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Abstract

In the context of water shortages, rapidly escalating electricity tariffs and increasing strain on
farmers to remain profitable, deficit irrigation strategies have become increasingly more
attractive. Deficit irrigation strategies aim at reducing water applications in order to reduce
water and electricity costs. The hypothesis is that reductions in costs and gains in irrigation
efficiency would offset the loss in revenue from yield penalties due to water stress. In
addition, water savings could potentially be used to increase the area under irrigation and
further increase the benefit. In this study, a computer-based decision support framework was
used to assess a number of deficit irrigation strategies for the Heatonville area in KwaZulu-
Natal. It was assumed that a semi-permanent sprinkler irrigation system, capable of applying
48 mm in a 10-day cycle was in use. Hence, to simulate a realistic and implementable
scenario, deficit strategies that made use of the °‘existing hardware’ were developed,
simulated and assessed. Strategies included ‘fixed cycle’ irrigation versus optimally
scheduled irrigation versus altering stand times to reduce and keep irrigation applications
outside of costly electricity peak periods. The results indicate that the cost of yield loss was
too great to be offset by cost savings from water and electricity tariffs. Deficit irrigation
proved beneficial when water savings were used to increase the irrigated cane area, where
additional land was available. Substantial increases in relative profits were realised when the
irrigated cane area was increased. Potential to increase profits while using scarce resources
conservatively was an encouraging outcome.
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Background and Introduction

In the past, irrigation design philosophy ensured that irrigation systems were designed to
meet peak crop water requirements to maximise crop yields or limit crop stress (English and
Rajah, 1996). This strategy, however, lent itself to excessive use of a limited water resource.
As the value of a finite water resource and the cost of over-irrigation became known, efforts
to irrigate more efficiently became abundant. Advancements in irrigation hardware and
control systems led to improved design of irrigation systems, more effective management and
ultimately more efficient use of water (Hoffman and Martin, 1993). Rapidly increasing
populations and growth in other sectors such as urbanisation, industry and mining, however,
increased the competition for water while also increasing the demand for food. As a result,
the irrigation sector is continually under pressure to increase water productivity, i.e. grow
more with less.
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In addition, the global economic meltdown has increased the strain on farmers. Rising costs
of fuels, fertilisers and other agrochemicals has resulted in a substantial impact on farm profit
margins. Steep increases in electricity tariffs posed a significant threat to many farmers. In
South Africa over the last three years, increases in electricity tariffs included:

e 14.2% effective from 1 April 2008
® 34.49% effective from 1 July 2008
® 33.6% effective from 1 July 2009.

At the time of this study, application for a further 45% tariff increase per annum for the next
three years was submitted to the National Energy Regulator of South Africa (NERSA)
(www.eskom.co.za/tariffs). Subsequently, a tariff increase of 25% per annum for the next
three years was approved.

These tariff increases could be crippling for many farmers with low profit margins (Jumman,
2009). As a result, strategies to combat water shortages and steep input costs in order to
increase profitability are needed, now more than ever before.

A deficit irrigation strategy is one such option. In this study, computer models have been
used to develop and assess three specific questions for a typical South African scenario.
Although these questions were investigated using hypothetical scenarios, they were
considered realistic and very relevant to the current sugarcane farming environment.

® Question 1: Irrigation scheduling
What are the benefits of irrigation scheduling? Stevens (2006) and Singels and Smith
(2006) reported that adoption of scientific irrigation scheduling in South Africa was far
below expectations. The computer-based tools and methodology used for this work
allowed for rapid assessment of the benefits of irrigation scheduling.

®  Question 2: Off-peak pumping
The second question related to taking advantage of off-peak pumping. Considering the
rapidly rising electricity tariffs, shifting irrigation applications to outside of peak periods
allows one to take advantage of the cheaper rates provided by the Ruraflex tariff option.
This, however, also implies reduced water applications and potential crop stress. The
question posed is, would the reduction in costs offset the consequential yield penalties
from water stress?

®  Question 3: Water curtailment
The third question relates to water allocation and irrigation capacities. Grower A has 100
ha of land under irrigation with adequate water resources. In light of the water scarcity or
in a drought year, the farm’s water allocation is cut so that only, say, 70 ha can be
irrigated. Does the grower irrigate only the 70 ha while abandoning the remainder, or
should the water allocation be spread over the 100 ha?

All of the above questions are management orientated, and do not require any modification to
the irrigation hardware. This step was considered important so as to ensure that only easily
implementable, realistic and appropriate strategies were developed for a grower. Questions 2
and 3 are potential applications of the concepts of deficit irrigation. Hence before proceeding,
important background information pertaining to deficit irrigation is reviewed in the following
section.
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Review of deficit irrigation concepts

Deficit irrigation strategies are profit maximising as opposed to yield maximising strategies.
The relationship between crop yield and applied water is illustrated in Figure 1.
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Crop Yield
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-------- 2. Transpiration
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1. Applied Water / 2. Transpiration

Figure 1. Schematic of the general form of crop production
(Lecler 2004, adopted from English, 1990).

As shown in Figure 1, the yield benefit from increasing water applications is linear up to a
point. Increasing the water application further, however, still increases yield but at a reduced
rate, as shown by the curvilinear slope, until the maximum yield point is reached. The
maximum Yyield point represents the peak crop water required, and represents the irrigation
capacity traditionally designed for. At this stage the efficiency of water use is reduced, as
increased application often contributes to increased losses from surface evaporation, runoff
and deep percolation, particularly where irrigation is not uniform. Applying water beyond the
optimum yield point often reduces yield due to leaching of nutrients, diseases and anaerobic
soil conditions associated with excessive irrigation. As a result of increased water losses and
higher capital and operating costs to apply more water, maximum profitability is seldom
attained when applying water sufficient to achieve maximum yields (English, 1990; English
and Raja, 1996; Lecler, 2004; Fereres and Soriano, 2007).

English (1990) reported that profits could be maximised by employing a deficit irrigation
strategy. Deficit irrigation aims to increase water use efficiency by applying reduced amounts
of irrigation water. Crop stress and reduced yields due to smaller amounts of irrigation can be
offset by reduced capital and operating costs (Lecler, 2001). This is illustrated in Figure 2.

In the cost and revenue functions shown in Figure 2, revenue is determined as the product of
the crop yield and a constant crop price, and therefore takes the same shape as the crop yield
function for applied water shown in Figure 1. The cost function is shown as a straight line,
where the intercept and the slope represent capital and operating costs, respectively.
Profitability is determined as the difference between the revenue and cost functions and is
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shown by distances B1 and B2 in Figure 2. For the cost and revenue functions shown in
Figure 2, the maximum net return occurs at reduced levels of applied water, to the left of the
optimum yield point. Furthermore, the system with the lower design capacity is probably less
able to meet peak crop water requirements but, due to lower capital and operating costs, has
the ability to attain almost double the net returns compared to the system with a larger system
capacity (English 1990; English and Raja, 1996, cited by Lecler 2004). Furthermore, if water
is the limiting resource and not land, water savings from a deficit strategy could be used to
irrigate a larger area and contribute further to profit margins. This is referred to as the
‘opportunity cost’ of water (English, 1990).

Design capacity system 1
-7 a2 A2 Design capacity system 2

_/“/. B1 Max net return system 1

Cost and Revenue

B2 Max net return system 2
— Revenue function

————— Cost function system 1

— .. — - Cost function system 2

Applied Water

Figure 2. Schematic of cost and revenue functions
(Lecler 2004, after English 1990).

In the context of increasing water scarcity and rapidly increasing electricity costs, deficit
irrigation appears to be an attractive strategy for the South African context. Both the
sugarcane crop and the Ruraflex electricity tariff structure provide opportunities to implement
deficit irrigation. This relates directly to off-peak pumping as described in Question 2. For
this reason, important background information on the sugarcane crop and the Ruraflex
electricity tariff structure are presented below.

Review of the sugarcane crop in context of deficit irrigation

In a situation where water is limited, knowledge of critical crop growth stages and associated
responses to water stress will aid management decisions regarding the timing of irrigation,
and will help identify potential periods for deficit or reduced irrigation (Inman-Bamber and
Smith, 2005). Four different growth stages can be distinguished in sugarcane, namely,
establishment, vegetative growth, yield formation and maturation or ripening (Doorenbos and
Kassam, 1979). Presented in Table 1, are yield response factors for the various crop growth
stages of sugarcane. The yield response factors are indicators of crop yield sensitivity to
water stress. The yield response factors in Table 1 illustrate that sugarcane is most sensitive
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to water stress during the vegetative growth stage, which occurs immediately before and after
crop canopy establishment followed by the yield formation stage. Furthermore, the yield
response to water stress in the establishment and maturation stage is insignificant.

Table 1. Yield response factors for sugarcane for a high producing variety
well adapted to the growing conditions (Doorenbos and Kassam, 1979).

Establishment | Vegetative Ylel(! Matl,}l'atlf)ll TOt‘fll
Crop formation and ripening growing
phase phase .
phase phase period
Sugarcane - 0.75 0.5 0.1 1.2

The data presented in Table 1 (Doorenbos and Kassam, 1979), is well supported by
experiments and field trials (Roberts et al., 1990; Pene and Edi, 1999; Chaudhry and Leme,
1996; Inman-Bamber and Smith, 2005; Olivier et al., 2006; Inman-Bamber and de Jager
1998). Literature therefore suggests that there is potential for implementation of a deficit
irrigation strategy in sugarcane. Other than reducing irrigation during the maturation and
ripening phase, room also exists to implement a deficit strategy during the period after
establishment and before the onset of rapid stalk elongation (Robertson et al., 1999).

Review of the Ruraflex electricity tariff structure

ESKOM have designed a number of tariff options for electricity users in South Africa. Tariff
structures typically used by growers include the Landrate, Nightsave and Ruraflex options.
All tariff options have a fixed cost for the use of infrastructure irrespective of whether
electricity is used or not, and a variable costs for the actual consumption of electricity. The
Landrate option consists of a flat rate, dependent on the size of supply, for both fixed and
variable costs. The Ruraflex and Nightsave options, however, were designed to promote the
use of electricity during low demand season and off peak hours. For this reason the variable
costs for energy consumption are differentiated according to the time of use. In other words,
use of electricity during low demand and off-peak periods is rewarded with lower tariffs. For
the purposes of this exercise, the electricity costs were determined based on the Ruraflex
tariff structure, as illustrated in Figure 3.

24 0 2
Weekdays

Saturday

High Demand Season = June - Aug
Low Demand Season = Sept - May
Bl Peak

[ Standard
Bl Off-Peak

Figure 3. Designated peak, standard and off-peak periods for consumption
of electricity using the Ruraflex option (www.eskom.co.za/tariffs).
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This was because the Ruraflex option provides many opportunities to limit irrigation to
cheaper off-peak and standard periods. This will, however, impact on the total irrigation
amount.

Materials and Methods

As discussed in the introduction, all strategies to be assessed made use of the same irrigation
hardware. For this reason, a representative semi-permanent sprinkler irrigation system was
designed for the Heatonville area. The site was assumed to have a 1.2 m deep sandy clay
loam soil with a total available water content (TAW) of 114 mm. The irrigation system was
designed to use a VYRSA 35 sprinkler with a 4.4 mm brass nozzle. The sprinklers were
designed to operate on a 12-hour stand time, delivering 48 mm on a 10-day cycle. This was
equivalent to a peak gross application of 4.8 mm/day. The pump power requirement was
determined to be 25 kW and an ESKOM supply transformer of 50 kVA was assumed. These
characteristics represented the maximum capability of the system.

Potential irrigation management alternatives, relating to the specific research questions were
then developed and assessed using computer-based modelling tools. The modelling tools
consisted of the ZIMsched 2.0 (Lecler, 2003; Lecler, 2004) and Irriecon V2 (Armitage et al.,
2008) models. ZIMsched 2.0 is a water balance and crop yield prediction model and was used
to simulate the seasonal water use and crop yields for the various irrigation strategies.
Historical weather data obtained from the Pogela weather station in Heatonville was used in
the model. The seasonal water use and crop yield, as predicted by ZIMsched 2.0 was then
used in Irriecon V2, an economic analysis tool, to evaluate the performance of each strategy.
The input costs and RV price used to configure the Irriecon V2 model are summarised in
Table 2.

Table 2. Summary of costs and recoverable value (RV) price
used to configure the Irriecon V2 model.

Description Value Units
Water tariffs for Heatonville scheme* 4.50 c/m’
Labour for irrigation 1.65 Hrs/1000m’
Labour costs 7.38 R/hr
RV costs 1583.12 R/ton

*http://www.dwa.gov.za/Projects/WARMS/Revenue/WRIReviewedTariffsIRRI.pdf

In addition, simulations were run for 15 cropping seasons. The results presented in this paper
are expressed as averages of the 15 years. Below is a description of the irrigation operating
strategies that were assessed.

Base strategy (control)

It was assumed that this strategy already existed and was operating successfully. This strategy
was considered to be a ‘base’ strategy and served as the benchmark against which other
strategies could be compared. Following Stevens (2006) and Singels and Smith (2006), who
concluded that adoption of scientific irrigation scheduling in South Africa was far below
expectations, for the base strategy it was assumed that no irrigation scheduling was used.
Instead, the base system was assumed to operate on a fixed winter and summer cycle with a
simple rule for delaying irrigation when rainfall occurred. The base strategy worked as
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follows. During the summer months when irrigation demand is high, the system was operated
on a 12-hour stand time to deliver the peak application of 4.8 mm/day. In winter, however,
when irrigation demand is low, the stand time was reduced to 8 hours while keeping the
irrigation at two sets per day. In this way irrigation was reduced to 3.2 mm/day.

The other strategies developed include:

e Making use of irrigation scheduling (strategy A).

e Reducing stand times so that irrigation applications occur outside of peak electricity
periods (strategy B).

e Reducing irrigation applications during periods when the sugarcane crop is not prone to
yield loss from water stress (strategy C).

These strategies are summarised in Table 3 and are described in more detail below. As shown
in Table 3, most of the strategies were developed by simply modifying the stand time of

sprinklers.

Table 3. Summary of strategies developed to improve irrigation performance and profitability.

Strategy Base A | B | C*
Scheduling fixed winter & irrigation applied at 50% of TAW
summer cycle
Peak application associated winter = 3.2
with system strategy Iy 4.8 32 4.8 & 3.2 deficit
summer = 4.8
(mm/day)
L winter = 32 off-peak = 32
Application per cycle (mm) summer = 48 48 32 peak = 48
Cycle length (days) 10 10 10 10

. winter = 8 8 (germination + tillering)
Stand time (hours) summer = 12 12 8 12 (yield formation
No of sets/day 2 2 2 2

*For strategy C, system operated on two 8-hour stand times per day during germination and tillering, and two
12-hour stand times per day during the yield formation phase.

Strategy A — Scheduled

Strategy A simply included an irrigation scheduling regime to minimise crop stress and
optimise the use of water. ZIMsched 2.0 was used to schedule irrigation optimally. An
irrigation event was triggered when soil water depletion was at 50% of TAW, provided that
the minimum cycle time had elapsed.

Strategy B — Shifting electricity use

In strategy B, the system was operated for only two 8-hour sets per day instead of two 12-
hour sets. This allowed for shifting the use of electricity into standard and off-peak hours.
Considering the Ruraflex option in Figure 3 above, the first 8-hour set can take place during
the standard period between 10:00 and 18:00. The second 8-hour set can run during the off-
peak period between 22:00 and 06:00. Positioning of sprinklers for the evening application
would have to take place at 18:00 before the sun sets. Reducing the stand time, however,
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reduced the system capacity to 3.2 mm/day. Note that Zimshed 2.0 was used to ensure
accurate scheduling of irrigation applications.

Strategy C — Sugarcane peak and off-peak demand periods

Strategy C consisted of a combination of strategies A and B. As explained previously, for the
sugarcane crop, water stress in the establishment and tillering phase did not impact
significantly on final yields. Hence strategy C aimed to make use of strategy B during the
establishment phase and the higher capacity strategy A in the vegetative and yield formation
phases. In general, the sugarcane plant crop requires 30 days for emergence and a further 90
days for tillering (FAO, 2009. Crop water information: Sugarcane: http://www.fao.org/nr/
water/cropinfo_sugarcane.html). Hence reduced irrigation can occur for 120 days from
planting without significantly impacting on final yields. In addition, if the crop was planted in
April, the low crop water requirements in the germination and tillering phase partially
coincide with the high demand season for electricity, from June to August. Reduced
applications and pumping costs during periods of elevated electricity costs will thus be of
greater benefit. This is shown in Table 4.

Table 4. Timeline illustrating strategy C during specific crop phases
and expensive high energy demand periods.

Apr ‘ May ‘ June ‘ July Aug ‘ Sep ‘ Oct ‘ Nov | Dec ‘ Jan ‘ Feb March
Emergence + tillering Canopy development + yield formation Maturation
‘ High demand season Low demand season
3.2 mm/day strategy B 4.8 mm/day strategy A

Hence, as shown in Table 4, it was decided that strategy B was used until the end of the high
electricity demand period. The ZIMsched 2.0 model was configured to apply strategy B for
the first 150 days, until the end of August, and strategy A for the remaining period until
drying off. This translated into operating the system on two 8-hour sets for the first 150 days
and then on two 12-hour sets for the remainder of the irrigating season. Note that, in strategy
C, application of irrigation water is scheduled and, for this reason, strategy C is different from
the base strategy. Specifying the period for emergence and tillering in calendar days is not
ideal, since variation in climatic factors can alter the rate of crop development. The 120
(calendar) days assumed in this example for emergence and tillering equated to a thermal
time in the region of 1000 degree days for a base temperature of 10 degrees Celsius. This
corroborated well with published figures (Singels et al., 2008; Olivier et al., 2009). Applying
strategy B for the additional 30 days during the electricity high demand season in August,
however, extends into the canopy development growth stage and could potentially result in
stress.

Figure 4 illustrates the anticipated performance of all the strategies. Since all strategies made
use of the same hardware, the curves for all strategies crossed the Y-axis at the same point
indicating a common capital expense. Similarly, strategies which were expected to apply
higher volumes of water were expected to have higher operating costs and were therefore
represented with steeper slopes. Strategy B, which reduced irrigation applications to within
off-peak and standard hours, was expected to yield the biggest cost reduction and therefore
the highest profits.
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Figure 4. Schematic of the anticipated costs of the various strategies.

Results

The average annual irrigation applications and yields as predicted by the ZIMsched 2.0 model
are shown in Table 5. As expected, the fixed cycle base system with no scheduling used the
most water. Not surprisingly, this system also delivered lower yields, indicating crop stress
due to over-irrigation and potentially anaerobic conditions. The base system delivered on
average 134 tons/ha for an average annual water use of 937 mm. Strategy A, however,
delivered a yield of 139 tons/ha with a water use of only 783 mm. Hence, addressing
Question 1, irrigation scheduling alone, over 15 years on average increased the yield by
5 tons/ha while preventing the unnecessary application of 154 mm of water annually. This
clearly demonstrates the advantages of scheduling irrigation and provides strong motivation
for growers to invest the time and effort required to implement irrigation scheduling.

Table 5. Annual water use and crop yields expressed as an average
of the 15 cropping seasons.

Average annual .
Average yield
Strategy water use
(tons/ha)
(mm)
Base 937 134
A (4.8 mm/day) 783 139
C (summer/winter cycle) 759 139
B (3.2 mm/day) 636 132

Comparing the optimised strategy A to the cost-saving strategy B, the difference amounted to
a yield loss of 7 tons/ha for a water savings of 147 mm of water. So, restating Question 2,
would the cost savings for not applying the 147 mm of water make up for the 7 tons/ha yield
loss in strategy B? The answer is provided by the economic analysis in Table 6. The margins
above specified costs (MASC) for each strategy, in Table 6, were determined by subtracting
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the irrigation and agronomic costs from the revenue from cane sales. Dryland margins were
also simulated in order to quantify the benefit of converting dryland area into irrigated area
with water savings.

Table 6. Economic performance for each scenario expressed as
an average of the 15 cropping seasons in units Rand per ha.

Base A B C
Strategy Fixed A8mm | 3.2 mm 4.8 and Dryland
cycle 3.2 mm
Revenue
Cane sales 24,563 | 25,594 | 24,354 | 25,544 13,815
Irrigation costs
Mainline fixed costs' 981 981 981 981 0
Mainline operating costs” 1,105 988 653 916 0
Total mainline costs 2,086 1,969 1,634 1,897 0
System costs
System fixed costs’ 115 115 115 115 0
System variable costs’ 624 522 425 506 0
Total system costs 739 637 540 622 0
Total irrigation costs 2,825 2,606 2,174 2,519 0
Other direct costs
Planting costs 943 943 943 943 943
Ratooning costs 3,290 3,290 3,290 3,290 3,290
Harvesting costs 1,554 1,619 1,541 1,616 874
Haulage costs 4,228 4,405 4,192 4,397 2,378
Total other direct costs 10,015 10,257 9,965 10,246 7,485
Margin above specified costs
(MASC) 11,723 12,730 12,215 12,780 6,330

1 = Interest, depreciation and insurance on all underground pipes, the pumping system and electricity fixed
costs.

2 = Electricity variable costs plus repairs and maintenance (repairs and maintenance expressed as a percentage
of fixed costs).

3 = Interest and depreciation on sprinkler package only.

4 = Water tariffs plus labour plus repairs and maintenance (repairs and maintenance expressed as a percentage
of fixed costs).

Thus, the answer to Question 2 is ‘no’. The cost saving from not applying the 147 mm of
water does not make up for the loss in yield. As shown in Table 6, the margin above specified
costs for strategy B was lower than that for strategy A. Although the operating costs for
irrigation were much lower for strategy B, the loss of revenue due to the yield reduction was
much greater.

Irrigation costs

As was anticipated, the mainline and system fixed costs were identical for all strategies. This
was because all strategies made use of the same hardware. However, unlike the fixed costs,
the operating/variable costs for each scenario varied. The mainline operating costs were
dependent on the use of electricity while the system variable cost was a function of water
tariffs. As expected, systems applying more water on a 12-hour stand time, incurred higher
mainline operating and system variable costs. For example, the mainline operating costs for
strategy A and strategy B were R988 and R653 per ha, respectively. This demonstrates the
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small economic benefit of shifting electricity use to cheaper standard and off-peak hours.
Similarly, the system operating costs for the base strategy and strategy A were R624 and
R522 per ha, respectively. This demonstrated the impact of reduced water applications by
scheduling irrigation and therefore reduced water tariffs. The cost of electricity was higher
than the cost of water in this case study.

Saving irrigation costs versus losing revenue from yield loss

The impact of the irrigation costs appears to be smaller than revenue from yields. For
example, when comparing strategies A and B, the water savings was 147 mm and the yield
loss was 7 tons/ha. The difference in irrigation costs, from Table 6, amounts to R432 per ha.
The difference in revenue from cane sales, however, amounts to R 1,240 per ha. This implies
that the direct costs of water and electricity are considerably smaller in comparison to the
revenue lost from yield reductions. At this stage it appears that applying a deficit strategy to
conserve water and reduce costs, while incurring a yield loss, does not benefit the grower
financially. The exception in this case was for strategy C, where water was held back at non-
critical growth stages. This resulted in water savings with minimal crop stress and therefore
reasonably high yields and margins above specified costs.

Opportunity cost of water

The concept of deficit irrigation, however, cannot be ruled out. The value of a deficit strategy
can be realised in the opportunity cost of water. In other words, increased profits can be
realised where water savings from a deficit strategy are used to convert dryland cane into
irrigated cane, assuming that land is available. This scenario can be related back to Question
3, where water allocation on a 100 ha farm was reduced. In this case, implementing a deficit
irrigation strategy and saving water on the 70 ha, would allow for the irrigation of additional
area. This is demonstrated in Table 7.

In Table 7, the irrigable area ratio is an indicator of the additional dryland area that can be
irrigated with water savings. For example, in Table 5, the base strategy and strategy B on
average used 937 and 636 mm per annum, respectively. Hence, for every hectare converted
from the base strategy to strategy B, a water saving of 301 mm would be realised. An
irrigable area ratio was then used to determine what dryland area could be converted with the
water savings (Table 7). The MASC, including dryland margins, from Table 6 were carried
through to Table 7. The irrigable area ratio was then applied to the MASC above dryland to
determine the relative potential increase in MASC when dryland cane was converted to
irrigated area with the water savings.

Continuing with the previous example, for every hectare converted from the base strategy to
strategy B, the 301 mm water savings could be used to irrigate an additional area of 0.47 ha.
This translated into an increase in MASC by R2,786. Hence, strategy B has the ability to
generate a relative increase in MASC to R15,001 compared to R11,723 for the base strategy.
Similarly, the other strategies also possess the ability to generate increases in net margins
ranging from 19.3% to 28% increase, as shown in Table 7.

The irrigable area ratio indicates that the systems and strategies applying the smallest amount
of water have the ability to benefit the most from irrigating the additional area. This
corresponds to strategy B. This strategy saves more water and was therefore able to irrigate
larger areas during water restricted periods, as shown by the relatively higher irrigable area
ratios in Table 7. These systems therefore also realised the highest MASC totals after
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factoring in the additional area that could be irrigated. In this particular exercise, for these
circumstances, strategy B yielded the highest net margin after realising the opportunity cost
of water. This was an interesting result considering that strategy B applied the lowest amount
of water and therefore incurred the most stress and delivered the lowest yields. Not only did
strategy B achieve higher profits, but it also possesses the potential to reduce the country’s
electricity load during peak hours. Strategy B operated on two 8-hour stand times and
therefore prevented pumping during peak periods, saving the grower in terms of electricity
costs and potentially benefiting the country at a time when energy conservation is crucial.

Table 7. Potential increase in net margins if dry land cane is irrigated with
water savings from deficit strategies in units Rand per area under cane.

Strategies - Base A B C Dryland
Fixed cycle | 48mm | 3.2 mm | 4.8 & 3.2 mm

Margin above specified costs
(MASC) 11,723 12,703 12,215 12,780 6,330
MASC above dryland (R) 5,392 6,400 5,884 6,450 0
Irrigable area ratio' 1 1.20 1.47 1.23 0
Relative potential increase in
MASC obtained by cpnyertmg 0 1261 2786 1507 0
dryland cane area to irrigated cane
area with water savings2 (R)
MASOC totals after converting dry
land area to irrigated with water 11,723 13,991 15,001 14,287 6,330
savings (R)
Relative % increase in MASC 0% 19.3% 28.0% 21.9%

'For example, the base strategy uses 937 mm so the irrigable area ratio is 937/937=1, whereas strategy B uses
636 mm so the equivalent ratio is 937/636=1.47 (See Table 5 for average water use of each strategy).
The relative potential increase in MASC from converting dry land cane was determined as follows:

MASC

Relative potential increase _ ( MASC
- above dry land

in MASC above dry land X irrigable area ratio) -

Summary, Discussion and Conclusions

Answer to Question 1: Irrigation scheduling
The benefits of irrigation scheduling have been demonstrated. Irrigation scheduling allows
for reduction in unnecessary application of water, while optimising yields.

Answer to Question 2: Off-peak pumping

In this case study, reducing irrigation during peak periods resulted in cost savings, although
these were insufficient to offset revenue lost from yield penalties. Thus, any potential saving
strategy needs to be evaluated in terms of potential impacts on yields and revenue.

Answer to Question 3: Water curtailment

The opportunity cost of water was shown to justify the implementation of deficit strategies in
this case study. The financial benefits of deficit strategies were only realised when the water
saved from deficit irrigation was used to increase the irrigated cane area, for example, during
water allocation curtailments. Hence, provided the opportunity cost of water is realised,
deficit strategies can help conserve water and electricity while yielding higher overall profits.
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The implementation of deficit strategies, due to the precise nature and narrow margins for
error, would require precise irrigation scheduling and monitoring of the soil and/or crop
responses. Monitoring tools will not only help to implement these strategies, but also assist in
gauging the performance of such strategies. Proof of performance, through near real time
monitoring, will likely be required to help instil confidence in growers. Furthermore, as the
primary advisors to farmers, extension specialists could play a vital role in the
implementation of deficit irrigation strategies.

Acknowledgements

This work was completed within the framework of a Water Research Commission (WRC)
project titled “Standards and guidelines for improved efficiency of irrigation water use from
dam wall release to root zone application”. The WRC project, project no K5/1482/4 was
initiated, managed and funded by the WRC. The authors would like to acknowledge the
WRC for their support and contribution to this work.

References

Armitage R, Lecler NL, Jumman A and Dowe K (2008). Implementation of the Irriecon V2 decision
support tool to assess net returns to irrigation systems. Proc S Afr Sug Technol Ass 81: 545-465.

Chaudhry FH and Leme EJA (1996). Optimal irrigation scheduling of sugarcane by net profit
maximization through dynamic programming. In: Camp CR, Sadler,EJ and Yoder RE (Eds),
Proceedings of the International conference on Evapotranspiration and Irrigation Scheduling. pp
1122-1128, ASAE. St. Joseph, USA.

Doorenbos J and Kassam AH (1979). Yield response to water. FAO Irrigation and Drainage Paper
No. 33, Rome, Italy.

English M (1990). Deficit Irrigation: Analytical framework. Journal of Irrigation and Drainage
Engineering. 116(3): 399-412.

English M and Raja SN (1996). Perspectives on deficit irrigation. Agricultural Water Management.
32: 1-4.

Fereres E and Soriano MA (2007). Deficit irrigation for reducing agricultural water use. Journal of
Experimental Botany. 58(2): 147-159.

Hoffman GJ and Martin DL (1993). Engineering systems to enhance irrigation performance.
Irrigation Science. 14: 53- 63.

Inman-Bamber NG and de Jager JM (1988). Effect of water stress on sugarcane stalk growth and
quality. Proc S Afr Sug Technol Ass 62:140-144.

Inman-Bamber NG and Smith DA (2005). Water relations in sugarcane and response to water deficits.
Field Crops Research 92: 185-202.

Jumman A (2009). A framework to improve irrigation design and operating strategies in the South
African sugarcane industry. MSc Dissertation, School of Bioresources Engineering and
Environmental Hydrology, University of KwaZulu-Natal, RSA.

Lecler NL (2001). Optimal water management strategies for sugarcane. South African Sugar Industry
Agronomists’ Association, Mt. Edgecombe. RSA.

Lecler NL (2003). A model for the evaluation of irrigation and water management systems in the
Lowveld of Zimbabwe: Model development and verification. Proc S Afr Sug Technol Ass 77: 322-
346.

172



Jumman A et al Proc S Afr Sug Technol Ass (2010) 83: 160 - 173

Lecler NL (2004). Performance of irrigation and water management systems in the lowveld of
Zimbabwe. PhD Dissertation, School of Bioresources Engineering and Environmental Hydrology,
University of KwaZulu-Natal, RSA.

Olivier FC, Donaldson RA and Singels A (2006). Drying off sugarcane on soils with low water
holding capacity. Proc S Afr Sug Technol Ass 80: 183-187.

Olivier FC, Lecler NL and Singels A (2009). Increasing water use efficiency of irrigated sugarcane by
means of specific agronomic practices. Water Research Commision Report No. 1577/1/09,
Pretoria, South Africa.

Pene CBG and Edi GK (1999). Sugarcane Yield Response to deficit irrigation at two growth stages.
In: Kirda C, Moutonnet P, Hera C and Nielsen DR (Eds), Crop Yield Response to Deficit
Irrigation, ch 11, pp 136-147. Kluwer Academic Publishers, Dordecht, The Netherlands.

Roberts J, Nayamuth R, Batchelor CH and Soopramanien GC (1990). Plant-water relations of
sugarcane (Saccharum officinarum L.) under a range of irrigated treatments. Agricultural Water
Management 17: 95-115.

Robertson MJ, Inman-Bamber NG, Muchow RC and Wood AW (1999). Physiology and productivity
of sugarcane with early and mid-season water deficit. Field Crops Research. 64: 211-227.

Singels A and Smith MT (2006). Provision of irrigation scheduling advice to small-scale sugarcane
growers using a web based crop model and cellular technology: A South African case study.
Irrigation and Drainage 55: 363-372.

Singels A, Jones M and van der Berg M (2008). DSSAT v4.5 Canegro Sugarcane Plant Module-
Scientific Documentation. International Consortium for Sugarcane Modelling (ICSM) and South
African Sugarcane Research Institute (SASRI), Mount Edgecombe, South Africa.

Stevens JB (2006). Adoption of irrigation scheduling methods in South Africa. PhD Dissertation,
Department of Agricultural Economics, Extension and Rural Development, Faculty of Natural and
Agricultural Science, University of Pretoria, RSA.

173



	Opening Page
	Contents
	Plenary
	Eighty-fifth annual review of the milling season in Southern Africa (2009-2010)
	Review of South African sugarcane production in the 2009-2010 season from an agricultural perspective
	Double profits with a controlled traffic zero-till irrigation farming system?
	Review of sugarcane material handling from an integrated supply chain perspective

	Agriculture Session One: Breeding and Varieties
	Performance evaluation of SASRI varieties N19 and N25 in Tanzania
	Development of a variety selection decision support system:  genotype x environment analyses and system validation
	Multivariate repeated measures: A statistical approach for analysing data derived from sugarcane breeding variety trials
	Integrating agronomic and economic principles through applications of variety trial data: The Illovo case study
	NOVACANE® as a tool for rapid propagation of material for the SASRI plant breeding programme

	Agriculture Session Two: Small-Scale Growing
	Enhancing small-scale grower sustainability through institutional change
	Analysis of small-scale grower returns in Mpumalanga: Tenant farmers or sustainable producers?
	Financial management of Farmers' Associations for Small-Scale Growers: Lessons from the Malelane Mill Cane Committee
	Economic control of Cynodon - a theoretical strategy for emerging sugarcane farmers

	Agriculture Session Three: Irrigation
	Electricity tariff increases: the impact on irrigators?
	The revamped SASRI weather data service
	Deficit irrigation: a strategy to counteract escalating electricity tariffs and water shortages
	Optimizing irrigation scheduling of portable overhead systems: A simulation study
	Influence of climate data quality on the accuracy of South African sugarcane yield estimates

	Agriculture Session Four: Nutrition
	Nutrition of the South African sugar crop: current status and long-term trends
	Challenges and opportunities in leaf nutrient data interpretation
	Nitrogen responses and nitrogen use efficiency of four sugarcane varieties in Mpumalanga
	The use of twin-N (Nitrogen fixing bacteria for non-legumes) as an alternative source of nitrogen for sugarcane production

	Agriculture Session Five: Agronomy
	The effect of a trash blanket on the energy balance of a sugarcane crop: preliminary results
	Characterising the factors that affect germination and emergence in sugarcane
	An applied approach to sugarcane harvest scheduling decision support
	Adsorption of atrazine and hexazinone in a sugarcane soil amended with coal flyash

	Agriculture Session Six: Crop Protection: Insect Pests
	Impact of sugarcane thrips, Fulmekiola serrata (Kobus) (Thysanoptera: Thripidae) on sugarcane yield in field trials
	The presence of Wolbachia in Eldana saccharina Walker (Lepidoptera: Pyralidae): Implications for biological control
	Identification of herbivore induced plant volatiles from "push-pull" plants and Fusarium species: aids for the management of Eldana saccharina Walker (Lepidoptera: Pyralidae) in sugarcane?

	Agriculture Session Seven: Crop Protection
	Fusarium species causing pokkah boeng and their effect on Eldana saccharina Walker (Lepidoptera: Pyralidae)
	Effects of silicon and plant defence inducers on sugarcane yield parameters, Eldana saccharina Walker (Lepidoptera: Pyralidae) and Fulmekiola serrata Kobus (Thysanoptera: Thripidae) 
	Integrated weed management for sugarcane field verges: Melinis minutiflora and Cynodon dactylon encroachment

	Factory Session One: Factory Operations
	Experience of diffuser performance at very low imbibition water rates
	Noises off: banging sounds from pipes and vessels in a sugar factory - causes and cures
	A juice clarifier with turbulence reduction devices: results of first industrial trials 
	Measuring the quantity of incondensable gas removed by a liquid ring vacuum pump

	Factory Session Two: Commercial
	Factory Session Three: Optimisations
	Analysis of factory performance figures as an aid to identifying sources of undetermined loss
	Maidstone Mill factory optimisation: Use it or lose it
	Environmental challenges facing the sugar manufacturing industry
	A seasonal evaluation of the FilterKwik raw sugar filterability test

	Factory Session Four: Analysis and Control
	Using near infra red spectroscopy for rapid quantification of intermediate sugar factory products
	An introduction to gas chromatography mass spectroscopy for the structural elucidation of polysaccharides from sugar processing streams 
	Are mannitol and lactic acid indicators of sugarcane deterioration in a South African context?

	Factory Session Five: Factory
	Backend corrosion in bagasse-coal fired boilers with particular reference to co-generation
	Prepex - a hammerless shredding technology
	Evaluation of the SMRI juice colour analysis methods and laboratory clarification tests
	Evaluation of a BMA k2300R continuous centrifugal at Ubombo Mill, Swaziland 

	Factory Session Six: Refining
	Carbonatation - Pilot plant evaluation of single stage membrane filter press in a carbonatation refinery
	Evaluation of hydrogen peroxide at Huletts Refinery: preliminary results
	Refinery carbonatation - A practical approach

	SEARCH: 2010 PROCEEDINGS
	HISTORICAL PROCEEDINGS
	Bosch Engineering Solutions
	Editorial Panel 2010
	Officers: 2010 Update
	Award Winners: 2010 Update
	Instructions for Authors
	Disclaimer & Copyright
	Exit

