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Abstract 

 

Variety-specific ripening recommendations are typically developed in trials where recoverable 
value (RV) yield in different treatments are compared with untreated controls. Although 
statistical differences in RV% are readily achieved, non-significant variation in cane yield 
between treatments frequently distorts RV yield-based interpretations. A new decision-making 
framework is presented for developing ripening recommendations, based solely on statistical 
differences in RV% with the proviso that cane yields are not significantly reduced. Where a 
significant reduction in cane yield occurs the input costs, RV yield, and harvesting/transport 
costs are also considered, allowing for potential overriding of RV%-based recommendations 
on economic grounds. This new framework was applied to four seasons of data where 
varieties N36, N49, N53 and N57 were ripened with Ethephon (Eth), Fusilade Forte (FF) and 
the combination treatment (Eth+FF). In all individual and combination treatments, significant 
increases in RV% were achieved compared to the untreated control, with the combination 
treatment being the best in all varieties. Only the combination treatment in N49 and N53 
caused significant cane yield reductions (13.2 and 12.1 t/ha respectively). Non-significant 
variation in cane yield distorted RV yields with some treatments not achieving significance, 
causing disparity with RV% responses. The new framework resolved this conundrum with the 
combination treatment being recommended for N36 and N57 on RV% grounds (no significant 
cane yield loss). Economic analysis revealed that the combination treatment was not the most 
profitable in N49 and N53. Gross margin monetary returns for the best individual treatments 
in N49 and N53 were R6290/ha and R10 245/ha respectively, compared to R2690/ha and 
R8371/ha respectively for the combination treatment, thus leading to its non-recommendation. 
 
Keywords: cane yield, chemical ripening, economic analysis, Ethephon, Fusilade Forte, RV%, RV yield, 
combination treatment 

 
Introduction 

 
Chemical ripeners are used in South Africa for ripening sugarcane when environmental 
conditions (temperature, solar radiation and soil moisture) conducive to vigorous growth would 
otherwise have left the crop immature at harvest (van Heerden et al., 2014).  
 
Over the past few decades two ripeners have been used extensively in the South African 
sugar industry to increase cane quality, namely Ethephon® (2-chloroethyl phosphonic acid) 
and Fusilade Forte® (fluazifop-p-butyl). During 2016 a third ripener, Moddus® (trinexapac-
ethyl), became registered. These ripeners can be used individually or as combination 
treatments (van Heerden et al., 2014). 
 
The suppression of new stalk and/or leaf growth by these chemicals leads to an acceleration 
of sucrose storage in the stalk (Clowes, 1978; Solomon et al. 2001; Donaldson, 2002; Morgan 
et al. 2007). This manifests as a characteristic increase in cane quality in the form of higher 
recoverable value (RV%), which is a measure of the value of sugar and molasses that can be 
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extracted from cane stalks at the mill, expressed as a percentage of fresh stalk mass (Wynne 
et al., 2009). Because these chemicals suppress growth processes, cane yield (t/ha) at 
harvest may sometimes be slightly reduced, but in most cases the large increase in RV% 
results in increased RV yield (t/ha) relative to that of the untreated control (van Heerden et al., 
2014). 
 
It is well known that different South African sugarcane varieties respond differently to chemical 
ripeners. For example, not all varieties respond favourably to Ethephon and/or the combination 
treatment involving application of both Ethephon and Fusilade Forte to the same crop 
(Rostron, 1989; Donaldson, 2001; Ngxaliwe and van Heerden, 2015). The main focus of 
ripener research at the South African Sugarcane Research Institute (SASRI) is the 
development of variety-specific ripening recommendations from results obtained in statistically 
designed small-plot field experiments. In the past these variety recommendations were 
derived from RV yield responses achieved by the different ripener treatments in comparison 
to untreated controls.  
 
Because the principle reaction of a sugarcane crop to a chemical ripener is an increase in 
cane quality, statistically significant differences in RV% response to the various ripener 
treatments in different varieties are often readily demonstrated (Ngxaliwe and van Heerden, 
2015). However, statistically non-significant variation in cane yield (t/ha) frequently 
complicates the upscaling of these RV% responses to RV yield (t/ha) responses, which may 
prevent the development of variety-specific ripening recommendations. 
 
In this paper, a new decision-making framework is presented for developing variety-specific 
ripening recommendations. In the absence of statistically significant differences in cane yield 
between untreated controls and ripener treatments, this new framework exclusively considers 
statistically significant differences in cane quality (RV%) to derive variety-specific 
recommendations. However, in cases where statistically significant differences in cane yield 
are observed, economic analysis of gross margin monetary returns are conducted according 
to the method of Ramburan et al. (2016), allowing for refinement of variety-specific 
recommendations based on the profitability of treatments (see description of method in next 
section).  
 
This new framework for deriving variety-specific ripening recommendations is illustrated, and 
compared to the previous RV yield-based method, through application to field trial data 
collected in Pongola (South Africa) over four seasons. 

 
Materials and Methods 

 
Experiment design and trial management 
 
A drip-irrigated field trial was established, comprising sugarcane (Saccharum spp. hybrids) 
varieties N36, N49, N53 and N57 on 5 April 2011 at the SASRI research station in Pongola 
(27o25’14’’S and 31o35’39’’E), South Africa. Ripener recommendations for varieties N49, N53 
and N57 are currently not known. Variety N36 was included as a standard with longstanding, 
industry-accepted, ripener recommendations (South African Sugarcane Research Institute, 
2014). This allowed validation of the new decision-making framework. Trial plots consisted of 
six cane rows, each 8 m long and spaced 1.4 m apart. The experiment was a completely 
randomised design with six replications per variety x treatment (VxT) combination.  
 
Fertiliser application rates were determined from soil samples collected at trial planting and at 
harvest of the plant and each ratoon crop. In each year the young crop was initially irrigated 
with overhead sprinklers to bring the water in the soil profile to field capacity and to achieve 
uniform germination/emergence. Thereafter, water was applied by surface drip irrigation to 
maintain soil moisture content in the top 60 cm of the soil profile at between 75-95% of field 
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capacity. Soil moisture content was monitored using 10 HS Decagon soil moisture probes 
(Decagon Devices Inc., Pullman, USA) inserted in pairs into undisturbed soil at 15 cm and 
45 cm depths between the cane rows and dripper lines at five random locations within the 
field. Irrigation was maintained until two weeks before harvest, and then terminated to allow 
drying of the top-soil so that stool damage and soil compaction did not occur during harvest 
operations. 
 
Severe lodging, induced by strong wind and heavy rain, in the plant and first ratoon crops 
prevented the application of ripener treatments. The second to fifth ratoon crops were 
protected from lodging by a support system consisting of a series of wooden poles with steel 
wire between them that supported the individual cane rows in each plot. This allowed 
successful application of all VxT combinations to these four ratoon crops. 
 
Chemical ripener application 
 
In the four ratoon crops the treatments per variety comprised an unsprayed (untreated) control 
and ripeners applied either as an individual or a combination treatment. For the individual 
treatments, Ethephon (Eth) was applied ±84 days before harvest (DBH) at 1.5 L/ha, while 
Fusilade Forte (FF) was applied ±42 DBH at 0.2 L/ha. For the combination treatment (Eth+FF), 
Ethephon was applied ±84 DBH at 1.5 L/ha followed by Fusilade Forte ±42 DBH at 0.2 L/ha 
to the same plots. 
 
Ripeners were applied to cane rows two to five in each plot while cane rows one and six acted 
as unsprayed guard rows. All spray mixtures were applied early in the morning under calm 
and dry conditions by CO2-pressurised spraying equipment with a hand-held overhead boom 
fitted with two TK-1 flood jet nozzles spaced 1.4 m apart. The spray mixtures were delivered 
at 175 kPa pressure in a water volume of 57 L/ha. 
 
Trial harvesting 
 
The four ratoon crops were harvested during the first week of April in 2014 to 2017. The day 
before harvest of each crop, a 12-stalk sample was taken randomly from rows two and five of 
each plot to analytically determine RV% in the cane testing laboratory at SASRI with the 
following formula.  
 

RV%  =  S − dN − cF 
 

where 
S = sucrose % cane, N = non-sucrose % cane and F = fibre % cane and the value of coefficient 
‘c’ = 0.019 (Wynne et al., 2009). The value of coefficient ‘d’ is expected to range between 0.35-
0.45 depending on industry income derived from the sales of sugar and molasses produced 
in a particular season. 
 
At harvest, the two centre rows (three and four) in each plot were cut and bundled by hand 
and weighed using a hydraulic grab apparatus equipped with a load cell to estimate cane yield 
(t/ha). The RV yield (t/ha) per plot was subsequently estimated as: 
 

RV yield (t/ha) = (RV% x cane yield)/100 

 
Statistical analysis of trial results 
 
Data was analysed using the Genstat® v14 statistical package. In order to assess whether 
data could be combined across the four ratoons, a REML analysis of linear mixed models was 
performed (Fixed model: Treatment*Ratoon; Random model: Ratoon/Rep). The treatment x 
ratoon interaction was found to be statistically insignificant (F.pr. >0.05) for cane yield, RV% 
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and RV yield, hence a general analysis of variance (ANOVA) was performed (Treatment 
structure: Treatment; Block structure: Ratoon/Rep) in order to test for significant differences 
between treatments across the four crops. 
 
Economic analysis of trial results 
 
Calculation of gross margin monetary increases for VxT combinations over the untreated 
controls were determined with a Microsoft Excel-based economic conversion tool that was 
recently developed by Ramburan et al. (2016). The three major inputs into the tool are the 
cane yield, analytically determined RV% and RV yield data obtained over the four ratoon 
crops.  
 
All input costs associated with producing a crop of sugarcane for the Pongola region were 
entered into the tool. Typical production factors and recommended input costs for the Pongola 
region were obtained from the South African Cane Growers’ Association (Table 1). These 
included the costs (R/ha) of ripener chemicals and their application by helicopter (taking the 
existing miller subsidy of 75% to growers into account) and costs (R/t) for cane harvesting, in-
field and zone loading as well as transport to the mill. The RV price (R/t) at the time of analysis 
was R4995. 
 
The variable costs associated with the different chemical ripening treatments that were 
entered into the tool account for differences in chemical and helicopter application costs for 
application of only one (Eth or FF) versus two (Eth+FF) treatments. Subsequent effects of the 
ripener treatments on other costs are also accounted for, such as lower harvesting, in-field 
loading, and transport costs in VxT combinations, where statistical significant reductions in 
cane yield occurred.  
 

Table 1. Production factors and the recommended input costs for the Pongola region 
(source: South African Cane Growers’ Association). 

 
 
 
 
 
 
 
 
 
 
 

*Cost to grower after subtracting miller subsidy of 75% 

 
 

Results and Discussion 
 
Cane quality and yield results 
 
Across the four seasons, all 12 VxT combinations resulted in statistically significant increases 
in RV% by between 0.94 and 3.37 percentage points (Table 2) relative to that of the control 
treatment. The combination (Eth+FF) treatment statistically outperformed both the Eth and FF 
individual treatments in all cases, hence these four varieties can be regarded as exceptional 
responders (on RV% grounds) to the combination treatment. 

 
 

Production factor Cost (R/t cane) Cost (R/ha) 

Ripener chemical (Eth or FF)*  - 57 

Helicopter application (per single treatment)* - 126 

Cutting of cane by hand 22 - 

In-field loading 10 - 

In-field transport 12 - 

Zone loading 9 - 

Road haulage: farm to mill 40 - 
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Table 2. Effects of ripener treatments on RV% and yield (cane and RV) in varieties N36, N49, 
N53 and N57 averaged across four ratoon crops. The treatments were: Con = unsprayed 
control; Eth = Ethephon; FF = Fusilade Forte; Eth+FF = combination treatment. Different 

uppercase letters within each column indicate significant differences (P=0.05) between the 
control and treatments. Least significant difference (LSD) and coefficient of variance (CV%) 
values (p=0.05) are provided for each variety. Where significant, the magnitude of change 
induced by the ripener treatment relative to the control is indicated in separate columns. 

NS = not significant. 

V x T combination RV% Change CV% Cane yield Change CV% 
RV 

yield 
Change CV% 

N36 Con 11.66a  14.78 111.5a  15.67 12.81a  13.19 

 Eth 12.98b 1.32 10.37 111.9a NS 11.19 14.49b 1.68 13.03 

 FF 13.66b 2.00 9.92 113.5a NS 20.89 15.40b 2.59 19.53 

 Eth+FF 14.41c 2.75 10.22 109.4a NS 14.28 15.71b 2.9 15.50 

LSD  0.712   7.96   1.263   

N49 Con 13.22a  10.71 106.2b  15.21 13.97a  15.46 

 Eth 14.44b 1.22 8.68 101.6b NS 8.46 14.66a NS 11.62 

 FF 14.16b 0.94 7.80 100.1b NS 9.93 14.16a NS 11.77 

 Eth+FF 15.49c 2.27 11.45 93.0a -13.2 11.99 14.40a NS 16.84 

LSD  0.768   6.58   1.127   

N53 Con 12.06a  13.65 106.5b  14.31 12.70a  12.24 

 Eth 13.39b 1.33 11.99 104.2b NS 11.62 13.97b 1.27 17.37 

 FF 14.02b 1.96 10.41 111.4b NS 12.71 15.55c 2.85 13.10 

 Eth+FF 15.22c 3.16 12.67 94.4a -12.1 17.39 14.31b 1.61 19.17 

LSD  0.919   7.74   1.235   

N57 Con 9.79a  15.12 111.3a  10.56 10.91a  19.78 

 Eth 12.34c 2.55 10.92 109.3a NS 13.21 13.37b 2.46 10.51 

 FF 11.49b 1.70 12.11 114.1a NS 17.92 13.00b 2.09 17.94 

 Eth+FF 13.16d 3.37 8.91 115.0a NS 12.71 15.14c 4.23 15.86 

LSD  0.711   8.83   1.205   

 
 
Across the four seasons, only two of the 12 VxT combinations resulted in a significant 
reduction in cane yield (Table 2). In these cases, varieties N49 and N53 was shown to be 
susceptible to cane yield loss when ripened with the Eth+FF treatment (-13.2 and -12.1 t/ha, 
respectively). The variable nature of cane yield between the control and ripener treatments is 
clearly evident in the other VxT combinations. In some cases the cane yield values for the 
ripener treatments were higher than the respective control (e.g. FF treatment N53) and in other 
cases the values were lower (e.g. Eth treatment in N53). However, it needs to be emphasised 
that none of these other positive or negative variations were statistically significant. 
 
Across the four seasons, nine out of the 12 VxT combinations resulted in significant increases 
in RV yield by between 1.27 and 4.23 t/ha (Table 2). A consequence of the inherent variability 
in cane yield between treatments (as discussed above) is a degree of upward or downward 
distortion of RV yield benefit achieved by the various VxT combinations. 
 
Such distortion of RV yield benefit complicates, or may even prevent, development of variety-
specific ripening recommendations. For example, after four years of field experimentation it 
was not possible to make any concrete ripening recommendations for N49 because none of 
the VxT combinations in this variety resulted in statistically significant increases in RV yield 
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compared to the control (Table 2). However, based on the statistically significant positive RV% 
responses (0.94 to 2.27 percentage point increase) it is clear that N49 indeed responded to 
all three ripener treatments (Table 2) suggesting economic benefit to both grower and miller.  
 
Similar confounding effects were observed in some of the other VxT combinations. In variety 
N36 it was not possible to distinguish clear efficacy differences between treatments based on 
RV yields. Hence, the industry-accepted recommendation of applying the Eth+FF treatment 
in variety N36 (SASRI, 2014) was not supported by the RV yield results (Table 2). This is 
contrary to the RV% responses (Table 2), which statistically supports the existing 
recommendation of applying the Eth+FF treatment in N36. 
 
This paper argues that an RV yield-based approach is not sufficiently sensitive to develop 
accurate variety-specific ripening recommendations and that a new decision-making 
framework, based on RV% data and economic analysis, is required to make progress. 
 
A new decision-making framework for developing variety-specific ripening recommendations 
 
A new decision-making framework is proposed where variety-specific ripening 
recommendations are entirely based on statistical interrogation of RV% data, provided no 
statistically significant reduction in cane yield, compared to the control, occurred. Cane yield 
is only taken into consideration when a specific ripener treatment resulted in a significant 
reduction in cane yield relative to the control (the specific case of the Eth+FF treatment in N49 
and N53, Table 2). 
 
The profitability of the various VxT combinations are subsequently interrogated by calculation 
of gross margin monetary returns in isolation of the confounding distortion effects of non-
significant positive or negative variability in cane yield. During economic analysis this is 
achieved by adjusting cane yields in the ripener treatments to those achieved in the controls. 
However, where a particular treatment significantly reduced cane yield, the actual cane yield 
value is used to determine whether that treatment is still a viable option in terms of profitability. 
The application of this new framework to the RV% and yield data shown in Table 2 is illustrated 
in Table 3. 
 
In varieties N36 and N57 no statistically significant reductions in cane yield (compared to 
control) in response to any of the ripener treatments were observed. As such, cane yields 
were adjusted to those achieved in the controls and used to calculate gross margin monetary 
returns (Table 3). Gross margin monetary returns ranged from R7 170-R14 953/ha and 
R7 991-R17 094/ha in N36 and N57 respectively, with the largest returns achieved by the 
combination treatments. These economic results agree with the RV% results obtained from 
the field trials, which indicated that both varieties can be regarded as positive responders to 
the combination treatment. Actual RV yields achieved in the field trials were not sufficiently 
sensitive, with particular emphasis on the inability to replicate existing (South African 
Sugarcane Research Institute, 2014) ripener recommendations for variety N36.  
  
Varieties N49 and N53 did not experience any statistically significant reduction in cane yield 
in response to the Eth or FF treatments. However, the statistically significant reductions in 
cane yield of 13.2 and 12.1 t/ha in the Eth+FF treatments for N49 and N53 respectively were 
taken into account during economic analysis. Gross margin returns were estimated to be 
R6 290/ha (Eth), R4 805/ha (FF) and R2 690/ha (Eth+FF) for N49 and R6 894/ha (Eth), 
R10 245/ha (FF) and R8 371/ha (Eth+FF) for N53. The lower gross margin returns in the 
Eth+FF treatment, compared to one or both of the individual treatments, suggests that it is not 
the most profitable ripening treatment for varieties N49 and N53, despite the RV% data, which 
suggested the contrary. Hence, the individual Eth or FF treatments are recommended for 
these varieties instead. 
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Table 3. Effects of ripener treatments on gross margin monetary returns calculated from actual RV% trial data and adjusted cane yields (in 
absence of statistically significant reductions relative to control) and typical production costs for the Pongola region. For the Eth+FF treatments 

(bold font) in variety N49 and N53 actual cane yields were used (presence of a statistically significant reduction relative to that of the control). 

 
 Trial data used to estimate income2 Production costs  

VxT 
combination 

Actual 
RV% 

Actual 
cane yield 

(t/ha) 

Adjusted 
cane yield 

(t/ha)1 

RV yield 
(t/ha)2 

Chemical 
(R/ha) 

Application 
(R/ha) 

Harvesting 
(R/ha) 

In-field and 
zone loading 

(R/ha) 

Transport to 
mill (R/ha) 

Gross 
margin 
return 
(R/ha) 

N36 Con 11.66a 111.5a 111.5 13.0 0 0 2440 3457 4460  
N36 Eth 12.98b 111.9a 111.5 14.5 57 126 2440 3457 4460 7170 
N36 FF 13.66b 113.5a 111.5 15.2 57 126 2440 3457 4460 10958 
N36 Eth+FF 14.41c 109.4a 111.5 16.1 114 252 2440 3457 4460 14953 

N49 Con 13.22a 106.2b 106.2 14.0 0 0 2324 3292 4248  
N49 Eth 14.44b 101.6b 106.2 15.3 57 126 2324 3292 4248 6290 
N49 FF 14.16b 100.1b 106.2 15.0 57 126 2324 3292 4248 4805 
N49 Eth+FF 15.49c 93.0a 93.0 14.4 114 252 2035 2883 3720 2690 

N53 Con 12.06a 106.5b 106.5 12.8 0 0 2330 3302 4260  
N53 Eth 13.39b 104.2b 106.5 14.3 57 126 2330 3302 4260 6894 
N53 FF 14.02b 111.4b 106.5 14.9 57 126 2330 3302 4260 10245 
N53 Eth+FF 15.22c 94.4a 94.4 14.4 114 252 2066 2926 3776 8371 

N57 Con 9.79a 111.3a 111.3 11.2 0 0 2435 3450 4452  
N57 Eth 12.34c 109.3a 111.3 13.7 57 126 2435 3450 4452 12717 
N57 FF 11.49b 114.1a 111.3 12.8 57 126 2435 3450 4452 7991 
N57 Eth+FF 13.16d 115.0a 111.3 14.7 114 252 2435 3450 4452 17094 

 
1Cane yields of ripener treatments adjusted to same value as controls (due to absence of statistically significant differences). Actual cane yield value for N49 
Eth+FF treatment retained (due to statistically significant difference). 
2RV yields calculated from actual RV% and adjusted cane yield (grey shaded columns) and used to calculate income at an RV price of R4995/t.
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This new decision-making framework enables more accurate and efficient development of 
variety-specific ripening recommendations compared to the previous RV yield-based 
approach. A comparison of recommendations derived through both approaches is provided in 
Table 4. 

 
Table 4. Comparison of variety-specific ripening recommendations derived  

through the previous RV yield-based approach and the new framework,  
which considers RV% responses in combination with economic analysis.  

R = treatment recommended in a specific variety; NR = treatment not  
recommended in a specific variety. 

 

V x T combination 
Previous RV yield-
based approach 

New 
framework 

N36 Eth R R 

  FF R R 

  Eth+FF NR R 

N49 Eth NR R 

  FF NR R 

  Eth+FF NR NR 

N53 Eth R R 

  FF R R 

  Eth+FF NR NR 

N57 Eth R R 

  FF R R 

  Eth+FF R R 

 
 
In nearly all cases the non-recommendation of treatments developed through the previous RV 
yield-based approach is unjustified, both on cane quality (RV%) and economic grounds. For 
example, according to the previous RV-yield based approach, no chemical ripening should be 
recommended in variety N49, despite the fact that cane quality (RV%) responses and 
economic analysis clearly revealed the contrary. If growers were to refrain from ripening N49, 
significant financial gain could been forfeited as a consequence. Although the combination 
treatment is the most profitable ripening approach in varieties N36 and N57 (Table 3), the 
individual treatments are also recommended (Table 4) because climatic variation from season 
to season, which influences the maturity state of the crop, and unavoidable changes in 
harvesting schedules sometimes only allow application of an individual treatment. 
 

Conclusions 
 
A new decision-making framework is presented where variety-specific ripening 
recommendations are based entirely on statistical interrogation of RV% data, provided no 
statistically significant reduction in cane yield relative to the control occurred. Cane yield is 
only taken into consideration when a specific ripener treatment resulted in a significant 
reduction in cane yield relative to the control. 
 
This new framework enables more accurate and efficient development of variety-specific 
ripening recommendations compared to the previous RV yield-based approach. A summary 
of this framework, in the form of decision trees, is provided to illustrate development of ripening 
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recommendations for individual ripening chemicals (Figure 1) or combination treatments 
(Figure 2). 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Decision-making framework for formulating variety-specific ripener 
recommendations based on field trial data (RV%, cane yield) and gross margin 
 monetary returns (R/ha). The treatments under consideration in this framework  

are for the Ethephon (Eth) and Fusilade Forte (FF) individual treatments only. 

 
 
 
 
 
 
 
 
 
 

Is there a significant (p < 0.05) increase 
in RV% 

over the control? 

Eth or FF single treatments 

Is there a significant (p < 0.05) reduction  
in cane yield to the level causing a lower gross 

margin return than in control? 

No Yes 

No Yes 

Ripener treatment  

recommended 

Ripener treatment  

not recommended 
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Figure 2. Decision-making framework for formulating variety-specific ripener 
recommendations based on field trial data (RV%, cane yield) and estimated  
gross margin monetary returns (R/ha). The treatment under consideration in  

this framework is the Ethephon and Fusilade Forte combination  
treatment (Eth+FF) only. 

 
 
 

Is there a significant (p < 0.05) increase 
in RV% 

over the control? 

Eth+FF treatment 

Yes No 

Is there a significant (p < 0.05) reduction  
in cane yield resulting in lower gross margin return than  

with any of the single treatments? 

No Yes 

Ripener treatment  

not recommended 

Was the increase in RV% over the 
control significantly (p < 0.05) larger 

than both single treatments? 

No, only one Yes, both No, neither 

Combination 
treatment 

recommended 
(exceptional 

response) 

Combination 
treatment 

recommended 
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