 and N16 contributed between 
1350 – 2000 IU colour for every 1% increase in brown leaf (g/100 g sample), or between 6.9 
and 10.1% increase in ICUMSA colour to the juice, based on 95% confidence intervals. The 
newer varieties N39 and N47 contributed between 1200 - 1500 IU colour for every 1% increase 
in brown leaf (g/100 g sample), or between 9.2 and 11.1% increase in ICUMSA colour to the 
juice, based on 95% confidence intervals. 
 
The contribution of brown leaf to extracted juice colour appears to be influenced by sugarcane 
variety and may also depend on growing conditions and post-harvest deterioration. When the 
difference in juice colour, with brown leaf addition, is expressed on a relative basis as a 
percentage of base juice colour (i.e. with no added brown leaf), the result obtained will be 
sensitive to the base juice colour. Thus, percentage colour change values may be expected 
to differ significantly between studies. These results have been compared to the following 
published studies that conducted similar investigations: 
 

• Scott et al. (1978) reported that a 1% increase in brown leaf increased the colour of 
extracted juice by 3.6%. This figure is lower than the value obtained in this 
investigation, where colour increases of between 7% and 11% for every percentage 
increase in brown leaf content of sugarcane were measured. In addition to the 
limitations of comparing colour change on a relative basis, the method for extracting 
juice differed between the two studies; Scott et al. (1978) used a sugarcane press to 
extract the juice, which does not simulate extraction in a diffuser, and they used 
different varieties to those used in the current study;  

• Lionnet (1992) investigated the factors that affect the colour of sugarcane juice. Using 
cold digestion to extract the juice from sugarcane, leaf components (green and brown) 
increased the colour of juice by between 4 and 15% per percentage increase in the 
sample leaf content; and  

• Reid and Lionnet (1989) performed factory trials in a factory with a milling tandem and 
showed that increasing the fibre content of the sugarcane by 1%, by adding tops and 
brown leaf, increased the colour of mixed juice by an average of 1841 IU. The factory 
trial used burnt sugarcane as the control, and these tests were conducted only once. 
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Reducing sugars: No statistically-significant differences were observed in the measured 
fructose concentration of the juices extracted with different levels of added brown leaf, for any 
of the varieties tested. Although a significant correlation was found for the glucose extracted 
(Table 6), the effect was only significant when all varieties were analysed together, and the 
correlation was weak (these effects are shown graphically in Appendix 4 as Box and Whisker 
plots for each variety). It was also noted that the concentrations of reducing sugars in the juice 
obtained from the pilot juice extractor were close to the detection limit of the analytical method 
and therefore the results should be treated with caution. The uncertainty in the slope of 
glucose/brix vs. amount of added brown leaf is too large for these results to be reliably used 
for predictions, but the results suggest that the additional glucose extracted would be less than 
0.07 g/100 g RDS per additional 1% of brown leaf in prepared cane.  
 
Similar investigations have been completed by the following researchers:  

• Lionnet (1981) conducted experiments with sugarcane sampled from an experimental 
station and was not able to show any significant effect of brown leaf content on 
reducing sugar concentration in juice; 

• In subsequent tests with industrial sugarcane sampled from a spiller table, Lionnet 
(1982) reported an increase of 3.4% in reducing sugars of the press juice for every 1% 
increase in brown leaf content; and  

• Reid and Lionnet (1989) reported on work done at a sugar factory, where increasing 
the brown leaf content of large sugarcane consignments by 1% increased the reducing 
sugar content of mixed juice by 0.05%. No reference for the reducing sugar content of 
brown leaf could be obtained from this study.  

 
Although the relative contribution of reducing sugars to total dissolved solids in brown leaf is 
expected to be higher than that in stalks, the total moisture in brown leaf is significantly lower 
than that of stalks (Scott et al., 1978). Therefore, the total mass of reducing sugars derived 
from brown leaf in extracted juice is not expected to be large and, therefore, the contribution 
to the reducing sugars/brix concentration is also not expected to be large.  
 
Conductivity ash: Increasing the brown leaf content clearly increased the conductivity ash 
content of the extracted juice (shown as Box and Whisker plots in Appendix 5 for each variety). 
This was expected, as leaves have a higher concentration of soluble ash than the cane stalk 
(Rein, 2007). Ignoring the effect of variety, increasing the brown leaf content of green 
sugarcane by 1% increased the conductivity ash/brix by between 1.0 % and 2.5%, at the 95% 
confidence level. This result conformed to previous findings: 

• Scott et al. (1978) reported a 2.5% increase in juice sulphated ash concentration for 
every 1% increase in brown leaf content; and 

• Lionnet (1982) reported a 2.4% increase in juice sulphated ash content for every 1% 
increase in brown leaf content for their investigations.  

 
Both Scott et al. (1978) and Lionnet (1982) used a sugarcane press to extract juice. 
 
Percolation characteristics 
 
Effect of brown leaf on bulk density of shredded cane  

The addition of brown leaf to green sugarcane had a marked effect on the bulk density of the 
shredded cane (Table 6). ANCOVA yielded a significant reduction in bulk density of between 
4.3 and 6.7 kg/m3 for every % increase in brown leaf (g/100 g sample). Appendix 6 shows the 
bulk density data as Box and Whisker plots. 
  
The addition of brown leaf to sugarcane decreased the bulk density, due to the fibrous nature 
of the brown leaf. Ignoring the effect of variety, increasing the brown leaf content of sugarcane 
by 1% decreased the density of shredded sugarcane by between 1.5% and 2.3% at the 95% 
confidence level. This corresponds to a reduction of between 22.6% and 35% for a high level 
(15%) of brown leaf in the shredded cane. These results were compared to work done by 
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Barker (2017b) who performed density measurements on burnt and green sugarcane with 
added brown leaf. Tests were performed on factory-prepared sugarcane and it was estimated 
that the brown leaf content of the green sugarcane was about 15% (g/100 g sample). Barker 
(2017b) found that there was, on average, a 40% decrease in the sugarcane density, relative 
to burnt sugarcane, which is similar to, although higher than, the results presented here. 
 
Effect of brown leaf on juice percolation rate in shredded cane 
Percolation rate measurements showed a dependence on the amount of brown leaf in the 
prepared cane sample (Table 6). ANCOVA yielded a significant reduction (P=0.001) in 
percolation rate of between 0.0052 and 0.014 m/min for each 1% increase in brown leaf in the 
prepared cane sample. Appendix 7 shows the percolation rate data as Box and Whisker plots 
for each variety.  

 
These findings were not expected, since the percolation tests conducted in previous studies 
(Loubser and Barker, 2011; Barker, 2017b) reported the opposite effect, where the measured 
percolation rate increased with the addition of brown leaf. However, the preparation of the 
sugarcane samples used in this study was not the same as industrial preparation. The Waddell 
shredder uses intense knifing to shred the cane, while hammers are used for final shredding 
in industrial cane preparation. The difference between the two processes is particularly 
pronounced with brown leaf, where the shredding action of industrial shredders does not shred 
the brown leaf as finely as it does sugarcane stalks. In contrast, the knifing action of the 
Waddell shredder results in fine fibres, similar to those generated by the shredding of the 
sugarcane stalks. Figure 3 shows photographs of green sugarcane with brown leaf and burnt 
sugarcane from factory trials (A) and from this investigation (B). The factory-shredded green 
billets have long leaf fibres that are not present in the Waddell shredded green cane with 
added brown leaf. The use of a Waddell shredder to prepare cane for these investigations 
might generate different results to industrially shredded cane for properties associated with 
liquid-flow characteristics and bed packing, as a result of differences in prepared cane fibre 
morphology. However, the type of shredder used in cane preparation is not expected to 
influence the effects of brown leaf on the other analytes, since the shredding does not directly 
influence the composition and chemical processes within the prepared cane. Differences in 
prepared cane morphology may influence the extent to which changes in composition occur, 
but not the direction of those changes.  
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Figure 3:  Photographs of shredded sugarcane with and without brown leaf prepared 
in a factory shredder (A) and in the Waddell shredder (B) (not to scale) 
 
The fine shredding of brown leaf in the Waddell shredder could be the reason why the 
percolation rate did not increase with increasing brown leaf, despite the general increase in 
density of the shredded cane with increasing brown leaf. However, further investigations will 
be necessary to confirm these results and to understand their causes.  
 
Clarification tests 
 
Analyses of the extracted juices indicated that the added brown leaf resulted in higher juice 
colour measurements. However, juice colour is a composite measure. Colourants that 
contribute to the measured ICUMSA colour are a diverse group of organic molecules (Booysen 
and Davis, 2019). Clarification tests were performed to determine whether the colour derived 
from the brown leaf behaved differently to the colour in extracts from clean sugarcane stalks 
during clarification. In other words, did colour derived from brown leaf persist across 
clarification? The effect of clarification on colour and turbidity of juices extracted from green 
cane with different levels of brown leaf added (No BL, medium and high), were determined 
and are presented below.  
 
Unclarified juice vs clarified juice 

A paired t-test was used to determine whether there was a significant change in the measured 
colour of juices after clarification, for all varieties and all levels of brown leaf used in these 
investigations. Overall, there was a significant difference between the juice colour before and 
after clarification (P = 0.0010), where the measured colour of clarified juice was consistently 
higher than the colour of unclarified juice for each sample. No significant effect of the amount 
of added brown leaf on the colour change across clarification was observed. Therefore, these 
results do not provide any evidence that the colour components derived from brown leaf 
behave differently during clarification to those that come from clean cane. 
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Effect of brown leaf on the turbidity of clarified juices 
All clarified juice samples from this investigation were analysed for turbidity, using the ICUMSA 
method (Anon, 2014). The amount of settled solids (mud) after clarification was also observed 
for every sample. This was a qualitative assessment, as the amount of mud produced during 
clarification was too small to be quantified. Furthermore, the measurement is based on the 
volume of mud, rather than its mass. However, the mud density can vary significantly (Doherty 
and Edye, 1999) and, therefore, the measurement does not reliably indicate the mass of mud 
produced. For each sample, the level of mud produced was recorded as high, medium or low.  
 
The turbidity measurements were compared for the clarified juice samples obtained from burnt 
sugarcane and from green sugarcane with no brown leaf. No significant difference could be 
detected, with the ANOVA test returning a P-value of 0.69. High volumes of precipitate for 
both burnt and green sugarcane with no brown leaf were recorded. 
 
The addition of brown leaf to green sugarcane had a significant effect on the turbidity of the 
clarified juice (P-value < 10-4), with higher levels of added brown leaf resulting in higher juice 
turbidity (Figure 4).  
 

 
 

Figure 4: Box and Whisker plot showing the differences between the turbidity of 
clarified juices extracted from green cane with increasing brown leaf content. SE = 
standard error 
 
The volume of precipitate decreased as the content of brown leaf added to green sugarcane 
increased. In all cases, high brown leaf content gave low levels of precipitate, medium brown 
leaf content gave medium precipitate levels and green sugarcane with no brown leaf added 
(none) gave high levels of precipitate. Figure 5 is a photograph of the clarified juices from 
green sugarcane with the medium level of added brown leaf and no brown leaf added. 
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Figure 5: Clarified juices with settled mud for juice extracted from green sugarcane 
with medium brown leaf content (left) and with no brown leaf content (right) 
 
Possible explanations for the lower levels of precipitate obtained for increased brown leaf 
content have been proposed:  
 

(a) the mass of “clean” green sugarcane used for the test decreased as the brown leaf 
content was increased, which may have lowered the amount of phosphate available 
for the reaction with the milk of lime, resulting in lower mud volumes and poor 
clarification; and 

(b) the impurities extracted from the brown leaf (for example, silica) might have interfered 
with the precipitation reaction and/or the flocculation reaction with the anionic 
polyacrylamide flocculant. 

 
This would, however, require further investigation. 
 
Estimated effects on sugar recovery and quality 
 
The influence of added brown leaf on clarified juice properties measured in this study was 
used to estimate the potential effects of co-processing brown leaf with stalks on sugar recovery 
and sugar quality in a diffuser factory. Estimates of sugar recovery were made using sucrose 
balances, and increases in raw sugar colours, as a result of the addition of brown leaf, and 
were estimated by using correlations for colour transfer in sugar factory operations. 
 
Effect on sugar recovery 

These investigations highlighted the significant effect of brown leaf on the gravity purity and 
conductivity ash. Adding brown leaf to sugarcane appears to lower the purity of the extracted 
juice and increase the non-sucrose content. The higher ash concentrations will also lower the 
reducing sugar-to-ash ratio, leading to poorer final molasses exhaustion.  
 
The Sugar-Juice-Molasses (SJM) recovery formula was used to estimate the effect on sugar 
recovery, based on mixed juice, raw sugar and molasses gravity purities of 86.8%, 99.41% 
and 40.38%, respectively (Naidoo, 2019). Using the correlation between gravity purity and 
% brown leaf content obtained from these investigations, it is estimated that crushing 
sugarcane with 15% brown leaf (g/100 g sample) would decrease sucrose recovery by 
between 2.8% and 4.8%, compared to recoveries that might be achieved using green cane 
with no brown leaf.  
 
Dissolved inorganic solids, especially cations (key constituents of measured conductivity ash) 
increase the solubility of sucrose in molasses. If increased brown leaf content of sugarcane 
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leads to higher ash loads throughout the sugar milling process, this could lead to an increase 
in sucrose solubility, depending on which constituents of the ash are increased, which could 
result in reduced exhaustion and lead to higher final molasses purities. The molasses target 
purity formula (Smith, 1995) predicts the equilibrium molasses purity from the reducing sugars-
to-ash ratio. Since this study did not find a significant effect of brown leaf content on reducing 
sugars concentration in extracted juice, the recovery estimation assumes that the reducing 
sugar load will not change when the amount of brown leaf in sugarcane increases. The effect 
of increasing ash in juice on the molasses purity was estimated by using the molasses target 
purity formula. The correlation between conductivity ash of juice and the % brown leaf was 
used to predict the ash content of the juice. The reducing sugar-to-ash ratio was calculated by 
using the 2018/19 industry average for reducing sugars of mixed juice (3.67g/100 g RDS). 
The calculations predict that increasing the brown leaf content of green sugarcane from 0% to 
15% will increase the molasses target purity by between 1.0 and 1.6 units. By applying the 
estimated increase in target purity to the molasses purity used in the SJM calculation 
(assuming that the factory target purity difference does not change) and using the reduced 
gravity purity suggested by this study, the sucrose recovery could be reduced by between 
3.0% and 5.2% when brown leaf makes up 15% of the incoming cane, compared to clean 
green cane. It must be emphasised that the effect of ash on solubility is poorly characterised 
and therefore, while these calculated values include the variance in the ash content observed 
for increasing brown leaf content, they do not consider the uncertainty in the relationship 
between ash content and sucrose solubility and therefore should be used with caution. 
 
Effect on sugar quality 
This investigation has shown very good correlations between juice colour and the amount of 
brown leaf added to sugarcane from which the juice had been extracted. The correlations 
showed that brown leaf added between 1200 IU and 2000 IU colour (depending on the sugar 
cane variety) to juice for every 1% increase in brown leaf. The impact that this change has on 
raw sugar colour will be influenced by the nature of colourants that make up the measured 
colour, the factory design and factory operating choices and cannot be predicted directly from 
clarified juice colour. However, using typical factory colour profiles, the possible product sugar 
colour was estimated, assuming that there would be no change in the operating conditions 
between receiving clean cane and receiving cane with 15% brown leaf. This provides a rough 
indication of the additional effort that the factory would have to make to meet its raw sugar 
colour specification. Smith (1990) conducted a survey of colour inputs and formation during 
processing for five South African factories. The survey showed that there was a colour 
increase of approximately 3% from mixed juice to syrup. Smith (1990) also reported a 22% 
increase of colour from the syrup to the A-pan feed. Lionnet (1987) conducted investigations 
into colour transfer from syrup to raw sugar, with an average colour transfer ratio of 0.0121 IU 
in raw sugar/ IU in syrup. This is the ratio of affinated sugar colour to the syrup feed colour 
that was used to produce the raw sugar. Finally, the colour of raw sugar is approximately 
double the affinated sugar colour (Madho et al., 2018). Using these values, it was estimated 
that the increase in sugar colour would be approximately between 35 IU and 55 IU for every 
1% increase in brown leaf, or between 525 IU and 825 IU for 15% brown leaf, assuming that 
factory operations did not change to accommodate the different juice quality. In practice 
recycles in the pan floor will have a non-linear effect on the ratio of the colour in product sugar 
to that of syrup, and increased raw sugar colour might prompt increased washing and higher 
recycle of sucrose. For the above reasons, the increased colour in juice might not affect the 
product sugar quality, but it could increase the cost of achieving the product colour 
specification. 

 
Discussion 

 
Although several previous studies have investigated the effects of processing brown leaf with 
sugarcane on factory operations, the effects of added brown leaf on the composition of mixed 
and clarified juices, as well as on final product sugar quality and recovery in diffuser factories, 
have not been understood well. In a previous study, the pilot extractor was shown to provide 
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a reproducible extract quality, and to give a reasonable indication of how changes in the feed 
material would affect the quality of extracted juice in a diffuser (Balkissoon et al., 2019). This 
study used the pilot extractor to test the effect of brown leaf on extract quality, under 
reproducible conditions. The use of a pilot extractor instead of a full-scale diffuser allowed the 
amount of added brown leaf to be controlled, the effect of burning and harvesting cane green 
to be compared and the key constituents of the extract to be quantified. 
 
As expected, adding brown leaf decreased the density of the prepared cane. This will have 
consequences for the operation of diffusers, including preparation equipment settings, feed 
roll settings, bed heights and chain speeds, and recycle/bypass settings in the different stages 
of the diffuser. Further work is required to understand how the juice percolation rate may be 
affected in a diffuser, since the results obtained in this study suggest that the percolation 
properties of the samples that were used may be significantly different to those produced in 
industrially-shredded cane.  
 
Overall, the addition of brown leaf to green cane was found to decrease the purity of the 
extracted juice and increase the colour and conductivity ash content of the extracted juice. 
The clarification tests found that the increased colour and conductivity ash content persisted 
in the clarified juice. Furthermore, the volume of mud during precipitation and the turbidity of 
the clarified juice appeared to be negatively affected by the addition of brown leaf to the cane 
sample. The results from the clarification tests indicated that juice clarification may need to be 
closely managed, in order to ensure that an acceptable quality clear juice is produced if the 
brown leaf content of processed sugarcane increases. Further investigations are required to 
understand whether, and how, clarification operations would need to change, and whether 
there may be knock-on effects associated with increased turbidity or altered clarifier 
operations, such as scaling in the evaporators or turbidity/filterability problems with the 
produced sugar. 
 
Analyses of unclarified juice samples were used to estimate the extent to which increasing 
brown leaf in the feed of a diffuser factory may negatively impact sucrose recovery, as a result 
of decreased juice purity, increased conductivity ash, and either increased product sugar 
colour, or the cost of achieving the product sugar colour specification.  
 
This study suggests that co-processing high loads of brown leaf in the feed to a diffuser factory 
receiving green cane will result in changes to the extracted juice quality and in the behaviour 
of the shredded cane in the diffuser. These may require altered machine settings and 
procedures, and may also negatively influence product quality, recovery and/or the cost of 
processing. The magnitude of these changes will depend on the amount of brown leaf, the 
variety of cane processed, and the operators’ responses to increased colour in raw sugar. The 
associated costs should then be included in an overall cost-benefit analysis to determine 
whether brown leaf should be separated in-field, at the factory gate, or co-processed with 
cane. 
 

Conclusions 
 

It was possible to measure and quantify the effects of different levels of brown leaf added to 
green sugarcane on the quality of the extracted juice, in terms of non-sucrose (gravity purity, 
reducing sugars and conductivity ash) and colour. Investigating the effects of brown leaf on 
the percolation rate of shredded cane, by using a percolation column, gave results that were 
contrary to those measured during investigations using factory prepared cane.  
 
This study used a full factorial design with three replicates to quantify variance in measured 
properties and to determine whether the relationships between measured properties and 
independent test variables were significant or not. The following conclusions were drawn from 
the results obtained from this study: 

• There were significant differences between the four tested sugarcane varieties, 
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with respect to colour and gravity purity of the extracted juices. This enabled 
varietal effects to be included in the results. However, since the delay between 
harvesting and processing cane was different for the different varieties, varietal 
effects may have been confounded by deterioration. 

• There were significant differences in the colour of juices extracted from burnt 
sugarcane vs. green sugarcane without brown leaf. The results showed that 
extracted juice from burnt sugarcane yields higher colour values and lower purity 
than green sugarcane without brown leaf. 

• The increase in the brown leaf content of green sugarcane had a statistically 
significant effect on all the measured variables, except reducing sugar content. 

• The effect of added of brown leaf was largest and most significant for colour 
(increasing), followed by purity (decreasing) and conductivity ash (increasing), in 
terms of the quality of the extracted unclarified juice. 

• The effect of brown leaf on percolation characteristics was not conclusive. The 
results showed that the density decreased, as expected, with increasing brown leaf 
content. The percolation rate, however, decreased with increasing brown leaf 
content, which was not expected. Further investigations into the differences 
between shredded cane and leaf produced by a factory shredder, and the Waddell 
shredder, should be performed to understand this effect. 

• A comparison of juice samples before and after the bench-top clarification tests 
showed that the increased colour from the added brown leaf persisted in the 
clarified juice samples for all varieties of cane tested. 

• The amount of brown leaf added to green sugarcane had a significant effect on the 
turbidity of clarified juices in the benchtop clarification tests. The turbidity of the 
clarified juice increased with increasing brown leaf content. There was also an 
observable decrease in the volume of the mud precipitate, as the brown leaf 
content was increased. 

  
This study estimated that increasing the brown leaf content of sugarcane from 0% to 15% 
(g/100 g sample) could:  

• Increase final molasses gravity purity by between 1.0 and 1.6 units; 

• decrease sugar recovery by between 2.8% and 4.8%, as a result of the reduced juice 
purity, or by between 3.0 and 5.2%, when the impact of increased conductivity ash is 
included in the calculation; and  

• increase raw sugar colour by between 600 IU and 900 IU or increase the cost of 
producing raw sugar at the target colour. 

 
The results and correlations obtained from these investigations can be used as rough 
estimates for predicting the economic impact of processing green sugarcane with added 
brown leaf on sugar quality and recovery in a diffuser factory. However, only the effects on 
juice quality were measured, while the other effects were extrapolated from the experimental 
results. Further testing is required to experimentally quantify the impact of co-processing 
brown leaf on more concentrated products, such as syrups and massecuites. 
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Appendices 
 

Appendix 1:  Factorial design of experiments 
 

Test Variety 

Burnt, or 

green 

cane with 

varying 

amounts 

of brown 

leaf 

% Brown 

leaf 
 Test Variety 

Burnt, or 

green 

cane with 

varying 

amounts 

of brown 

leaf 

% Brown leaf 

9 N12 Burnt 0.0  2 N39 Medium 7.5 

10 N12 Medium 7.5  6 N39 Burnt 0.0 

11 N12 High 15.0  8 N39 High 15.0 

12 N12 Burnt 0.0  14 N39 Medium 7.5 

27 N12 Medium 7.5  24 N39 No BL 0.0 

30 N12 High 15.0  26 N39 No BL 0.0 

33 N12 No BL 0.0  29 N39 Burnt 0.0 

34 N12 No BL 0.0  32 N39 No BL 0.0 

37 N12 Burnt 0.0  39 N39 High 15.0 

38 N12 High 15.0  43 N39 High 15.0 

40 N12 No BL 0.0  44 N39 Medium 7.5 

47 N12 Medium  7.5  45 N39 Burnt 0.0 

3 N16 Medium 7.5  1 N47 Medium 7.5 

5 N16 Medium 7.5  4 N47 High 15.0 

7 N16 Burnt 0.0  13 N47 High 15.0 

15 N16 Burnt 0.0  16 N47 Medium 7.5 

19 N16 High 15.0  17 N47 Medium 7.5 

21 N16 No BL 0.0  18 N47 Burnt 0.0 

23 N16 No BL 0.0  20 N47 High 15.0 

25 N16 Burnt 0.0  22 N47 Burnt 0.0 

28 N16 Medium 7.5  35 N47 Burnt 0.0 

31 N16 High 15.0  36 N47 No BL 0.0 

42 N16 High 15.0  41 N47 No BL 0.0 

48 N16 No BL 0.0  46 N47 No BL 0.0 
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Appendix 2: The effect of adding brown leaf to green sugarcane (per variety) on the 
gravity purity of the extracted juice 

 

 
 
Appendix 3: The effect of adding brown leaf to green sugarcane (per variety) on the 
colour of the extracted juice 
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Appendix 4: The effect of adding brown leaf to green sugarcane (per variety) on the 
glucose concentration of the extracted juice 
 

 
Appendix 5: The effect of adding brown leaf to green sugarcane (per variety) of the 
conductivity ash of the extracted juice 
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Appendix 6:  The effect of adding brown leaf to green sugarcane (per variety) on the 
density of the shredded sugarcane sample 

 

 
 

Appendix 7: The effect of adding brown leaf to green sugarcane (per variety) on 
the percolation rate of juice through shredded sugarcane  
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Abstract 
 
Controlled crystal growth is the real challenge in crystallisation. Particularly at the beginning 
of the process, when the crystals are still very small and have a low volume concentration in 
the vacuum pan, undesired secondary nucleation can take place and is regularly observed in 
sugar factory practices. Crystal seed plants that have been commissioned in cane sugar 
factories clearly show that crystallisation by cooling allows the production of a seed 
massecuite with a stable and reproducible crystal quality, even from high-purity syrups. The 
technology that is used in beet sugar production can be used in exactly the same way in cane 
sugar production. The benefits that arise are the stable production capacity of the entire sugar 
house and the enhanced quality of the final product. Examples are given of crystal seed plants 
that have been integrated into sugar houses, to illustrate the successful implementation of this 
crystallisation concept. 
 
Keywords: Crystallisation, seeding, refined sugar, raw sugar, automatic pan operation 
 
 

Introduction 

"Crystal growth is a complicated subject …" states Dr Peter Rein in his book Cane Sugar 
Engineering (2007). It is therefore hardly surprising that many scientists and professionals 
have been devoting their attention to crystallisation, in general, and the crystallisation of sugar 
(sucrose), in particular. The crystallisation of sugar from existing sugar crystals in a 
supersaturated sugar solution is well understood. However, one issue that has not been 
resolved is the controlled formation of crystallisation nuclei during sucrose crystallisation. In 
practice, this shortcoming is therefore addressed by technical means, and nucleation during 
crystal growth, namely secondary nucleation, is prevented as much as possible. The industrial 
crystallisation of sugar always starts with seed crystals that are produced either in earlier 
crystallisation processes, or by the controlled crushing of sugar crystals. 
 
In cane sugar factories, the use of seed crystals for raw sugar crystallisation is a common 
practice. Whether a two-boiling scheme, a conventional three-boiling scheme or a double 
magma scheme is used, in each of them, sugar crystals from B or C sugar crystallisation are 
used as seeds for A sugar (Rein, 2007). In the production of refined sugar, A, B and C sugar 
cannot be used as seeds, because the quality requirements for refined sugar would not be 
met. Instead, the process relies on other methods, such as seeding with slurry that is produced 
by grinding sugar in isopropanol. In this context, Rein (2007) addresses the problem of the 
undesired formation of conglomerates, particularly during seeding at a high purity level. The 
agglomeration and growing together of sugar crystals results in the inclusion of impurities, it 
reduces the efficiency of separation in a centrifugal, and it increases the bulk density of sugar. 
The conglomerates are also easily breakable, thus producing sugar dust and ultimately 
making sugar conditioning before storage more difficult (Rein, 2007).  
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In the 1980s and 1990s, much work was carried out in Europe to understand and improve 
sugar crystallisation in beet sugar factories. Driven by the need to save energy, improve 
quality, and increase output, many new methods were tested and new apparatus developed. 
Pan seeding systems with different characteristics are now widely used to produce seeds for 
sugar crystallisation; for example, the CSM system (Bullen, 2005), the Regensburg process 
(Schiweck et al., 1987) or the Braunschweig crystal seeding system (Sittel, 2005). Starting 
with theoretical considerations in the 1960s, and with first applications in the field from 1976, 
pan seeding systems today are standard equipment for sugar crystallisation in beet sugar 
factories throughout Europe. 
 
Only a few cane sugar factories currently use dedicated equipment to produce seed 
massecuite, while the technology has long been standard in beet sugar factories. One reason 
for this is that the cane and beet sugar markets have different requirements, and another is 
that the production environment is not the same for cane and beet sugar production 
(Lehnberger, 2015). This report highlights the potential improvements that could be achieved 
through the use of pan seeding systems in cane sugar factories.  
 
 

Crystallisation of sucrose 

Crystallisation in the metastable zone 

The real challenge in crystallisation is the controlled crystal growth. The crystallisation process 
of sucrose is not new and has already been described by many other authors. In-depth 
information is provided by van der Poel et al. (1998) and Rein (2007). The main goal during 
crystallisation is to stay within the metastable zone of the solubility diagram for sugar in water 
(Figure 1). In that area, the crystallisation of the existing crystals occurs without secondary 
nucleation, which affects the quality of the sugar that is produced. 
 

 
 
Figure 1. Solubility diagram with the saturation line of pure sugar/water solution and an 

indication of the areas of supersaturated solutions with metastable and labile 
zones 
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It is generally accepted that there is a correlation in crystallisation between the mass gain per 
time unit and crystal surface (crystallisation speed dmCr/dt * (1/ACr)) on the one hand, and the 
difference in concentration of the mother liquor (cML – cML,sat), the crystallisation coefficient for 
the diffusion processes kD and the crystallisation coefficient for the surface reaction processes 
kR, on the other hand (Schliephake and Austmeyer, 1976; Ekelhof and Schliephake, 1995):  
 

𝑑𝑑𝑚𝑚𝐶𝐶𝐶𝐶

𝑑𝑑𝑑𝑑
∗

1
𝐴𝐴𝐶𝐶𝐶𝐶

=
𝑘𝑘𝐷𝐷 ∗ 𝑘𝑘𝑅𝑅
𝑘𝑘𝐷𝐷 + 𝑘𝑘𝑅𝑅

∗ �𝑐𝑐𝑀𝑀𝑀𝑀 − 𝑐𝑐𝑀𝑀𝑀𝑀,𝑠𝑠𝑠𝑠𝑠𝑠�          (1) 

 
Equation (1) refers to the existing crystal surface. It applies equally to single sugar crystals 
and to all the crystals in the massecuite.  
 
In a simplified approach, Austmeyer (1986) correlated the crystal surface ACr (unit: m²) to the 
sucrose mass that is “able to crystallise out at a given temperature” ΔmS (unit: kg) (Equation 
2). He observed an increase in this available surface area σ (unit: m²/kg) over the course of 
the regular crystallisation process, from 0.05 m²/kg to almost 1,000 m²/kg (vacuum pan 
seeded with slurry). The surface area available for crystal growth thus expands by several 
powers of ten.  
 

𝜎𝜎 =
𝐴𝐴𝐶𝐶𝐶𝐶
∆𝑚𝑚𝑆𝑆

                    (2) 

 
From observing the white sugar boiling process, which was common at that time, Austmeyer 
(1986) reported an available surface area σ of about 100 m²/kg that is reached at the end of 
the “crystal formation” process. Neumann (1988) added that the crystallisation process is 
stable, even when the quantity σ falls below this value. These empirical values, which are not 
exactly fixed, may apply only to white sugar crystallisation from sugar beet, as observed by 
Austmeyer and Neumann. However, the concept, as such, should be applicable to all 
crystallisation products in the beet and cane sugar industry. 
 
The use of seed massecuite for better crystallisation conditions 

This knowledge and experience in practice have shown that controlled crystallisation, namely, 
crystallisation with only negligible secondary nucleation, is only possible in the metastable 
zone. The supersaturation of the mother liquor sets the limits for crystallisation, in terms of the 
maximum effective difference in concentration that can be achieved. The other critical factor, 
the available crystal surface, is far easier to quantify and control, on the basis of the crystal 
size and the crystal number. In practice, it is taken for granted that fast, but controllable, sugar 
crystallisation with constant supersaturation can be achieved, firstly, by increasing the 
available crystal surface resulting from a higher crystal concentration (crystal content), and 
secondly, by reducing the crystal size, while the crystal mass remains constant. The consistent 
pursuit of this correlation has led to an assessment of the different seeding methods and the 
introduction of cooling crystallisation with a pre-crystallisation stage, using slurry with a 
relatively high number of crystals. 
 
Compared to seeding a batch pan with slurry, seeding with massecuite has the advantage of 
having a larger crystal surface. Both seeding methods require the same number of crystals to 
achieve identical end-product parameters of crystal size and crystal content, and the crystal 
surface is therefore roughly 900 times larger when, for instance, seed massecuite with 300 µm 
crystals is used, rather than 10 µm slurry particles. 
 
In some cane sugar factories, the use of seed massecuite is found in crystallisation, based on 
the double magma scheme, or by using cut-over to produce coarse crystals. The first crystals 
are often produced in C-product crystallisation by using slurry; the remixed C sugar then 
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serves as the seed in B-product crystallisation. The same procedure is subsequently followed 
with B sugar for A-product crystallisation.  
 
Seeding with slurry is widely used in refinery pans, as well as in B and C pans. The experience 
gained in sugar factories has shown that the first critical point in batch crystallisation arises 
after the application of the slurry. A low crystal content, together with a small crystal surface, 
quickly results in high supersaturation and secondary nucleation, especially at high 
evaporation rates. One workaround is the introduction of a "stabilisation phase", in which a 
low crystallisation rate is set for a specific time by low-heating steam pressure. The small 
crystals can grow until they reach an adequate size for further stable crystallisation in the 
metastable zone of the solubility diagram. Regarding the available surface area σ, the seeding 
of the product apparatus can be expressed by the red line in Figure 2. The stable 
crystallisation zone is reached only during the advanced crystallisation stage (blue line).  
 
A possible first step could be a pre-crystallisation stage with slurry that involves a small 
crystallisation volume. This would significantly reduce the zone of unstable crystallisation 
conditions (the orange line in Figure 2). Another upstream crystallisation step, first-seed 
massecuite crystallisation, would reduce the unstable crystallisation zone even further (the 
blue line in Figure 2).  
 
Figure 2 shows that, even with first-seed massecuite crystallisation, seeding with slurry would 
still be in the unstable zone. Particular care must therefore be taken in this process area. An 
obvious choice would be to carry out this step using cooling crystallisation, which permits the 
simple, accurate and even adjustment of the temperature, and thus supersaturation, in the 
vessel. In contrast, the bubbles that form during pan boiling, or during crystallisation, using 
flash evaporation, inhibit the even distribution of supersaturation, with the local 
supersaturation peaks resulting in undesired secondary nucleation. 

 

 
Figure 2. Change in available surface area σ during the use of different seeding and seed 

massecuite methods (based on Neumann, 1988). Detailed explanation in the 
text 
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Based on these theoretical considerations and first positive experiences gained in the field, 
the system of seed massecuite production by cooling crystallisation has become established 
in the beet sugar process. 
 
 

The production of seed massecuite by cooling crystallisation 

In both beet and cane sugar production, pan seeding is an established method that helps to 
reduce the risk of secondary nucleation considerably. As outlined above, the risk of an 
accumulation of secondary nucleation is particularly high at the start of crystallisation, when 
the crystals are still very small and have a low volume concentration in the vacuum pan. In 
sugar factory practice, this often occurs when no special care is taken to prevent secondary 
nucleation. 
 
One approach towards the improved control of crystallisation that has proved to be successful 
in beet sugar factories is the cooling crystallisation of syrup, or re-melt, for producing sugar 
crystals with a size of typically 100 µm. This provides for excellent control of crystal growth, 
from the slurry up to a stable intermediate size. 
 

 
 

Figure 3. Cooling crystallisation process with sample process parameters  
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Figure 4. Cooling crystalliser plant, basic layout with a circular distribution line for seed 
massecuite to vacuum pans (red line) 

Figures 3 and 4 show cooling crystallisation in a time series diagram and a schematic drawing 
of a plant, giving the values for massecuite temperature in the pan (TMassecuite), the cooling 
water temperature (TCooling water), and the crystal content (wCr.) 
 
The first step of seeding takes place in a cooling crystalliser, which is equipped with an agitator 
that is specifically designed for a high shear rate to support the mass transport (diffusion and 
convection). The low temperature and the clearly-defined supersaturation ensure the uniform 
growth of the added slurry seed crystals and avoid the formation of aggregates. The syrup 
that is used is evaporated until it has the required dry substance content in the cooling 
crystalliser, and the concentrated syrup is then cooled. When a supersaturation of 1.10 has 
been reached, the syrup is seeded with the required quantity of slurry. Thereafter, the 
suspension is further cooled (slowly) to approx. 30°C. After the crystals have grown to a mean 
size of approx. 100 µm at a crystal content of approx. 20% at the end of the cooling phase, 
the first-seed massecuite is dropped into a receiver.  
 
The moderate massecuite-to-cooling-water temperature difference ensures the correct 
cooling gradient, which is adapted to the level of supersaturation that is to be maintained 
during the cooling crystallisation process.  
 
In subsequent batch crystallisation processes, seed massecuite can be directly used as seed 
in the product pans for a mean product crystal size of approx. 0.5 mm. For larger mean product 
crystals and for continuous crystallisation, in general, second-seed massecuite is produced in 
a second stage in batch pans. 
 
 

New process at Santa Matilde produces good results 

The installation of such a fully-automated crystal seed plant in a cane sugar factory can be 
found at the Santa Matilde sugar mill in Honduras (Figure 5). In an agitated tank with cooling 
coils, the concentrated feed solution is gradually cooled and seeded under slight 
supersaturation conditions with sugar that has been ground to form slurry. As cooling slowly 
continues, the slurry particles grow and form well-sized crystals.  
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When the massecuite has been cooled to a certain temperature, it should have a crystal 
content of about 20%. The mean crystal size can be adjusted to between 80 µm and 140 µm, 
depending on the amount of slurry added. This confirms the d³ rule (Witte, 1987), which states 
that the number of crystals remains approximately constant in the course of the crystallisation 
process, so only the seeded crystals contribute to forming the product. The view through a 
microscope shows that the shape of the crystals is perfect, that there are no agglomerates 
and that crystal size distribution should be in the range of below 30% (Figure 6). These factors 
are critical for good crystal quality at low energy requirements during the subsequent stages 
of sugar crystallisation. 
 
At first, the Santa Matilde sugar mill used the seed massecuite for refined sugar crystallisation. 
In the next step, the seeding of the A pans was established (Figure 7). During the installation 
of the crystal seed plant, the vacuum pans of the refined sugar crystallisation system were 
also fully automated. 
 

 
 
Figure 5. Cooling crystalliser for crystal seed preparation at Santa Matilde, Honduras 
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Figure 6. Crystals in seed massecuite, prepared from slurry by the cooling of syrup; 
crystal size approx. 100 µm 

 

 
 
Figure 7. Implementation of a seeding plant in the boiling house of a cane sugar mill 

(simplified scheme) 

 
 

Results of using a crystal seeding plant 

The increase in throughput and the higher refined sugar quality that were thus achieved 
exceeded all expectations. According to Hauck et al. (2015): 
 
a) the application of the seed massecuite has distinctly enhanced the efficiency of the 

vacuum pans, because the process requires neither a grain formation phase nor the 
regular "washing of the crystals". The throughput in the refined sugar station has 
increased from 7,000 bags per day to 11,500 bags per day; 

b) the variation parameter for crystal size distribution (CV) has improved from 44% to 
28%. As a result, the centrifugals need less water to achieve the same sugar colour. 
This has helped to further improve the yield achieved with refined sugar crystallisation; 
and 
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c) the percentage of fine sugar crystals is now very low (about 4% are smaller than 
0.3 mm at a Mean Aperture of 0.67 mm), compared to manual operation. The sugar 
dryer performance is improved and the sugar is no longer found to cake in the bags. 

 
These findings quite closely match the experiences gained by British Sugar in the introduction 
of such pan seeding systems in their beet sugar factories more than 30 years ago (Murphy et 
al., 1991). One factory was able to reduce the CV value of white sugar from 40--42% to 30-
33%; another factory considerably raised its output. Particular emphasis is given to the fact 
that the use of the pan seeding system increased the crystal yield in the sugar house at a 
British Sugar factory by 20 to 25%. These authors reported that the molasses had been better 
exhausted and that a lower energy consumption in sugar production was achieved. 
 
The implementation in a sugar factory described here clearly proves the benefit of paying 
attention to the crystal growth, from the seed to the final product (Figure 8). In order to use the 
full potential of the beet production concept in the cane sugar industry, both the crystalliser 
and the pans have been automated. The reliably-sequenced operation of the vacuum pans 
now provides for a stable production capacity and product quality. 
 

 
Figure 8. Crystal development from slurry through cooling crystallisation to the refined 

end product after centrifugation 

 
Conclusion 

Changing market conditions are forcing cane sugar factories to find ways of improving the 
quality of the produced sugar, of increasing the sugar output, and, if the location permits it, of 
developing alternative uses for the bagasse, besides sugar production. Numerous process 
details from crystallisation, which are commonly applied in beet sugar factories, but not yet 
considered to be state-of-the-art in the cane sugar industry, have been implemented in cane 
sugar factories in recent years.  
 
The improved control of crystallisation, particularly at the beginning of the pan boiling stage, 
is ensured with seed preparation by the cooling of the syrup. This approach for eliminating 
undesired secondary nucleation has now also proved itself to be successful in cane sugar 
factories. The progressive automation of the entire crystallisation process, combined with the 
production of seed massecuite by cooling crystallisation, yields a controlled crystal quality.  
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Although these well-known crystallisation techniques are commonly used in beet sugar 
factories, they are not widely applied in cane sugar factories. With these measures for sugar 
house operation, the challenging demands for controlled sugar quality and higher sugar output 
can also be met in cane sugar factories. 
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Abstract 

The installed capacity of the Maragra sugar factory was increased from 180 to 230 tons cane 
per hour (TCH) in the 2009/2010 off-crop. A new Long Tube Evaporator (LTE), referred to as 
a Kestner in this paper, was installed as the 1st effect, the existing 1st effect Kestner was 
converted into a 2nd effect, and the evaporator set was converted from a quad to a quin. The 
design crush rate increased by 28%, the 1st effect Heating Surface (HS) increased by 78% 
and the total evaporator set HS increased by 94%. 

The proposed cane supply expansion, to supply the expanded factory, did not take place. The 
factory performance deteriorated after the expansion. The factory did not reach the design 
crush rate, extraction decreased and the Undetermined Loss (UDL) increased. A statistical 
analysis of the pre-expansion and post-expansion data was carried out to find the reasons for 
the poor factory performance. Many correlations were found, but only the UDL will be 
discussed in this paper. 

This investigation showed a strong relationship (r² = 0.8909) between the 1st effect Kestner 
wetting rate and the UDL, using data that spanned 16 seasons and wetting rates that ranged 
from 0.66 to 1.19 kg/min/m². There was a strong relationship (r² = 0.8949) between the 1st 
effect Kestner juice residence time and the UDL.  

The UDL increased with the low wetting rates and high residence times.  

This investigation showed that 1st effect Kestners must be operated at a high feed rate to 
minimise both the juice residence time and the UDL. A high feed rate also improves the heat 
transfer and lowers tube fouling rates. The wetting rate of long-tube evaporators needs to be 
maintained above a critical minimum of around 1.2 kg/min/m². Post-expansion, the Maragra 
1st effect Kestner averaged 0.72 kg/min/m². 

Key words: Kestners, long-tube evaporators, tube wetting rates, tube fouling, undetermined 
loss, large 1st and 2nd effect heating surfaces, long residence time in Kestner. 

Introduction 

Before the 2009/2010 off-crop expansion, the factory performed well. Extraction was good for 
a milling tandem and UDL was below the raw sugar factory norm of 1.50%. The syrup colour 
was low, enabling the factory to produce a light-brown sugar colour. After the expansion, the 
performance parameters showed a steep deterioration. The pre-expansion and post-
expansion parameters are shown in Table 1 below. 
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Table1. Comparison of pre-expansion and post-expansion performance data 

Parameter Pre-expansion 7 
season average 

Post-expansion 9 
season average 

Tons cane/hour (TCH) 165 198 

Extraction % 97.1 96.3 

Corrected reduced extraction (CRE) 96.4 95.2 

Imbibition % fibre 296 250 

Mixed juice % cane 108 105 

UDL % 1.34 3.60 

OR % 88.3 83.6 

Syrup colour ICUMSA 12 842 15 077 

Syrup brix º 63.3 62.3 

 

Since the evaporator station underwent a major change during the expansion, it became the 
focus of the investigation. The pre-expansion and post-expansion evaporator data are shown 
in Table 2. Both the Kestners are fitted with a pipe that recycles part of the juice from the outlet 
back to the inlet of the vessel. 

Table 2. Pre-expansion and post-expansion evaporator data 

Evaporator  Pre-expansion Post-expansion 

 Type Number 
of tubes  

Tube 
length 
(mm)  

Tube 
ID  
(mm) 

HS 
(m²) 

Type Number 
of tubes  

Tube 
length 
(mm) 
  

Tube 
ID  
(mm) 

HS 
(m²) 

1st effect Kestner 4509 5880 35.0 2699 Kestner 4372 7280 50.8 4800 

2nd effect Roberts 5668 2200 38.1 1338 Kestner 4509 5880 35.0 2699 

Total 1st 
and 2nd 
effects 

    4037     7499 

3rd effect Roberts    960 Roberts     1338 

4th effect Roberts    1176 Roberts    1548 

5th effect      - Roberts    1588 

Total 
evaporator 
set 

    6173     11973 

 

Methodology 

The factory data were checked against the Sugar Milling Research Institute’s data for Maragra. 
After the data verification, a large number of factory performance parameters were statistically 
modelled, using Microsoft Excel. Only the season average parameters were included in the 
analysis. The 2015 season UDL was an outlier on a number of statistical models and was 
removed from the analysis. The high UDL of 6.30% in 2015 was partly due to a molasses 
reconciliation issue. The hourly clear juice flow was not available; therefore, mixed juice figures 
were used to work out the wetting rate. There is a close relationship between the mixed juice 
and clear juice flow rates at Maragra.                                                         
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Data Analysis 

The factory performance data relating to this investigation are shown in Table 3. The 2003 to 
2009 data are the pre-expansion data, and the 2010 to 2018 data are the post-expansion 
data.  

The wetting rate is generally expressed as kg/min/tube of juice. Due to the different internal 
tube diameters of the pre-expansion and post-expansion Kestners, the wetting rate is shown 
as kg/min/m². Only the 1st effect Kestner wetting rate will be discussed in this paper. 

Since the juice residence time in a Kestner depends on the juice level in the tubes, the volume 
of the bottom saucer and the volume of the juice space above the tubes, the true retention 
time can only be calculated by using a tracer. The volume of liquid in the tube bundle was 
calculated at different feed rates, and to avoid any confusion with the true residence time, the 
term ‘apparent residence time’ was introduced, which was calculated as follows: apparent 
residence time (min) = full volume of each tube ×number of tubes × 40% tube height ÷ 
volumetric feed rate. A standard density of 1.057 was used to convert the mass flow rate to 
the volumetric flow rate.                                                      

Table 3. Factory performance data 

Season TCH 
MJ % 
cane  

Tons 
MJ 

CRE 
(%) 

Syrup 
Colour 
(ICUMSA)  

UDL 
(%) 

Wetting 
rate 
(kg/min/m²)  

Apparent 
residence 
time 
(min) 

           

2003 160 103.1 164.96 94.9   1.45 1.0186  3.92 

2004 161 106.8 171.94 96.1   1.50 1.0618  3.76 

2005 160 106.8 170.88 96.4   1.24 1.0552  3.78 

2006 166 107.2 177.95 96.7 14045  1.13 1.0989  3.64 

2007 163 109.4 178.32 96.8 13130  1.72 1.1012  3.62 

2008 172 110.4 189.89 96.8 12557  1.34 1.1726  3.41 

           
2009 175 110.3 193.03 96.8 11638  1.12 1.1920  3.35 

           

2010 187 103.1 192.80 95.7 14789  4.85 0.6694  8.48 

2011 217 106.4 230.89 96.1 13700  3.21 0.8017  7.06 

2012 194 105.4 204.48 95.0 12360  3.79 0.7100  8.00 

2013 215 108.7 233.71 95.5 13489  1.86 0.8115  7.00 

2014 198 103.8 205.52 95.5 13763  3.17 0.7136  7.96 

2015 201 107.1 215.27 94.5 15978  6.30 0.7475  7.60 

           
2016 182 104.0 189.28 95.0 16908  5.55 0.6572  8.64 

           
2017 196 102.9 200.90 95.1 17136  3.86 0.6976  8.14 

           

2018 193 106.1 204.77 94.4 17570  4.82 0.7110  7.99 

 

The effect of the Kestner tube wetting rate and juice residence time on the UDL 
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The effect of tube wetting rate on UDL is shown graphically in Figure 1. As the wetting rate 

increases, the UDL decreases. 

 

Figure 1. Effect of the Kestner tube wetting rate on undetermined loss 

The effect of the Kestner juice residence time on the UDL is shown in Figure 2. As the 
residence time increases, so the UDL also increases. 

 

Figure 2. The effect of the Kestner juice residence time on UDL 

Discussion  

This investigation showed a strong relationship between the wetting rate and the UDL, as well 
as the juice residence time and UDL, using data that spanned 16 seasons and with wetting 
rates that ranged from 0.66 to 1.19 kg/min/m². The Maragra findings are in line with the findings 
of various investigations.  
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Purchase et al. (1987) compared data from all South African factories and found a correlation 
between the relative size of the first two evaporator effects and the undetermined loss. This 
led to a more detailed investigation in five different evaporators. They found that changes in 
the glucose:sucrose ratios correlated with the heating surface in the first two effects per unit 
of sucrose throughput. A residence time of 3.94 minutes is quoted in this investigation. If 
decomposition of inverted sugar occurs, then the acid end-products decrease the pH of 
juice/syrup and catalyse the additional inversion. 

Schäffler et al. (1985) showed that the measured sucrose loss across the Kestner and 
evaporator tail were functions of the retention time, rather than the steam temperature. The 
colour formation was noticeable and was attributed to fructose degradation. The residence 
time of three minutes is quoted in the study. 

Rein and Love (1995) measured the residence time of a Kestner and reported 2.4 minutes as 
the average residence time. 

Dairam et al. (2016) found that high inversion losses were incurred when low brix juices were 
concentrated at a low throughput. Their study reported a residence time ranging from 2.21 - 
3.33 minutes, for the 1st effect Kestner. 

Sucrose losses are a function of the juice residence time in the early effects of an evaporator 
set, due to the low brix, high temperatures and low pH. The pre-expansion apparent juice 
residence times (3.35 -3.92 minutes) were at the correct levels. The  post-expansion apparent 
residence times (7.00– 8.64 minutes) were on the high side, compared to other studies.  

In order to decrease the UDL, the feed rate needs to be increased and kept at an optimum 
level throughout the evaporator cleaning cycle. It is important to understand the dynamics of 
th Kestner performance.  

Rein and Love (1995) recommend a wetting rate of 80 kg/tube/h. If this is applied to the 
Maragra 1st effect Kestner, then the Kestner needs to operate at 350 tons juice/hour. At a 
design crush rate of 230 TCH, the feed rate will be around 250 tons juice/hour. 

Walthew and Whitelaw (1996) found that the Kestner performance, in terms of the Heat 
Transfer Coefficient (HTC), increased significantly with the increased feed rate. The authors 
showed that when using a pilot Kestner under controlled conditions, the HTC is significantly 
improved by increasing the feed rate to above 1.0 kg/min/tube. The HTC flattened out above 
1.0 kg/min/tube and continued up to 2 kg/min/tube, when the juice pump of the pilot plant 
became a limitation. This relationship is shown graphically in Figure 3.  
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Figure 3. The effect of flow rate on the HTC for clean tubes (redrawn from Walthew and 

Whitelaw, 1996) 

The same authors showed that the tube fouling rates dropped significantly with the increased 
feed rate. The effect of the feed rate on the asymptotic fouling resistance (m²ᵒC/kW) is shown 
in Figure 4. 

 

Figure 4. The magnitude of the change in asymptotic fouling resistance with feed rate 
(redrawn from Walthew and Whitelaw, 1996) 

The pilot plant results of the above authors were validated on an industrial scale by Rama and 
Munsamy (2008) at the Sezela factory. They found a linear correlation (r² = 0.72) between the 
increased feed rate (kg/min/tube) and the Kestner-specific evaporation rate (kg/m²/h). The 
maximum feed rate tested on an industrial scale was 1.80kg/min/tube at Sezela. If 
1.80kg/min/tube is applied to the Maragra 1st effect, then the Kestner is good for 472 tons 
juice/hour. The above authors also showed that the fouling rate decreased with the increased 
feed rate over a 14-day period. The same authors showed that the Kestner at the Umzimkulu 
Mill operated at a feed rate of 3.4 kg/min/tube and could operate for up to eight weeks without 
tube cleaning, which indicates that a high feed rate results in a low tube fouling rate. If a feed 
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rate of 3.4 kg/min/tube is applied to the Maragra 1st effect, then it is good for 892 tons 
juice/hour.  

The findings of the various investigations demonstrate the amazing elasticity of a Kestner at 
a high feed rate; however, unfortunately it is very unforgiving at a low feed rate. The feed rate 
needs to be maintained above 1.0 kg/min/tube. The HTC drops rapidly below 1.0 kg/min/tube 
and the tube fouling rate increases. The 1st effect Kestner carries out about 40% of the total 
evaporation and therefore needs to operate at an optimum level. Although the focus of this 
investigation has been the 1st effect, the Maragra 2nd effect is also subjected to low wetting 
rates and poor performance. Any plant modifications need to look at both effects. The 2nd 
effect needs about 180 -200 tons juice/hour to reach the optimum wetting rate. 

 

 

 

 

Recommendations 

For Maragra to get back to the pre-expansion UDL average of 1.34%, the 1st effect Kestner 
wetting rate needs to increase to around 1.2 kg/min/m², which is equivalent to about 345 tons 
juice or 1.3 kg/min/tube. This feed rate will decrease the apparent residence time to about 4.7 
minutes. At a lower feed rate, the tubes will foul rapidly, decreasing the crush rate as well as 
the imbibition levels. The inability to absorb the exhaust steam in the 1st effect will increase 
the exhaust steam pressure and decrease the amount of electricity generated for own use and 
for export to the national grid.  

Maragra should increase the crush rate to the design level of 230 TCH and apply the maximum 
imbibition, and change the three-week evaporator cleaning cycle to every two weeks. The 
long-term solution is to decrease the heating surface in the 1st and 2nd Kestners. A low-cost 
method of decreasing the heating surface is to plug the extra tubes with wooden plugs 
connected to a rod, which is the standard procedure for plugging leaking tubes. The tubes 
should be plugged from the centre outwards. A full risk analysis needs to be conducted in 
terms of juice distribution. Another possibility is to bypass the new Kestner and to go back to 
the pre-expansion evaporator set-up. A full Energy and Mass Balance (EMB) needs to be 
conducted before bypassing the new Kestner. The original Kestner has sufficient elasticity to 
handle a crush rate of 220-230 tons cane at a mixed juice % cane of 110%, which will be 
equivalent to a wetting rate of 1.5-1.6 kg/min/m².  

Equipment designers should design the heating surface of a Kestner so that the wetting rate 
is on the ‘elastic’ part of the performance curve. If a Kestner is designed for a wetting rate of, 
say, 1.0 kg/min/tube, then a drop in the flow rate will put the Kestner in the critically low part 
of the curve. If it was designed for a wetting rate of greater than 1 kg/min/tube, then it can drop 
to 1 kg/min/tube, without seriously affecting its performance.  

Equipment manufacturers should also design a Kestner with an adjustable heating surface 
that can be removed at a low flow rate. Another option is to install two small Kestners, instead 
of one big one. One Kestner can then be taken off-line during periods of low flow. Although 
the capital cost of installing two vessels is higher than installing one vessel, the improvement 
in factory performance will offset the costs. 
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Abstract 
 
Sucrose inversion, due to a high temperature and/or a low pH and a long residence-time in 
these conditions, results in undetermined sucrose losses. Undetermined sucrose losses 
across the evaporator station are of prime interest, due to the prevailing conditions favouring 
sucrose inversion. In recent times, investigations regarding the predicted and measured 
sucrose losses across efficient evaporator configurations (low exhaust-steam consumption) 
have highlighted the impact of sucrose inversion on reduced sugar production and the resultant 
revenue losses. The focus of this investigation was on determining the magnitude of sucrose 
inversion in an evaporator station comprising entirely of the falling-film tubular (FFE) type and 
operating with a low exhaust-steam consumption. The chemical composition of juice samples 
collected at various locations in the evaporator station were determined. The measured 
sucrose inversion was compared to the predicted sucrose inversion and to the sucrose 
inversion measured in other evaporator configurations from previous investigations.  
 
Keywords: Falling-film evaporators, Robert type, sucrose losses, residence-time, steam 
consumption 
 

Introduction 

Sucrose inversion due to a high temperature and/or a low pH, and a long residence-time in 
these conditions, results in undetermined sucrose losses. One of the areas where high sucrose 
losses are expected to occur in a cane sugar factory is the juice evaporation station, especially 
in factories that achieve high levels of steam efficiency and operate with evaporator types that 
tend to have a longer residence-time.  
 
Rackemann and Broadfoot (2016, 2017) presented extensive data on the sucrose losses 
measured across evaporator stations comprising entirely of Robert vessels, in the Australian 
sugar industry. Data were collected from five Australian sugar mills with different steam 
economy measures, to determine the actual sucrose losses and to compare them with the 
Vukov (1965) expression (Thaval, 2020). 
 
Eggleston et al. (2019) presented sucrose loss measurements in the upstream and 
downstream unit processes at a Louisiana sugarcane factory. The sampling was undertaken 
at various locations in the factory from #1 mill juice to the final evaporator syrup, over an entire 
crushing season. The results of the study highlighted substantial sucrose losses in the clarifier 
tank, pre-evaporators and evaporator set. The cane quality (early season, mid-season, and 
late season) and extraneous matter in cane were also found to have a dramatic effect on 
evaporator sucrose losses.  
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Peacock (2007) presented sucrose loss predictions by using a modified version of the Vukov 
expression for different final effect pressures. The evaporator simulations were undertaken for 
two typical configurations: all effects as Robert; and first and second effects as Kestner and 
the rest as Robert. The results showed that sucrose degradation across the evaporator stations 
was minimised when the evaporative capacity of the station was maximised, along with a 
decrease in the final effect pressure. 
 
Wong et al. (1996) undertook sucrose loss measurements at a Mauritian sugar factory 
comprising of a Kestner evaporator in series with a Robert vessel as first effect and Robert 
vessels as the remaining effects of a quintuple evaporator set. The largest sucrose losses were 
measured in the third and fourth effects.  
 
Rackemann and Broadfoot (2017) commented that the process variables with the greatest 
influence on sucrose losses early in the set are the juice residence-time and the juice 
temperature. Rackemann and Broadfoot (2016) concluded that 70% of the total sucrose loss 
across the evaporator station occurred across the first and second effects. Eggleston et al. 
(2019) showed that of the total sucrose loss measured from the mixed juice tank to the final 
evaporator syrup, ~73% occurred in the evaporators, and ~59% occurred in the pre-
evaporators alone (Robert type). These pre-evaporators have a large heating surface area and 
provide bleed vapours to a triple-effect evaporator set, juice heaters and vacuum pans. 
Rackemann and Broadfoot (2016) concluded that preference should be given to evaporator 
designs with a shorter residence-time, compared to the conventional Robert type, to reduce 
the extent of sucrose degradation in the evaporator station. 
 
The majority of previous investigations have focused on sucrose losses in either the Robert 
type evaporators (Rackemann and Broadfoot, 2016, 2017; Eggleston et al., 2019; Wong et al., 
1996) or the Kestner/Semi-Kestners (Purchase et al., 1987; Schaffler et al., 1985; Wong et al., 
1996). Ashtiani Abdi et al. (2020) presented the sucrose loss results for a falling-film tubular 
evaporator (BMA type), operating as a first effect, at the Bingera Sugar Mill in Australia.  
 
This paper reports on an investigation to determine the magnitude of sucrose inversion in an 
evaporator station comprising entirely of a BMA-type falling-film tubular evaporator (FFE) and 
operating with low exhaust-steam consumption. The chemical composition of juice samples 
collected at various locations in the evaporator station were determined. The measured 
sucrose inversion was compared to the predicted sucrose inversion and to the sucrose 
inversion measured in other evaporator configurations from previous investigations. 
 

Configuration of existing falling-film evaporators 

The falling-film evaporator station at the ICPL sugar mill, India, comprises of seven falling-film 
evaporators (FFE). The heating surface area of FFE-1 to FFE-4 is 4000 m2 each, and FFE-5 
is 1000 m2. FFE-1 and FFE-2 have no stand-by units, FFE-3 and FFE-4 share one stand-by 
unit and FFE-5 has one stand-by unit. FFE-5 is chemically and hydraulically cleaned once 
every 10 days. FFE-3 and FFE-4 are alternately cleaned chemically after three weeks in 
operation. FFE-1 and FFE-2 are chemically and hydraulically cleaned after six weeks in 
operation. During the experimental programme, FFE-1 and FFE-2 were not cleaned; FFE-3 
was cleaned a week prior to the commencement of the programme; and FFE-4 and FFE-5 
were cleaned during the programme (stand-by vessels were brought online).  
 
Figure 1 shows a schematic diagram of the evaporator station, typical operating conditions and 
the vapour bleeding scheme for the period of the experimental programme. The FFEs operate 
with an independent juice circulation system. The heating tubes are accessible from the top 
tube plate for inspection and, if required, for hydraulic cleaning with a high-pressure water jet 
(Lehnberger et al., 2014).  
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Figure 1. Evaporation station at ICPL with typical operating conditions and vapour 

bleeding scheme (Thaval, 2020) 

 
Experimental programme 

Experimental procedure 

Composite samples of clear juice from the clear juice tank, as well as exit juice from each of 
the five FFEs, were collected over two hours. Two sets of samples were collected in the 
morning shift and two sets were collected in the afternoon shift, with a total of 24 samples 
throughout the day. As soon as the samples were brought back to the factory laboratory, each 
sample was transferred to a 500 ml bottle and placed in the freezer at –20.0°C for later 
analysis. At the end of the programme, 192 samples had been collected to determine the 
extent of sucrose inversion in the evaporator station. The samples were transported to the 
MAARC laboratories in Pune, for a detailed analysis of the sugars. 
 
Analytical method 

The juice samples were analysed for sugars (sucrose, glucose and fructose) by High 
Performance Gas Chromatography (HPGC), as detailed by the ICUMSA method GS7/8/7-24. 
Sugars need to be converted into their volatile form for analysis by using gas chromatography. 
The preferred technique for this is silylation, using a trimethylsilyl (TMS) reagent. However, the 
silylation of monosaccharides, fructose and glucose, gives rise to numerous undesirable 
derivatives, which interfere with the quantification of sugars. To obviate this, an oximation step 
is added, prior to the silylation of the samples. 
 
The samples were analysed in order of the increasing brix, and hence, the sucrose content. 
Since the standards used were representative of mixed juice, the samples were diluted to a 
constant level of 15 Brix. Dilution factors were applied to the samples after gas chromatography 
quantification. Trehalose (250 mg) was weighed in hypovials and 100 mg of a xylose solution 
was added. The brix-adjusted samples were then weighed (2 g) accurately in the vials and the 
results multiplied with the appropriate dilution factors, to obtain the reading at the original brix.  
 
Processing conditions 

The experimental programme was undertaken during the two-week period from 13–22 
December 2019. During this time, juice sampling had to be halted on 17 and 18 December 
2019 due to a reduced crushing capacity of the factory, as cane availability was low. Table 1 
shows the clear juice parameters and exhaust-steam temperatures for the whole period. The 
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incoming juice flow rate to FFE-1 (clear juice) was obtained from the factory DCS. The outgoing 
juice flow rate for each FFE was calculated from the measured incoming and outgoing juice 
brix of each FFE, and the calandria and vapour pressures of each FFE. 
 
Table 1. Clear juice parameters and exhaust-steam temperatures for the two-week 

period (weekly average values) 

Parameter Unit Week 50/19 Week 51/19 

Clear juice feed to FFE-1 t/h 375 360 

Clear juice temperature at FFE-1 feed °C 106.0 105.8 

Clear juice dry substance content Bx 15.02 15.10 

Clear juice purity % 85.0 84.5 

Saturated exhaust-steam temperature °C 120.6 121.5 

Number of days since crushing commenced1  22 29 

 
 

Results 

Juice analysis 

The measurements were taken during the test period from 13–22 December 2019. A total of 
192 samples were taken from the clear juice tank and from the outlet of each operating FFE. 
The juice analysis in Appendix I presents the average values for each day on which samples 
were taken. 
 
Table 2. Clear juice flow from clear juice tank, FFE operational conditions at the juice 

outlet and the corresponding juice analysis (averages for three configurations) 

1 Calculated to the end of week.  

 

Sample 

location 

Juice 

flow rate 

(t/h) 

Juice 

temperature 

(°C) 

Brix 

(%) 

 

HPGC 

sucrose 

(%) 

HPGC 

glucose 

(%) 

HPGC 

fructose 

(%) 

pH  

at 30 °C 

 

Week 50/19  (13, 14 and 15/12/2019) 

CJ tank 375  15.02 13.37 0.24 0.27 6.99 

FFE-1 277 111.3 20.34 18.97 0.34 0.41 6.85 

FFE-2 183 101.7 30.84 28.18 0.52 0.57 6.75 

FFE-3 135 94.9 41.82 41.35 0.71 0.90 6.75 

FFE-4A 100 83.9 56.44 51.86 0.96 1.09 6.69 

FFE-5A 88 70.7 63.62 60.23 1.09 1.19 6.62 

Week 51/19  (16 and 19/12/2019) 

CJ tank 369  15.04 13.20 0.27 0.27 7.05 

FFE-1 272 111.4 20.41 15.48 0.38 0.70 6.84 

FFE-2 178 101.5 31.33 24.48 0.59 0.54 6.84 

FFE-3 129 92.7 42.92 35.11 0.81 0.77 6.78 

FFE-4B 98 82.1 56.58 48.94 1.07 1.01 6.68 

FFE-5A 87 71.3 63.67 55.23 1.20 1.15 6.64 

Week 51/19  (20, 21 and 22/12/2019) 

CJ tank 355  15.14 10.86 0.30 0.36 7.25 

FFE-1 258 111.6 20.78 17.01 0.42 0.67 7.03 

FFE-2 172 101.5 31.28 28.72 0.64 0.72 6.95 

FFE-3 124 94.6 43.15 37.47 0.89 0.94 6.90 

FFE-4B 94 81.1 56.80 47.66 1.18 1.14 6.75 

FFE-5B 83 72.4 64.42 56.39 1.34 1.33 6.72 
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Table 2 shows the operational conditions of the individual FFEs over the two-week period 
along with the average values from analysis for clear juice and outgoing juice from each FFE. 
The results are presented in three configurations, as the standby effects for FFE-4A and  
FFE-5A were brought online during the experimental programme. 
 
Juice residence-time in the falling-film evaporators 

The juice residence-time was estimated from the calculated volumetric juice flows and the 
volume of juice present in the FFEs. The volume of juice present in the FFEs includes the 
estimated quantity of juice in the bottom section, the juice in the circulation pipe, the juice 
present in the juice distributor, and the juice present as a film on the inner circumference of the 
tubes. 
 
Ashtiani Abdi et al. (2020) undertook residence-time distribution measurements, using the 
lithium tracer method, on the FFE at Bingera Sugar Mill, which is the same size as the FFEs 
in the first through to the fourth effects at the ICPL evaporator station. For a clear juice flow 
rate of 400 t/h, the mean juice residence-time in the FFE at Bingera was approximately 4 
minutes.  
 
In this study, the average clear juice flow rate during the test period was 366 t/h.  
 
Table 3 shows the estimated juice residence-time in individual FFEs for the test period. The 
average juice residence-time for FFE-1 (comparable to the FFE at Bingera) was 5.1 minutes, 
while the total juice residence-time across the FFE station was 38 minutes, on average.  
 
Table 3. Estimated residence-time of juice in individual FFEs in minutes 

Date FFE-1 
4000 m² 

FFE-2 
4000 m² 

FFE-3 
4000 m² 

FFE-4A 
4000 m² 

FFE-4B 
4000 m² 

FFE-5A 
1000 m² 

FFE-5B 
1000 m² 

Total 

13 Dec 4.72 6.48 8.13 13.28 off-line 3.43 off-line 36.04 

14 Dec 5.08 6.48 8.82 13.55 off-line 3.55 off-line 37.48 

15 Dec 5.08 6.48 8.82 13.55 off-line 3.55 off-line 37.48 

16 Dec 4.90 6.52 8.57 off-line 13.38 3.42 off-line 36.78 

19 Dec 5.25 6.48 9.82 off-line 14.40 3.78 off-line 39.73 

20 Dec 5.33 6.63 9.22 off-line 13.57 off-line 3.53 38.28 

21 Dec 5.40 7.03 9.57 off-line 13.95 off-line 3.62 39.57 

22 Dec 5.33 6.85 9.35 off-line 13.73 off-line 3.52 38.78 

Average 5.14 6.62 9.04 13.68 3.55 38.02 

 
Sucrose losses – calculation and results 

Sucrose loss indicators 

To measure the sucrose losses across any station, four indicators are available, viz.: 
 

(a) the change in glucose%sucrose for that station multiplied by the ratio of molecular 
weights (sucrose/glucose), as detailed by Purchase et al. (1987); 
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(b) the change in glucose%brix for that station multiplied by the ratio of molecular weights 
(sucrose/glucose) and divided by the inlet purity (sucrose/brix), as detailed by Schaffler 
et al. (1985); 

(c) the change in glucose%chloride for that station multiplied by the ratio of molecular 
weights (sucrose/glucose) and divided by the inlet sucrose%chloride, as detailed by 
Schaffler et al. (1985); and 

(d) the decrease in sucrose%dry substance for that station, as detailed by Eggleston et al. 
(2019). 

 
Rackemann and Broadfoot (2016, 2017) used the glucose%sucrose indicator as the main 
method to determine sucrose degradation in the evaporator station. They stated that 
measurement of glucose and sucrose through High-Performance Liquid Chromatography 
(HPLC) would result in a lower experimental error than the glucose%brix indicator, which relies 
on two different analytical methods.  
 
Wong et al. (1996) used glucose%brix and glucose%chloride indicators to determine the 
sucrose losses in Kestner and Robert evaporators. Eggleston et al. (2019) used glucose%brix 
indicators for losses less than 0.5% and sucrose%dry substance indicators for losses larger 
than 0.5%, arguing that glucose degradation also occurs in industrial conditions where high 
sucrose losses occur due to acid degradation. 
 
In this study, the sucrose losses across individual FFEs and the entire evaporator station were 
calculated by using two indicators: glucose%sucrose and glucose%brix. The results are shown 
in Appendix II. In the case of the glucose%sucrose indicator, over 75% of the calculated losses 
showed negative figures, or negligible losses. Even when plausible figures were determined, 
the glucose%sucrose indicators estimated higher losses than the glucose%brix indicators, 
which contradicts the results reported by Rackemann and Broadfoot (2016, 2017).  
 
Eggleston et al. (2019) stated that low glucose content can be measured more accurately and 
precisely than the relatively high sucrose content within the same analytic run. The results from 
this investigation validate the conclusion reached by Eggleston et al. (2019).  
 
Glucose%brix as a sucrose loss indicator 

Appendix II presents the glucose%brix values for clear juice and outgoing juice from each FFE 
for each day of the test period (an average of four measurements). Figure 2 summarises the 
results in a bar graph, with the error bars indicating the standard deviation of the results. It is 
evident from Figure 2 that the standard deviation is similar for all the measurements. The 
increase in glucose%brix from clear juice to syrup (outgoing juice from FFE-5) is 0.09 
percentage units, on average, which is small, compared to the absolute level of glucose%brix 
values in the range of 1.8 to 1.9%.  
 
The change in glucose content due to sucrose inversion in the evaporator station is evidently 
much lower than the absolute values of glucose content of clear juice, as a result of cane 
quality and/or sucrose inversion in earlier unit operations. It is supposed that the variation in 
glucose content is affected largely by these factors and, to a lesser extent, by the analytical 
method.  
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Figure 2. Glucose%brix values for clear juice and outgoing juice of each FFE (average 
values for the test period) 

Measuring sucrose losses using the glucose%brix indicator 

The glucose%brix values for clear juice and outgoing juice from individual FFEs are used to 
determine the sucrose losses across each FFE and the entire station, using the formula by 
Purchase et al. (1987). For each station, the purity of the inlet stream was calculated from the 
sucrose%brix. The overall sucrose losses were calculated from the difference in glucose%brix 
between clear juice and syrup, and the sucrose%brix of clear juice. 
 
Table 4 presents the measured sucrose losses across individual FFE and the entire evaporator 
station. The highest sucrose losses of ~0.33% were measured on 20 and 22 December 2019. 
The average sucrose loss across the period of the experimental programme was 0.22%. Of 
the total measured sucrose losses across the FFE station, 53% occurred across FFE-1, and 
86% occurred across FFE-1 and FFE-2. The measured average sucrose loss was 0.06% 
across FFE-2, 0.02% across FFE-3, and 0.01% across FFE-4. The measured sucrose losses 
across FFE-5 were negligible. 
 
The sucrose loss of 0.33% on 20 and 22 December 2019 could be attributed to several factors. 
The glucose%brix value of clear juice, from 20 December 2019 onwards, was 20% higher, on 
average, than during the initial days (Week 50) of the experimental programme. This indicates 
a greater proportion of reducing sugars in the clear juice entering the evaporator station, which 
would have a catalytic effect on the acid degradation of sucrose. This effect was also reported 
by Eggleston et al. (2019) with sucrose loss measurements in the early season, when cane 
was immature and extraneous matter was high.   
 
The lowest sucrose loss of 0.11% across the entire evaporator station was measured on 
19 December 2019. However, the glucose%brix value on that particular date was 24% higher 
than the previous week. On resuming sampling on 19 December 2019, the sample points were 
flushed several times before a fresh sample was collected. However, it is conceivable that 
some stale juice could have been collected with the sample and affected the sucrose loss 
measurement.  
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Table 4. Measured sucrose losses across each FFE and the entire falling-film 

evaporator station based on change in glucose%brix during the test period 

Date FFE-1 FFE-2 FFE-3 FFE-4 FFE-5 Overall 

13 Dec 0.11 0.05 0.01 0.01 0.00 0.18 

14 Dec 0.08 0.06 0.01 0.01 0.00 0.16 

15 Dec 0.13 0.07 0.01 0.01 0.00 0.23 

16 Dec 0.11 0.07 0.02 0.01 0.00 0.21 

19 Dec 0.12 0.13 0.04 -0.03 0.00 0.11 

20 Dec 0.03 0.23 0.01 0.08 -0.04 0.33 

21 Dec 0.13 -0.12 0.08 0.04 0.03 0.17 

22 Dec 0.20 0.09 0.06 -0.04 0.01 0.34 

Average 0.11 0.07 0.03 0.01 0.00 0.22 

 
 
Non-quantitative indicator of sucrose losses – pH of evaporator juices 

Besides the measured sucrose losses mentioned in the previous section, there are other 
independent, but non-quantitative, indicators of sucrose inversion. One such indicator, the 
decline of juice pH, is discussed in this section.  
 
The volatile acids formed in the juice during the degradation of the sucrose, and subsequently, 
glucose reduces the pH, which can hence provide evidence of the extent of sucrose 
degradation occurring in the evaporators. The pH values measured are presented in Appendix 
I.  
 
Figure 4 shows a near linear relationship between measured sucrose losses and the reduction 
in juice pH from clear juice to syrup. The higher the measured sucrose losses, the larger the 
reduction in the juice pH. The average reduction in the juice pH from clear juice to syrup is 
0.45 units, which corresponds to an average measured sucrose loss of 0.22%. Rackemann 
and Broadfoot (2016) showed a pH drop of 1.42 units from clear juice to syrup, which 
corresponds to sucrose hydrolysis of 0.85% in the evaporator station of an energy-efficient 
sugar factory comprised of Robert vessels. Both Rackemann and Broadfoot (2016) and this 
study show a similar gradient in the pH of ~1 unit per 0.4% sucrose loss. 
 

 
 
 

Thaval OP et al Proc S Afr Sug Technol Ass (2021) 93 : 280-299

287



 

Figure 3. Measured sucrose losses v/s reduction in juice pH (clear juice to syrup) 
evaluating sucrose losses for different evaporator configurations 

 
The sucrose losses across individual FFEs and the entire station were determined by using 
the glucose%brix indicator. Analysing the reduction in juice pH provides confidence in the 
figures calculated from the measured sucrose losses. In this section, the measured sucrose 
losses across the FFE station are compared with measured sucrose losses in other evaporator 
configurations reported in the literature.  
 
Sucrose losses across individual evaporators  

Rackemann and Broadfoot (2016) presented sucrose loss results from Australian sugar 
factories operating with low exhaust-steam consumption and with a large heating surface area 
at the front end of the set. The first effect accounted for 59% of the sucrose loss across the 
entire evaporator station.  
 
Eggleston et al. (2019) reported on the sucrose losses in pre-evaporators and a triple effect 
evaporator station (the Robert type) in a Louisiana sugar factory, over the course of an entire 
crushing season. Of the measured sucrose losses, 1.5% was the seasonal mean across the 
pre-evaporators alone, and the largest value recorded was 2.23%. These values infer 
substantial losses occurring across the pre-evaporators.  
 
Ashtiani Abdi et al. (2020) reported on sucrose loss measurements for an FFE (BMA type) 
installed as the first effect at the Bingera Sugar Mill in Australia, and for a Robert evaporator 
operating as the first effect at the Millaquin Sugar Mill (a neighbouring mill in the same district). 
The measured sucrose losses across the FFE at Bingera and across Robert at Millaquin were 
in the range of 0.12 to 0.16%. 
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Table 5. Comparison of measured sucrose losses across individual falling-film and 
Robert-type evaporators 

Evaporator 
type 

First effect Second effect Third effect Reference 

Kestner 0.34 – – Wong et al. (1996) 

Robert – – 0.39 - 0.71 Wong et al. (1996) 

Robert 0.46 0.14 0.15 Rackemann and 
Broadfoot (2016) 

Robert 1.5+ NA NA Eggleston et al. (2019) 

Robert 0.16 NA NA Ashtiani Abdi et al. (2020) 

Falling-film 
tubular (BMA) 

0.12 NA NA Ashtiani Abdi et al. (2020) 

Falling-film 
tubular (BMA) 

0.12 0.07 0.02 This study 

+Pre-evaporators (2 units) 
 
Table 5 shows the measured sucrose losses across the front-end of the set for different 
evaporator configurations, including this study. The measured sucrose losses across FFE-1 in 
this study were 0.12% on average, which is ~70% lower than a first-effect Robert evaporator 
(Rackemann and Broadfoot, 2016). The measured sucrose losses across FFE-2 and FFE-3 
are 50%, and 84% respectively lower than those in Robert evaporators (Rackemann and 
Broadfoot, 2016) at the same position in the set. 
 
Ashtiani Abdi et al. (2020) measured very similar sucrose losses for an FFE operating at the 
first effect, although the juice temperature in the Bingera FFE was 114°C, i.e. slightly higher 
than the ICPL FFE-1. However, the Bingera FFE was processing 400 t/h of clear juice, 
compared to 366 t/h of clear juice processed by the ICPL FFE-1 during the test period, thus 
increasing the juice residence-time in the ICPL FFE-1.  
 
Sucrose losses across the evaporator station  

Rackemann and Broadfoot (2016) measured sucrose losses of up to 0.85% across the 
evaporator station comprising of Robert evaporators. In a further study (2017), they reported 
sucrose losses for evaporators with both clean and dirty tubes2. The losses increased by ~55% 
when the tubes were dirty, mostly due to an increased retention time in the Robert evaporator 
(due to a reduced crushing rate).  
 
Eggleston et al. (2019) reported 1.84% sucrose losses across the evaporator station, which 
constituted ~70% of the measured losses from the mixed juice to the final evaporator syrup. 
The losses were higher for the early season, due to a large amount of extraneous matter in 
the cane supply. The long juice residence-time in the pre-evaporators due to the large heating 
surface area and the higher juice temperature needed to supply vapour for vacuum pans both 
play an important role in high sucrose losses.  
 
Wong et al. (1996) reported 0.40% sucrose losses across the evaporator station comprising 
of Kestner and Robert evaporators. 
 
The authors are not aware of any study undertaken to determine the extent of sucrose losses 
across an FFE station in a cane sugar mill.  
 
Table 6 presents a comparison of measured sucrose losses across the various evaporator 
stations from the literature and from this study. The measured overall sucrose losses across 

2 Scale deposition 
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the FFE station at ICPL were 0.22%, which is substantially lower than the sucrose losses 
occurring in Robert evaporators for energy-efficient factories.  
 
More importantly, the experimental programme at ICPL was undertaken when FFE-1 and FFE-
2 had been in operation for 29 days (end of testing) since they were last cleaned. The results 
from this study and from previous investigations have shown that ~85% of sucrose losses 
occur at the front end of the evaporator station where the juice is at relatively higher 
temperature compared to the latter vessels. The average measured sucrose losses in this 
study (0.22%) are considerably lower than those occurring in Robert vessels with dirty tubes 
(1.27%, Rackemann and Broadfoot (2017)).   
 
The juice throughput of the evaporator station decreases with an increase in evaporator scale. 
This effect is more profound in Robert vessels than in FFE. Consequently, this increases the 
juice residence-time, resulting in larger sucrose losses across Robert evaporators. The results 
from this study have concluded that for FFEs the effect is minimal. An evaporator station 
comprising entirely of the falling-film type could be operated for a longer duration between 
cleans (other factors permitting) without massive sucrose losses occurring in the station.  
 
Table 6. Comparison of measured average sucrose losses across stations of falling-film 

and Robert-type evaporators 

Evaporator type Overall Reference 

Kestner and Robert 0.40  Wong et al. (1996) 

Robert 0.85 Rackemann and Broadfoot (2016) 

Robert 0.82* Rackemann and Broadfoot (2017) 

Robert 1.27** Rackemann and Broadfoot (2017) 

Robert 1.84 Eggleston et al. (2019) 

Falling-film tubular (BMA) 0.22 This study 
* Clean tubes ** Dirty tubes 

 
Impact of sucrose losses on sugar production and revenue losses  

To estimate the impact of sucrose losses in the evaporation station on the quantity of sugar 
produced, a simple example is simulated. Let us consider a cane sugar factory with a crushing 
capacity of 10000 TCD (416 t/h), operating for 160 days and processing cane with a pol content 
of 14 to produce raw sugar. The extraction performance is assumed to be 98% and clear juice 
purity, 86%. The cane sugar factory seeks to reduce exhaust-steam consumption and 
extensive vapour bleeding from the evaporator station is undertaken.  
 
Two scenarios are simulated: one evaporator station comprising entirely of Robert vessels, 
another entirely of tubular falling-film (BMA-type) units. Boiling house efficiency is considered 
to be 85% in both cases. Operating with Robert vessels results in 2200 t/a less raw sugar 
output, because of a 1% sucrose loss across the evaporators. Operating with FFEs results in 
500 t/a less sugar output, because of 0.22% sucrose losses across the evaporators. An 
additional 1700 t/a of raw sugar is produced when FFEs are installed, entirely because of the 
reduced sucrose losses (other factors being similar). These losses across the evaporator 
station also reduce the quantity of final molasses.  
 
In the above example, considering a world market price of 400 USD/t for raw sugar and  
150 USD/t for molasses, the net increase in revenue would be ~USD 650,000 for each 
crushing season. Rackemann and Broadfoot (2016) estimated the reduction in revenue 
resulting from a 1% sucrose loss across the Robert evaporator station for an Australian sugar 
factory processing 1.5 million tonnes per season to be ~AUD 1 million.  
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Predicted sucrose losses 

The predicted sucrose losses can be calculated based on the Vukov expression (Vukov, 1965). 
The Vukov expression and the pH correction given by Schaffler et al. (1985) are presented in 
Appendix III. Thaval (2020) presented the predicted sucrose losses across the FFEs (same 
study). However, these calculations had an error and resulted in an overestimation of the 
predicted sucrose losses. The corrected values are presented in Table 7. These sucrose 
losses are calculated for the processing and operating conditions as depicted in Table 1 and 
Table 2. 
 
The Vukov expression requires the purity of the solution as an input. Since the pol content 
(with polarimeter) of juice was not measured in this study, sucrose%brix are used instead. 
Although this can lead to a substantial error in purity values, the effect on predicted sucrose 
losses is negligible.  
 
The average predicted sucrose loss across the evaporator station comprising entirely of FFEs 
was 0.11%. Of the overall predicted sucrose losses in the evaporator station, 60% occurred 
across FFE-1 and 84% occurred across FFE-1 and FFE-2 together. This agrees well with the 
sucrose loss measurements, where 53% of the sucrose losses occurred across FFE-1, and 
86% occurred across FFE-1 and FFE-2.  
 
Table 7. Predicted and measured sucrose losses (%) for individual test days (daily 

averages) 

Date Predicted Measured 

 FFE-1 FFE-2 FFE-3 FFE-4 FFE-5 Overall Overall 

13 Dec –  – – – – – 0.18 

14 Dec 0.07 0.03 0.01 0.00 0.00 0.12 0.16 

15 Dec 0.06 0.03 0.02 0.00 0.00 0.10 0.23 

16 Dec 0.06 0.02 0.01 0.00 0.00 0.10 0.21 

19 Dec 0.07 0.03 0.01 0.01 0.00 0.12 0.11 

20 Dec 0.07 0.02 0.01 0.00 0.00 0.11 0.33 

21 Dec 0.06 0.02 0.01 0.00 0.00 0.10 0.17 

22 Dec 0.06 0.02 0.01 0.00 0.00 0.10 0.34 

Average 0.07 0.03 0.01 0.00 0.00 0.11 0.22 

 
The application of the Vukov expression seems to have some limitations. It is evident from this 
study that the predicted sucrose losses are considerably lower than the measured sucrose 
losses for evaporator station comprising entirely of FFEs. Based on glucose-based indicators, 
Rackemann and Broadfoot (2016, 2017) showed that predicted losses are greater than 
measured losses for evaporator station comprising entirely of Robert vessels in energy-
efficient factories. The difference was even greater when green cane or immature cane (high 
glucose and fructose) was processed and when the evaporator tubes were scaled, causing a 
reduction in the crushing rate. Eggleston et al. (2004) recommended modifying the Vukov 
expression to incorporate a scaling component to improve simulations. Nevertheless, the 
Vukov expression provides a good estimate on the effect of temperature, pH and residence-
time on sucrose losses. 
 
The sucrose loss results (measured and predicted) across the FFE operating as the first effect 
reported by Ashtiani Abdi et al. (2020) show similar values and trends to those reported in this 
study. This provides confidence in the results.  
 
It is anticipated that a combination of the factors listed below could result in a substantial 
difference between predicted and measured sucrose losses: 
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(a) The predicted sucrose losses are calculated using the Vukov expression, which was 
developed based on a pure sucrose solution. The Vukov expression does not consider 
the catalytic effects of salts and invert sugars on the acid degradation of sucrose. 
Hence it is extremely likely that the predicted sucrose losses are underestimated 
(Eggleston et al. 2019). Results from this study validate the hypothesis by Eggleston 
et al. (2019). 

(b) The estimation of juice residence-time in the evaporator is based on evaporator juice 
flows (based on simulations) and typical static liquid levels in the tubes (rising-film 
evaporators). These values could be inaccurate, especially when two or more vessels 
are operating in parallel. 

(c) Eggleston et al. (2019) mentioned that glucose degradation is plausible for higher 
sucrose losses (above 0.5%), and hence, the glucose%sucrose or glucose%brix 
indicators could be underestimating the actual sucrose losses. 

(d) The measurement of sucrose losses is prone to experimental errors during sample 
collection, sample preparation and storage as well as in the analytical methods. 

 
 

Conclusion 

An experimental programme was undertaken to determine the extent of measured sucrose 
losses across an evaporator station comprising entirely of FFEs in a cane sugar mill. The 
predicted sucrose losses were also calculated, using the Vukov expression, for sucrose 
inversion and juice flows and composition measured during the experimental programme. A 
detailed analysis of sugars (sucrose, glucose and fructose) was carried out using High-
Performance Gas Chromatography (HPGC), and the measured sucrose losses were 
calculated, using glucose%brix as an indicator. Another non-quantitative indicator of sucrose 
losses, the decline in juice pH across the evaporator station, was also discussed.  
 
The measured sucrose losses were calculated based on the change in glucose%brix across 
each FFE and the entire station. On average, the glucose%brix increased by 0.09 units across 
the evaporator station, which corresponds to a sucrose loss of 0.22%. These losses were 
measured after the FFE-1 and FFE-2 had been in operation for 29 days since their last clean 
The decline in juice pH of 0.43 units across the evaporator station indicates a similar magnitude 
of sucrose losses, which increases confidence in the measurements.  
 
The average predicted losses across the FFE station were calculated to be 0.11%, with the 
largest loss occurring in FFE-1. Based on the results of this study, the measured sucrose 
losses were found to be higher than the predicted sucrose losses. Similar findings have been 
reported by Ashtiani Abdi et al. (2020) for an FFE as the first effect. The reasons for this are 
several-fold and include the underestimation of predicted sucrose losses using the Vukov 
expression. It is strongly believed, based on the results from this study and other investigations, 
that the actual sucrose losses would be closer to the measured sucrose losses (0.22%).  
 
The measured sucrose losses across falling-film evaporator configuration are considerably 
lower, compared to the measured sucrose losses in Robert evaporator configurations, both 
operating with extensive vapour bleeding to reduce exhaust-steam consumption. The 
measured sucrose losses across Robert evaporator configuration are more dramatic when the 
tubes are dirty (scale deposition).  
 
These reduced sucrose losses reflect in additional sugar production. When cane sugar 
factories are considering upgrading the evaporator station, the return of the investment 
calculation needs to incorporate the increased revenue due to reduced sucrose losses across 
the falling-film evaporators, along with the lower exhaust-steam consumption of the station.  
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Appendix I 

The juice analyses (refractometric brix, sucrose, glucose, fructose and pH) are presented for 
clear juice and outgoing juice from each FFE for each day of the test period. The values 
represent average of four measurements.  
 
Table 8. Juice analysis for 13 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 14.89 0.28 0.24 13.44 – 

FFE-1 19.88 0.49 0.33 18.40 – 

FFE-2 30.50 0.57 0.51 27.91 – 

FFE-3 41.16 0.81 0.69 38.24 – 

FFE-4A 55.75 1.08 0.93 51.11 – 

FFE-5A 62.92 1.21 1.05 59.66 – 

 
Table 9. Juice analysis for 14 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 14.93 0.27 0.26 12.93 6.88 

FFE-1 20.32 0.32 0.36 17.30 6.67 

FFE-2 30.79 0.51 0.55 25.55 6.67 

FFE-3 41.95 0.97 0.75 38.70 6.72 

FFE-4A 57.23 1.12 1.03 51.77 6.65 

FFE-5A 64.68 1.21 1.16 58.76 6.60 

 
Table 10. Juice analysis for 15 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 15.24 0.25 0.23 13.76 7.09 

FFE-1 20.82 0.41 0.33 21.22 7.02 

FFE-2 31.22 0.63 0.51 31.09 6.82 

FFE-3 42.35 0.91 0.70 47.11 6.78 

FFE-4A 56.33 1.06 0.93 52.71 6.72 

FFE-5A 63.27 1.15 1.04 62.27 6.63 

 
Table 11. Juice analysis for 16 Dec 2019 

Date Brix (%) HPGC 
fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 15.20 0.26 0.25 12.87 7.13 

FFE-1 20.71 0.34 0.35 17.55 6.90 

FFE-2 31.48 0.52 0.54 25.74 6.90 

FFE-3 42.94 0.69 0.74 35.35 6.85 

FFE-4B 55.66 0.86 0.96 46.94 6.75 

FFE-5A 62.42 0.98 1.08 52.21 6.70 
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Table 13. Juice analysis for 19 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 14.88 0.29 0.30 13.53 6.96 

FFE-1 20.11 1.06 0.41 13.41 6.77 

FFE-2 31.18 0.55 0.64 23.22 6.77 

FFE-3 42.91 0.84 0.89 34.86 6.71 

FFE-4B 57.50 1.16 1.18 50.93 6.61 

FFE-5A 64.91 1.31 1.33 58.25 6.58 

 
Table 14. Juice analysis for 20 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 15.40 0.28 0.29 12.20 7.10 

FFE-1 21.08 0.42 0.40 17.70 6.88 

FFE-2 30.86 0.67 0.61 30.76 6.88 

FFE-3 43.07 0.88 0.86 36.54 6.90 

FFE-4B 56.75 1.01 1.15 46.26 6.68 

FFE-5B 64.68 1.32 1.30 57.04 6.73 

 
Table15. Juice analysis for 21 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 14.92 0.48 0.31 9.25 7.33 

FFE-1 20.63 0.52 0.44 17.61 7.10 

FFE-2 31.51 0.64 0.66 26.24 7.10 

FFE-3 43.41 1.01 0.92 38.80 6.90 

FFE-4B 56.85 1.24 1.22 48.70 6.90 

FFE-5B 64.39 1.35 1.39 57.77 6.70 

 
Table 16. Juice analysis for 22 Dec 2019 

Date Brix (%) HPGC 

fructose (%) 

HPGC 

glucose (%) 

HPGC 

sucrose (%) 

pH measured 
at 30 °C 

Clear juice 15.09 0.32 0.29 11.15 7.33 

FFE-1 20.63 1.09 0.42 15.70 7.10 

FFE-2 31.47 0.84 0.65 29.17 6.88 

FFE-3 42.97 0.93 0.90 37.07 6.90 

FFE-4B 56.81 1.17 1.18 48.03 6.68 

FFE-5B 64.19 1.31 1.34 54.35 6.73 
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Appendix II 

The measured sucrose losses across each FFE and the entire station are presented for each 
day of the test period using the glucose%sucrose and glucose%brix indicators.  
 
Table 17. Sucrose losses across the falling-film evaporators on 13 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.84 1.76 1.59     

FFE-1 0.66 1.77 1.64 0.0206 0.1054 

FFE-2 0.89 1.82 1.66 0.0898 0.0515 

FFE-3 0.85 1.79 1.67 -0.0392 0.0130 

FFE-4A 0.86 1.82 1.67 0.0531 0.0077 

FFE-5A 0.87 1.76 1.67 -0.1114 0.0026 

Overall    0.0128 0.1820 

 
Table 18. Sucrose losses across the falling-film evaporators on 14 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.95 1.99 1.72     

FFE-1 1.11 2.07 1.76 0.1477 0.0828 

FFE-2 1.07 2.15 1.79 0.1628 0.0562 

FFE-3 0.77 1.94 1.79 -0.3997 0.0144 

FFE-4A 0.91 1.99 1.80 0.0812 0.0078 

FFE-5A 0.96 1.98 1.80 -0.0136 0.0026 

Overall    -0.0216 0.1630 

 
Table 19. Sucrose losses across the falling-film evaporators on 15 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.92 1.71 1.54     

FFE-1 0.81 1.57 1.60 -0.2561 0.1296 

FFE-2 0.81 1.64 1.64 0.1400 0.0690 

FFE-3 0.77 1.48 1.64 -0.3158 0.0118 

FFE-4A 0.87 1.76 1.65 0.5379 0.0063 

FFE-5A 0.91 1.68 1.65 -0.1628 0.0025 

Overall    -0.0568 0.2309 

 
  

Thaval OP et al Proc S Afr Sug Technol Ass (2021) 93 : 280-299

296



Table 20. Sucrose losses across the falling-film evaporators on 16 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.96 1.93 1.63     

FFE-1 1.02 1.98 1.68 0.1081 0.1130 

FFE-2 1.03 2.09 1.71 0.2100 0.0689 

FFE-3 1.07 2.09 1.72 -0.0049 0.0229 

FFE-4B 1.11 2.04 1.72 -0.0895 0.0057 

FFE-5A 1.10 2.06 1.72 0.0359 0.0028 

Overall    0.2596 0.2123 

 
Table 21. Sucrose losses across the falling-film evaporators on 19 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 1.04 2.20 2.00     

FFE-1 0.39 3.09 2.06 1.6870 0.1225 

FFE-2 1.16 2.75 2.05 -0.6427 0.1322 

FFE-3 1.05 2.54 2.06 -0.3969 0.0428 

FFE-4B 1.02 2.31 2.05 -0.4268 -0.0295 

FFE-5A 1.01 2.29 2.05 -0.0529 0.0040 

Overall    0.1676 0.1094 

 
Table 22. Sucrose losses across the falling-film evaporators on 20 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 1.04 2.36 1.87     

FFE-1 0.95 2.24 1.88 -0.2296 0.0291 

FFE-2 0.91 1.99 1.99 -0.4729 0.2334 

FFE-3 0.97 2.35 1.99 0.6723 0.0102 

FFE-4B 1.14 2.49 2.03 0.2632 0.0778 

FFE-5B 0.98 2.28 2.01 -0.3961 -0.0421 

Overall    -0.1631 0.3295 

 
Table 23. Sucrose losses across the falling-film evaporators on 21 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.66 3.40 2.11     

FFE-1 0.86 2.52 2.15 -1.6767 0.1287 

FFE-2 1.04 2.52 2.10 0.0012 -0.1166 

FFE-3 0.92 2.38 2.13 -0.2568 0.0757 

FFE-4B 0.98 2.51 2.15 0.2338 0.0365 

FFE-5B 1.03 2.41 2.16 -0.1835 0.0327 

Overall    -1.8819 0.1675 
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Table 24. Sucrose losses across the falling-film evaporators on 22 Dec 2019 

Date Glucose% 
fructose 

Glucose% 
sucrose 

Glucose% 
brix 

Sucrose loss 

(glucose% 
sucrose) 

Sucrose loss 

(glucose% 

brix) 

Clear juice 0.92 2.64 1.95     

FFE-1 0.38 2.66 2.03 0.0500 0.2013 

FFE-2 0.77 2.22 2.06 -0.8352 0.0861 

FFE-3 0.96 2.42 2.09 0.3773 0.0577 

FFE-4B 1.01 2.45 2.07 0.0579 -0.0355 

FFE-5B 1.02 2.46 2.08 0.0073 0.0148 

Overall    -0.3427 0.3379 
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Appendix III 

 
Vukov empirical expression for sucrose loss with pH correction by Schaffler 

The expression calculates the hydrolysis rate constant (k, 1/min) as a function of pH, 
temperature, density, sucrose concentration and juice purity (Vukov, 1965): 
 
 

log(𝑘) = 16.91 −
5670

𝑇
− 𝑝𝐻 + log (𝑑 −

𝑐

𝑝𝑢𝑟𝑖𝑡𝑦
) 

Equation 1 

Where 𝑇 is temperature, K  
 𝑑 is the solution density, kg/L  

 𝑐 is the sucrose concentration, kg/L  
 
The pH of the juice measured at 30 °C must be corrected to the pH at the actual temperature. 
This pH correction was given by Schaffler et al. (1985).  
 
 𝛥𝑝𝐻

𝛥𝑇
= −0.0339 + 0.015 𝑝𝐻 − 0.0017 𝑝𝐻2 

Equation 2 

 

The fraction of sucrose hydrolysed is given by (1 − 𝑒−𝑘𝑡), where t is the residence-time in 

minutes.  
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Abstract 

The excessive use of water at the A-centrifugals and refinery returns are important factors that 
affect the throughput and recovery in the raw house. The additional load of pol increases the 
purity profile of the massecuites; this often improves the crystallisation rate and gives the 
illusion that the process is running well, but it can also result in an increase in the final purity 
of the molasses, and hence, a lower boiling house recovery.  

Water at 100°C dissolves three times its weight of sugar (Charles, 1960). Excessive washing 
during spinning, as well as the pre-cycle wash, dissolves the sugar that would otherwise have 
been bagged. The pre-cycle wash dissolves the residual sugar left on the screen, and a bad 
plough adjustment can increase the duration of the pre-cycle wash considerably. A mass 
balance calculation across the A-centrifugals will indicate the amount of water used, as well 
as the masses of sugar and A-molasses produced. For every 1.0% of additional water on the 
massecuite above a target of 2.5%, an additional 2.56 t of sugar is dissolved for a strike of 57 
m3 A-massecuite cured. Over a day, this can be equivalent to over 70 tons of sugar dissolved 
to A-molasses. 

The effect of the refinery run-off return to the raw house can also be calculated; due to the 
higher purities, the yield calculations for the refinery are done using Conductivity Ash to Brix 
ratio.   

Keywords: A-Centrifugal, Wash water, recirculation of sugar, massecuite exhaustion  

Introduction 

Important process information can be obtained from the centrifugal mass balance calculation, 
namely, the masses of the outgoing products, like sugar and molasses, and the amount of 
water used. The crystal content and massecuite exhaustion can also be calculated from the 
analytical data (brix and purity) of the A-massecuite and A-molasses. 

The wash water duration during spin gives an indication of the massecuite quality; massecuite 
that has a mixture of grain sizes and false grain is more difficult to cure and requires more 
wash water and a longer spin time. A bad plough adjustment may require a longer pre-cycle 
wash. In a raw sugar factory, the excessive use of wash water in the A-centrifugals dissolves 
high quality sugar to A-molasses, where it would be boiled many times within the three-boiling 
system.  

Similarly, a sugar refinery with a low yield, or practising a three-boiling scheme instead of a 
four-boiling scheme, will recycle an increased volume of high purity run-off to the raw house. 
Both will have a significant impact on the overall throughput, on the boiling house recovery 
and on the steam utilization in the process house. 
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This paper highlights the mass balance calculation and assesses the impact of excessive 
washing at the A-centrifugals on the additional load of pol that is recycled in the boiling house.  

Mass balance across a centrifugal 

Pol recirculation occurs naturally during the manufacture of sugar; it is often taken for granted 
and only re-visited when the performance of the factory dips, without an obvious reason.  

A mass balance calculation can easily be done by using the commonly available brix and pol 
analyses of A-massecuite, A-molasses and A-sugar. When it is centrifuged, A-massecuite 
produces two products, namely, sugar and A-molasses. Assuming that 100 t of A-massecuite 
is cured, the two unknowns X tons of sugar and Y tons of A-molasses can be calculated (see 
Tables 1 and 2). 

Table 1. Mass balance with two unknowns X and Y to be calculated 

PRODUCT BRIX % POL % PURITY 
% 

MASS t 

          

A-Massecuite 93.28 80.24 86.02 100.000 

A-molasses 79.82 58.60 73.42 x 

Sugar  99.91 99.28 99.37 y 

          

 

The Brix equation: 

100*A-massecuite brix/100 = x* A-molasses brix/100 + y*A-sugar brix/100 

100*0.9328 = x*0.7982+y*0.9991 

The Pol equation: 

100*A-massecuite pol/100 = x* A-molasses pol/100 + y*A-sugar pol/100 

100*0.8024 = x*0.5860 + y*0.9928 

With two equations and two unknowns, x and y can be solved. 

Water % massecuite is calculated as follows: 

Mass Water added = Mass of A-Molasses + Mass of Sugar – Mass of A-massecuite. 

The above example gives: 60.12 + 45.33 – 100 = 5.45 tons. 

Table 2. Mass balance showing calculated masses of A-molasses and A-sugar 

PRODUCT BRIX % POL % PURITY 
% 

MASS t 

          

A-Massecuite 93.28 80.24 86.02 100.000 

A-molasses 79.82 58.60 73.42 60.119 

Sugar  99.91 99.28 99.37 45.334 

          

Water % Massecuite   5.45     
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At the Simunye Sugar Factory, a target of 2.50% water on A-massecuite was used as the 
operating target, and if that is exceeded, an investigation is required.  

Impact of excessive use of water in the raw house 

Using the sucrose solubility table and the Thieme purity coefficient table, a conservative 3.0 
kilograms of sugar dissolved per 1 kg of water was used (Charles, 1960; Rozsa, 2000). 

A typical factory of 10 000 t cane per day, producing 28 strikes of 57 m3 of A-massecuite is 
taken as an example. 

The centrifugal mass balance for one strike of 57 m3 (Table 3) 

Brix A-Massecuite = 93.28 

Density of A-Massecuite = 1.4973 kg per m3 

Mass of 57 m3 strike = 85.343 tons. 

Table 3. Mass balance for one A-massecuite strike of 57 m3 

PRODUCT BRIX % POL % PURITY % MASS t 

          

A-massecuite 93.28 80.24 86.02 85.343 

A-molasses 79.82 58.60 73.42 51.307 

Sugar  99.91 99.28 99.37 38.689 

          

Water % Mcte 5.45       

Exhaustion % 55.11    

Crystal content % 44.22    

 

The exhaustion and crystal content are calculated as per the SASTA Laboratory Manual 
(Anon, 2009). 

The formulae for the calculation of exhaustion and crystal content are as follows: 

Exhaustion = (100 x (A-Mcte pty – A-Mol pty) / (A-Mcte pty x (100 - A-Mol pty) x 100 

Crystal Content = (A-Mcte purity - A Mol purity) / (100 – A-Mol pty) x Bx A-Mcte X100 

 

Calculation of sugar dissolved by excess water above a target of 2.5% 

If the amount of water used is now reduced from 5.45 % to 2.5%, less sugar would be 
dissolved to A-molasses and hence more sugar would come out in the ‘bag’. The new weight 
of sugar would be 46.250 t (up from 38.689 t), as seen in Table 4. 

In the example given in Table 4, 7.56 tons of sugar was “prevented from being dissolved to A-
molasses” for one strike of A-massecuite cured using only 2.5 % water on A-massecuite 
instead of 5.45 %.  For a day production of 28 strikes of A-massecuite, this would be equivalent 
to 28*7.56 = 211.68 t of sugar sent to A-molasses.  

The excess of water above 2.5 % was 2.95 % (5.45 - 2.50); hence, for every 1 % point above 
2.50 % would dissolve 211.68 / 2.95 = 71.76 t of sugar to A molasses for the day.  
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Table 4. Sugar dissolved by wash water in excess of the 2.5% target 

  Units t  Calculations 

Excess water (%) 2.95 5.45 - 2.50 

Mass of water in tons 2.520 2.95%*85.343 

Mass of sugar dissolved in tons 7.56 2.520*3 

      

Total sugar bagged if excess water not 
used (tons) 46.250 38.689+7.560 

      

 

Using the new calculated sugar mass of 46.250 t (Table 4), a new mass balance calculation 
was done. As less sugar is now dissolved to A-molasses, the new mass balance calculation 
would now give a different A-molasses brix and purity.  

 

Table 5. Mass balance calculation adjusted for a wash water target of 2.5% and new 
sugar weight 

PRODUCT 
BRIX 
% POL % 

PURITY 
% 

MASS 
t 

tons 
pol 

            

A-massecuite 93.28 80.24 86.02 85.343 68.479 

A-molasses 81.01 54.73 67.55 41.227 22.562 

Sugar  99.91 99.28 99.37 46.250 45.917 

            

Water % Massecuite 2.50         

Exhaustion % 66.17     

Crystal content % 53.09     

 

This new mass balance (Table 5) shows an important change in the quality of the A-molasses 
because less water is used; the brix is higher and the purity lower. This will impact positively 
on the exhaustion and crystal content calculations; The exhaustion has moved from 55.11% 
to 66.17% and the crystal content from 44.22% to 53.09% (see Table 6).  The change in the 
crystal content is due to a reduced quantity of sugar being dissolved to A-molasses. 

 

 

 

 

 

 

 

Lung Kit HN and Myeni P Proc S Afr Sug Technol Ass (2021) 93 : 300-308

303



Table 6. Comparison of process performance from 5.45% to 2.5% water on the 
massecuite 

  Actual Target  Difference 

    Calculation   

Water % massecuite 5.45 2.5   

Sugar in massecuite strike 
(tons) 38.690 46.250 7.560 

Exhaustion % 55.11 66.17   

Crystal content % 44.22 53.09   

A-molasses purity % 73.42 67.55   

Water used per strike (tons) 4.654 2.134 2.52 

        

 

For a typical day production, 211.7 tons of sugar would be dissolved by excess water (Table 
7); a good portion of that sugar would be recovered within the raw house. A good estimation 
of recoverable sugar is obtainable from the SJM formula, with the ‘J’ being the A-molasses 
purity at 73.42, as the sugar is dissolved to the A-molasses (from Table 3) and the final 
molasses purity for the day was 34.19. 

Table 7. Impact on a typical day performance of factory 

Day Recirculation   

Sugar dissolved by excess water/strike 
(tons) 7.560 

Number of strikes per day 28 

Total sugar dissolved/day by excess water 
(tons) 211.7 

Normal sugar production/day 38.689*28 1083 

% Sugar recycled 19.5 

 

Of the 211.7 tons of sugar dissolved to A-molasses, 172.452 t would be recovered by the 
boiling house and the loss to final molasses would amount to 38.966 tons of pol. (see Table 
8). 

Table 8. SJM recovery and amount of sugar loss to final molasses per day 

Sugar purity % 99.37 

A-molasses purity % 73.42 

Final mol purity % 34.19 

SJM % 81.46 

Sugar t 211.70 

Pol % sugar 99.28 

Sugar pol t 210.176 

Sugar pol recovered t 171.210 

Sugar recovered t 172.452 

Pol loss to final mol t 38.966 
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Back-End Refinery 

This section looks at the impact of refinery yield on the pol returned to the raw house.  

The refinery yield is the mass of refined sugar in tons for every 100 tons of feedstock sugar. 
The yield can be calculated from the equation (2P-100)/100, where P is the pol of the raw 
sugar (Rein, 2007). For a sugar pol of 98.0, the theoretical yield would be 96%. 

However, due to the high purity of the products in the refinery, the yield calculations for 
individual massecuites, as well as the overall yield, are done from the analyses of brix and 
Conductivity Ash (CA) on the boiling, run off and refined sugar.  

Yield = (CABx Ro – CABx Mcte) / (CABx Ro- CABx sugar) *100 
 
Where CABx = Conductivity Ash to Brix ratio 
Ro = Run off 
Mcte = massecuite 
Sugar = refined sugar. 

The yield for a good refinery operating on a four-boiling scheme will be 94.5%, and 91.7% is 
the average yield for a typical refinery on a four-boiling scheme. (Rein, 2007). The benchmark 
yield is assumed to be 92%; the run-off pol return to the raw house would therefore be 8% 
(100-92 = 8). 

Comparison of product flows for different overall yields 

An example of the yield calculations for a four-boiling scheme is given in Table 9 and shows 
the product flow for every 100 tons of VHP sugar sent to the refinery. The Conductivity Ash 
(CA) on refined sugar is done on a sugar sample dissolved in water and, as the ratio of CA/Bx 
is used, the accuracy is not impaired.  
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Table 9. Yield calculation for a back-end refinery that practises a four-boiling scheme 
 

                     1st Run off   

   1st 
Refined 

Massecuite            1st Refined Sugar 
Yield 
% 

Sugar 
t 

Run 
off t 

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx       

0.237 73.4 0.003229 0.149 89.03 0.001674 0.005 30.51 0.000164 50.744 50.744 49.256 

                        

                     2nd Run off   

   2nd 
Refined 

Massecuite            2nd Refined Sugar       

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx       

0.357 73.95 0.004828 0.335 89.68 0.003736 0.007 30.5 0.00023 23.751 11.699 37.558 

                        

                     
3rd Run off    

   3rd 
Refined 

Massecuite           3rd Refined Sugar       

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx       

0.509 73.83 0.006894 0.514 89.16 0.005765 0.012 30.48 0.000394 17.372 6.525 31.033 

                        

                     4th Run off   

   4th 
Refined 

Massecuite            4th Refined Sugar       

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx 

CA 
µS/cm Bx % CA/Bx       

0.8 73 0.010959 0.822 89.64 0.00917 0.014 30.51 0.000459 17.037 5.287 25.746 

                        

              
Overall yield/Run 
off   74.254 25.746 

 
 
 
It was more meaningful to work with the hourly throughput at the RSO (Refined 
Sugar Output) of 35. The hourly product flows are more meaningful to the operators. 
An improvement of overall yield from 74.3 to 81.8 was achieved in 2020, and the 
target for 2021 is 91.6.  
 
The improvement is shown in Table 10; the run-off return to the raw house dropped 
from 12.14 tons of pol/hour to 7.81 tons of pol/hour, with a yield improvement from 
74.3 to 81.8. 
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Table 10. Run-off quantities returned to raw house at three different overall 
yields for an RSO of 35 

Capacity 35 Refined 
Sugar Output (RSO) 

Yield 
Benchmark 

Yield 
achieved 

Yield 
Initial 

        

Overall yield of refinery 91.6 81.8 74.3 

        

Tons sugar input per hour 38.21 42.81 47.14 

        

Refined sugar output/hr 35 35 35 

        

Run-off return of pol per 
hour tons 3.21 7.81 12.14 

        

Raw house mix juice pol 
tons/ hour 53.3 53.3 53.3 

        

% Run-off return to mix 
juice pol 6.0 14.7 22.8 

        

 

Discussion 

Massecuite exhaustion is not only a pan boiler skill issue or a crystalliser issue; it is also 
influenced by other factors, like poor wash water control and, more importantly, the plough 
adjustment. The sugar left behind on the screen must be washed before starting the next 
centrifugal cycle, to prevent undue vibration. It is always good to log and monitor the duration 
of wash time #1 and #2, as well as the pre-wash duration of each batch machine. The wash 
time during spin relates to the massecuite quality and the pre-cycle wash relates to the 
ploughing efficiency. However, it should be noted that the pre-cycle wash should be controlled 
so as to use the minimum amount of water, as applying water to an already clean screen will 
not dissolve any sugar. This could be a source of error in the calculation of sugar dissolved. 

The overall yield, as well as the yield for each of the four boilings, need to be monitored in the 
refinery. The overall yield will impact on the amount of pol in the run-off returned to the raw 
house. The high conductivity ash and colour of the run-off are factors that influence the 
decision to practice either a four-boiling or a three-boiling scheme. If the third run-off has a 
high conductivity ash or colour, it is often preferable to have a fourth boiling and to melt the 
sugar internally within the refinery, rather than sending a high volume of the third run-off to the 
raw house. The relative volumes of the first, second, third and fourth boilings are 8:4:2:1; 
hence, the third run-off can be double the volume of the fourth run-off. 

The run-off from the refinery is boiled into A-massecuite, unlike the A-batch centrifugal 
molasses, which is boiled as B-massecuite, which gives a better recovery. However, the 
higher purity of the run-off (96.0) can significantly raise the purity profiles of all three 
massecuites and ultimately increase the purity of the final molasses. 

For a back-end refinery factory, the excessive A-centrifugal pol returns from over-washing, 
together with the refinery run-off returns, are additive and, together, they can cause significant 
throughput and recovery problems. 
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Abstract 

The Consorcio Azucarero Central (CAC) Sugar Mill is situated in a densely populated tourist 
area of the Dominican Republic. The authorities threatened to close down the sugar mill if 
the boiler flue gas emissions were not effectively eliminated.  

The problems relate to a boiler that was initially installed with a wetted cyclone scrubber, the 
internals of which had been compromised. Mill management had previous South African 
experience with sieve plate scrubbers and contacted St Clair Design Consultants (SCDC) to 
convert the existing scrubber to a low ΔP, high-efficiency sieve plate scrubber. The shell of 
the existing unit was just large enough to accommodate a conversion, albeit at higher 
velocities than the ideal. SCDC provided the specifications of the sieve plates, water flows 
and projected performance data. The detailed drawings of the structural modifications, 
material procurement, fabrication and installation for the conversion were undertaken by the 
mill staff in under six weeks.  
 
The scrubber visually achieved reasonable gas saturation and an acceptable overall 
particulate emission rate, but the emissions included some ‘black rain’ in the immediate 
vicinity of the stack. The cause of this was identified as a combination of some dislodged 
sieve plates and an excessive gas flow rate, 15% to 20% above the specifications used for 
the design of the scrubbing equipment. A large proportion of the gas was bypassing the 
sieves and the velocity above the sieves was far too high for effective droplet 
disengagement.  

A louver-type entrainment separator that was installed had also been designed for the wrong 
flow rate, which prevented its effective operation. This was replaced in the off crop of 2020 
with a simple, robust entrainment knockout system. This has stopped the ‘black rain’. 
Subsequent flue gas emission tests measured the particulates at an acceptable 69 mg/Nm3, 
despite a shortage of irrigation water at the time of testing.  

 

Keywords: Boiler scrubbers, air pollution control, sieve plate scrubbers, entrainment 
separation. 

Introduction 

The Consorcio Azucarero Central (CAC) Sugar Mill is situated in Barahona, a town in a 
densely populated area on the southern coast of the Dominican Republic. It is also an 
important tourist area. The local community raised its concerns regarding the air quality to a 
high level within the government. The Ministry of Environment and Natural Resources 
therefore threatened to close down the sugar mill if the boiler flue gases were not cleaned 
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up. No specific emission rate requirement was given, other than that the community needs to 
be protected from the particulate fall-out.  

Barahona originally used eight Dutch oven boilers, which were decommissioned over a 
decade ago, and now it uses two bagasse-fired boilers which operate in parallel. Boiler 9 is a 
Biggelow unit and is fitted with a wet single pass scrubber that uses internal spray nozzles to 
apply water to the flue gases. The main Boiler 10 is a Babcock & Wilcox unit that was initially 
installed with a cyclonic scrubber. In 2014, due to the marginal ID fan capacity, the already 
badly eroded internals of the scrubber were completely removed to reduce the pressure drop 
and to improve airflow. Subsequently, a second-hand larger ID fan was donated by one of 
the other factories within the Groupo Campollo operating company, and it was installed with 
a multi-cyclone before the ID fan to improve emissions and reduce the fan wear. This left 
what was effectively a low efficiency dry separator system, with the scrubber water only used 
on Boiler 9 and for the sluicing of ash from the multi-cyclone of Boiler 10. After the ID fan 
modifications in 2015/2016, Boiler 10 was fitted with Detroit Underthrow coal/bagasse 
feeders and a new over-fire air system. This led to problems with excess oxygen in the flue 
gases, which signified poor combustion and resulted in worse emission levels. Emissions 
from the stack became a community issue and strong pressure was exerted on factory 
management to address the problem.  

Possible solutions 

A review of eleven technologies for cleaning the flue gases from bagasse-fired boilers has 
been provided by Moor (2007). Initially, three options were considered for Barahona, 
namely: building and re-installing the original cyclone scrubber internals, purchasing and 
installing a used Electrostatic Precipitator (ESP) from the USA, or using a sieve plate 
scrubber. The mill’s industrial director, Paul Hamilton, who had previous experience with 
cyclonic scrubbers and sieve plate scrubbers, was aware of the relative merits of the two 
options. He investigated the use of ESPs on bagasse-fired boilers thoroughly and found that 
the need for highly skilled operations staff was critical for their operation. This, and the 
extremely high capital costs, made the ESP technology unattractive. For the Barahona 
scrubber, the most significant considerations were: 

• Pressure drop across the scrubber was one of the main drivers for the selection of 
the technology, due to doubts about the ID fan capacity of the boiler. The pressure 
drop across a sieve plate scrubber would be less than 800 Pa, vs 1500 to 2500 Pa 
for a cyclonic scrubber. ESPs have the lowest pressure drop of all, namely, 
approximately 250 Pa for high efficiencies, due to their low velocities (Rein, 2017).  

• The water volumes for the two wet types are similar, but the nozzles of the cyclonic 
scrubbers need water with a low solids content and a small size of solids to avoid 
blockages, whereas sieve plate scrubbers have no sprays and can tolerate irrigation 
water with a high solids content (5 000 ppm) (Moor, 2007). This was important for 
Barahona’s simple beach settler water clarification plant. The water pressure 
required for the cyclonic scrubber sprays is also much higher than for sieve plates. 
ESPs require no water, although they do need a dry ash removal system. 

• The high gas velocities in cyclonic scrubbers, especially at the inlet, cause erosion, 
whereas there are little or no wearing areas in sieve plate scrubbers or ESP’s.  

• ESPs are susceptible to fires and/or explosions if breakdowns in the operating 
procedures are encountered (Inkson et al, 210; Rein, 2017). 

• ESPs require two to three times more capital, compared to the wet scrubbers. 

• To achieve low emission rates at Barahona, an ESP would require approximately 90 
kW of electrical power at high voltages, for the electric fields around the electrodes. 

These considerations resulted in a strong preference for a sieve plate scrubber, with the cost 
and pressure drop being the main drivers. Senior management therefore suggested 
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contacting St Clair Design Consultants (SCDC) to check whether it would be feasible to 
convert boiler 10’s existing scrubber shell to a sieve plate scrubber. It was confirmed by 
SCDC that, at the original specification, the shell of the existing unit was just large enough to 
accommodate a conversion, although the upflow velocity in the existing shell would limit the 
efficiency of the final entrainment separation.  

 

Design of Barahona’s 10 scrubber  

The available budget for a project that would not provide additional revenue was extremely 
limited. However, given management’s past experience of sieve plate scrubbers, the mill 
believed they would be able to draw, fabricate and install the conversion in-house, provided 
that they could procure the key design parameters from a reputable designer. 

Sieve plate scrubbers may be supplied to operate before the ID fan (‘cold fan’) or after the 
fan (‘hot fan’). Although there are significant advantages from a cold fan configuration, the 
available shell at Barahona was from a previous hot fan installation, with the boiler stack 
situated above the scrubber, as an extension of the scrubber shell.  

The operation principle of sieve plate scrubbers has been described by Moor (2001), and 
their performance (pressure drop, efficiency and turndown capability) has been 
characterised by Ravnö and Judd (1973). The operation of the sieve plate scrubber for 
Barahona’s No. 10 boiler is explained by the sketch in Figure 1. 

• Dirty gas from the ID fan enters the base of the scrubber and is directed upwards 
through the sieve plates. 

• The irrigation water enters the scrubber through large, low-velocity nozzles and is 
then distributed evenly across the width of the sieve plate. The size, number and 
configuration of holes in the sieve plate are designed so that the pressure drop of gas 
flowing up through the holes is sufficient to prevent the water draining through the 
holes. The water flows over the plate in a ‘gas-fluidised’ state. It is re-distributed 
midway across by a low weir. The smuts are wetted as the gas bubbles through the 
water (Moor 2001). 

• At the end of the sieve plate, the water exits through a pressure-sealed trough and 
provides a pre-wetting/cooling curtain across the incoming flue gas. It then flows 
down the conical floor of the scrubber before exiting to the clarification plant. 
Because there are no potential blockage areas in the circuit, Barahona’s simple 
beach clarifier can be used to remove the captured smuts from the irrigation water 
before recycling. 

• Most of the smuts are captured in the irrigation water. Some smuts are entrained 
above the sieves, but the higher density of the now-wetted particles enables most to 
fall back against the low velocity upflow in the disengagement zone.  
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Figure 1. Principle of the Barahona scrubber 

 

Using the boiler’s original design data, SCDC provided specifications for the sieve plates, 
water flows and projected performance data. SCDC also provided the sketches of the 
proposed conversion. The detailed drawings for the design, structural modifications, material 
procurement, fabrication and installation were undertaken by the mill staff in under six 
weeks. 

Procurement and construction 

After completing the detailed drawings of the various aspects to the sieve plate design, the 
procurement process was initiated. The long lead item identified was the scrubber water 
pump with a delivery time of eight weeks. The procurement process was started four weeks 
before the start of the grinding season, so plans were made to operate the scrubber without 
water by leaving some of the internal plates out, but secured to the inside wall of the 
scrubber. The sieve plates were manufactured by water jet cutting (rather than from 
standard punched plates), due to the extremely fast delivery time, as well as the ability to 
manufacture it exactly according to the drawings. All materials were delivered to the site 
within two weeks. A ten-day window period for the installation of the new scrubber internals 
was identified after the steam trials and before the start of the grinding season. The 
tangential inlet duct between the ID fan and scrubber inlet was removed completely to make 
way for the new, and much larger, radial feed duct. The new perforated plates were fitted 
and included a lower deflector plate to redirect the gases below the plates. The four central 
perforated plates were fitted, but then removed and secured to the inside wall of the 
scrubber, to allow the boiler to operate initially without the scrubber water. 
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Scrubber commissioning and operation 

The scrubber was commissioned in February 2019 and operated for the remainder of the 
grinding season, which ended in late April. The scrubber was achieving reasonably good 
saturation, which could be seen by the white vapour plume exiting the stack.  

 
After the commissioning in February 2019, the emissions initially looked good (Figure 3). 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. February 2019 stack plume 

 

Emission tests were conducted. These showed a particulate emission rate of 81 mg/Nm3, 
but with an exit temperature of 157oC, which indicated that full saturation was not being 
achieved (full saturation would have lowered the temperature to approximately 70oC). 

However, within a short period, a major issue with water carry-over was experienced. 
Entrained wet smuts were being carried out of the stack by the gases and dropped within a 
50 m radius, depending on the direction of the wind. The amount of continual wet fall-out 
caused a serious mud problem for the bagasse handling traffic that passes the scrubber. 
The other problem is with the neighboring power station, as the fall-out sometimes landed in 
their parking lot and buildings. The cause of the entrainment was initially put down to the 
high gas velocities created by vortices at the exit of the scrubber.  

The explanation for both the incomplete saturation and the fallout was found in the off crop, 
when it was discovered that some of the perforated plates had been dislodged, leaving large 
gaps in the perforated section. The exit gas was therefore a mixture of scrubbed gas and a 
large portion of unscrubbed bypass gas.  

Entrainment separation 

As with many SCDC scrubbers, the Barahona scrubber initially relied on natural settling back 
of entrainment in the disengagement zone. To reduce the carry-over, it was decided to install 
a chevron louver-type entrainment separator during the following off-crop (May-November 
2019). It was expected that this would resolve the entrainment problem and provide 
additional emission improvement. An SCDC “Corrusep” separator design had been provided 
with the original scrubber design. A separator to this design was fabricated in Columbia and 
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delivered in six separate chevron boxes that were installed in the upper region of the 
scrubber body, just below the cone reducer (Figure 2). 

 

 

  

    

     

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The SCDC ’Corrusep‘ separator 

 

However, the entrainment problem persisted and severe blocking on the underside of the 
sieve plates was experienced within two to three days of operation (Figure 4).  

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Blocked sieve plates 

 

The root cause of the blocking was not from bagasse burning, but it was a consequence of 
burning poor quality “duff” coal. The partially burned coal powder is not removed by the 
multi-cyclone before the ID fan and it accumulates under the sieve plate. The material 
causing the blockage had a clay-like consistency and could be cleaned away by water. A set 
of nozzles was installed under the sieve plate and online cleaning was done for 30 minutes 
every two hours. Over time, some of the spray pipes developed leaks, due to erosion, and 
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this caused a factory stop when the leaks flowed back to the ID fan casing and filled it with 
water. Another method of cleaning the sieve plate was discovered by the operators, namely, 
to turn off the scrubber water completely for 20 to 30 minutes. This allowed the gases to 
vibrate and scour away the sediment, leaving the sieve plate totally clean. The results from 
such a dry clean can be seen in Figure 5. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Sieve plates after ‘dry’ cleaning 

 

A further problem occurred when bagasse fibers in the raw water supply blocked the 
separator cleaning sprays and the entrainment separator began to block with soot. The 
entrainment separator blockages led to more factory stoppages. Eventually, the blockage 
deposits became so thick that they could not be cleaned in a reasonable time.  

Four triangular closure plates were removed, in order to bypass the entrainment separator, 
as shown in Figure 6. This meant that the velocities were even higher, which made the 
‘black rain’ problem worse.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Closure plates removed 
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The basic problem identified 

The design of the scrubber and entrainment separator were then reviewed by CAC and 
SCDC engineers. As no actual gas flow data were available, the sizing of both the sieve 
plates and entrainment separator had been based on the boiler manufacturer’s original 
specifications. However, from the chimney gas velocities recorded during the later emissions 
test, it was established that the actual gas flow from the boiler was 15% to 20% higher than 
these specifications. This had possibly contributed to the dislodged sieve plates and it was 
the reason for the re-entrainment of water droplets from the separator. The available area in 
the existing shell was less than optimum for the sieve plates and the disengagement zone, 
and much too small for the chevron-type separator. The excessive gas flow was explained 
by the high O2 content in the flue gas, indicating a high excess air content. This was possibly 
due to the past modifications to the feeders and overfire air system, which resulted in poor 
furnace combustion conditions and excessive air usage.  

The entire boiler air system was design-checked and modelled by Thermal Energy Systems 
and their improvement recommendations were implemented in the 2020 maintenance 
period. Flue gas analyses have since shown that the recommended changes were 
successful; the combustion efficiency has greatly improved and the excess air has been 
reduced to a more acceptable, although still high, level. The excess air was measured at 
70% during the April 2021 emission tests (Anon 2021).  

Emissions solution 

In parallel with the combustion improvements, a robust entrainment separation system was 
required that was able to cope with the higher gas flows and provide zero risk of blocking. 
For this, Sean Hulley, in collaboration with SCDC, designed an entrainment knock-out 
system, which was installed during the 2020 maintenance off-crop (Figure 7). The velocity in 
Zone 4 is 20 m/s, so as to create good separation, as the gases make a 180° turn to flow up 
the chimney. The wet particulates drop out of the gas flow and are sluiced down the 
drainage pipe and into the smuts water canal. A large diameter, free-flow spray nozzle was 
installed at the base of the chimney to clean away any soot that may accumulate over time.  

The Corrusep entrainment separator had unfortunately blocked beyond repair and was 
scrapped. 
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Figure 7. Entrainment knock-out system 

 

The gas velocity profile in Figure 7 shows an upflow velocity in the scrubber disengagement 
Zone 1 of 3.8 m/s, which is well above the usual maximum of 2.5 to 2.8 m/s design for the 
normal gravity separation of most droplets. It also shows that the gas accelerated to 20 m/s 
in Zone 4. 

Results 

Three formal particulate emission rate tests were conducted on 27 April 2021 by ALTOL 
Petroleum Products Services (Anon, 2021). Unfortunately, at the time of testing, the 
irrigation water was restricted, for extraneous reasons, and the normal full saturation of the 
flue gas was not achieved (gas temperature > 100oC, compared to normal 71oC, when 
saturated). Despite this, the particulate emissions were measured over three tests at slightly 
less than 70 mg/Nm3, which was well inside the 100 mg/Nm3 initial expectation for this 
“squeezed in” scrubber. 

Conclusion 

The 2020-21 crushing season finally saw the successful elimination of the fall-out problem 
and a reduction of the air pollution from Barahona’s No.10 boiler to an acceptable level of 
below 70 g/Nm3. As seen in Figure 8, there is now a clear white plume from the stack, 
without any ‘brown tail’ as the moisture droplets evaporate.  
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Figure 8. Image showing emission from No.10 boiler scrubber 
 

The SCDC sieve plate scrubber generally achieves good saturation, and the ‘black rain’ 
fallout has been eliminated. The scrubber operated effectively throughout the December 
2020 – May 2021 season, causing no boiler stoppages. Constant monitoring of the pressure 
drop across the sieve plate is in place to initiate the online cleaning of the sieve plate when 
blockages occur, due to poor quality coal being fired. 

The threat of mill closure by the authorities has been averted. 
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Abstract 
 
This paper covers some of the common mistakes that are made during routine boiler 
maintenance. Due to the extensive scope, this paper will only focus on some of the more 
common mistakes; it will not include areas, such as pressure parts, which require AIA 
involvement and specialist skills. The focus will be on the more widely-used designs and the 
related maintenance issues. 
 
The effects of these mistakes and the correct maintenance procedures will be discussed. 

Introduction 

A boiler can be a deceptively complicated piece of equipment and the skills required to 
perform some of the maintenance work are often underestimated, which often leads to ill-
equipped people performing the maintenance. Not only is a boiler an integral part of the 
plant, without which the plant would grind to a halt, but incorrect maintenance may cause 
injuries, or even death. 
 
It is advisable to consult the boiler Operating and Maintenance (O&M) Manual before 
commencing with any maintenance work. The manual should be accessible to both the 
operational and maintenance personnel, and it should be updated when the boiler is 
modified or any of the ancillaries are replaced. 

Feeders 

Although the upstream bagasse handling system has a direct influence on the boiler, it will 
not form part of this paper. 
 

Although the three-drum bagasse feeder, which has become a benchmark in the African 
sugar industry, does not require specialist maintenance, it is often not maintained properly, 
resulting in its poor performance.  
 

The teeth profile and layout were designed to break the fuel up, in order to improve 

spreading and combustion, while avoiding chokes and build-up on the drums. 
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Figure 1.     Three-drum fibrous biomass feeder 

 
The metering drums control the fuel feed-rate, while the carding drum breaks up the lumps 
of bagasse, which allows the pneumatic spreaders to spread the fuel evenly. Modifications to 
the teeth on the metering drums will influence the fuel feed-rate, while modifications to the 
carding drum teeth will influence the fuel preparation and may lead to poor spreading and 
the piling of bagasse on the grate.  
 
The feeder is designed to operate within a certain speed range and is therefore equipped 
with a reduction gearbox. The drums are connected and driven by a chain drive. The relative 
peripheral speed of the carding and metering drums is important; therefore, adjusting the 
number of teeth on the various sprockets will influence the performance.  
 
Common issues: 

• the profile of the teeth; 

• the hard-facing of the teeth; 

• changing the sprocket size, i.e. the number of teeth; 

• replacing individual gearboxes with units that have different gear ratios; and 

• replacing individual VSD’s with different makes and drives that are not set up the 
same (e.g. the minimum speed, ramp rate, etc.) 

 
Changing the profile of the teeth may adversely affect the ability of the metering drums to 
grip and control the fuel feed-rate. It may also affect the ability of the carding drums to 
prepare the fuel, which leads to piling on the grate which, in turn, has an adverse effect on 
combustion. The profile of the teeth may also increase the risk of chokes and blockages.  
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Figure 2.    Bagasse binding to metering drum due to roughness 

 
Bagasse has a natural tendency to bind together and to form blockages at the slightest 
obstruction or roughness. Thus, hard-facing the teeth greatly increases the risk of bagasse 
binding onto the drum, which renders the teeth useless. 
 
As explained above, a bagasse feeder is a volumetric device; not only is the rotational speed 
of the metering drums important, but so too is the relative speed between the metering and 
the carding drum. A seemingly insignificant change, such as increasing or reducing the 
number of teeth on any sprocket by one tooth, will have a significant impact. 
 
Although changing the gearbox gear ratio may be acceptable under certain conditions, all 
the gearboxes used on a boiler should have the same gear ratio. Having different gear ratios 
on a single boiler is not desirable. 
 
Although the brand of the VSD is not critical, it will be more difficult to set up and may result 
in different settings being applied. It is of utmost importance that the set-up of all drives is 
identical. Often, individual VSD’s are accidently set up with different speed ranges that will 
not show on the SCADA, as the speed is often only indicated as a percentage, while one or 
more of the fuel feeders is running at a significantly different speed to the others. This will 
obviously have an adverse effect on the combustion. 
 
Modifications that result in a difference in the relative output, with one feeder operating at a 
different output speed for a given input, such as a VSD set-up or gear ratio, etc., will lead to 
piling. 

Pneumatic spreaders 

Pneumatic spreading is by far the most common fuel-spreading mechanism used in the 
sugar industry, with the odd exception being a boiler with a self-feeding furnace, or 
mechanical flingers that are used on some coal-fired boilers.  
 

Pneumatic spreading relies on high velocity air to spread the fuel to the desired depth across 

the width of the grate. Factors, such as the air temperature, fuel properties, spreader height 

and location, are all considered during the design of spreaders. Thus, despite the similarities 
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in the different spreader designs, it is not a one-size-fits-all solution. Variables, such as the 

width of the spreader, the height of the spreader air slot and the design of the spreader 

deflector plate, are adapted to suit the specific needs of a boiler. Seemingly insignificant 

changes, such as the height of the spreader air slot or the shape of the deflector plate, can 

result in poor spreading, piling and combustion instability. 

Common issues: 

• the height of the spreader air slot; 

• the deflector plate incorrectly located, relative to the air slot; 

• the deflector plate made from incorrect material; and 

• the shape of the deflector plate. 
 

The height of the air slot influences the velocity of the air, as well as the volume passing over 

the deflector plate. Considering that a spreader relies on the momentum exchange between 

the air and fuel, both the mass/volume flow and velocity of the air influence the spreading. 

Thus, any changes to the air slot will impact the spreading. 

The top of the deflector plate should be in line with the bottom of the air slot. Having the air 

slot in line with the top of the deflector plate allows the necessary momentum exchange and 

ensures the desired spreading of the fuel. Having the deflector plated below the air slot or in 

front of it, will result in poor spreading. 

 

 

Figure 3.     Buckled spreader deflector plate 

Although the spreader air provides some cooling of the deflector plate, it still operates at a 

high temperature, due to the radiation received from the furnace. It is also eroded by the 

fuel, thus it must be made from a tough material with elevated temperature properties. 

Carbon steel will warp and degrade under these conditions, which will lead to poor 

spreading; to compensate for this, the amount of spreading air is usually increased which, in 

turn, adversely affects the spreading and, in turn, the combustion. Ambient air is commonly 
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used as spreader air; therefore, exceeding the desired amount of spreader air will cool the 

lower part of the furnace down, resulting in delayed combustion.  

 

Figure 4. Incorrect spreader deflector plate design resulting in poor spreader and 
erosion of the spreader opening 

The deflector plate is shaped to provide the desired spreading pattern, but also to protect the 

tubes adjacent to the spreader opening. The spreader deflector plates located next to the 

furnace side wall are shaped to prevent the fuel from eroding the respective side walls. 

These deflector plates are therefore typically different than the rest and they are mirror 

images of each other. The sides of the deflector plate are normally shaped to prevent 

erosion at the spreader opening, the outer deflector plates usually rely on an offset chevron 

to prevent the erosion of the side walls, and a central chevron is usually used on the inward 

spreader deflector plates to assist with the spreading of the fuel. 

Seemingly insignificant modifications to a spreader can have a significant effect on the 

spreading of the fuel, which can lead to combustion instability and reduced boiler efficiency. 

Refractory 

Refractory is used for either insulation or erosion protection, or both. For instance, insulation 
type refractory is installed in line with the spreaders to create a high temperature zone to 
assist with the ignition of the fuel while erosion resistant refractory is used for applications 
such as baffles. Using the incorrect material for any application can cause serious issues. 
 
Common issues: 

• refractory used instead of castings (cast iron), such as wall blocks; 

• insufficient or too many anchors, resulting in the formation of a shear plane; 

• incorrect curing/dry-out procedure; 

• refractory not cast in blocks; 

• the use of insulation type, instead of abrasion resistant type of refractory; 

• composite layers replaced with single layer refractory; 

• new refractory on top of existing/old refractory; 
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• using castable refractory, instead of bricks, for wear-resistant applications; 

• some boiler designs use studs welded to the RW tubes to protect the tubes from 
erosion; these studs are often cast over with refractory; and 

• the main bank baffle not maintained; holes in baffle. 
 
Wall blocks mounted onto the furnace tubes are used to protect the tubes from erosion, but 
they may also serve as anchor point for floating seals. Following the correct installation 
procedure, the wall blocks will be cooled by the furnace tubes, ensuring the longevity of the 
wall blocks. Failing to install them correctly will result in the overheating of the blocks, which 
will lead to premature failure. Cast iron wall blocks are often replaced with refractory to save 
costs; however, installing refractory will result in clinkering and slag growth. 
 
The wall blocks will overheat if they are not adequately cooled by the furnace tubes. To 
ensure good thermal contact and cooling, the following steps must be followed: 

• the wall blocks must be made from the correct grade of cast iron, with a high thermal 
conductivity; 

• the contact face between the tubes and the wall blocks must be sanded to bright 
metal before installation; 

• the mating face of the castings must be machined; 

• the tube pitch must fall within the desired tolerance range; 

• thermal conductive paste must be applied to the mating face before installation; and 

• the wall blocks must be tightly clamped to the tubes. It is advisable to tighten the 
hold-down bolts again once the boiler is at operating temperature. 

 
Even wear-resistant refractory has insulating properties that lead to a very high skin 
temperature when installed in the combustion zone. The latter can result in slagging and 
clinkering which, in turn, can lead to large clinkers blocking the coarse ash chutes or the 
overheating of the grate.  
 
Refractory has a different expansion coefficient than steel; and to make matters worse, it 
operates at a higher temperature than the steel that it is anchored to. Therefore, the number 
of anchors per square meter is a balancing act between having enough to secure the 
refractory, but not too many, which will limit the differential expansion. 
 
Following the correct drying-out procedure is vital for ensuring the longevity of a refractory 
installation. If the temperature is raised too rapidly, the outer skin will dry, trapping the 
remaining moisture. This could cause the refractory to crack, or even explode. It is advisable 
to allow any newly-cast refractory to air-dry for at least 48 hours before slowly raising the 
temperature. The temperature curve is usually supplied by the refractory supplier. However, 
it is important to note that the curve normally refers to the refractory skin temperature, which 
is rarely measured. It is usually only practical to measure the flue gas temperature, at the 
outlet of the mainbank as an indirect way of estimating the refractory temperature. The 
corresponding refractory temperature is interpreted as a function of the mainbank gas outlet 
temperature. 
 
To limit crack propagation and to allow for differential expansion, refractory should be cast in 
blocks of about 1m², with rice paper or bituminous paint on the split lines between the 
blocks. Thus, it is not advisable to cast large continuous sections of refractory or to use 
guniting to cover the front wall of a boiler as one section. Casting the refractory in blocks 
may be more time-consuming; however, the benefits outweigh the longer installation time. 
 
There are many different types of refractory available and it is important to use the correct 
type for a specific application. It is not adequate to simply specify the refractory on the 
temperature rating only. Although the temperature rating is important, it is by no means the 
only requirement. When specifying the refractory, the main requirements are its temperature 
rating, abrasive resistance, and thermal resistance (insulating properties). Using a refractory 
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with a high thermal resistance, but without the required hardness in a high wear zone, will 
result in the refractory eroding away and exposing the components that it was meant to 
protect. Similarly, using wear-resistant material without the required insulating properties 
may result in the overheating of the underlying layers. It is therefore recommended to stick to 
the original design, to ensure that the refractory will be suitable for its intended function(s). 
 
To meet the overall requirements, composite layers of refractory are often used, and 
replacing it with a single layer can lead to serious issues. Composite layers usually consist of 
a wear-resistant outer layer and an insulating inner layer. However, it may consist of more 
than two layers and often includes Calsil (calcium-silicate) board, which is commonly 
sandwiched between the refractory and uncooled casings. 
 
Bricks are typically used in high-wear areas and if the refractory must be self-supporting. It is 
commonly used in the coarse ash hoppers of coal-fired boilers and in open-pitch or brick-set 
furnaces of bagasse-fired boilers. Although the bricks can withstand very high operating 
temperatures and erosion, their insulating properties are not very good. Thus, when used in 
a coarse ash hopper, the layer of bricks is followed by Calsil board, to provide the necessary 
insulating properties, but due to the higher temperatures in the furnace, it is usually followed 
by at least two different layers (Calsil board and mineral wool), to meet the insulating 
properties. 
 
When laying brick walls, it is important to tie the layers together, in order to provide the 
necessary structural rigidity. 
 
To save time and money, the refractory is often patched, which means that new refractory is 
cast on top of an existing layer. Unless the refractory is properly anchored, it will spawl and 
fall off. Thus, quick repairs often result in the refractory coming off in the first day(s) of 
operation, rendering the repair useless.  
 
The erosion of the furnace tubes is a serious risk during coal firing. To protect the tube walls, 
wall blocks are clamped onto the tubes, or studs are welded onto the tubes. Often, the studs 
are covered with refractory by mistake. Although this does not impair the ability of the studs 
to protect the tubes from erosion, it will result in a higher furnace exit temperature and it may 
lead to slagging and/or clinkering. The furnace exit temperature will increase, due to a 
reduction in the heating surface, and the hot surface of the refractory will greatly increase the 
risk of slagging; and if it is near the grate, it will also increase the risk of clinkering. 
 
The mainbank baffles in a multi-pass evaporation bank are often neglected, partly because it 
is overlooked, since it is out of sight, but also because it is difficult to access. These baffles 
guide the gas flow over the tubes and are exposed to erosion. The flue gas will short circuit 
through any holes, which creates a high-velocity zone and leads to localised erosion. If left 
unattended, the tubes in the vicinity of the hole will erode and fail. Larger holes will also 
result in the short-circuiting of the flue gas, causing a reduced heat transfer and hence an 
increased mainbank gas outlet temperature. These holes are often left unattended; however, 
as explained above, it is vital that they are sealed, because even a small hole can lead to 
tube failures. 

Grate 

The grate is an integral part of any boiler, and it has a direct influence on the performance of 
a boiler. There are different types of grates, with each type having its own unique 
challenges, in terms of maintenance. The required skills level of the personnel maintaining a 
grate is often underestimated, which leads to its failure.  
 
The grates most used in the African sugar industry are: 

• a CAD (Continuous Ash Discharge) moving grate; 

• a Pinhole grate; and 
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• a Dump grate. 
 

CAD 

The most common issues that are typically experienced with a CAD include: 

• the height of the catenary; 

• the chain direction; 

• the bearings are misaligned; 

• hard-facing of the grate bars; 

• dimensional inconsistencies; and 

• incorrect material and heat treatment. 

 

Figure 5. Chain stretched to the point where the catenary is making contact with the 
stoker frame 

The height of the catenary is very important. If it is too high or too close to the bottom of the 

stoker beams, the chain tension will be too high and the required seal will not be achieved 

between the grate bars and the lower front seal casting. If the catenary is hanging too low, 

the bars may catch onto the bottom flange of the frame. The height of the catenary is 

determined not only by the number of bars in each strand, but also by the amount of 

stretching of the chain. Links may be removed to reduce the height of the catenary, provided 

that the chain pitch is still within the specifications. 

The height of the catenary, as well as the maximum allowable chain pitch, should be quoted 

in the boiler Operating and Maintenance (O&M) manual. However, the catenary is generally 

designed to be in line with the bottom of the access door. 
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Figure 6.     Chain direction 

The typical stoker chain, shown above, is designed to have the large end facing the direction 

of travel; however, the design details may vary between suppliers. Installing it the wrong way 

around will result in a differential movement between the chain bush and the sprocket tooth, 

which will cause the accelerated wear of the sprockets and may even cause the chain to 

climb onto the sprockets. Some boiler suppliers used to install the chain with the narrow end 

leading, but they have swapped the orientation around on modern boilers to reduce the wear 

rate. As mentioned earlier, the design details may vary, so always refer to the boiler 

Operating and Maintenance Manual. 

The alignment of the bearings is of utmost importance. Failing to align them can result in the 

carbon bush bearings being crushed, or the stoker may jam. The bearings must be aligned 

to a very tight tolerance before the shaft is installed. Shims may be used to align the bearing 

housings. Once the bearings are aligned, the shaft may be installed and the bearing 

housings may be closed; however, the bearing housings may not yet be tightened. The shaft 

should be turned by hand, and the necessary final adjustments made, before tightening the 

bearing housings. Shims may have to be installed between the two halves of some bearings, 

to prevent them from clamping too tightly onto the shaft. 

Although the bearing housings and the mating flanges on the drive beams are all machined 

to a tight tolerance, shims may be required, as explained above. 

Grate bars are often welded up by using hard facing material to extend the bar life. The latter 

results in a rough surface, which is harder than the skid bars and which will result in 

accelerated wear of the skid bars. Unlike hard facing, the grate bar material is selected to 

provide good wear properties and an optimum friction coefficient. 

Several stoker items, including the bearing housings, the feet of the skid bars and the 

sprockets, are machined to relatively fine tolerances. The following aspects of a grate bar 

are carefully controlled: 
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• its length; 

• its flatness; 

• the number of holes, as well as the diameter; and 

• the chain centre distance. 

 

Figure 7.     Bowed grate bars 

These parameters are not only controlled to ensure longevity, but also to ensure that the 

components can perform their intended function. If the bars do not meet the required 

flatness tolerance, air will pass in between the bars, resulting in torching during coal firing. If 

the holes are in the wrong location, or of an incorrect diameter, it will have an adverse effect 

on the air distribution and cooling of the chain.  

Not all the castings are made from the same grade of cast iron; some are selected based on 

their hardness or wear resistance, while others are selected based on their thermal 

conductivity. Using the wrong material will result in accelerated wear and may result in 

overheating. Some components, such as the sprockets, are heat-treated; they are case-

hardened, while the chains are tempered, to ensure the required ductility, while retaining 

sufficient hardness. 

Meeting the abovementioned tolerances increases the cost of the final castings and, 

consequently, third-party suppliers often do not meet these requirements. The heat 

treatment is either not performed, or not done properly. Lower-grade materials are 

commonly used, to further reduce the price.   
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Pinhole grate 

Despite being the least maintenance-intensive grate, a pinhole grate still requires some 

basic maintenance. The most common issues experienced are: 

• the steam traps are not serviced; and 

• the orientation of the steam nozzles. 

 

 

Figure 8.     Eroded pinhole grate casting 

 

The steam traps must be maintained to ensure that any condensate in the steam reticulation 

will be drained. Condensate will erode the grate castings and anything else in the way, such 

as the furnace tubes and the refractory. 

Steam nozzles may become loose, or they could be installed incorrectly, resulting in steam 

impingement onto the tubing or refractory. The nozzles are to be orientated in such a 

manner that they avoid steam impingement on any boiler or grate component. 
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Dump grate 

Despite being a very rudimentary type of grate, dump grates are rarely maintained properly, 

resulting in poor combustion. The most common issues experienced are: 

• buckled linkages; 

• air isolation dampers no longer in use; 

• incorrect/inferior casting material; 

• grate bars packed too tightly; and  

• incorrect number/size holes. 

Although poor operating practices are usually the root cause of failure, the issues are 

typically aggravated by poor maintenance. When dumping the grate, the air supply should 

be closed, the corresponding feeder stopped, the sluice system flooded, and only then 

should the particular section of dump grate be opened to de-ash. Failing to follow these 

steps will result in a fire underneath the grate, causing the linkages to overheat and buckle. 

Once the linkages are buckled, the grate will not close properly and it will consequently not 

seal, resulting in poor air distribution. This will, in turn, result in inefficient combustion and a 

potentially unstable furnace pressure. It will also result in the tips of the grate bars burning 

away and the potential overheating of the rest of the grate, because it is being starved of 

combustion air, which also provides cooling to the grate bars and frame castings. 

 

Figure 9.     Grate not closing properly due to bent linkages 

 Kotze C Proc S Afr Sug Technol Ass (2021) 93 : 319-335

330



 

Figure 10.     Overheated grate bars 

Buckled linkages are to be repaired or replaced to ensure that the grate bars are seated and 

sealed against one another, to avoid poor air distribution, along with the associated issues. 

The air isolation dampers to each grate section are to be maintained to allow the operators 

to close the air supply, prior to dumping a grate section. 

 

Figure 11.    Uneven spacing of grate bars 

The spacing of the grate keys is very important; if they are packed too tightly, it will cause 

the grate to jam when the castings expand and it will restrict the primary air flow through the 

grate. If the grate keys are spaced to loosely, it will adversely affect the air distribution. 

Stones and unburnt fuel may also fall through the gaps or get stuck in between the bar keys. 

The uneven packing of the keys will result in an uneven air distribution. An easy way to 

ensure that the correct number of bars are packed onto a section is to ram as many keys 

onto a section as possible, and then to remove one of them. 
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The size and number of holes in the grate bar keys, as well as the frame castings, is very 

important because it influences the air distribution and, by association, the cooling. Changes 

in the diameter, as well as in the number of holes, can therefore lead to the overheating of 

the castings. Castings of different design should therefore not be mixed with regards to their 

hole diameter and hole quantity. 

ID (Induced Draught) fan 
 

All fans of a boiler should be maintained; however, due to the operating conditions, air fans 
generally require less maintenance than the Induced Draft (ID) fan. The ID fan also has a 
direct impact on the performance of a boiler. 
 

Although this section is aimed at the ID fan, most of the issues mentioned are universally 

applicable to all fans. The most common issues experienced are: 

• water washing nozzles are installed in high velocity areas; 

• drain blocked due to incorrect design (fan located after a wet scrubber); 

• clearances, inlet cone to impellor, etc.; 

• profile of inlet cone modified; 

• modified blade profile leads to reduction in performance; 

• adding wear liners or welding hard-facing onto the blades; and  

• ID fan coating, incorrect coating or incorrectly applied. 

 

Figure 12.     Erosion of ID impellor 

 Kotze C Proc S Afr Sug Technol Ass (2021) 93 : 319-335

332



 

Figure 13.    Close-up view of a different ID impellor showing severe erosion 

The online water washing of an ID fan should be approached with great caution, since it can 

cause significant damage or even the failure of the impellor. It is therefore not advisable to 

modify the original design, or to adjust it in any manner, during maintenance. Relocating the 

nozzles and/or size and/or design may adversely affect the spray pattern, which can lead to 

erosion of the impellor. 

 

Figure 14.     ID fan inlet box drain 

A fan located after a wet scrubber must have a drain on the inlet box, as well as on the 

impellor casing, to allow condensate to drain, which will prevent a build-up of water and 

sludge. The impellor casing is under pressure and therefore the drain is best left open, to 

prevent it from getting blocked. However, the inlet box is under suction and should be 

sealed, to prevent air ingress. If it is left open, air ingress will reduce the fan’s performance 

significantly. An open drain may lead to the boiler not being able to reach the Maxim 

Continuous Rating (MCR). The ideal drain should provide a good seal and it should have a 

very low tendency to get blocked. 

Online water washing, in combination with a blocked drain, is known to have caused fan 

shaft failures. 

Clients often maintain the fans in-house, or rely on a third party to do the maintenance, or 

even to rebuild the impellor and inlet cone. The design and clearances are often changed to 

simplify the installation and to make it more robust; however, these changes can 
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unfortunately often result in reduced performance and may even reduce the reliability of the 

fan. 

The clearance between the inlet cone and the impellor, as well as the overlap between the 

inlet cone and the impellor, are critical parameters. If the gap is too large, or if the overlap is 

insufficient, it will result in internal recirculation within the fan, which will severely impact its 

performance. The dimensions will depend on the fan design; a gap of 5-10 mm and an 

overlap of 10-20 mm is common. The gap between the back plate of the impellor and the fan 

casing is also important, but not as important as the previous dimensions.  

The profile of the inlet cone has a direct bearing on the fan’s performance and efficiency. In 

addition, changes to the profile may also result in the accelerated localised erosion of the 

impellor. 

Changes to the blade profile should be avoided because it can influence the performance, 

efficiency, and erosion rate. When reproducing impellors, it is not advisable to make 

alterations to the design, in order to assist with the manufacturing process. 

Adding wear liners or hard facing to protect against erosion is not advisable without 

consulting a fan expert, but ideally the Original Equipment Manufacturer (OEM). Welding 

and wear liners can result in stress raisers, which can lead to cracks that propagate into the 

parent metal of the impellor. 

It is important to keep in mind that a fan impellor is a large rotating mass and the failure of 

the impellor can result in a catastrophic failure that could lead to the injury or death of 

personnel. 

Special coatings are often used to protect the impellor from a combination of erosion and 

corrosion. Although the correct coating can be effective in protecting the impellor from both 

erosion and corrosion, it is important to apply the appropriate coating in accordance with the 

OEM instructions. Failing to apply the coating correctly will not yield the desired results, even 

when using the correct coating for the application. 

Dampers 
 

The following are the most common damper-related issues: 

• limits not setup properly; 

• direction swopped around; 

• length of linkages; and 

• radial vanes installed the wrong way around. 

Dampers are to be stroked and the position of the damper blade(s) is to be verified, relative 

to the damper shaft or shafts. Dampers are often stroked by observing the linkages on the 

outside of the ducting, without verifying the actual blade position, which leads to the damper 

limits being set up incorrectly. 

The direction of travel of dampers is sometimes changed, due to the linkages being 

swapped around. Similarly, the stroke of dampers is affected if the length of the linkages is 

changed. 

Often, a control damper upstream of a fan is designed to open in a certain way, to impose a 

pre-swirl of the gas or air that will match the direction of rotation of the impeller. If such an 
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impeller is installed the wrong way around, or the linkages are accidently swopped around 

during maintenance, it could have a significant impact on the fan’s performance. 

Conclusion 

This paper provides an overview of some common poor practices and oversights while 
performing general maintenance. The first step before attempting any maintenance on a 
boiler should be to consult the Operating and Maintenance (O&M) Manual of the boiler. This 
manual should be kept up-to-date in terms of the modifications made to the boiler and if any 
of the ancillary equipment has been replaced. Even people with a lot of boiler-related 
experience should consult the manual to familiarise themselves with any special features 
and requirements. 
 
Often, small changes that may seem insignificant can have a substantial influence on the 
boiler’s performance and reliability. Therefore, the maintenance personnel should ideally 
understand the design intent, as well as the basic operating principles of a boiler. 
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Introduction 

Even though sugar-refining processes have been well-known for a very long time, the 
process design itself is still challenging. As Mark Twain stated in his book Life on the 
Mississippi in 1883, “Do not deceive yourself. To make sugar is really one of the most difficult 
things in the world. And to make it right, is next to impossible” [4]. In this paper the problems 
and solutions for the screening of different types of sugar will be examined, while the focus 
will be kept on its energy efficiency. 

If one takes a look at screening processes in sugar production lines, the first screening 
process is the washing screen, which is often used to remove the earth and clay that sticks 
to the beet or cane. In the second screening process, it makes sense to de-water the 
bagasse or beet slices after the extraction process. These two screening processes are 
relatively easy to handle and are therefore not the subject of this paper.   

However, the following screening processes in the refining of the product are more 
challenging, due to the different types of sugar that have to be produced. As there are no 
worldwide standards concerning the particle size distribution of sugar products, the machines 
for screening sugar have to be flexible enough to adapt to every situation. Furthermore, the 
demand for sugar is constantly growing [3], which often results in sugar plants being 
revamped in order to raise their capacity, while aiming to keep the energy consumption low. 
Thus, the machines that will be replaced must have a higher capacity, while keeping the 
same footprint. In addition, the quality of the product must constantly be kept at a high level.  

Rhewum machines have been used in the sugar industry for decades [1] and are constantly 
improved to meet these requirements. They have gained an outstanding reputation for being 
reliable and economical, especially for the challenging screening of fine and sticky sugars. 

Procedures 

A case study was conducted to give an overview of the modern screening technologies in the 
sugar industry and their respective energy efficiency. This case study shows a screening 
process for crystallized sugar with a particle size distribution of between 0 and 5 mm. The 
goal is to classify sugar with screen cuts of 2.0 mm, 1.0 mm and 0.212 mm, at a feed 
capacity of 300 t/h. The challenging task is to achieve a high product purity of ≥90% that is 
required by the customer and that has to be guaranteed for the product fractions 0.212 to 1.0 
mm and 1.0 to 2.0 mm at this constantly high feed-rate.  
 
The particle size distribution of the feed material is shown in Figure 1. The bulk density of the 
feed material is 0.88 kg/l, the angle of repose is 35° and the moisture content is less than 
0.2% (m/m) H2O. 
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Figure 1. Particle size distribution of the feed material 

In order to solve this task, trials were undertaken at the Rhewum laboratory. The aim of the 
trials was to check whether the desired product parameters can be guaranteed and to find 
the most economical screen type and its required dimensions.  

The first step was to choose the best suitable and efficient screen type. Basically, the 
following four different screen types are currently being used in the sugar industry: 

Inclined screens with a linear movement 
 
These screen types are usually called ‘sizers’. Their advantage is that the material flow on 
the screen cloth is fast, due to the inclination. Usually the inclination varies between 20° and 
50° [2]. The transportation speed can vary between 0.5 and 1.3 m/s; thus, the capacity is 
relatively high. Nevertheless, this type of screen does not have a cleaning device that can be 
used for fine screen meshes, so the tendency for them to clog is high. Furthermore, the 
screening efficiency is relatively low, due to the relatively short screen decks and the 
resulting residence time of the feed material on each deck. 
 

 
Figure 2. ‘Sizer’ type linear motion screen   

(source: http://www.steine-und-erden.net ) 
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Flat screens with a gyratory movement 
 
These screens normally have an inclination of between 5° and 15°. The transport of the 
material results partially from the inclination and partially from the gyratory movement. The 
transportation speed of the material on the screen cloth is much slower, compared to the 
inclined screens. Therefore, the product layer on a flat screen with the same dimensions as 
an inclined screen will be higher, at the same feed rate. Usually bouncing balls are used as 
anti-clogging devices for this screen type. Due to the gyratory movement of the screen, 
however, there is no force that throws the bouncing balls directly against the screen cloth. 
Therefore, the movement of the bouncing balls has to be deflected by the inclined side walls. 
The following figure indicates the problem: 
 

 

Figure 3. Bouncing ball movements on gyratory screens 

Due to the geometry of the inclined side walls and the bouncing balls, the latter only have a 
limited impact zone on the screen, which is concentrated in the middle of each chamber. As 
a result, this screen type has a relatively low specific load and tends to clog relatively fast. 
 
Flat screens with a linear movement 
 
Flat screens with a linear movement usually have an inclination of between 0° and 15°. 
Typical representatives of this type of screen are the Rhewum Type MDS (Figure 4) and 
Rhewum Type RIUS (Figure 5) screens. 
 

 
Figure 4.    Rhewum type MDS                          Figure 5.    Rhewum type RIUS  

Depending on the degree of inclination, the transportation only, or mainly, takes place by 
throwing the particles over a little distance with every screen oscillation [2]. The 
transportation speed for this screen type is relatively low. It normally varies between 0.08 and 
0.3 m/s. The specific capacity of such a screen is therefore low, compared to the inclined 
screens. One advantage, compared to the flat screens with a gyratory movement, is that the 
bouncing balls are thrown directly against the screen mesh, thus efficiently preventing 
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clogging. For coarse sugar separation (e.g. screen cuts >1.0 mm), or very high product 
quality requirements, these screen types will probably deliver the best results. 
 
 
Inclined screens with direct excitation 
 
Inclined screens with direct screen cloth excitation are normally used when a high feed rate 
and a high-quality product are desired at the same time. Typical representatives of this 
screening technology are the Rhewum Type WA (Figure 6) and Type WAU (Figure 7) types.  
 
 

 
Figure 6.     Rhewum Type WA                            Figure 7.     Rhewum Type WAU 

The material on the screen is thrown up at right angles from the screen mesh, by a high 
frequent vibration of only screen mesh. For the Type WA screen, the vibration is generated 
by robust electromagnetic vibrating heads that are mounted outside of the machine, and for 
the Type WAU screen, it is generated by small out-of-balance motors. Vibrations are 
transferred to the screen mesh by swiveling axes. At the screen mesh itself, accelerations of 
up to 15 g and more can be achieved (1 g ≈ 9,81 m/s2). Due to the inclination, the 
transportation speed of the material on the screen is very high, thus enabling a low product 
layer at a high feed rate. Compared to the inclined screens with a linear movement, this type 
of machine is advantageous because of the direct excitement of the screen cloth. This helps 
to efficiently disperse the material and to prevent the mesh from clogging, due to the high 
forces impinging on the product. In addition, an automatic cleaning cycle can be set 
periodically to increase the forces to a maximum, which results in highly-efficient anti-
clogging [2]. 
 
The Rhewum Type WA and Type WAU screening machines are dust-tight. The machine 
housing has an only static function. Therefore, no vibration and dynamic load are transferred 
to the building and the steel structure. In addition, this system allows fixed connections 
without compensators to the on- and off-going aggregates. Because of these advantages, 
the Rhewum Type WA and Type WAU screens have become standard industrial screens in 
the industry. 
 
When comparing these screen types, it becomes clear that the WA type screen will probably 
show the best results for the given screen task. 
 
The results of the laboratory trial on the Type WA screening machine are displayed in Figure 
8. A so-called de-loading deck between the 0.212 mm and 1.0 mm screen cuts helps to 
relieve the high load on the lowest deck, thus improving its screening efficiency. The relevant 
process parameter was to achieve a product purity of more than 90% in the product fractions 
0.212 – 1.0 mm and 1.0 – 2.0 mm, which could even be surpassed with product purities of 
92.4% and 92.5%, respectively. 
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Figure 8. Results of the laboratory trial 

 
 

 

Feed rate 
t/h 

300 

32 ° 

35 ° 

35 ° 

38 ° 

Deloading deck 

Fraction [mm] < 0,212 0,212 - 0,45 0,45 - 1,0 1,0 - 2,0 > 2,0 

Mass [%] 7,8 27,4 37,6 16,7 10,6 
Mass [t/h] 23,3 82,1 112,9 50,0 31,7 

Oversize [%] 45,9 0 10 3,9 
Product [%]  54,1 97,8 89,4 92,5 87,6 
Undersize [%] 2,2 0,6 3,6 12,4 

0,212 - 1,0 

Mass [%] 65,0 
Mass [t/h] 195,0 

Oversize [%] 6,5 
Product [%]  92,4 
Undersize [%] 1,1 

x [mm] [Ma.-%] [Ma.-%] [Ma.-%] [Ma.-%] 
2 0,0% 0,0% 3,9% 87,6% 

1,6 0,0% 0,0% 30,0% 10,3% 
1,4 0,0% 0,0% 19,8% 1,0% 

1,25 0,0% 0,3% 16,5% 0,5% 
1 0,0% 6,3% 26,2% 0,3% 

0,8 0,0% 15,1% 3,3% 0,1% 
0,63 0,0% 16,9% 0,3% 0,1% 
0,5 0,0% 18,4% 0,0% 0,0% 
0,4 0,0% 20,0% 0,0% 0,0% 

0,355 0,0% 3,7% 0,0% 0,0% 
0,315 0,0% 8,8% 0,0% 0,0% 
0,224 38,4% 9,3% 0,0% 0,0% 
0,20 15,2% 0,7% 0,0% 0,0% 
0,16 22,8% 0,5% 0,0% 0,0% 

0 23,7% 0,2% 0,0% 0,0% 

2,5 x 2,5 

1,4 x 1,4 

0,63 x 0,63 

0,315 x 0,315 
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Results 

Based on the trial results, it was possible to design the required machine size. For a feed of 
crystallized sugar at 300 t/h, two Rhewum Type WA machines, with a width of 3.9 m and a 
length of 4.5 m, were installed. 
  
To handle the same capacity, at least eight linear motion ‘sizers’, with a capacity of 37.5 t/h 
each, would be necessary. However, long-term experience has shown that, due to the lack of 
cleaning mechanisms, the efficiency of these screens drops dramatically during operation, 
because of clogging. 
 
Another technical advantage of the chosen inclined screens with direct excitation is the static 
housing, which dynamic loads transmitted into the building are approximately 20 times lower, 
as less mass is moved. This will be explored more deeply below, where the moving mass 
and the energy consumption between those two types of screening machine will be 
examined: 
 
The moving mass of linear motion and direct-excited screens 
 
A typical ‘sizer’-type screening machine that is used in the sugar industry weighs 
approximately 3.5 t. As the entire machine is vibrating, approximately 28 t of mass (excluding 
the screen feeders) are shaking in the screen house  for a 300 t/h of sugar feed. This not 
only creates significant static, but it also creates dynamic forces in all directions that have to 
be considered when designing the structure of the building. 
 
The two directly-excited Rhewum Type WA screening machines that are required for a feed 
capacity of 300 t/h, weigh approximately 26.5 t combined (including the under-hoppers, and 
excluding the feeders for a direct comparison). The moving mass, however, consists only of 
the knocker shafts, which weigh about 5.6 t in total. 
 
Power consumption and energy costs 
 
As the directly-excited screening machines have less mass to move, the total energy 
consumption is about 25.6 kW, whereas the ‘sizer’-type linear screening machine requires 
eight times 9 kW, which results in a total of 72 kW. This means that the directly-excited 
screening machine consumes 2.8 times less energy than the linear motion screen. 
 
Considering the average electricity costs of about 0.09 €/kWh, this gives a saving potential of 
29 500 €/annum (approx. 510 000 ZAR or 35 000 USD). In countries with higher electricity 
costs, the saving potential naturally increases linearly. 
 

Conclusions 

It becomes clear, from the above findings, that directly-excited screening machines are 
highly efficient, not only in terms of their screening efficiency, but also in their energy 
efficiency. Therefore, the directly-excited screening machine is considered a ‘green screen’. 
Furthermore, an efficient screening machine reduces the energy consumption of the sugar 
plant even more, as less material needs to be recirculated. Thus, high quality sugar can be 
produced, while saving energy at the same time. 
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Abstract 

The sugar industry generates lead waste from the direct analysis of cane. Lead waste cannot be 
disposed of any how into the environment, due to its toxicity. This study details a method for 
recovering lead from lead waste by electrodeposition, using carbon electrodes. Spent solutions 
and leaded filter papers were leached by using dilute acetic acid (10%). This was followed by the 
electrodeposition of lead on carbon electrodes. The recovered lead was reacted with hydrogen 
peroxide and acetic acid to give lead (II) acetate. Clarification performance of synthesized lead 
(II) acetate was compared to that of the commercial grade product on fresh extracted cane juice. 
Recovered lead had a purity of 94.3%. The polarimetry results indicated no significant differences 
in the clarification performance between the commercial and the synthesized lead (II) acetate. 

Key words: electrodeposition, polarimetry, clarification, lead, acetate, synthesis 

Introduction 

Lead (II) acetate is used as a clarifying agent for sucrose, raw sugar and other products in the 
sugar industry (Guzmin, 1978). Clarification is a process of removing color and turbidity in cane 
juice to minimize interference in the polarimetry readings (Dean et al., 1972). Due to its high 
toxicity, health and environmental concerns, the lead residues formed during clarification are 
disposed of in an excluded and secure place (Groffman et al., 1992). According to the 
Zimbabwean Waste and Solid Disposal Regulations Statutory Instrument Number 6 of 2007, the 
disposal of waste into groundwater or public streams without a license is highly prohibited. In the 
past, the sugar industry buried the lead waste in concrete-lined pits and was likely to face the 
challenge of a continual increase in the amount of buried waste over time (Zimbabwe Legislation 
Handbook). The Environmental Management Agency (EMA) discourages the use of leaded 
substances and encourages the recycling of lead in any such waste. The body came up with a 
law to penalize any careless disposal of lead waste. The recovery and recycling of lead is mainly 
carried out for economic and environmental benefits.  
 
Depending on the level of exposure, the accumulation of lead affects renal, reproductive, nervous 
and cardiovascular systems (Mpofu et al., 2016). Human exposure can be assessed directly 
through the measurement of lead in the blood, teeth and bones (Ericson et al., 2016; Ettinger et 
al., 2019). In plants, high lead concentrations lead to stunted growth, the inhibition of seed 
germination and root elongation, according to the Environmental Protection Agency (Tiwari et al., 
2013). According to Binns et al. (2007), the blood lead levels in adults should not exceed 10𝜇𝜇g/dl, 
and in children it should not exceed 5𝜇𝜇g/dl. The tolerable concentration of lead in drinking water 
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is 0.05 mg/l (Raghavan et al., 2000). There are many conventional methods for recovering lead 
from waste, such as liquid-liquid extraction, membrane systems, opposite osmosis and 
precipitation (Raghavan et al., 2000; Pan et al., 2012; Matinez et al., 2002; Sonmez et al., 2009). 
However, it is important to note that most of the methods employed are expensive and beyond 
the reach of many (Li et al., 2016; Zhang et al., 2016). Other methods are inefficient for very low 
concentrations of lead and they are therefore not applicable (Li et al., 2016). This study focused 
on recovering lead from the spent solutions and leaded filter papers generated from the direct 
analysis of cane by electrodeposition, by using carbon electrodes. Electrodeposition, also known 
as electroplating, is a process of depositing material onto a conducting surface from a solution 
containing ionic species (salts) (Rao et al., 2005). Electrodeposition methods are preferable due 
to their low operating costs, their lower processing temperature, their short deposition time and 
minimized material waste, and they are generally considered to be safe. The recovery and 
recycling of lead involves three main stages, namely, leaching, electrodeposition and the 
synthesis of lead (II) acetate. Leaching is a process of purging soluble matter by the action of a 
percolating fluid (Al-Abed et al., 2006; Mpofu et al., 2016). 

Materials and Methods 
Preparation of samples 

Lead wastes were obtained from the Triangle, Hippo Valley and ZSA-ES laboratories between 
the period of April and August 2019. Prior to using them in this study, the wastes from the three 
laboratories were mixed and treated the same. 

Leaching 

The waste lead was charged into 60 L bins and leached by using a solution of 10% acetic acid, 
which was prepared by adding 40 litres of distilled water to 4 litres of acetic acid. During the 
process, the mixture was intermittently agitated to maximize the leaching efficiency. The lead 
concentration in the solution was monitored by taking samples at different time intervals and it 
was analysed on the Varian AA50 Atomic Absorption Spectrophotometer (AAS). This was 
repeated until a constant lead concentration was achieved in the solution. Following the leaching 
of lead by acetic acid, the filter papers were removed by hand-picking and then washed again, 
using fresh 10% acetic acid solution. The leachates were pooled together and the filter papers 
discarded, according to the EMA guidelines (Nhamo and Unit, 2003). The combined leachates 
were filtered by using a vacuum pump to remove any possible solids, followed by an analysis of 
the lead on the resultant filtrate, using an AAS. 

Lead recovery by electrodeposition 

In lead electrodeposition, the Alternating Current (AC) from the mains was converted to a Direct 
Current (DC), using a 6-volt convertor. Carbon electrodes were used, while the filtrate recovered 
from leaching was used as the electrolyte, according to the method described by Mpofu et al. 
(2016). Lead was yielded at the cathode with a power supply of 6 V at 20℃. The process was 
carried out in a 20-liter bucket (Figure 1).  
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Figure 1. Picture of anodic and cathodic reactions during the electrodeposition of lead from 
acetic acid leachate. Schematic diagram (a) and actual picture taken during the 
process (b) 

The changes in the lead concentration were monitored by taking samples at regular intervals for 
analysis on an AAS. The quantity of recovered lead was monitored by weighing the mass of the 
cathode at regular intervals. The carbon electrode extraction efficiency was also calculated 
according to the equation below: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (%)  = C1−C2
C1

  × 100                   (1) 

Where C1    is the initial concentration lead in solution, and 

            C2    is the final concentration of lead in solution 

Preparation of lead standards for reading on AAS 

A stock lead solution of 100 ppm was made by dissolving 1.6 g of lead nitrate in 500 ml of distilled 
water. Working standards of concentrations 5, 10, 20, 40, 60 and 80 ppm were made by diluting 
the stock solution. 

Synthesis of lead (II) acetate 

A mass of 20 g of the recovered lead was weighed on the analytical balance and crushed into a 
fine powder by using a mortar and pestle. The fine powder was reacted with warm 50 ml of 30% 
hydrogen peroxide and 98% acetic acid (1:1 v/v) in a 250 ml beaker. The mixing was done in a 
fume hood, since the reaction fumes. A stirring rod was used to mix and dissolve the lead. The 
mixture was boiled for a minute on a hotplate, in order to speed up the formation of the lead (II) 
acetate. A precipitate of the lead (II) acetate showed at the bottom of the beaker after one minute 
of boiling. The solution was left overnight for the synthesized lead (II) acetate to precipitate out of 
the solution. The remaining solution was decanted and the lead (II) acetate was left in the sun to 
dry.  
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Clarification test for synthesized lead (II) acetate 

Ten cane juice samples were clarified by using both commercial and synthesised lead (II) acetate. 
The clarified juice was analysed for pol on a Rudolph polarimeter (Autopol 880) at 20℃, and the 
results were compared.  

Cost Benefit Analysis 

The cost of purchasing commercial lead (II) acetate was compared with the cost of producing the 
product in the laboratory.  

Statistical analysis of data 

The student’s t-test was used to compare pol readings of samples clarified with commercial and 
synthesized lead (II) acetate, with p values of less than 0.05 being considered as significant. The 
data reported as the mean values ± standard deviation were applicable. 

Results and Discussion 

The concentration of lead in the solution decreased with time, indicating that the lead was being 
deposited on the cathode. The concentration decreased from 3955 ppm to 192.5 ppm over a 
period of six hours. As the time increased, the mass of lead deposited on the electrodes 
increased. A mass of 8.3 g was recovered in 6 hours of deposition, by using cylindrical 4 cm by 
0.25 cm electrodes. Considering that larger electrodes are used, high yields of lead by 
electrodeposition will be expected. The rate of deposition, however, slowed to almost a steady 
state, as the electrodepositing time approached 6 hours. The results affirm the findings of Fayomi 
et al. (2019). The results for the reduction in concentration of lead in solution and its accumulation 
on the electrodes, are summarized in Figure 1. 

 

Figure 1. Graphs showing the decrease of lead concentration in solution with time (a) and 
the accumulation of mass on the cathode (b). 

The electrode recovery efficiency for three experimental runs was calculated, with percentage 
recoveries ranging from 88.9 - 95.1% (Table 1). The average recovery for the three experiments 
was 92.1%, with a standard deviation of 3.1.   
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Table 1. Calculated electrode efficiencies for the three experiments 

Experiment number Electrode efficiency (%) 
1 88.9 
2 92.2 
3 95.1 

The average purity of the recovered lead was 94.3%, with a minimum of 89.5% and a maximum 
of 96.3% (Figure 2). 

 

Figure 2. Concentrations of recovered lead in five different samples 

Analysis of the synthesized lead (II) acetate  

The synthesized lead (II) acetate was analyzed for elements of impurity, such as copper, iron, 
sodium, zinc, as well as the solubility in water and acetic acid, as per the International Commission 
for Uniform Methods of Sugar Analysis (ICUMSA) requirements. The concentration of copper was 
within the required specifications of ICUMSA; however, the concentrations of zinc, iron and 
sodium were slightly above the specification requirements (Table 2).  

Table 2. Analysis of elements on the synthesized lead (II) acetate, in comparison with the 
ICUMSA requirements 

ELEMENT OBTAINED% ICUMSA REQUIREMENT% 
Lead  67 ≥75 

Copper 0.001 <0.002 
Iron  0.017 <0.002 
Zinc 0.05 <0.002 

Sodium  0.27 <0.01 
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Clarification test for synthesized lead (II) acetate 

The clarification results indicated that there was no significant difference between the 
performance of commercial lead (II) acetate and laboratory synthesized lead (II) acetate (the 
student t-test p value was greater than 0.05). This implies that the synthesized lead (II) acetate 
performs comparably with the commercial product. The concentrations of zinc, iron and sodium, 
which were above the ICUMSA-required threshold, did not affect the clarification process with the 
newly-synthesized lead (II) acetate. Although the lead concentration in the synthesized lead (II) 
acetate was lower than the 75% recommended by ICUMSA, it performed comparably to the 
commercial lead (II) acetate, with no significant statistical difference. 

Pol results 

 

Figure 3. Pol % measured results for sugarcane juice clarified by using commercial and 
laboratory synthesized lead (II) acetates. 

Cost Benefit Analysis of using synthesized lead (II) acetate 

The cost of commercial lead (II) acetate is approximated at US$59.24 per kilogram of lead (II) 
acetate, while the cost of laboratory synthesis was US$32.92. When the clarification is done by 
using synthesized lead (II) acetate, the cost of the analysis is lowered by US$ 26.32, which 
translates to a 44.43% reduction in cost per kilogram (excluded the cost of labour and energy). 
According to our own analysis, the Zimbabwe Sugar Industry uses approximately 423 kg of lead 
(II) acetate each year, and thus, using synthesized lead (II) acetate can potentially save the 
industry US$ 11 149-00. 

Conclusion 

The process successfully synthesized lead (II) acetate from waste lead by electrodeposition. The 
experimental results showed that the lead (II) acetate made from the recovered lead can be used 
to clarify cane juice, when compared to commercial lead (II) acetate. The presence of elements 
of sodium, iron and zinc above the ICUMSA threshold did not affect the clarification process, 
thereby making the recycling process viable. The work has also shown a lead recovery of 88.2%, 
which signifies a reduction in the amount of lead (II) acetate that can be procured by the company 
for clarification purposes. The recycling process has also lessened the burden of handling lead 
waste, by providing a viable option for recycling. 
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Recommendation 

In order to reduce the cost of procuring lead (II) acetate and to also lessen the burden in 
handling lead waste, the project should be tested in an industrial laboratory, to assess the 
feasibility of the process prior to its implementation on an industrial scale.  
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Abstract 

Over the past century, the world has witnessed a swift change in the lifestyle of people as a 
result of their rising income, their changed eating habits and reduced physical activity. These 
factors have made a substantial impact on the health of the population. In pursuit of eating 
better, people tend to choose diets that may not fulfil the Recommended Dietary Allowance 
(RDA) requirement of micronutrients, which are essential for their normal growth and 
development.  

Sugar is widely consumed by most of the population and therefore serves as a potential 
vehicle for the fortification of essential micronutrients, for instance, vitamin A. The fortification 
of sugar with micronutrients, such as vitamin A, would not only help the sugar industry to divert 
its surplus of value-added products, but it would also help it to have an extended product line 
of high stature, for both the national and international markets. The fortification of sugar seems 
to be a cost-effective way of reducing vitamin A deficiency, especially where it is not possible 
to meet the RDA through the variety of available foods.  

The paper elaborates on fortifying sugar by using a co-crystallisation technique that is different 
from earlier interventions, such as surface coating or dry mixing. The intention is to introduce 
vitamin A into the sugar crystal during crystallisation. The final product that was obtained was 
evaluated for its retinol content (µg of retinol/g of sugar), for its loss on drying (% by mass), as 
well as for its colour (IU), conductivity ash (% by mass), pol% and reducing sugar content (% 
by mass). Promising results were obtained, including a longer shelf-life, compared to sugar 
that is fortified by using alternate methods. 

Keywords: Recommended Dietary Allowance, micronutrients, food fortification, Vitamin A, 
crystallisation, sugar. 

Introduction 

Micronutrient deficiency results in severe health consequences that affect more than one-
quarter of the world’s population (IFPRI, 2016). India has seen a tremendous boost in all its 
economic facets, both on the agricultural and industrial fronts. Conversely, the number of 
malnourished people and the child malnutrition rate in India is unacceptably high (World Health 
Organization, 2009). Despite several programmes and schemes that have been set up, such 
as the Integrated Child Development Services (ICDS), the Midday Meal Programme and the 
National Prophylaxis Programme Against National Blindness due to Vitamin A Deficiency, a 
huge portion of the population still suffers from a vitamin and micronutrient deficiency. 
According to a study on the ‘State of Food Security and Nutrition in the World’, it was estimated 
that 190.7 million (14.5%) people were undernourished in India during 2014-2016 (FAO et al., 
2017). While a major portion of the population is concerned about becoming a victim of 
obesity, they tend to overlook the fact that the food they consume, such as wheat, rice and 
corn, are less nutritious than they used to be. There are several reasons for this, because the 
focus is on the high-yielding crops, rather than nutrient-rich crops (de Fries, 2015). A recent 
analysis conducted by the International Institute for Applied Systems Analysis (2018) revealed 
that the diets of two-thirds of the population are zinc deficient, 89% are iron deficient, 80% are 
vitamin D deficient and 85% are vitamin A deficient. 
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Sedentary lifestyles and changing diet plans also contribute to the rising micronutrient 
deficiency among people. At the expense of eating healthily, people tend to consume foods 
that are rich in carbohydrates, high in calories and fats and with a minimum or no vitamins and 
minerals at all. For instance, white rice forms an important part of the staple diet of most 
Indians, and it provides nearly 53 g of carbohydrate and 0.8 mg of zinc. This meets a mere 
20% of a woman’s daily carbohydrate requirements and only 10% of her daily zinc requirement 
(Mayo Clinic, 2018). 

Amongst all micronutrient deficiencies, vitamin A deficiency is the most manageable in 
developing countries. A study conducted by the Indian Council of Medical Research (ICMR) 
for 16 districts estimated that the prevalence of vitamin A deficiency is around 0.83% (Toteja 
et al., 2002). Another study conducted by the National Nutrition Monitoring Bureau (NNMB) in 
2002 for eight states (Andhra Pradesh, Karnataka, Kerala, Madhya Pradesh, Orissa, Tamil 
Nadu, Maharashtra, and West Bengal), revealed a similar percentage of vitamin A deficiency 
(0.8%) amongst 71 591 rural pre-school children (Laxmaiah et al., 2013). The World Health 
Organisation (WHO) aims at reducing and eliminating vitamin A deficiency and the health 
problems associated with it, such as night blindness, diseases and premature death, through 
initiatives such as supplying vitamin A supplements and encouraging a vitamin A-rich diet.  

Food fortification takes charge from the point where supplementation leaves off. Food 
fortification in developed countries is seen to be a cost-effective means of reducing the 
micronutrient deficiency and thereby increasing the micronutrient supply in the normal diet 
(FSSAI, 2016). With the evolution of fortified food worldwide, there has been an increase in 
health awareness and people’s interest in healthy alternatives. Such changes have 
encouraged food manufacturers to adopt fortification techniques to enhance their product 
profiles. Most of the developing countries follow a monotonous diet that includes mainly 
cereals, legumes and carotenoid-rich vegetables, which are poor sources of vitamin A. By 
giving due importance to such issues, fortifying food with vitamin A may be an attractive and 
potentially effective and important intervention. 

Of the many approaches taken up so far to control vitamin A deficiency, sugar fortification 
appears to be one of the most cost-effective methods. In Guatemala, food fortification with 
vitamin A has helped to maintain the vitamin A status of high-risk groups. As per the report of 
the United Nations International Children’s Emergency Fund (UNICEF) on sugar fortification 
in Guatemala, the cost of fortifying sugar was about one-fifth of other interventions (Raphael, 
1995). The interventions used for sugar fortification involved the dry mixing of sugar with 
vitamin A or the use of a binder, such as edible oil, so as to allow the vitamin beadlets to 
adhere to the sugar crystals. The only drawback observed was the improper mixing of the 
vitamin with sugar and its non-homogenous distribution (Oscar, 1998). Current research aims 
to attempt a new technique, namely, the co-crystallisation of sugar with vitamin A.  

The process of fortifying sugar through co-crystallisation  

The co-crystallisation technique is gaining momentum in scientific research, as well as within 
the industry. The direct incorporation of a secondary component into the host phase is seen 
to have immense potential for enhancing the properties of the original product. This technique 
finds its application within the pharmaceutical industry and helps to increase the stability of 
various Active Pharmaceutical Ingredients (APIs). However, such co-crystal materials and 
methods are not only limited to the pharmaceutical sector. Co-crystalline sugar is said to 
exhibit superior properties, compared to simple sugar. The co-crystallisation of sugar with 
vitamin A helps in the homogenous distribution of the vitamin in sugar, thereby resulting in a 
granular, free-flowing final product (Diana, 2013). 

Sugar co-crystallisation consists of the agglomeration of sugar crystals, along with a 
secondary component that is homogenously distributed through this agglomeration. The 
secondary component that forms a part of the sugar crystal can range from other sugars, such 
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as lactose or maltose, to various flavouring agents, as well as vitamins (Peter, 2008). The 
studies conducted at the National Sugar Institute aimed at introducing vitamin A, in the form 
of retinol or retinyl palmitate, into the supersaturated sugar solution, which is then crystallised 
further. The supersaturation was kept in the intermediate zone, for introducing the retinyl 
palmitate, and then it was pushed to the labile zone. A rise in temperature gave a fair idea of 
the level of supersaturation. The final product that was thus obtained was evaluated for its 
vitamin A content which was measured as retinol content per gram of sugar (µg of retinol/g of 
sugar), its loss on drying (% by mass), as well as its colour (IU), conductivity ash (% by mass), 
pol % and reducing sugar content (% by mass). 

Materials and Method 

Procedure 

For the purpose of the experiment, refined sugar was procured from a reputable commercial 
Indian sugar factory that conformed to the IS 5984 specifications. The quality parameters of 
the white sugar are as given in Table 1. 

Table 1. Quality parameters for plantation white sugar 

Particulars  Values  

Pol% 99.8 

Loss on drying (% by mass) 0.05 

Conductivity ash, (% by mass) 0.01 

Colour (IU) 21 

Reducing sugar (% by mass) 0.0 

 

The sugar was melted in water and high purity sugar liquor was progressively heated to 
approximately 115℃. The experiment was carried out in atmospheric conditions. Once the 
solution reached its supersaturation state, the solution was gradually cooled, while 
continuously stirring, so as to reach supersaturation. The required quantity of Vitamin A, in a 
powder form, was added just before the re-crystallisation of the sugar took place. The 
supersaturation was ascertained physically on the basis of sight and touch, or by measuring 
it indirectly by means of the conductivity of the solution. The level of vitamin fortification was 
18.8 µg retinol/g of sugar; however, 10% excess vitamin was added to account for any losses 
during processing and storage. Therefore, the resulting final fortification level in sugar was 
kept as 20.68 µg retinol/g of sugar. 

The final fortified sugar was then air-dried, packed and stored for further analysis. Since 
vitamin A is sensitive to heat, light and humidity, care was taken during the drying and 
packaging steps, to maintain its condition. The fortified sugar was analysed for its retinol 
content, loss on drying (% by mass), colour (IU), conductivity ash (% by mass), pol % and 
reducing sugar content (% by mass), after predetermined periods of time.  

Fortification level  

Determining the concentration at which the fortificant is added is important, so that the final 
product contains the desired quantity of vitamin A. The vitamin A selected for the study was 
retinyl palmitate 250 Cold Water Soluble (CWS), and the product contains 250,000 IU or 
75,000 µg retinol/g of sugar. The level of retinol/ g of sugar may vary between 15µg/g –23.5 
µg/g (50 IU/g – 77.5 IU/g), in order to fulfil the RDA of an individual. The level of fortification 
was kept high (10% excess) considering the losses that may occur during processing and over 
the storage period.  

Analytical method 
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In the process of analysis, the electronic weighing balance (Labman) readability 0.1 mg was 
used. For the determination of refractometric brix, pol% and purity, Sucrolyzer (Anton Paar) 
was used. The colour was determined by using Sucroscan (Maarc Lab), while the use of a 
conductivity meter (Labman) was employed for determining the conductivity ash. 

• Determination of retinol content - The total concentration of retinol per gram of the fortified 
sugar sample was determined by HPLC through the AOAC official method (2012). The 
analysis was outsourced and conducted by M/s TUV, Pune.

• Determination of moisture content - The moisture content of the sugar samples, before

and after fortification, was determined by using the ICUMSA official method GS 2/1/3/9-15

(2007).

• Determination of colour (in ICUMSA units) - The colour of the sugar samples, before and

after fortification, was determined by using the ICUMSA official method GS 2/3-10 (2011).

Determination of conductivity ash - The conductivity ash of the sugar samples, before and

after fortification, was determined by using the ICUMSA official method GS 2/3/9-17

(2011).

• Determination of reducing sugar - The reducing sugar of the sugar samples, before and

after fortification, was determined by using the ICUMSA official method GS 1/3/7-3 (2005).

• Determination of pol% - The Pol% in the sugar sample, before and after fortification, was

determined by using the ICUMSA official method GS 1/2/3/9-1 (2011).

Results and Discussion 

On the basis of data contained in Table 2 and Figures 1, 2 and 3, the following has been 
inferred: 

Table 2. Quality parameters of fortified sugar over six months of storage period 

Months 

Quality parameters 

Retinol content 
(µg retinol/g of 

sugar) 

Colour (IU) Conductivity 
ash (% by 

mass) 

Loss on drying 
(% by mass) 

Pol% Reducing 
sugar (% by 

mass) 

October 18.76 21 0.01 0.10 99.76 BDL 

November 18.06 21 0.01 0.11 99.75 0.01 

December 17.37 22 0.012 0.11 99.75 0.01 

January 15.145 23 0.012 0.12 99.74 0.02 

February 13.92 23 0.013 0.12 99.72 0.03 

March 11.49 24 0.013 0.13 99.71 0.04 

Loss of vitamin A activity during the storage of vitamin A fortified sugar 

The fortified sugar prepared by the procedure described above was packed in airtight, 
laminated pouches and kept in a clean and dry environment, away from direct sunlight. The 
loss of vitamin A activity in the fortified sugar was analyzed over a storage period of six months, 
as illustrated in Figure 1. From the Figure, it is quite evident that during the initial storage 
period of three months, the percentage reduction in the retinol content in fortified sugar is 
comparatively less, approximately 7.40% (October – December). However, with the increase 
in storage time (six months), the activity of vitamin A in fortified sugar reduced by about 38.6% 
(October-March). 
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Figure 1. Loss of vitamin A activity during six months of storage period of fortified sugar 

 

• Colour and pol% 

From Figure 2, it is quite evident that there is no significant change in the colour and pol% 
values of fortified sugar over the six-month storage period. The values suggest that the 
process adopted for fortifying sugar with vitamin A in the present study does not affect the 
colour and pol% of the final product appreciably. The increase in colour is as expected for 
other white sugars, under similar storage conditions.  

 

 

Figure 2. Quality parameters for fortified sugar sample 

• Loss on drying 

Figure 3 shows that certain differences in the values for the moisture content of fortified sugar 
over the six-month storage period were observed. The moisture content for sugar before 
fortification was around 0.08%, while the moisture content for sugar after fortification was 
around 0.13% after the six-month storage period. Therefore, further measures could be taken 
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so that the moisture content of the final product (fortified sugar) may be well below 0.05%, in 
order for it to have an extended shelf-life. The higher initial moisture content may be due to 
limitations in the drying facilities, at a laboratory scale, which may have also affected the final 
moisture content in the sugar. 

• Conductivity ash and reducing sugars 

No significant change in conductivity ash values were observed during the study. Therefore, 
it was observed that the process adopted for fortifying sugar with vitamin A does not affect the 
conductivity over the six-month storage period. 

Minor differences in the values of reducing sugar content of fortified sugar over the six-month 
storage period were observed. Figure 3 indicates that while the reducing sugar content before 
fortification was below the detectable limit, only a minor increase was observed after three 
months of storage. Since the experiments were conducted at a laboratory scale, a better 
control of the operating parameters may yield better results. 

 

Figure 3. Quality parameters for fortified sugar sample 

Conclusion 

The initial laboratory-scale trials on the fortification of sugar with vitamin A through co-
crystallization indicate that the technique holds promise. The studies indicated a fairly good 
shelf-life, with the depletion of vitamin A by approximately 38.6% over a six-month storage 
period. For other parameters, the deterioration patterns are as for normal sugars. More studies 
will be required to optimize the process parameters and validate the results, particularly with 
respect to the retention of vitamin A upon storage. 
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Abstract  

Stillage waste from ethanol production plants can be a source of environmental contamination. 
Current environmental management practices encourage recycling waste into reusable products, 
where applicable. This study presents a method for recovering potassium (K) from stillage as 
potassium sulphate (K2SO4) fertilizer, on a laboratory scale. Stillage from the Triangle Ethanol 
Plant was analyzed and found to contain K, with concentrations ranging from 13 to 15 g/L. The 
stillage was treated with sulphuric acid (98%) to enable the digestion and coagulation of organic 
matter. The produced precipitate was separated by gravity filtration and the filtrate was boiled to 
concentrate the K2SO4 formed. Crystals of K2SO4 were obtained by allowing the saturated solution 
to cool at room temperature. About 69.2% of K was recovered as K2SO4, and the laboratory 
analysis showed the final product to contain 31% K. The present work demonstrated the 
possibility of producing K2SO4 fertilizer from ethanol stillage and lessening the burden of its 
disposal. 

Keywords: stillage, acid digestion, potassium sulphate, crystallisation, fertiliser  

 

Introduction  

Stillage is a waste product from alcohol fermentation plants. The disposal of stillage has always 
been a challenge for many plants, and the Triangle Ethanol Plant (TEP) is no exception (Wilkie 
et al., 2000). Stillage is rich in dissolved organic and inorganic matter, which makes it a potentially 
huge contributor to environmental pollution, if it is not handled properly (Chauhan and Dikshit, 
2012). During harvesting, the potassium found in stillage is transported from the fields to the mills, 
together with the sugarcane, (Filho, 2015). The solubility of potassium does not allow it to be 
eliminated in the extraction process and it is concentrated in the molasses after crystallization. 
The TEP ferments the molasses from the production of sugar to get ethanol, and stillage is 
obtained as a waste product. The fermentation and distillation processes at TEP leaves a lot of 
potassium (K) in the stillage and this study aims to explore the recovery of K as a K2SO4 fertilizer. 

At Triangle, sugarcane is processed into sugar by using the following main stages: milling, juice 
extraction, clarification, evaporation, boiling, crystallization and centrifugation. After separating 
the crystal sugar, the molasses is discharged as a by-product and sent for ethanol production. In 
the process of ethanol fermentation from the molasses and the subsequent distillation, it is 
estimated that TEP discharges about four hundred million litres of stillage annually, with an 
average potassium concentration of 1.3-1.5%. This amounts to about 5 200 tons of potassium 
that are disposed of every year. Stillage has been used for fertigation, as a way of recycling the 
potassium, but fertigation increases the chances of stillage spilling into rivers, which results in 
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water pollution and eutrophication (Christofoletti et al., 2013). According to Fuess and Garcia 
(2014), fertigation has other challenges, such as salinization, the increase of phytotoxicity and an 
unpleasant odor. The Zimbabwe Sugarcane Industry (ZSI) has about 50 000 hectares of land 
under sugarcane, which requires about 4 600 tons of potash fertilizer every year (Shoko et al., 
2007). 

Methods of recovering potassium from stillage have been discussed by many authors, including 
membrane-based techniques, ion exchange resins and acid extraction techniques (Barros et al., 
2019; Zhang et al., 2012). The weakness of membrane-based techniques is their susceptibility to 
poisoning and fouling and they therefore require ultrafiltration, as a preventative measure. In ion 
exchange resins, strong acid cation exchange resins are used to extract potassium ions from the 
stillage. The potassium will be eluted with strong acids, like sulphuric acid (Zhang et al., 2012). 
Treating the elute with tartaric acid at 4°C precipitates the potassium from the solution (Zhou et 
al., 2007). In a separate study by Arslanoğlu and Tümen (2021), a mixture of stillage and grape 
marc was pyrolysed in a nitrogen gas atmosphere and water was used as an extractant to get 
potassium magnesium phosphate (potassium-struvite). The challenge of the potassium-struvite 
method are the high maintenance cost of the heating equipment and the nitrogen gas.   

The present study seeks to explore the possibility of making solid potassium sulphate from 
ethanol stillage, for use as a fertilizer. This will ease the pressure on the need to contain large 
volumes of stillage and it will limit the chances of environmental contamination. Solid fertilizer is 
easier to transport and apply in the fields than fertigation, with liquid stillage. 

Materials and Methods 

Elemental analysis of TEP stillage 

Stillage was obtained from the ethanol plant and stored in plastic bins prior to analysis. The wet 
digestion technique was used to prepare the samples for the analysis of potassium, calcium, 
magnesium and phosphorous (Parkinson and Allen 1975). Stillage samples of 5 grams were 
weighed into the boiling tubes. A mass of 1 g of selenised sodium sulphate, 5 ml of sulphuric acid 
and 3 ml of hydrogen peroxide were added to the boiling tubes. The solutions were heated on a 
digestion block at 3600C for 1 hour to digest. The digested solutions were filtered into 100 ml 
volumetric flasks, 1% lanthanum nitrate was added and the flask was filled to the mark with 

deionized water. The potassium, calcium and magnesium were determined by atomic absorption 

spectrophotometry (Varian SpectrAAS50 Spectrophotometer, Australia). Portions of the digest (2 
ml) were analyzed for phosphates by adding 2 ml each of ammonium molybdate and ammonium 
metavanadate as colour reagents. The phosphorus was determined colorimetrically by a flow 
injection analysis on a UV/Vis spectrophotometer (Libra BioChromSP80 UV-Vis Spectrometer) at 
420 nm. Preparation for the analysis of manganese, zinc, copper and iron trace elements was 
done by ashing 5 grams of sample at 500°C in a Muffle furnace for 4 hours. The ash was dissolved 
in 20% hydrochloric acid and filtered. Solutions of 1% lanthanum and 1 ml of 2.5% EDTA were 
added before readings on an AAS. Certified Reference Material from SPECTRASCAN were used 
to make calibration standards for all the elements. 

Extraction of potassium by acid digestion 

Water was evaporated from four liters of stillage on a hotplate to a quarter of the original volume. 
The remaining slurry was treated with 40 ml of concentrated sulphuric acid (supplied by 
Associated Chemical Enterprises, Johannesburg, South Africa) to decompose the sugars and 
organic matter. A sediment of organic matter (organic cake) was formed at the bottom of the 
heating beaker and was filtered on a Buchner filter to obtain a brown filtrate. The organic cake 
was dried in air and stored in the laboratory. The filtrate was further digested by adding 50 ml of 
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concentrated sulphuric acid and stirring in a fume hood. The reaction mixture was then heated in 
a sand bath for three hours, to allow for the extraction of the remaining potassium. The solution 
was filtered to separate the solid digest residues from the potassium sulphate filtrate. 

Crystallization 

Crystallization was achieved by first heating the filtrate to evaporate two-thirds of the initial volume 
on a hotplate. The resulting saturated potassium sulphate solution was left to cool at an ambient 
temperature for 48 hours. Crystals were obtained by vacuum filtration and the washing of the 
mother liquor with cold water. The crystals were dried at ambient conditions and packed for 
storage. The product was assayed for the content of potassium by analyzing it on a Varian Specra 
AA50 Atomic Absorption Spectrometer (AAS). The potassium recovered was calculated, based 
on laboratory assaying of the final product, using the formula below: 

% 𝐾 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (𝑃𝑅) =
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐾 𝑖𝑛 𝑐𝑟𝑦𝑠𝑡𝑎𝑙 (𝑔)

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐾 𝑖𝑛 𝑠𝑡𝑖𝑙𝑙𝑎𝑔𝑒 (𝑔)
∗ 100                                           (1) 

         The overall process is illustrated in the flowchart below. 

 

Figure 1. Flow chart showing the processes and stages involved in processing stillage to 
produce potassium sulphate crystals. The recovery of 69.2% is an average of 9 
experiments. 
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Results and Discussion 

Raw stillage was characterized and found to contain potassium, calcium, magnesium phosphorus 
and micronutrients (manganese, iron, copper and zinc). Of the elements analyzed, stillage was 
found to contain a significant amount of potassium (1.35%). The other elements were found to be 
in very low concentrations, as shown on Figure 2 below. 

 

Figure 2. Elemental composition of elements in stillage (a) macronutrient composition, and 
(b) micronutrient composition 

The recovery of potassium from stillage, as K2SO4, was done successfully, although there were 
challenges in obtaining pure crystals, due to dark colour suspected to be from melanoidins, which 
are brown molecular compounds that are common in ethanol stillage (Mikucka and Zielińska, 
2020; Cooper et al., 2016). The presence of reducing substances in the stillage was confirmed 
by a Fehling test. Reducing the substances and melanoidins created a thick and viscous solution, 
which made it difficult to exhaust all the potassium from the mother liquor. Potassium sulphate 
made from recycled mother liquor was washed off the dark melanoidins by using ethanol. It was 
observed that the crystals grew proportional to the time the solution was allowed to stand after 
saturation. The crystals in the image were obtained after the saturated solution was left standing 
for 48 hours. Saturated Potassium Sulphate (SP) solutions are capable of crystallizing, without 
the interference or assistance of additional processes. Growing bigger crystals which are easy to 
handle and not easily lost in solution during purification processes. The crystal sizes increased 
with time. The more days the solution was allowed to stand, the larger the crystals got (Figure 3).  
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Figure 3. Potassium sulphate crystals obtained after leaving the saturated solution for 5 days 
(a), and crystals obtained after allowing the saturated solution to stand for 2 days 
(b).   

 
Analysis results of experimental runs   

The method produced white Crystals of Potassium Sulphate (CPS), which was analyzed for 
potassium recovery. The percentage of the Potassium Recovery (PR) values were calculated and 
plotted on the graph and juxtaposed to the respective CPS values. The results of the recovery 
percentages are displayed in the Figure 4 below. The potassium recovery values plotted on the 
graph were calculated according to Equation (1).  
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. 

Figure 4. CPS and recovery percentages of synthesized potassium sulphate from nine 
experimental runs 

Figure 4 above shows that potassium recovery increases with an increase in CPS across all the 
runs. Theoretically, the CPS in potassium sulphate (K2SO4) is about 45%. The results show that 
most runs produced crystals with a K composition in the range 30 to 35%, with only two exceptions 
above 40%. The average CPS for the runs was 34%. The average PR for the runs was 69.2%. 
An average of 18% potassium could not be recovered in crystallization and was left in the mother 
liquor. About 5% potassium could not be accounted for and it was suspected to have been washed 
away during crystal cleansing. 

The variances in the CPS and recoveries across the runs can be attributed to the difficulty in 
maintaining the same experimental conditions. The first filtration stage of the method presented 
many of challenges. In cases where the organic sediment had very fine particles, the particles 
clogged the filter papers, which made filtration very difficult. This resulted in some samples losing 
potassium to the organic sediments. The experimental runs could also have been affected by 
fluctuations in temperature in the working environment. Due to rampant power cuts, it was difficult 
to maintain uniform temperatures for all of the runs. This could have affected the crystallization 
and thereby impacted negatively on the product purity and potassium recoveries. Some 
potassium could have been lost during filtration and when transferring from one apparatus to 
another, thus affecting the yield and recoveries. Some potassium was also lost due to the solid 
digest residue, as shown in Table 4, thus lowering the yield and recoveries further. The potassium 
composition also provides an indication of the purity of the synthesized potassium sulphate 
crystals; however, for a better purity analysis, it is recommended that the melting points are 
measured and compared to the theoretical melting point of pure potassium sulphate.  

Analysis for macronutrients in synthesized potassium sulphate crystals 

The synthesized potassium sulphate crystals were analyzed for calcium, magnesium and 
phosphorous. Calcium had the highest concentration, while magnesium and phosphorous had 
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relatively lower concentrations. The results are an average of the experimental runs, each 
processing four litres of stillage (Table 1). 

Table 1. Elemental composition of synthesized potassium sulphate crystals 

Element Concentration (%) 

Mg 0.34 
Ca 1.14 
P 0.12 

Analysis results for micronutrients of synthesized potassium sulphate crystals 

Common micronutrients found in stillage, such as iron, zinc, manganese, boron and copper, were 
analyzed in the final product. The concentrations of iron and zinc were relatively high, compared 
to those of boron and manganese. Manganese concentration was very low in the stillage and 
therefore it was plausible that most of it was retained in the organic residues or Solid Digest 
Residue (SDR). Elemental composition results are displayed in Table 2 below. 

Table 2. Composition of trace elements in synthesized potassium sulphate crystals 

Element Concentration (ppm) 

Fe 3.23 
B 0.11 
Zn 2.47 
Cu 0.33 
Mn 0.19 

Apart from macronutrients nitrogen (N) phosphorous (P), potassium (K) magnesium (Mg) and 
calcium (Ca), which are required for the optimum growth of sugarcane, micronutrients Fe, Zn and 
Cu are also needed in small concentrations (Ridge, 2013).  

Organic cake analysis results 

The organic residues separated from the stillage samples were analyzed with the primary aim of 
assessing the amount of potassium (K) that was retained in the organic matrices. Other nutrients 
of interest, for example calcium, magnesium, phosphorous and nitrogen, were also quantified. 
The average results are shown in the graph below. 

Table 3. Nutrient composition of the organic cake. Calcium has the highest concentration 

Element Concentration (%) 

K 0.48 
Ca 10.21 
Mg 0.07 
P 0.21 
N 1.72 

 

The average yield of the organic cake was 2.15% (m/v). Organic cake had a 0.48% potassium 
concentration, therefore the percentage loss due to the organic residue was 3.21%. In the initial 
experiments, the potassium retained was as high as 6%. However, this was significantly reduced 
by washing the organic residue twice.  
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The results of the analysis of the organic cake also revealed that it contains about 10.21% 
calcium. The stillage has about 0.55% calcium (see Fig. 2 above), therefore it is conceivable that 
most of this calcium got concentrated in the organic cake. Calcium might exist as calcium sulphate 
(CaSO4), due to the use of sulphuric acid in the methodology. Calcium sulphate is poorly soluble 
in water (0.21g/100ml at 20 °C), which could explain why it accumulated in the organic residues, 
while potassium sulphate (111 g/L at 20°C), which is more soluble in water, thus remained 
dissolved in the solution during the digestion and filtration stages. 

The revenue from the sale of the potassium sulphate could be supplemented with revenue from 
the sale of this co-product, organic cake. The organic cake has a concentration of 10% calcium, 
and because it contains a high concentration of calcium, it implies that there is a potential for 
revenue generation from its sale, or from processing it further into other high-value products, such 
as gypsum.  

Solid Digest Residues (SDR) analysis results 

The SDRs from the experimental runs were analyzed for potassium and calcium only, with the 
aim being to ascertain the amount of potassium lost to the by-product. The results show that the 
potassium composition in SDR was 1.8%. The average yield of SDR was 2.61% (m/v). This 
means that about 3.59% of the original potassium in stillage was lost to the SDR. Just like the 
organic cake, SDR also contains a large portion of calcium.  

Table 4. Elemental composition of SDR   

Element Concentration (%) 

  
Potassium 1.8 
Calcium 5.3 

 

Conclusion 

Triangle stillage contains appreciable amounts of potassium, which can be recovered to make 
fertilizer. Stillage was found to contain potassium, ranging from 13-15 g/L. Work done so far has 
proved that the method is fairly efficient, with a 69.2% potassium recovery. This means that, of 
the 5 200 tons of potassium generated in a year at the Triangle Ethanol Plant, about 3 598.4 tons 
can be recovered as a valuable fertilizer. Unlike the use of raw stillage in fertigation, the potassium 
sulphate and organic cake produced from the process are all solids, which can be packaged and 
transported to the fields easily. This eliminates the need for large storages facilities and the danger 
of spilling into the water bodies. It is therefore recommended to up-scale this study into a pilot 
scale where better cost estimates for possible industrial production can be made.  
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Abstract 

The Sugar Milling Research Institute NPC (SMRI) is investigating rapid and cost-effective 
analytical methods for identifying the colourant types present in sugarcane processing 
streams. A possible approach that has been identified is the use of multivariate classification, 
a sub-group of chemometrics, which is a mathematically-based method that is used to extract 
information from data-rich sources, such as the spectra obtained through spectroscopy. 
Spectroscopy is a technique that enables the qualitative and quantitative analysis of 
compounds by measuring the amount of radiation produced, or absorbed, by molecular or 
atomic species. Fourier Transform Infrared (FTIR) spectroscopy measures the absorption of 
a sample by using mid-infrared radiation.  

Thirty-five raw sugar samples were prepared for analysis by grinding the crystals to form a 
fine powder, using a mortar and pestle. The FTIR spectra of the 35 samples were collected 
using an Agilent Carey 630 FTIR spectrometer. The infrared spectral profiles of the raw sugar 
samples were studied to determine whether it is possible to detect the presence of colourant 
contaminants. As expected, it was found that the peaks in the spectra of the raw sugar 
samples were mainly due to the sucrose molecule and since these peaks are intense, they 
may obscure the peaks of any colourant component that is present in the samples. The 
spectra did not have obvious characteristic peaks associated with non-sugar components, 
such as colourants. However, similar studies have shown that the minor spectral differences 
could possibly assist with the identification of colourant types, by using a combined 
spectroscopic/chemometric approach.  

A Principal Component Analysis (PCA), a multivariate classification technique, was used to 
explore the potential of using infrared spectral data to predict the types of colourants present 
in raw sugar. Raw sugar samples were used in this laboratory study to assess the feasibility 
of a spectroscopic/chemometric approach. Once the feasibility of the approach is confirmed, 
the project team will evaluate which factory stream would be most appropriate for the practical 
application of this approach in a processing environment. A possible benefit of this combined 
spectroscopic/chemometric approach, over the traditional analytical chemistry methods, is the 
rapid prediction of the presence or absence of colourants. Synthetic colourant samples 
(caramel, melanoidin and hexose alkaline degradation products) synthesised in the SMRI 
laboratory were added to a raw sugar solution and lyophilised to ensure that the sample matrix 
of the synthetic colourant samples was comparable to those of the raw sugar samples. The 
infrared spectra of these solid synthetic colourant samples were obtained, in addition to the 
infrared spectra of the 35 raw sugar samples.  

A PCA was performed by using the collected infrared spectral data. Various pre-processing 
options and different wavelength regions were explored and the principal component score 
diagrams were generated. The preliminary results suggest that there may be potential in using 
a spectroscopic/chemometric approach for determining the relative contribution of particular 
colourant types to the colour of a raw sugar sample. This approach will enable an 
understanding of the colourant profiles of sugarcane processing streams and could possibly 
be used to gain an insight into the occurrence of colourant types that make the greatest 
contribution to the colour of raw sugar. 

Keywords:  Colour, colourants, chemometrics, spectroscopy, PCA, raw sugar 
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Abstract 
 

On-line and virtual services have never been more important and more widely used in all 
sectors of society than they are at present. Businesses are quickly learning how to 
harness digital tools, particularly for training and development. The Sugar Milling 
Research Institute NPC (SMRI) is no different; it has implemented virtual services to 
support its members, mostly sugarcane-processing companies, and to meet their 
prioritised training and analytical needs. 

 
This poster investigates the extent to which on-line training and laboratory auditing can 
replace offering these services face-to- face. It examines the advantages and disadvantages 
of virtual platforms and concludes that the transition to virtual services can offer a 
significant advantage to both the businesses and their clients. The conversion of some 
SMRI training programmes and laboratory auditing services are used as examples. 

 
Keywords:  on-line, virtual, training, auditing, e-learning, digital 
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Abstract 

Limited data on the identities of gum-producing bacteria in sugarcane processing factories are 
available. Historical attempts at identifying sugarcane spoilage bacteria were constrained by 
the lack of bacterial identification methods with a high discriminatory power. The use of 
phylogenetic analysis of 16S rRNA gene sequences, in combination with housekeeping gene 
sequence analysis and Amplified Ribosomal DNA Restriction Analysis (ARDRA), is a novel 
approach for the identification of sugarcane processing spoilage bacteria. The advantage of 
this approach is its ability to accurately discriminate between closely-related species.   

The first aim of this study was to establish a profile of the location and the identities of gum-
producing bacteria present in/on harvested sugarcane and the subsequent factory processing 
streams. A total of 430 gum-producing bacteria were isolated; 110 of the strains were isolated 
during spring (sampled in September), when low dextran concentrations were reported in the 
raw sugar, and 320 strains were isolated during summer (sampled in November), when high 
dextran raw sugar was produced. Based on the phylogenetic analysis of 16S rRNA gene 
sequences, the isolates were identified as belonging to the genus Weissella (47%), followed 
by members of the genera Bacillus (24%), Leuconostoc (19%) and Lactobacillus (10%). 
Methods with a high discriminatory power, viz. the phylogenetic analyses of housekeeping 
gene sequences and ARDRA, were used to identify the isolated bacteria to species level. The 
isolates clustered with the relevant type strains of Weissella cibaria, Weissella confusa, 
Bacillus amyloliquefaciens, Bacillus subtilis, Lactobacillus fermentum, Leuconostoc 
mesenteroides, Leuconostoc pseudomesenteroides, Leuconostoc citreum and Leuconostoc 
lactis.   

The diversity of gum-producing bacteria when low dextran raw sugar was produced, was 
similar to that when high dextran raw sugar was produced.  It was found that the majority of 
gum-producing bacteria enter the factory with the cane, and that Le. mesenteroides was not 
the dominant species isolated from the prepared (shredded) sugarcane; instead, high 
numbers of W. cibaria and W. confusa were found. This was the first report of W. cibaria, 
W. confusa and B. amyloliquefaciens being isolated from a sugarcane processing factory and, 
contrary to expectations, B. amyloliquefaciens and B. subtilis, and not Le. mesenteroides, 
were isolated from the juice screen and mixed juice tank.   

The second aim of the study was to evaluate the efficacy of two dithiocarbamate biocides, viz. 
Busan1021 and PreventolZ, against the selected isolates at the manufacturers’ 
recommended dosages. Both these biocides proved to be effective in inhibiting the growth of 
W. cibaria A1-17, W. confusa B-24, Le. mesenteroides A16-9, Le. lactis B9-3, Lb. fermentum 
B19-18, B. subtilis B7-19 and B. amyloliquefaciens B7-51. Differences were observed in the 
levels of sensitivity to these to biocides, and the possibility that some bacteria may develop 
resistance suggests that different doses may be required for different bacteria, to maintain a 
bactericidal (killing) effect. Further studies pertaining to microbial diversity in sugarcane 
processing factories may be necessary to ensure effective sanitation strategies.   

Keywords: Microbial diversity, gums, Leuconostoc, biocides 
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Abstract 
 
An important part of reported factory performance figures is the time account, which relates to 
the number of hours that a factory was able to crush sugarcane, the number of hours for which 
it was stopped and the reasons for the stops.  Several of the SMRI member factories are dual-
tandem factories, which are defined as factories with dual extraction plants, each with its own 
mixed juice tank, scale and sampling point. The calculation of overall factory time account 
figures for dual-tandem factories can give misleading results, especially when the tandems 
are not running concurrently. This poster gives the correct time account formulae for dual 
tandem factories, namely, Overall Time Efficiency (OTE), Lost Time % Available 
(LTA), Mechanical Efficiency and Tonnes Cane per Hour (TCH), as approved by the Factory 
Control Advisory Committee (FCAC), a sub-committee of the South African Sugar 
Technologists’ Association (SASTA), at a meeting on 26 July 2019.   
 
The time account formulae for both single- and dual-tandem factories have been added to the 
SASTA Laboratory Manual (Chapter 3 – Calculations). All SMRI member factories are to follow 
the procedure to ensure that there is consistency in the benchmarking of factory figures. 
 
Keywords: Dual tandem, OTE, LTA, TCH, GTA, Mechanical efficiency  
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1943-44 FB MACBETH 1975-76 GW SHUKER 2007-08 DL SWEBY 
1944-45 G BOOTH 1976-77 GW SHUKER 2008-09 DL SWEBY 
1945-46 W BUCHANAN 1977-78 GW SHUKER 2009-10 DL SWEBY 
1946-47 GC DYMOND 1978-79 GW SHUKER 2010-11 BM MUIR 
1947-48 GC DYMOND 1979-80 GW SHUKER KA REDSHAW 
1948-49 GC DYMOND 1980-81 GW SHUKER 2011-12 KA REDSHAW 
1949-50 JL DU TOIT 1981-82 AB RAVNO 2012-13 KA REDSHAW 
1950-51 OWM PEARCE 1982-83 AB RAVNO 2013-14 KA REDSHAW 
1951-52 OWM PEARCE 1983-84 PK MOBERLY 2014-15 KA REDSHAW 
1952-53 K DOUWES-DEKKER 1984-85 PK MOBERLY 2015-16 CM BAKER 
1953-54 JB GRANT 1985-86 PK MOBERLY 2016-17 CM BAKER 
1954-55 K DOUWES-DEKKER 1986-87 PK MOBERLY 2017-18 CM BAKER 
1955-56 GC DYMOND 1987-88 PW REIN 2018-19 CM BAKER 
1956-57 WG GALBRATH 1988-89 PW REIN 2019-20 CM BAKER 
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Former Congress Organising Committee Chairs 
 

2013-14 DL SWEBY 2016-17 S RAMGAREEB 2019-20 S RAMGAREEB 
2014-15 S RAMGAREEB 2017-18 S RAMGAREEB   
2015-16 S RAMGAREEB 2018-19 S RAMGAREEB   

 
 
 

Former Treasurers 
 

2013-14 A VAN DER NEST 2016-17 A VAN DER NEST 2019-20 M KADWA 
2014-15 A VAN DER NEST 2017-18 A VAN DER NEST   
2015-16 A VAN DER NEST 2018-19 A VAN DER NEST   
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AWARDS 

 
SASTA GOLD MEDALISTS 

 
1968  AE RABE 1998  SW UPFOLD 2008  KM HURLY 

1970  CGM PERK 2000  PW REIN 2009  TG CLEASBY 

1974  JL DU TOIT 2002  AB RAVNO 2010  GRE LIONNET 

1977  PCG BRETT  2002  K SCHAFFLER 2012  BS PURCHASE 

1981  JB ALEXANDER 2005  E MEYER 2019  TJ MURRAY 

1988  IA BELL 2005  JH MEYER  
1990  GD THOMPSON 2005  PG MOREL DU BOIL 

   

 
TALBOT-CROSBIE AND KYNOCH/TRIOMF PRIZEWINNERS 1962 TO 2020 

 
Year Prize Award Author(s)  Year Prize award Author(s) 
1962 Talbot-Crosbie T COVAS  1977 Talbot-Crosbie RP SCOTT 
 Kynoch JR ANDERSON   Triomf J BURROWS 
       
1963 Talbot-Crosbie EJ BUCHANAN, K DOUWES-  1978 Talbot-Crosbie PG MOREL DU BOIL and 
  DEKKER and A VAN HENGEL    K SCHÄFFLER 
 Kynoch GS BARTLETT   Triomf DB HELLMANN 
       
1964 Talbot-Crosbie AE RABE  1979 Talbot-Crosbie MR KEDIAN 
 Kynoch RT BISHOP   Triomf PR ATKINSON 
       
1965 Talbot-Crosbie EJ BUCHANAN  1980 Talbot-Crosbie A KOEN 
 Kynoch JM GOSNELL and GD THOMPSON   Triomf NG INMAN-BAMBER 
       
1966 Talbot-Crosbie Prize shared by RC TURNER and  1981 Talbot-Crosbie RG HOEKSTRA 
  RP JENNINGS   Triomf KE CACKETT and JJ RAMPF 
 Kynoch AJM CARNEGIE     
    1982 Talbot-Crosbie LMSA JULLIENNE 
1967 Talbot-Crosbie A VAN HENGEL   Triomf E MEYER and B WORLOCK 
 Kynoch J GLOVER     
    1983 Talbot-Crosbie BS PURCHASE 
1968 Talbot-Crosbie J BRUIJN and RP JENNINGS   Triomf TMC BOEVEY and TJ MURRAY 
 Kynoch G ROTH     
    1984 Talbot-Crosbie GPN KRUGER 
1969 Talbot-Crosbie RCS ROBINSON and RP JENNINGS   Kynoch PET TURNER 
 Kynoch PK MOBERLY     
    1985 Talbot-Crosbie PG MOREL DU BOIL 
1970 Talbot-Crosbie IA SMITH   Kynoch NB LEIBBRANDT 
 Kynoch ME SUMNER     
    1986 Talbot-Crosbie GRE LIONNET 
1971 Talbot-Crosbie GG ASHE   Kynoch KM HARBORNE-RUTHERFORD, 
 Kynoch JM GOSNELL and AC LONG    RA BAILEY and JV DA GRACA 
       
1972 Talbot-Crosbie JP MURRAY  1987 Talbot-Crosbie RW REIN, MGS COX and 
 Triomf FE RICHARDSON    G MONTOCCHIO 
     Kynoch TMC BOEVEY and JP FOURIE 
1973 Talbot-Crosbie B ST C MOOR     
 Triomf H ROSTRON  1988 Talbot-Crosbie MJ REID 
     Kynoch BRF GEORGE 
1974 Talbot-Crosbie No Winner     
 Triomf JPM DE ROBILLARD and GA IGGO  1989 Talbot-Crosbie GRE LIONNET 
     Kynoch JH MEYER, RA WOOD and 
1975 Talbot-Crosbie EEA ROUILLARD    RL HARDING 
 Triomf PGC BRETT, RL HARDING and     
  RH PAXTON  1990 Talbot-Crosbie CMJ DAY-LEWIS and  KJ SCHÄFFLER 
     Kynoch NG INMAN-BAMBER and BA STEAD 
1976 Talbot-Crosbie LMSA JULLIENNE     
 Triomf JR PILCHER and  1991 Talbot-Crosbie SJ MADAREE, PW REIN and 
  G VAN DER MERWE    CM WENMAN 
1991 Kynoch RA BAILEY and SA TOUGH  2004 Talbot-Crosbie DJ LOVE, SD PEACOCK and  
      GT SCHUMANN 
1992 Talbot-Crosbie Prize shared by MGS COX and     Kynoch PJ THORBURN, HL HORAN,  
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Year Prize Award Author(s)  Year Prize award Author(s) 
       
  P SAHADEO and M MEADOWS     IM BIGGS and SE PARK 
  and S WADLEY     
 Kynoch SJ SNYMAN, KG BLACK,  2005 Talbot-Crosbie L SMITH 
  BI HUCKETT and MP WATT   Kynoch Prize shared by 
      PWL LYNE, E MEYER and R HERBERT; 
1993 Talbot-Crosbie M MOODLEY    And M VAN DEN BERG and MT SMITH 
 Kynoch NG INMAN-BAMBER,      
  TL CULVERWELL and  2006  Talbot-Crosbie L ECHEVERRI and P REIN 
  MG McGLINCHEY   Kynoch OL KVEDARAS,  MG KEEPING,  
      F-R GOEBEL and MJ BYRNE 
1994 Talbot-Crosbie VC STONE     
 Kynoch BL SCHROEDER, JB ROBINSON  2007 Talbot-Crosbie Not awarded – no Congress 
  PET TURNER and M WALLACE   Kynoch Not awarded – no Congress 
       
1995 Talbot-Crosbie DC WALTHEW and LM TURNER  2008 Talbot-Crosbie R SIMPSON and J OXLEY 
 Kynoch DB HELLMANN, GG PLATFORD   Kynoch SJ SNYMAN, GM MEYER, M BABASIAK, 
   and M WALLACE    TL NICHOLSON, T VAN ANTWERPEN, 
      P NAIDOO and JD ERASMUS 
1996 Talbot-Crosbie DC WALTHEW and RW WHITELAW     
 Kynoch R VAN ANTWERPEN,  2009 Talbot-Crosbie BM MUIR, G EGGLESTON and B BARKER 
  MG McGLINCHEY, NG INMAN-   Kynoch A SINGELS, MA SMIT, M BUTTERFIELD,  
  BAMBER AND ATP BENNIE    PDR VAN HEERDEN and  
      M VAN DEN BERG 
1997 Talbot-Crosbie KJ SCHÄFFLER and MTD DE GAYE     
 Kynoch MG KEEPING  2010 Talbot-Crosbie V KOCHERGIN, C GAUDET and  
      M ROBERT 
1998 Talbot-Crosbie Prize shared by   Kynoch S RAMBURAN, DM McELLIGOTT and 
  DM MEADOWS, GT SCHUMANN and     O DE HAAS 
  S SOJI;     

  SB DAVIS, M MOODLEY, I SINGH  2011 Talbot-Crosbie Y NAIDOO and R SIMPSON 
  and MW ADENDORFF   Kynoch V HARRACA, J DU PISSANIE, 
 Kynoch Prize shared by    RS RUTHERFORD and DE CONLONG 
  CRP CRONJE, RA BAILEY and      
  K McFARLANE;  2012 Talbot-Crosbie PS JENSEN 
  E MEYER   Kynoch S RAMBURAN, T WETTERGREEN, 
      SD BERRY and B SHONGWE 
1999 Talbot-Crosbie None     

 Kynoch MJ PARSONS  2013 Talbot-Crosbie PS JENSEN 
     Kynoch Prize shared by  
2000 Talbot-Crosbie PG MOREL DU BOIL    S RAMBURAN;  
 Kynoch EJ SCHMIDT, G NARCISO, P FROST     PV RAMOUTHAR, R RHODES, 
  and C GERS    T WETTERGREEN, U PILLAY, MR JONES 
      and R VAN ANTWERPEN 
2001 Talbot-Crosbie N MAGASINER, C van ALPHEN,      
  M INKSON and B MISPLON  2014 Talbot-Crosbie PS JENSEN, SB DAVIS, DJ LOVE and 
 Kynoch Prize shared by    A RASSOL 
  FC BOTHA, J ROHWER; and   Kynoch PDR VAN HEERDEN, MW ADENDORFF, 
  MK BUTTERFIELD, A D’HONT     G LAGERWALL, P BOTHA, CPR CRONJE, 
  and N BERDING    J VAN DER MERWE, N NEL, P SMITH, 
      E HÖLL, G HYSLOP, V SMITH, A HARRIS, 
2002 Talbot-Crosbie PB DEVNARAIN, DR ARNOLD and     W HARRIS, JB MHLONGO, DM HARRIS, 
  SB DAVIS    J DHEOPURSAD, T MATTHEWS and 
 Kynoch Prize shared by    P NAIDOO 
  E MEYER and N GOVENDER; and     
  P THORBURN, R van ANTWERPEN,  2015 Talbot-Crosbie RC LOUBSER and PS JENSEN 
  J MEYER and C BEZUIDENHOUT   Kynoch S RAMBURAN 
       
2003 Talbot-Crosbie BM SCHOONEES  2016 Talbot-Crosbie M STARZAK and SB DAVIS 
 Kynoch S GUYON, JL VOGEL, J OMARJEE,    Kynoch D ELEPHANT and N MILES 
  T VAN ANTWERPEN, P CADET     
  and J BALANDREAU  2017 Talbot-Crosbie WK LAWLOR 
     Kynoch N MILES, R RHODES and A WEIGEL 

 
2018 Talbot-Crosbie PS JENSEN and L SMITH; KM FOXON   2019 Talbot-Crosbie K FOXON 
  and M STARZAK   Kynoch W MAFUNGA, S FERRER, S BOTHA and 
 Kynoch S RAMBURAN    A STARK 
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ANNUAL CECIL RENAUD AWARDS 1977-2020 

 
Year Prize Award Author(s)  Year Prize Award Author(s) 

       

1977 Factory B ST C MOOR  1993 Factory DJ TAYFIELD and EW ANDERSON 

 Agricultural RT BISHOP   Agricultural OP LANDREY, GG EICHLER and 

      J CHEDZEY 

1978 Factory RD ARCHIBALD and C MACK     

 Agricultural OP LANDREY  1994 Factory C CREBO, L BACHAN and V PILLAY 

     Agricultural PC HENRY and W RHEBERGEN 

1979 Factory GG ASHE     

 Agricultural No Winner  1995 Factory M MacNAUGHTON 

     Agricultural D McARTHUR and VW SPAULL 

1980 Factory DCM KEIR     

 Agricultural AN MILLS and EH RINGELMAN  1996 Factory B MISPLON, H VERBANCK and 

      P McINTYRE 

1981 Factory S NORTH-COOMBES, K TAYLER   Agricultural PA DONOVAN 

  And K KOSTER     

 Agricultural JG HARDY  1997 Factory Prize shared by  

      M MOODLY,  DJ BEKKER, 

1982 Factory P GLAUM and A LANDMAN    PJ PIENAAR and R PILLAY; 

 Agricultural PC WISE    M MOODLEY and PM SCHORN; 

      I SINGH, NJ COETZEE and E BURMEISTER; 

1983 Factory RAH CHILVERS    I SINGH, R RILEY and D SEILLIER 

 Agricultural JE LONSDALE   Agricultural A PRINS, JJ BORNMAN and 

      JH MEYER 

1984 Factory DJ CARLIELL     

 Agricultural PG BRAITHWAITE  1998 Factory None 

     Agricultural JB CHADWICK 

1985 Factory MA GETAZ     

 Agricultural J CHEDZY and JBR FINDLAY  1999 Factory T DALE and TD KNOETZE 

     Agricultural HR ROSTRON, DWF BUTLER and 

1986 Factory RAH CHILVERS and DJ LOVE    MD ZWANE 

 Agricultural DJ NIXON, M WORKMAN and     

  PJ GLENDINNING  2000 Factory CRC JENSEN and G GOVENDER 

     Agricultural N LECLER 

1987 Factory GF MANN     

 Agricultural CPM SWEET, PW WHITE and  2001 Factory M DEBWE 

  GH DODSWORTH   Agricultural M HUMM 

       

1988 Factory RP SCOTT  2002 Factory I SINGH, H JONES and S GAYAPERSAD 

 Agricultural DAG RALFE   Agricultural M ISYAGI and DMW Whitbread 

       

1989 Factory PM SCHORN, J BECKETT and  2003 Factory Prize shared by: LJ MELROSE; 

  WS GRAHAM    And M MOODLEY, M PILLAY,  

 Agricultural TL PEARSE    PM SCHORN, G MITCHELL and R GELLING 

       

1990 Factory DM VAN DEN BERG   Agricultural Prize shared by: GW MAHER and L SCHULZ; 

 Agricultural RN STATHAM    And  C PFOTENHAUER 

       

1991 Factory B ST C MOOR  2004 Factory None 

 Agricultural PJB GARDINER and K CAZALET   Agricultural D ARMSTRONG 

       

1992 Factory RR SANDERS  2005 Factory None 

 Agricultural GC SPALDING   Agricultural None 
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Year Prize Award Author(s)  Year Prize Award Author(s) 

2006  Factory Prize shared by:   2013 Factory A RAGHUNANDAN, CRC JENSEN, 

  M REIN, L SMITH, B STRACHAN    T MTEMBU and FEA AHMED 

  and R WIRMINGHAUS; and   Agricultural JJ MURRAY, HNP STOLZ and 

  M NINELA and N RAJOO    JL BOUWER 

 Agricultural Prize shared by:     

  MI LANGTON, JC SMITHERS,  2014 Factory Prize shared by: 

  CN BEZUIDENHOUT and PWL LYNE;    M NDLAZI, RI SINGH and  

  RR FORTMANN, PG BRENCHLEY    S NDLOVU; 

  and AK MATHEW    M MBUYAZI and S MHLONGO 

     Agricultural CPR CRONJE and P SAHADEO 

2007 Factory Not awarded – no Congress held     

 Agricultural Not awarded – no Congress held  2015 Factory A MDAKANE and T NDHLALA 

     Agricultural None 

2008 Factory S RAMA and SS MUNSAMY     

 Agricultural JJ MURRAY  2016 Factory EM DLAMINI 

     Agricultural None 

2009 Factory PM SCHORN, L SMITH,      

  SD PEACOCK, DJ LOVE and   2017 Factory FS MNCUBE, DJ LOVE, P SIKHAKANE, 

  DJ MUZZELL    D OGLE and T MTEMBU 

 Agricultural AT WYNNE, TJ MURRAY   Agricultural AJ HARRIS 

  and AB GABRIEL     

    2018 Factory C MARAIS, R LAUBSCHER, Q ENGELBRECHT  

2010 Factory DJ LOVE    and P FRANCOIS 

 Agricultural JJ MURRAY   Agricultural B SMALL 

       

2011 Factory None  2019 Factory T GOUNDEN, C CHILI, S NALA, M SULIMAN  

 Agricultural J DLAMINI    and Z RAMBAKUS 

     Agricultural N LECLER 

2012 Factory R GENT     

 Agricultural KE MATHIAS     

       

SASTA POSTER AWARDS 2000-2020 

Year Prize Award Author(s)  Year Prize Award Author(s) 

       

2000 Factory None  2005 Factory  None 

 Agricultural SA McFARLANE and RA BAILEY   Agricultural MT SMITH, A SINGELS and J NEEN 

       

2001 Factory None  2006  Factory None 

 Agricultural SA McFARLANE   Agricultural M JONES and M VAN DEN BERG 

       

2002 Factory None  2007 Factory None – No Congress 

 Agricultural C BEZUIDENHOUT and C GERS   Agricultural None – No Congress 

       

2003 Factory None  2008 Factory B BARKER and J WESLEY-SMITH 

 Agricultural None   Agricultural SA MCFARLANE, T VAN ANTWERPEN, 

      P GOVENDER and GF BUCHANAN 

2004 Factory Y NAIDOO and R SIMPSON     

 Agricultural DJ NIXON  2009 Factory SN WALFORD, S EGLI and  

      B MARTINCIGH 

2009 Agricultural PL CAMPBELL, GW LESLIE,   2016 Factory SN WALFORD 

  SA MCFARLANE, SD BERRY,    Agricultural Prize shared by: 

  R RHODES,  R VAN ANTWERPEN,    P TWEDDLE;  

  RS RUTHERFORD, T VAN ANTWERPEN    PL CAMPBELL, A PARASKEVOPOULOS and 

  DM MCELLIGOTT and DE CONLONG    S HURIPURSHAD 
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Year Prize Award Author(s)  Year Prize award Author(s) 

2010 Factory None  2017 Factory B BARKER, S MADHO and S RAHIMAN 

 Agricultural A JUMMAN and NL LECLER   Agricultural Prize shared by: 

      AB PATTON, ITR MAKHUBEDU and A WEIGEL, 

2011 Factory None    K MCFARLANE and AD WALTON 

 Agricultural CN BEZUIDENHOUT     

    2018 Factory K FOXON 

2012 Factory WK LAWLOR   Agricultural P TWEDDLE 

 Agricultural WA GILLESPIE, FJ MITCHELL, MJ WAY,     

  TM WEBSTER and JH WITTHOFT  2019 Factory K BOOYSEN, KM FOXON, and SN WALFORD 

     Agricultural PB TWEDDLE and AJ HARRIS 

2013 Factory H DU CLOU and SN WALFORD     

 Agricultural B BHENGU, T MASONDO, S HLELA,     

  V DLAMINI and S MNGOMEZULU     

       

2014 Factory RC LOUBSER     

 Agricultural SA MCFARLANE, LA MARTIN,     

  D WILKINSON, AC KOCH,      

  T VAN ANTWERPEN, N PILLAY and      

  RS RUTHERFORD     

       

2015 Factory WK LAWLOR     

 Agricultural P SITHOLE and A PARASKEVOPOULOS     

 
JUBILEE AWARDS 2000-2020 

Year Prize Award Author(s)  Year Prize Award Author(s) 

       

2000 Factory CRC JENSEN  2011 Factory Y NAIDOO 

 Agricultural EJ SCHMIDT   Agricultural V HARRACA 

       

2003 Factory None  2015 Factory PS JENSEN 

 Agricultural None   Agricultural S RAMBURAN 

       

2006  Factory None  2018 Factory W LAWLOR 

 Agricultural None   Agricultural N MILES 

       

2009 Factory None     

 Agricultural None 
 

    

INNOVATION  AWARDS 2000-2020 

Year Prize Award Author(s)  Year Prize Award Author(s) 

       

2000 Factory L HELFRICH  2002  Agricultural NOODSBERG CANEGROWERS’  

 Agricultural D DINKELMANN    ASSOCIATION (Proposed by G MAHER) 

       

2001 Factory B GOVENDER  2003 Factory D DENNIS 

 Agricultural None   Agricultural None 

       

2002 Factory S CHINASAMY  2004 Factory None 

2004 Agricultural  WH REDINGER  2007 Factory None 

     Agricultural I HILLERMAN 

2005 Factory None     

 Agricultural C GARNETT  2008 Factory None 

     Agricultural A SINGELS 

2006  Factory None     

 Agricultural E ALBERTSE     
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ROBIN RENTON MEMORIAL AWARD (PGBI PRIZE/DRA GLOBAL) 2003-2020 

 
Year  Author(s)   Agricultural None 

2003  LJ MELROSE  2012  PS JENSEN 

2004  None  2013  S SHAH 

2005  None  2014  DN BOOTE 

2006  S RAMA  2015  None 

2007  None – No congress held  2016  S HESS 

2008  P SHARMA  2017  AJ HARRIS 

2009  Z RAMBUKUS  2018  P NAIDOO 

2010  A JUMMAN  2019  P Du TOIT 

2011  T NDHLALA     

 
SASTA STUDENT THESIS AWARD 2004-2007 

 
Year Prize Award Author(s)  Year Prize Award Author(s) 

2004 Agricultural MH GRAHAM  2006  None 

2005  None  2007  None 

       

 
SASTA STUDENT AWARD 2008-2020 

 
Year Prize Award Author(s)  Year Prize Award Author(s) 

       

2008 Agricultural AJ HARRIS  2014 Agricultural MS SIBOMANA 

2009 Agricultural G DITTRICH-SCHRÖDER  2015 Agricultural BJ VAN VUUREN 

2010 Factory H DU CLOU  2016 Agricultural AJ SERFONTEIN 

2011 Agricultural P MUDAVANHU  2017 Agricultural NW MBUMA 
2012 Factory SN RAHIMAN  2018 Agricultural NW MBUMA 

 Agricultural TA GOBLE  2019 Factory P NAIDOO 

2013 Agricultural RL ROSSLER     

       

 
AGRICULTURE SUCCESS STORY AWARD 2010-2013 

 
Year  Author(s)  Year  Author(s) 

2010  D SUTHERLAND  2012  None 

2011  None  2013  None 

       

 
FACTORY OPERATIONAL PAPER AWARD 2011-2013 

 
Year  Author(s)  Year  Author(s) 

2011  Q MASEKO  2013  B SKINNER 

2012  S GARTNER     
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