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Limited water resources constrain the expansion of the fruit industry. 

Pome- and stone-fruit production would have grown a lot more in 

certain areas if we had better access to water and our future success 

will be determined in part around our ability to manage water 

optimally. So the theme of this issue of Fresh Quarterly — water and 

irrigation — is highly relevant.

Hortgro recognises that total water management at a regional 

and national level, rather than at an operational level, will become 

increasingly important. From a research perspective, we have made a 

concerted effort to ensure that we’re covering all the bases, so that we 

have the information we need to go forward.

Many of our projects have been strategic. For example, it is 

absolutely critical to understand the water use of high-yielding 

orchards, as this information becomes a measure for the allocation 

of water. The fact that the Water Research Commission is co-funding 

these types of projects lends additional credibility to the results.

We also have projects that focus on specific aspects of water use, 

such as the effect of shade nets, different apple rootstocks, and low-

flow drip irrigation.

There is fantastic technology available to empower growers to manage 

their irrigation. The challenge is implementing all this technology in a 

farming situation. In the end, the gumboots-in-the-orchard philosophy is 

still one of the pillars of successful farming — it matters that growers are 

actually out there doing it. We hope that this issue will help our growers 

get the best returns on their water investments.

Hugh Campbell
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PROMOTION

After a two-year drought, we are happy to report that the  
Hortgro Technical Symposium will take place this year,  

from 6th to 10th June, as a hybrid event (in-person/digital). 

The 3 day part of the symposium will be held at the  
Lord Charles Hotel in Somerset West 6th – 8th June,  

with 2 Field Days on 9th and 10th June.

We have several overseas speakers, among them tree fruit 
physiologist, Prof Lee Kalscits (USA), and biotechnical and 

horticultural consultant, John Driver (USA). Local experts lined  
up in our stellar programme include political analyst, Prof William 

Gumede, hydrogeologist, Julian Conrad, and economic analyst, 
Wandile Sihlobo. You can also look forward to a panel discussion 

on What’s next for plums during the stone fruit day.

6th June, Business Strategy Day
7th June, Pome Fruit Day
8th June, Stone Fruit Day

9th June, Pome Fruit Field Day
10th June, Stone Fruit Field Day

Hortgro technical  
symposium returns R A N G E

Our Product

Our products stimulate
microbial activity and
optomise plant growth,

ensuring long-term
sustainability and

healthy crops.

SOIL CONDITIONERS

CERTIFIED ORGANIC RANGE
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Charus du Plessis - Area Manager  l  Eastern Cape  l  Crop & Fertilisation Specialist  l  M Sc Agric (Pr. Sci. Nat.)  l  072 574 6922
Alwyn Badenhorst - Area Manager  l  Western Cape  l  072 574 6923
Johann Möller - Area Manager  l  Breede River Valley & Surrounding  l 083 259 7211
Sarel Saunderson - Area Manager  l  Northern Cape  l  082 534 3630 
Janico Brink - Technical Assistant  l  066 304 5927

www.atlanticfertilisers.co.za

Trust our nutrient-rich products to nurture and revive your soils.

6th - 10th

June
2022

SAVE
THE DATE O N L I N

E

ON- 
SITE

Our team is busy finalising the programme and finding the right venue. Information will be 
shared in due course. Therefore, save the dates and don’t miss out on our flagship event.  

Online registrations will open in March 2022. 
Anyone interested in sponsoring the event please contact Lindy Sigonyela lindy@hortgro.co.za 

or Elise-Marie Steenkamp elise-marie@hortgro.co.za for more information.
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Stone- and 
pome-fruit 

growers need 
water — but 

so does 
everyone else. 

This is why 
water is high 

on the Hortgro 
agenda. By 

Anna Mouton.

How Hortgro 
helps with water

Infrastructure such as the Berg 
River Dam is essential for the 
survival of agriculture.
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Hortgro recently conducted a foresight study to 

identify the main factors that will impact the fruit 

industry in future. According to Steyn, water was 

in the top five, and it was also in the top five in 

previous risk assessments.

“Water is critical — we’re not going to get away 

from that,” stresses Steyn. “You’re dealing with 

a permanent crop. You can’t just decide that one 

year you’ll turn off the taps to save water for the 

following year.”

Big-picture involvement
“Hortgro typically gets involved in all sorts of 

policy matters, including water policy — it’s about 

the allocation of water and who is awarded newly 

unlocked water,” says Mariette Kotzé, group 

operations manager at Hortgro. The goal is to 

ensure that growers have a seat at the table when 

decisions are made about water.

Kotzé cites the example of the upgrading of the 

Brandvlei and Clanwilliam Dams, which is expected 

to furnish additional irrigation water. Hortgro is on 

the committees that determine who is eligible for 

this water and how applications will be managed. 

“We play a proactive advocacy role, and we try to 

present the case of the growers,” explains Kotzé.

One tool that Hortgro uses to influence the policy 

environment is impact studies, to show how water 

use by the stone- and pome-fruit industry benefits 

South Africa. “Agriculture is such an integral part of 

the rural economy,” says Kotzé, “and an incredible 

number of people depend on it. If you limit 

agriculture, you limit the rural economy directly.”

In addition to working on big-picture issues, 

Hortgro has provided more immediate assistance 

to growers in the drought-stricken Klein Karoo. 

Together with Vinpro, the Canning Fruit Producers 

Association, Agri Western Cape, and Agri SA, 

Hortgro donated food parcels and financial aid 

to stone-fruit producers in 2019. Hortgro also 

teamed up with the Western Cape Department of 

Agriculture to support the re-establishment of 42 

hectares of the estimated 300 hectares of orchards 

that died during the drought.

Although short-term humanitarian relief is 

important, Kotzé is clear about the need for 

long-term geospatial planning if the industry is to 

adapt to climate change. This includes quantifying 

water resources and rainfall patterns to inform 

decisions about infrastructure development as well 

as to optimise crop selection. She points out that 

some areas may eventually become better suited to 

livestock or annual crops than to deciduous fruit 

— what matters is that growers are empowered to 

manage their risk exposure.

Whereas stone- and pome-fruit production in 

certain areas is under threat, Kotzé believes that 

there are opportunities for expansion in others. She 

sees potential outside the Western Cape, but a lack 

of bulk infrastructure is a constraint, so Hortgro 

is actively motivating for the maintenance and 

upgrading of water-related infrastructure.

Science puts facts on the table
“You want to work with numbers when you’re 

talking about water use, not with estimates and 

outdated research,” says Steyn. “And you want to 

quantify water use in terms of water productivity 

— what are you doing with the water?” This was 

one reason for the knowledge-status survey on 

water use in stone and pome fruit that Hortgro 

commissioned in 2017.

“The idea was to synthesise knowledge, to be 

able to say what we know, and to identify gaps,” 

says the lead researcher on the survey, Dr Caren 

Jarmain. Jarmain is an agrometeorologist — 

she applies weather and climate information to 

support agriculture.

“Our focus was evapotranspiration — all water 

uses in an orchard,” explains Jarmain. “We didn’t 

just want to summarise the data, but we also 

wanted to find the drivers of crop water use.” 

Jarmain collaborated with Dr Nicky Taylor, senior 

lecturer in the Department of Plant and Soil 

Sciences at the University of Pretoria, to review the 

literature available for South Africa.

The main data source for the survey was FruitLook, 

which provides weekly actual evapotranspiration 

and biomass data that is obtained through remote 

sensing. FruitLook is funded by the Western Cape 

Department of Agriculture. “There’s few countries in 

the world where that type of dataset is available for 

free,” says Jarmain.

Prof. Adriaan van Niekerk from the Centre for 

Geographical Analysis at Stellenbosch University 

helped with the analysis of FruitLook data. The 

results showed that water use is driven by the 

complex interaction of the crop with the climate, 

the soil and management decisions. The most 

important factors will vary in different regions and 

on different sites.

The project report contains the estimated range 

of annual evapotranspiration and crop water use 

for different regions. Jarmain points out that 

different growers will need different amounts of 

water to achieve the same production. “You want to 

acknowledge that there are some combinations of 

factors — such as early or late cultivar, region, and 

soil type —where a farmer can get away with less 

water. The landscape that farmers have to farm — 

that canvas — is very variable.”

The survey also delineated pome- and stone-fruit 

production regions in a new map for the Western 

Cape, which was used to extract long-term statistics 

on rainfall, evapotranspiration, solar radiation, chill 

units, and heat units.

“We looked at what was found through other 

studies in South Africa,” says Jarmain, “and 

compared that to FruitLook data – and we did this 

per fruit type – and then we compared it to water 

requirements from SAPWAT.” SAPWAT is software 

that was developed with funding by the Water 

Research Commission and that is used to estimate 

irrigation requirements for planning purposes.

Several new projects have arisen from the 

knowledge gaps identified in this survey, including 

studies to determine the water requirements of 

specific fruit types. Hortgro Science has also been 

looking at ways to save water through applying 

mulches, deploying shade nets, and improving 

irrigation practices.

In a water-scarce world, growers can no longer 

ask how they can gain access to more water, says 

Taylor. “In this country, the question is really, 

how do I remain productive with lower amounts 

of water, and how do I get away with using less 

and less.”

Stone- and pome-fruit production in a relatively dry South Africa has 

always been constrained by water availability. The worrying consensus 

is that water will become even scarcer. “If you know that you’re already 

limited by water, and that water is going to become less, and that 

competition for water is going to increase, then you have to focus on 

water,” says Prof. Wiehann Steyn, general manager of Hortgro Science.

“If you limit agriculture, 
you limit the rural 

economy directly”

“You want to work 
with numbers when 
you’re talking about 
water use.”

The upgrading of the 
Brandvlei Dam is expected 

to furnish additional 
irrigation water.
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How  
much  

water
The analysis of water use 

commissioned by Hortgro provides 
an interesting perspective on 

evapotranspiration data for pome 
and stone fruit. By Anna Mouton.

What determines orchard evapotranspiration?

The lead researcher on the project, agrometeorologist Dr Caren Jarmain, collaborated 

with Dr Nicky Taylor, senior lecturer in the Department of Plant and Soil Sciences at 

the University of Pretoria. They were assisted with extracting FruitLook data by the 

Centre for Geographical Analysis at Stellenbosch University. FruitLook is funded by 

the Western Cape Department of Agriculture.

Jarmain submitted her final report in 2019. The report includes an analysis of South 

African data generated by platforms such as FruitLook combined with a review of local and 

international studies. A key conclusion was that crop water use varies substantially both 

between and within production regions and fruit types.

Evapotranspiration and region
Evapotranspiration is the movement of water to the atmosphere as a result of the combined 

effects of evaporation and transpiration. Crop production demands continuous replenishment 

of this water through either rainfall or irrigation. It follows that growers need to know how 

much evapotranspiration and rainfall to expect in order to estimate how much water is required 

for irrigation.

The problem is that evapotranspiration rates depend on the interaction of many factors. This 

complicates attempts to understand the main drivers of water use in a specific situation. The 

infographic on p13 illustrates this complexity.
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One way of comparing evapotranspiration 

under different climatic conditions is to 

use values for a reference crop. The usual 

reference crop is an area of actively growing 

grass that has a uniform height and 

completely covers the ground — sort of like 

the lawn everyone wishes they had.

The Penman-Monteith equation allows 

researchers to calculate evapotranspiration 

values — Erpm — for the reference crop — the 

dream lawn — from daily mean temperature, 

wind speed, relative humidity, and solar 

radiation. Figure 1 shows the difference 

between reference evapotranspiration and 

rainfall for different fruit-production regions 

based on Schulze long-term data.

By comparing evapotranspiration and 

rainfall for the reference crop in different 

regions, it’s obvious that regional effects are 

profound. Furthermore, significant variation 

occurs within regions. As a result, there could 

be times when the hypothetical lawn requires 

less irrigation in the Little Karoo than in the 

Cape Winelands.

It is essential to consider this variability 

when planning and managing water use, 

because budgeting for the mean water 

requirement will, in most regions, frequently 

result in large shortfalls. 

Statistics from near and far
The Hortgro analysis includes a review of 

published studies on water use of stone- 

and pome-fruit orchards. From these, the 

researchers could determine the median 

evapotranspiration rates for different fruit 

types. The median is the middle value when 

all the values are arranged in order from small 

to large. It is less affected by extreme values 

than is the mean.

Figure 3 shows the evapotranspiration 

— in most cases per growing season — for 

apples and pears, and figure 4 shows the 

results for stone fruit. The median values 

are for the combined results of local and 

international studies, except for apricots and 

plums, where no local studies were available. 

Results from selected South African studies 

are shown individually. It is clear that orchard 

water use can differ enormously, even for the 

same fruit type.

The data presented in figure 3 suggest that 

water use in apples is strongly affected by 

leaf-area index. Unfortunately, leaf-area index 

was not available for all the studies.

“Canopy size is an important driver of 

transpiration,” says Taylor. “And that plays 

such a big role in how much water your crop 

uses.” She explains that, whereas transpiration 

is high in orchards with large canopies, 

evaporation from the soil surface can be 

equally high in orchards with small canopies.

According to Prof. Wiehann Steyn, general 

manager at Hortgro Science, orchard water 

use is more specifically a function of leaf area. 

“Large, dense trees will usually have a higher 

leaf-area index and use more water, but 

high-density plantings can also have a high 

leaf-area index if the trees are too vigorous 

and the canopies overly dense.”
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Figure 1: The difference between reference evapotranspiration and 
annual rainfall for different fruit-production regions based on Schulze 

long-term data. These values are for the evergreen reference crop 
as opposed to deciduous trees. The aim is to highlight variation 

between regions. Min value = mean – standard deviation. Max value 
= mean + standard deviation.

Figure 2: Annual evapotranspiration for different fruit types in all 
production regions based on FruitLook data for 1 August 2018–31 July 

2019. Min value = mean – standard deviation. Max value = mean + 
standard deviation.

Crop effects on evapotranspiration
Growers are understandably more interested in the water use of their trees than that of a 

hypothetical area of grass. It is possible to calculate the evapotranspiration value for a specific 

crop by multiplying the reference value with a conversion factor — known as the crop coefficient 

— for that crop. However, crop conversion factors are not always accurate, even when comparing 

apples to apples — variables such as canopy size and tree spacing make a big difference.

Rather than relying on conversion factors, Jarmain and her team instead used actual 

evapotranspiration data from FruitLook for the Hortgro project. Figure 2 shows the total 

average evapotranspiration per fruit type for the period 1 August 2018 to 31 July 2019.

As these values are for actual orchards, crop effects cannot be entirely separated from 

regional and other effects, such as management. The researchers point out that some of the 

orchards in the dataset would have been under stress. They also warn against reading too much 

into data from a single year — more data analysis would yield more robust results.

The data suggest that 
water use in apples is 
strongly affected by 
leaf-area index.

WATER & IRRIGATION
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The South African scenario
Analysis of FruitLook data for the period 1 

August 2018 to 31 July 2019 allowed Jarmain 

and colleagues to generate estimates of annual 

evapotranspiration per crop type and region. 

The results for apples are shown in figure 5 and 

for plums in figure 6.

The researchers caution that the FruitLook 

data reflect water use during restrictions 

imposed by drought, and that the values 

obtained may not represent optimal production 

practices in all regions. An orchard that receives 

Figure 3: Total evapotranspiration per season for 
different pome-fruit types. Medians are derived from 
local and international studies, with data for South 

African studies presented individually.
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Figure 4: Total evapotranspiration per season for different stone-fruit 
types. The medians for apricots and plums are derived from international 

studies, and for peaches from local and international studies, with data for 
South African studies presented individually.

Figure 5: Total annual evapotranspiration for apples per production 
region based on FruitLook data for 1 August 2018–31 July 2019. Min value 
= mean – standard deviation. Max value = mean + standard deviation.

Figure 6: Total annual evapotranspiration for plums per production 
region based on FruitLook data for 1 August 2018–31 July 2019. Min value 
= mean – standard deviation. Max value = mean + standard deviation.
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for apples in Figure 3 is lower than that for 

peaches in Figure 4.

Peaches are generally believed to use less 

water than apples. The lower median reported 

for apples could also be because the studies 

included in the medians were done in wetter 

regions — peaches are typically grown in 

Mediterranean climates whereas apples are 

grown in temperate regions.

Steyn points out that significant differences 

in the age profile of the orchards included 

in the datasets for different fruit types are 

additional factors that could affect the median.

Overall, the research demonstrates that 

there is still a lot to learn to optimise the 

allocation and utilisation of water. “Water-

management planning typically uses just one 

average value for a region,” says Jarmain. “We 

showed that a single value isn’t representative 

for a region or a crop.”

A single 
evapotranspiration 
value isn’t 
representative  
for a region  
or a crop.

For more on evapotranspiration 

and water use, visit our website 

and download the September 

2018 issue of Fresh Quarterly.

little irrigation due to water shortages will 

show low evaporation — this might have 

skewed the data in some regions over the 

study period.

Other factors that affect the 

evapotranspiration figures include inaccurate 

identification of crop types, and the use of 

nets in especially the Langkloof. Nets reduce 

the FruitLook evapotranspiration estimates. 

This may be one reason why the median 

CLICK TO 
READ

https://www.hortgro-science.co.za/fresh-quarterly/
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Danie Viljoen is the production manager at Lushof in Prins Alfred Hamlet. The 

farm was the birthplace of the vertically integrated fruit-production company 

Graaff Fruit. Today Lushof includes 175 hectares of pome- and stone-fruit 

orchards. Fruit is grown primarily for export and for Woolworths.

Water productivity in practice
Where should growers focus their attention to get the best returns on their irrigation water? By Anna Mouton.

to improve the consistency and efficiency of water 

delivery. For example, they upgraded all their filter 

stations to replace wasteful and ineffective sand 

filters. Viljoen also describes how servicing pumps 

improves water delivery and saves energy.

“We have a booster pump on our one system, 

and it usually comes on when more than a certain 

number of valves are open. After we serviced the 

feed pumps, our guys thought the booster pump 

was faulty, because it didn’t switch on. But it wasn’t 

faulty — it was just that the feed pumps were so 

much more efficient after their service.”

Upgrading the system is expensive, admits Viljoen, 

but it can be done gradually. He has converted 

two orchards to drip irrigation this season, and he 

believes this will result in substantial water savings 

compared to the previous system, which was old. “I 

believe that by doing all these things we will be far 

more sustainable going forward,” he says.

An eye on the numbers
Measurement is key to management, and Viljoen 

keeps a close eye on irrigation records. He downloads 

the numbers from his irrigation computers every 

Monday morning, to assess how much water each 

block received, and how this compares to the budget 

for that orchard. He also has someone in the field 

collecting data and uploading it to the cloud.

“I use Excel for all my analyses,” says Viljoen, “so 

I pull all this together using power queries to see 

how orchards compare to one another, and to their 

budget. And then, if I spot some anomalies, I get in 

my bakkie and I drive to those spots in the orchard. 

You have to watch your data, monitor constantly, 

and keep your finger on the pulse.”

Lushof has a 10-year water budget that is updated 

every year. The budget includes estimates of income 

per cubic metre of water. “We have a sum that we 

make — how many litres of water does it take to 

produce a fruit?” explains Viljoen. He points out 

that water productivity at the fruit level can change 

exponentially depending on cultivar selection.

“When we look at cultivars in the trial block, my 

first question is, how much fruit does this cultivar 

produce? If a cultivar sets poorly, or has a poor yield, 

I back off immediately, because I can’t utilise my 

most limiting resource — water — effectively with 

something which doesn’t give me fruit.”

Plan for success
It’s all too easy to get caught up in the excitement 

of new cultivars, and the fear of losing out, cautions 

Viljoen. He highlights the importance of selecting 

cultivars and rootstocks based on data, and ignoring 

uninformed popular opinion.

“If you talk to guys who are pulling out orchards, 

it’s almost never because the trees were too old,” 

says Viljoen. “It’s because it was the wrong cultivar, 

or the wrong rootstock, or incorrect irrigation.” 

The key to orchards with long productive lives is 

good planning — and that must include assessing 

economic and physical water productivity.

“We used to plant more than our capacity, without 

realising it. But when the 2015 drought struck, we 

weren’t able to get by on our available water, and we 

started making the sums,” recalls Viljoen.

These sums included looking at the relationship 

between water used and income generated — 

economic water productivity — for different 

orchards. Cultivars that were losing the most money 

were the first to go. Whereas in the past the dam at 

Lushof was empty at the end of the season, there is 

now a buffer of 10%–15% at the start of winter.

Viljoen also takes great care with orchard 

establishment. He employs a soil scientist to survey 

the orchard, as well as consulting some of the older 

people on the farm, before installing drainage and 

irrigation. Trees are planted in April from pots.

When asked about the secrets of optimal water 

use, Viljoen singles out the human factor. “I can’t do 

everything myself, it’s impossible. So I try to pass 

my insights onto my managers, so that they also 

spot any waste, and fix it.”

Water-use efficiency versus water 
productivity
Water-use efficiency in crop production is the ratio of water used in 
plant metabolism to water lost through transpiration. Photosynthetic 
water-use efficiency is a measure of carbon assimilation relative to 
water transpired. Productive water-use efficiency is a measure of 
biomass produced relative to unit water transpired.

Water productivity is output divided by water used to achieve that 
output. Economic water productivity is a measure of income per unit 
water. Physical water productivity is a measure of production — for 
example kilograms of fruit — per unit water.

For more about water use and water productivity in apple orchards, 
read Thirst Trap in the September 2018 issue of Fresh Quarterly.

Lushof survived the 2015 drought, but not without 

stressing some trees. It took about three years for 

production to return to normal. However, lessons 

were learnt, and Viljoen is confident that Lushof has 

made changes for the better. “We will have droughts 

again — they haven’t disappeared. But when the next 

drought comes, we’ll know what to do.”

“We started looking at using water more efficiently 

because of Woolworths and their Farming-for-

the-Future audit,” recalls Viljoen, “and because of 

the water stewardship program of WWF — the 

World Wide Fund for Nature.” He says that the 

2015 drought brought home the need for these 

programmes. “It made it more real for us — so much 

so that we began innovating around water use.”

According to Viljoen, there are three main focus 

areas when using water productively — systems, 

records, and planning.

Pumps and pipes
Most of the water at Lushof comes from three 

water schemes in the Ceres area, and is collected on 

Lushof in a dam that holds about 1.3 million cubic 

metres. Groundwater at Lushof is brackish and not 

used for irrigation.

“The maintenance of our irrigation system — 

pumps, pipes, inlets, outlets, ensuring correct flows 

— is something we do continuously,” says Viljoen. 

He and his team are always on the lookout for ways 
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Above: The farm Lushof in 
Prins Alfred Hamlet.
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Rising to the challenge
Ways in which growers can maintain 
productivity and profitability in spite of 
water scarcity. By Anna Mouton.

Back to basics
“I think one of the most important things is to focus 

on irrigation scheduling, and what the need of the 

crop is at a specific physiological stage,” says Dinwa. 

She points out that a lot of irrigation water can be lost 

through run-off, as well as through deep drainage, 

which occurs when water drains to soil below the 

root zone. Over-irrigation also creates an unhealthy 

environment for roots by saturating the soil.

Dinwa explains that decisions about scheduling 

start with mapping the soil. One important reason 

to map the soil is to determine representative 

locations for measuring soil moisture. Soil 

conditions may also be so variable that different 

areas within an orchard cannot be irrigated 

according to the same schedule. It may be necessary 

to split the irrigation system, says Dinwa.

When measuring soil moisture, there are benefits 

to both traditional methods, like subjective 

assessment of soil sampled from profile holes, and 

modern technology, like moisture probes that link 

to the cloud. “The two systems work well together, 

and information from field observations can be 

correlated to the probe graphs,” states Dinwa. “And 

if there is a system failure, it’s always good to have 

two systems that run hand in hand.”

Another data source is the weather — the higher 

the temperature, the greater the atmospheric 

demand and therefore the irrigation requirement. 

Automated systems tend to draw on soil dynamics 

more than on weather data, and need interpretation 

by growers and their irrigation specialist. But 

automation can help to run irrigation more 

smoothly, especially if growers understand the 

system well and know how to troubleshoot it.

“Some farms are completely automated,” says 

Dinwa. “Some are not automated at all — they 

still use the traditional methods, and they manage 

to irrigate efficiently.” The important thing is for 

growers to understand their soils, their crop water 

requirements, and the microclimates on their 

farms. They need to stay on top of their scheduling, 

especially during periods of extreme weather 

conditions such as heatwaves.

The drip revolution
Although micro-irrigation is a big improvement over 

flood irrigation, Dinwa points out that it can still be 

wasteful due to high evaporative losses. In contrast, 

drip irrigation is applied directly to the soil, leading 

to better penetration and spread. “Drip has been 

found to be about 30% more efficient than micro-

irrigation,” she says. “Even international literature is 

showing us the benefits of drip irrigation.”

Fertigation — the use of irrigation to apply 

fertiliser — is another advantage of drip irrigation. 

Fertigation offers more control and precision than 

flat-rate application by a tractor.

Dinwa is convinced that drip irrigation is the 

future, but she cautions that the design has to 

be correct. For example, she says that many 

growers have burnt their fingers because of using 

a single instead of a double drip-line, resulting in 

insufficient spread of water and reduced yields.

She adds that double drip-lines are easily adaptable 

to different planting densities, and water delivery can 

easily be adjusted for different soil types.

“Drip irrigation has evolved immensely, and 

going forward we can expect more adoption of 

drip irrigation by South African farmers,” reflects 

Dinwa. “However, the technology is not cheap, so 

not all farmers of different scales can afford it right 

now.” But even though drip irrigation gets very 

expensive very quickly, Dinwa believes that it’s a 

worthwhile investment.

Objections to drip irrigation are sometimes raised 

due to its perceived incompatibility with cover 

crops. There’s still a lot to learn about this issue, but 

Dinwa says that the key is to be clear about your 

objectives, and design the system accordingly. “Even 

with drip irrigation you can control the tempo, the 

spread, and just how much water you’re giving and 

for how long, so some water naturally moves to the 

cover crop.”

More ways to save water
Besides concentrating on correct application of 

water, efficiency can also be improved by reducing 

evaporation. This is especially relevant to young 

blocks, which Dinwa recommends should be 

mulched. She considers mulches and cover crops 

useful not only for reducing evaporative losses, but 

also for suppressing water-guzzling weeds.

Nets may likewise reduce water losses through 

reducing evapotranspiration, alongside all the other 

gains in terms of protecting fruit against the elements.

Dinwa reports that some farmers attempt to save 

water by irrigating at night to reduce evaporation while 

ensuring that trees have ample opportunity to take 

up the water. However, she believes that it is better 

to irrigate during the hottest time of the day when 

atmospheric demand and plant water needs are highest.

“Another way in which farmers have adapted 

to using water more efficiently, is using different 

rootstocks and different training systems,” says 

Dinwa. “Trees don’t look the way they used to, and 

they’re not going to have the same water demand, 

and all that trickles down to irrigation.”

High-density plantings on dwarfing rootstocks 

create the opportunity to produce more fruit per 

unit land and per unit water, which is critical for a 

dry country like South Africa, especially considering 

the realities of climate change. “We need to use our 

limited supply of water more efficiently, meaning 

we need to produce more and better-quality fruit 

with the same or less water – more crop per drop,” 

emphasises Dinwa.

She sees the potential of new technologies such as 

satellite imagery and drone mapping contributing 

to a better understanding of the variation in 

orchards. “Understanding variation will allow us 

to be proactive in saying, this is what we’re seeing, 

this is what’s being predicted by climate scientists, 

and these are the solutions we should start 

implementing right now.”

In spite of the challenges and obstacles facing 

growers, Dinwa is optimistic. “I guess that’s why 

I’m in this industry, because it’s so exciting — I get 

excited by these challenges. These challenges keep 

everyone awake at night, but at the same time drive 

us to solutions to the betterment of our industry.”

Agronomist Siziphiwe Dinwa of Dutoit Agri is engaged in yield 

estimation and precision agriculture. Part of her job is applying new 

technologies to improve irrigation efficiency and water productivity. 

She works on different fruit types at multiple sites, mostly across the 

Western Cape. Fresh Quarterly spoke to her to learn how growers can 

best manage their water, and why she is excited to be in agriculture.

AGRONOMIST  Siziphiwe       Dinwa 
of Dutoit Agri
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Growers have 
more — and better 

— options than 
ever before. What 
do they need to 
know to choose 
the top tool for 
their orchards?  

By Anna Mouton.

for irrigationTECHNOLOGY
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Understanding your soils is the starting point for accurate irrigation 

scheduling, says Dr Eduard Hoffman, chair of the Department of Soil 

Science at Stellenbosch University. “You need a soil-water retention 

curve for each of your soil types,” he advises.

been displaced by water — most plants drown in 

saturated soil. Soils at field capacity contain both air 

and water. Field capacity is defined as the amount of 

water the soil can hold against gravity. This water is 

readily available to plants.

Ideally, soils would always be at field capacity, 

but in the real world, growers aim to maintain 

soil water content at a level that supports optimal 

plant performance. They decide on a refill point — 

the minimum acceptable soil water content. The 

challenge then becomes to schedule irrigation so 

that soil water content remains between the refill 

point and field capacity.

Soil water content can be assessed indirectly by 

using a tensiometer to measure the negative pressure 

required to draw water from the soil. The tensiometer 

can only measure up to -85 kPa. “We refer to easily 

available water in soils when the tensiometer reads 

between 0 and 85,” says Hoffman, while clarifying 

that the tensiometer reports positive values, even 

though the pressures are negative.

Water content can also be measured directly using 

any of several instruments, the oldest of which is 

the neutron moisture meter. “It doesn’t matter 

which instrument you use, as long as it’s calibrated 

for that specific soil,” cautions Hoffman. “The 

problem is that the producers rely on the factory 

calibration, but the factory doesn’t do a calibration 

— they do a normalisation.”

The factory normalisation ensures that every 

instrument will produce the same reading under the 

same conditions. A calibration adjusts the instrument 

reading based on the soil characteristics. Hoffman 

recommends a five-point calibration. “Depending on 

how well the instrument is designed, that calibration 

curve can change over time,” he says. “For example, 

because the battery in the instrument runs down.”

If there are different soil types within an orchard, 

soil water content must be measured for each of 

these. Hoffman believes that production blocks 

should be divided into irrigation blocks based on a 

soil survey, so that irrigation can be precisely tailored 

to the soil type and profile. He has already seen 

fantastic results when using this approach in citrus.

Optimise by combining data sources
According to Hoffman, there are essentially three 

sources of information for irrigation scheduling — 

the soil, the plant, and the weather. Meteorological 

models are based on the weather. They don’t take 

soil water content into account. Instead, they work 

exclusively with the atmospheric evaporation 

demand, adjusting for crop type.

“Meteorological models measure climatic 

variables such as temperature, wind speed, 

humidity, rainfall, and radiation, and predict water 

use based on those parameters,” says Hoffman.

Plant reaction is trickier, and subjective assessments 

are unreliable, warns Hoffman. “The most effective 

way to determine plant reaction is to measure stem 

water potential and leaf water potential. The ratio 

between the two gives you a stress index that tells you 

what the plant is experiencing.”

Hoffman prefers to use meteorological models 

to examine long-term trends, and to plan irrigation 

scheduling according to the average atmospheric 

evaporation demand. He then monitors soil water 

content to see whether it stays on target between the 

refill point and the field capacity. If growers want to be 

sure that their refill-point and field-capacity estimates 

are correct, they can measure stem and leaf water 

potential to check the stress levels of their plants.

The future of irrigation scheduling, according to 

Hoffman, is creating small irrigation blocks based on 

accurate soil surveys and soil-water retention curves. 

This ensures that plants are irrigated optimally, and 

allows growers to fine-tune water delivery according 

to the stage of production and the availability of 

water. The potential for greater control of nutrient 

delivery through fertigation is an added benefit.

“Growers will have to practice more precision 

agriculture — maize farmers already do this on a 

large scale,” asserts Hoffman. “Just sitting down 

and pressing a button and irrigating an entire 80 

hectares simultaneously — those days are over.”

Hoffman explains that a soil-water retention 

curve plots the relationship between the amount 

of water in the soil and the tension a plant has to 

exert to extract that water. This tension is expressed 

as negative pressure — think of it as how hard the 

plant needs to suck to draw the water into its roots.

Plants operate best when soils are neither too wet nor 

too dry. As soils dry out, plants need to work harder and 

harder to draw in water. Eventually, even though water 

is still present in the soil, the plant isn’t able to extract 

it. This is called the permanent wilting point — a polite 

term for the point at which the plant starts dying.

The relationship between the amount of water 

in the soil and the negative pressure exerted by the 

plant is not a straight line. It also depends on soil 

type. “Let’s say there is the same amount of water in 

both a clay soil and a sandy soil,” says Hoffman. “That 

doesn’t mean the water is equally available to plants.”

Clay soils have a higher matrix potential — they 

hold water more strongly — than sandy soils. 

Therefore, plants need to exert more negative 

pressure to draw water from clay soils, and may suffer 

drought stress in clay soils that are comparatively 

wet. In contrast, plants can access most or all of the 

water in sandy soils. However, sandy soils dry out 

faster because they hold less water.

If growers don’t know their soil types, and don’t 

take their soil-water retention curves into account, 

they lack the basic tools to manage their irrigation, 

cautions Hoffman. “Growers are usually irrigating too 

much, because they’re scared of stressing their trees, 

but too much water is just as harmful as too little.”

Scheduling according to soil  
water content
Soil is said to be saturated when all the air has 

“Growers will have 
to practice more 

precision agriculture.”

If growers don’t know their soil 
types, they lack the basic tools to 

manage their irrigation.
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Ensuring that decisions about water are informed by science and technology. By Engela Duvenage.

The Water Research Commission, which in 

2021 celebrated its 50th anniversary, is a 

valuable knowledge partner to the deciduous-

fruit industry.

Over the years, the Commission has fully funded 

many important industry-related projects involving 

researchers at various South African universities 

and research entities. Together with Hortgro, it 

recently co-funded a large project to calculate the 

water requirement of apple trees. A project on the 

water use of plum trees is ongoing, with another on 

pears approved for 2022.

Prof. Wiehann Steyn, general manager of Hortgro 

Science, says such major, multifaceted projects 

require deep pockets, and can only be completed 

thanks to equal funding contributions by the 

Commission and Hortgro.

“We hope the partnership will allow us to 

complete similar co-funded projects for peaches, 

apricots and cherries in coming years,” he adds.

Strategic partnerships drive  
strategic research
Partnerships are at the heart of the principles that 

drive the Commission. It was established in 1971 

through South Africa’s Water Resource Act with the 

vision to ensure highly informed decision-making 

around water through science and technology at all 

levels, among all stakeholder groups, and to provide 

innovative water and sanitation solutions through 

research and development for South Africa, Africa, 

and the world.

Its key strategic areas are water utilisation in 

agriculture; water resources and ecosystems; and 

water use and waste management. The Water 

Research Commission drives innovation and 

business development in these fields, and builds 

international linkages.

Prof. Sylvester Mpandeli is the executive 

manager responsible for the Water Utilisation 

in Agriculture Key Strategic Area at the Water 

Research Commission. He sees clear benefits to 

working relationships with commodity groupings 

such as Hortgro.

“It helps to drive our research, development 

and innovation in an integrated, or nexus 

way. Gone are the days of a linear research 

approach. Research must be driven through a 

multidisciplinary approach. We are facing many 

issues, such as socio-economic issues and the 

depletion of natural resources, extreme climatic 

events, high climate variability and change, 

population increases and the likes. We are 

responsible to make sure that we bring industries, 

government departments, the private sector, 

NGOs and academic institutions on board.”

Mpandeli says the Commission’s relationship with 

Hortgro holds more than just mere monetary value. 

“It is based on information exchange, technology 

transfer and knowledge dissemination driven by the 

needs of a particular industry.”

He explains that the recent droughts in the 

Western Cape significantly shaped the thinking 

of both organisations in terms of which research 

projects to tackle.

“When working with Hortgro we have the added 

assurance that outcomes or recommendations made 

through the projects will be implemented by the 

industry. This is a very important, strategic facet. 

There’s value for money in having such a partner.”

New technologies have been introduced to the 

agricultural sector as a result of funded projects.

“Our farmers, especially commercial farmers, 

have become able to reduce water usage, and 

adopted climate-smart options, to produce 

more food with less water,” says Mpandeli. “The 

agricultural commodities being exported to Asia, 

Europe and Middle East countries are well-

accepted based on the water footprint that we are 

recording through the Water Research Commission 

and our partners.”

Commission
The Berg River Dam was 
built in accordance with 
the United Nations World 
Commission on Dams.
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“Research must be  
driven through a multi- 
disciplinary approach.”

Close to 500 projects in five years
According to the Water Research Commission’s 

2020–2021 annual report, 484 research projects 

were funded and finalised over the past five years. 

Of these, 84 were completed during 2020–2021.

This is a significant contribution to knowledge 

in the water and sanitation sector, according to its 

chief executive officer, Dhesigan Naidoo.

“The impact of this research, development and 

innovation can be seen across the sector, from 

enhancing communities’ resilience to climate 

change, and improving water and wastewater 

management in industry and mining, through to 

aiding transformation through better alignment 

of land–water reform processes and sharing water 

knowledge nationally and internationally across 

virtual networks,” states Naidoo in the annual report.

Mpandeli says the 71 research and outreach projects 

currently funded and driven by the Water Utilisation 

in Agriculture Key Strategic Area are chosen to increase 

the biological, technical, and economic efficiency and 

productivity of water use in South Africa.

The projects also aim to reduce poverty through 

water-based agricultural activities, to increase 

profitability of water-based farming systems, and 

to ensure sustainable water-resource use through 

protection, restoration, and reclamation activities. 

Various agricultural sectors and types of produce benefit 

– from macadamia nuts and vegetables to grapes, 

pomegranates, plums, and strawberries. Projects involve 

both smallholder and commercial farmers, and are 

conducted in both rural and peri-urban areas.

The roll-out of school-based food gardens is a valuable 

tool to ensure food security and to excite children about 

careers in agriculture. These school-based food gardens 

in support of the government feeding scheme were 

managed by the Agricultural Research Council on behalf 

of the Water Research Commission.

Research is essential for  
economic growth
According to Mpandeli, activities such as food 

gardens are all guided by the so-called Water–

Energy–Food Nexus Lighthouse, adopted by the 

Commission in 2012 in response to global trends, 

to champion integrated water, energy and food 

planning and development for South Africa and 

Southern Africa. Since then, the Commission has 

organised various activities to promote sustainable 

integrated planning through its research and 

development branch. “We work according to the 

philosophy of more crop per drop.”

Mpandeli believes that adequate access to water 

could help reduce poverty and alleviate socio-economic 

issues. Climate change, and its impacts on agriculture, 

food security and livelihoods, is increasingly a topic 

playing into many funded projects.

His management area coordinates projects on 

anything from the implementation of suitable 

technology to produce more food with less water, 

to water quality issues in the production of crops, 

livestock, fish, and timber.

“Research is very important to stimulate the 

economy of the country,” stresses Mpandeli. “We 

need the industry if we plan to stimulate the 

economy of this country, and create job opportunities 

for our people. We also need government to come up 

with policies to assist the private sector to create job 

opportunities for our people.”

He thinks that researchers must play a role in 

stimulating South Africa’s economy and providing 

adequate information that can guide the science-

policy interface.

“It is most important to address industry needs 

and make an impact on the ground,” says Mpandeli. 

“Water is life – it’s the basics of science. Without 

water, there is nothing we can do.”

Sustainable water 
management will become 

even more critical in a 
warming world.

WATER & IRRIGATION
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Control vegetative growth to improve 
the water-use efficiency of apple 
orchards. By Engela Duvenage.

This is one of the conclusions in a recent 

report by a team of researchers from 

the Council for Scientific and Industrial 

Research, the Agricultural Research Council, 

Stellenbosch University, and the University 

of Pretoria.

The report followed the completion of a four-

year project co-funded by the Water Research 

Commission and Hortgro. Research was conducted 

in high-yielding orchards of Golden Delicious, 

Cripps Pink, Cripps Red, and Rosy Glow on seven 

farms in the climatically diverse Koue Bokkeveld 

and Elgin-Grabouw-Vyeboom-Villiersdorp regions.

“To improve irrigation scheduling and decisions 

about water allocation, we needed to better 

understand the water use of orchards from which 

more than 100 tonnes of apples per hectare are 

harvested,” explained project leader Dr Sebinasi 

Dzikiti, senior researcher in the Department of 

Horticultural Science at Stellenbosch University.

The researchers found that the water use of 

mature Golden Delicious orchards was almost 20% 

more than that of Cripps Pink orchards in both 

regions, even though the Cripps Pink orchards 

were harvested more than a month later. This is 

because Cripps Pink trees have a relatively open 

canopy and shoot growth is restricted to allow light 

penetration that promotes red colour development 

of the fruit.

Despite having less dense canopies, the Cripps 

Pink orchards in the study were higher yielding 

than the Golden Delicious orchards, demonstrating 

that leaf area affects transpiration rate more than 

Project title: 

Quantifying water use 

and water productivity 

of high-performing apple 

orchards of different 

canopy sizes.

Project leader: 

Dzikiti S.

does crop load. For two orchards in the same region, 

the one with a greater leaf area per unit land area 

would be expected to use more water.

Low transpiration rates and higher yields 

resulted in better physical water productivity 

— kilograms of fruit produced per unit of water 

applied — of the Cripps Pink orchards compared 

to the Golden Delicious orchards. The top physical 

water productivity for a Cripps Pink orchard was 17 

kilograms of fruit produced per cubic metre of water 

applied, compared to around 13 kilograms per cubic 

metre for Golden Delicious.

Since the Cripps Pink orchards generated higher 

income than the Golden Delicious orchards, their 

economic water productivity — income per cubic 

metre of water — was also much higher.

While it would be counterproductive to have very 

open Golden Delicious canopies due to the high 

risk of sunburn, excessive and unnecessary shoot 

growth increases water use. Producers with limited 

or unreliable access to water resources should aim 

to gradually replace low-value cultivars with high-

value cultivars. This will ultimately increase farm-

level economic water productivity and maximise 

profitability per unit of irrigation water.

Leaf area affects 
transpiration rate more 
than does crop load.

re lates to leaf area

Orchard 
water use
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A new study investigates water use in 
full-bearing Japanese plum orchards, 

and how water availability impacts fruit 
yield and quality. By Engela Duvenage.

The project is co-funded by the Water Research Commission and Hortgro.  

It is led by Prof. Nebo Jovanovic of the Department of Earth Sciences and  

the Institute for Water Studies at the University of the Western Cape.

Project title: 

Water use of high-

performing full-bearing 

Japanese plums in two 

major production regions 

of the Western Cape.

Project leader: 

Jovanovic N.

Water use in
plums

“We would eventually like to know what the water 

consumption of plums is, and the volume that is 

needed to irrigate such orchards properly yet still 

receive a maximum income from it,” says Jovanovic.

Most export-quality plums are grown in the 

Little Karoo including the Breede River Valley and 

the Berg River area. Not much is known about the 

water needs of South African plum orchards. In fact, 

internationally there is also a dearth of research on 

the topic. Most related studies are from Spain.

“Plum production in South Africa is totally reliant 

on irrigation,” states Jovanovic. “Water availability 

is the single most important risk to sustainable 

fruit production, given the increased frequency of 

droughts in regions such as the Western Cape.”

Research is being conducted in an African Delight 

and a Fortune orchard on each of two commercial 

farms in Wellington and Robertson. The study 

includes microsprinkler- and drip-irrigated orchards.

Both farms, says Jovanovic, have decades’ worth 

of experience and are operating at nearly their 

maximum yield potential. He believes that data 

gathered will therefore be extremely valuable for 

informing optimal water allocation.

The two farms are roughly 100 kilometres from 

each other, yet they experience vastly different 

climatic conditions. According to Jovanovic, the 

first three months of rainfall data collected as part 

of the study showed that Robertson only measured 

52 mm of rain between August and October 2021, 

whereas Wellington received more than 300 mm. He 

highlights that these are important months in a plum 

orchard, when flowering and fruit growth start.

Robertson and Wellington both received higher 

than average rainfall in 2021. Irrigation therefore only 

began after mid-September, some two to three weeks 

later than usual. “Not all years are like this one, and 

therefore one has to prepare for risks,” says Jovanovic.

Two Master’s students from the University of 

the Western Cape are involved in the project. As 

part of his research, Nonofo Motsei is evaluating 

the use of the FruitLook remote-sensing platform, 

which is already used widely by Western Cape 

farmers, to gather water-related data in plum 

orchards via satellite images. He will also assess an 

evapotranspiration model called SEBS — short for 

surface energy balance system.

Ubaidullah Mathews is validating the HYDRUS 

soil-water balance model for plum orchards as one 

key aspect of his research. Since its development 

in California, HYDRUS has been widely used for 

different water-management applications. One of 

its advantages, says Jovanovic, is that evaporation 

from the soil and transpiration from plants can be 

estimated separately.

“It works especially well in orchards that received 

localised irrigation, through for instance drip or 

microjet irrigation around trees.”

Measurements of soil-water balance, 

canopy growth, crop yield and quality, and 

evapotranspiration are ongoing. The project is set to 

continue until 2024.

Data gathered will be  
extremely valuable for informing  

optimal water allocation.
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Project title: 

Water use under 

shade nets.

Project leader: 

Dzikiti S.

WATER & IRRIGATION

Hortgro is co-funding a project with the Water 

Research Commission to study the effect of 

fixed or draped nets on water use in South 

African apple orchards.

The project has been led by Dr Sebinasi Dzikiti 

of the Department of Horticultural Science at 

Stellenbosch University since January 2021. The 

research team includes doctoral student Edward 

Lulane, also from the Department of Horticultural 

Science at Stellenbosch University, and collaborators 

from the Council for Scientific and Industrial 

Research, and the Agricultural Research Council.

Lulane has already collected data for two seasons 

from a Rosy Glow orchard under white fixed netting 

in the Witzenberg Valley. Data from one Golden 

Delicious orchard in the Witzenberg Valley and a 

second near Villiersdorp, both under black draped 

nets, have been collected for one season.

Aspects such as tree water use, soil-water 

dynamics and evaporation, and tree physiology were 

recorded, while the specific microclimate inside and 

outside the nets was assessed.

Lulane’s study leader, Prof. Stephanie Midgley, 

Climate Change and Risk Scientist at the Western 

Cape Department of Agriculture, says that 

international literature suggests that reduced water 

use of up to 30% can be expected under netting 

under certain conditions.

“We did not get near that,” she notes. Preliminary 

results show that seasonal transpiration under 

the white fixed nets was reduced by 9%–14% and 

seasonal evapotranspiration by 8%–10%. “Higher 

water savings during certain stages of the season are 

possible, but some data issues still require further 

analysis before we can say for sure,” adds Midgley.

During the first study season, water use was 

reduced by 15%, and evapotranspiration by 13% 

under black draped nets.

Midgley stresses that these percentages are not 

nothing. “Any potential saving is never trivial in a 

water-stressed production region.”

The preliminary findings show that reduced 

transpiration was the result of lower exposure to 

solar radiation under nets. Water loss was 12%–15% 

less for trees under fixed netting than for ones 

growing in an adjacent open orchard. Netting also 

reduced the wind speed by up to 56%.

Only about a 1% difference in the average air 

temperature was measured between the netted and 

the open orchard. No difference in relative humidity 

or vapour pressure deficit was observed.

Black draped nets reduced sunlight by 30% during 

the months these were used, compared to sunlight 

exposure of trees in open control rows. This led to a 

decrease in the reference potential evapotranspiration 

of at least 30% in the trees under nets.

The project is set to continue until 2022.

Be realistic 
about water 

savings  
under nets
Nets protect apples from 

sun, hail, sleet, and wind. But 
do they reduce water use? 

Preliminary data suggests yes, 
but less than elsewhere in the 
world. By Engela Duvenage.

Data collection in 
an apple orchard.

Water loss was 12%–
15% less for trees 
under fixed netting.
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Project title: 

Sensitivity of various 

apple rootstocks to 

water stress.

Project leader: 

Midgley S.

WATER & IRRIGATION

and water stress
Promising preliminary results from a Hortgro-funded study show 
that dwarfing rootstocks are not more susceptible to water 
stress than conventional rootstocks. By Engela Duvenage.

Initial findings from a three-year study run 

counter to the views of some producers that 

dwarfing rootstocks used in high-density 

plantings are more sensitive to dry spells than 

conventional rootstocks. Dwarfing rootstocks 

assessed in this study showed similar recovery 

after drought stress compared to more 

vigorous rootstocks.

“The risk is probably not as high as we thought 

it would be,” notes project leader Prof. Stephanie 

Midgley, Climate Change and Risk Scientist at the 

Western Cape Department of Agriculture.

Midgley says that information about the water 

use of specific cultivars, and especially of newly 

available rootstocks, empower apple growers to 

make decisions that increase the resilience of their 

farming operation. This is important in light of 

climate change and the likelihood of increased 

periods of water stress resulting from irrigation 

water restrictions.

The study was conducted in a full-bearing Rosy 

Glow orchard established in 2010 on sandy soils 

in the Witzenberg Valley as part of a rootstock-

evaluation trial. Drought-stress treatments were 

performed during the summers of 2018 and 2020 on 

(in order of increasing vigour) M.9 Nic29, MM.109 

with an M.9 interstem, G.222, and M.793 rootstocks.

In the first year of the trial, half the trees 

received no water for two three-week periods, 

separated by a month of standard irrigation. The 

other half received standard irrigation. As this had 

little impact on the trees, the trial was repeated 

for a second year, and water was withheld for 

substantially longer.

A water deficit trial was also conducted under 

more controlled conditions in 2019 using potted 

one-year-old Rosy Glow trees at the Welgevallen 

Experimental Farm on the Stellenbosch University 

campus. Five rootstocks were evaluated: M.9 Nic29, 

G.202, G.222, M.7, and M.793.

In the orchard, different rootstocks can potentially 

give rise to smaller or bigger root systems, but in pots 

the root volumes of different rootstocks are all the 

same. By conducting trials in the orchard and in pots, 

researchers can tease out whether the response of 

rootstocks to water deficits is physiological or simply 

due to differences in root volume.

In both 2018 and 2019 it was found that daily 

and seasonal water use was strongly influenced 

by rootstock vigour, even when accounting for 

differences in canopy leaf area. M.9 Nic29 and 

M.793 showed the best recovery from water 

deficit. Trees on these rootstocks slightly increased 

transpiration when again irrigated.

Midgley says that even though trees on more 

dwarfing rootstocks used less water, none of the 

trees in the experiment showed signs of significant 

stress or reduced their water use in the 2018 field 

trial. However, data analysis for the final year of the 

project has not yet been completed — these results 

are expected to show greater differences between 

rootstocks, as a more severe water deficit was applied.

An apple tree reveals all 
its secrets to science.

“The risk is probably 
not as high as we 
thought it would be.”

D wa r f i n g  ro o t s to c k s
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Low-f low  
dr ip  i r r igat ion 

in  apples
A new Hortgro-funded study 

compares tree performance and 
root development in low- and 

ultra-low-flow drip-irrigated 
apples. By Engela Duvenage.

Continuous low-flow drip irrigation is being used with great success by 

the South African citrus industry. A Hortgro-funded project launched 

in 2021 will scientifically evaluate the pros and cons of low-flow drip 

irrigation for the apple industry. The project — the first of its kind on 

apples globally — is being led by Dr Eduard Hoffman and Prof. Johan 

van Zyl of the Department of Soil Science at Stellenbosch University.

Project title: 

Response of apple-

tree performance 

and root 

development to low-

flow drip irrigation.

Project leader: 

Van Zyl J.
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The rhizotron 
in action.

1.6-litres-per-hour drippers, water distribution was 

generally only vertical.

The new study in apples is being conducted 

near Grabouw on clay soils containing at least 

70% gravel. According to Hoffman, the site was 

deliberately chosen, because gravelly soil allows little 

lateral water movement, and is notoriously difficult 

to manage under drip irrigation.

Three different types of drip irrigation are being 

compared: low-flow — 1.6 litres per hour — and 

ultra-low-flow — 0.7 and 0.4 litres per hour. The 

wetting profile associated with each, as well as root 

growth, will be evaluated.

To assess root growth, Hoffman previously 

deployed rhizotrons, in-situ root-inspection 

Continuous low-
flow drip irrigation 

is being used with 
great success by 

the South African 
citrus industry.

“Our ultimate aim is to supply the apple industry 

with objective knowledge regarding soil-water 

distribution, water-use efficiency, and tree response 

in terms of stress, tree growth, yield, and fruit 

quality,” says Hoffman.

He anticipates not only water savings, but 

also improved ease of fertiliser application and 

reduced management inputs. “We hope to provide 

quantitative evidence to demonstrate to growers 

what the advantages and disadvantages of low-flow 

drip fertigation of apple orchards are, and how it 

compares with microsprinklers.”

The first research on low-flow drip irrigation 

was done by Hoffman and Van Zyl in citrus in the 

Worcester area. Low-flow — 1.6 litres per hour — 

was compared to ultra-low-flow — 0.7 and 0.4 litres 

per hour — irrigation. The study site, a Nadorcott 

mandarin orchard, is very sandy, with quite poor 

water-holding capacity.

In the first year after changing to drip 

irrigation, only the trees receiving water at 0.4 

litres per hour showed a very slight increase in 

yield. But things changed drastically in the second 

year. “Trees in all three treatment groups had 

such great yields in the second year that some of 

their branches broke off from the load that they 

carried,” recalls Hoffman.

Water distribution was best with the drippers 

that delivered 0.4 and 0.7 litres per hour, and 

showed an impressive lateral distribution. With the 

chambers that let researchers monitor root growth 

and distribution in real time. This non-destructive 

method is already used in the ongoing citrus study 

mentioned above.

“Other methods are all destructive, and only allow 

us to analyse root growth at the beginning and end 

of a season,” explains Hoffman. “This method allows 

us to determine the daily effect of the different 

irrigation treatments, and its influence on yield and 

fruit quality.”

The team will also investigate how fast root 

systems grow laterally, what influence a particular 

irrigation system has on soil chemistry, and the rate 

of acidification of soils.

The project is set to run until 2024.

D wa r f i n g  ro o t s to c k s
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Project title: 

Quantifying 

water use of 

high-performing 

commercial pear 

orchards in the 

winter rainfall areas 

of South Africa.

Project leader: 

Dzikiti S.

New
study on

Good news for the pear industry 
– a project to quantify the water 
requirements of high-performing 

pear orchards has been approved 
for funding by the Water Research 
Commission. By Engela Duvenage.

The project is set to begin in April 2022, and run until 2026. Hortgro will consider co-

funding the project from the next financial year, which commences in October 2022.

The project will be led by Dr Sebinasi Dzikiti of the Department of Horticultural Science at 

Stellenbosch University, in collaboration with the Department of Plant and Soil Sciences at the 

University of Pretoria, and the Council for Scientific and Industrial Research.

Field trials will run in prime pear-growing areas on Packham’s Triumph and Forelle, the 

two most-planted cultivars in South Africa. Packham’s Triumph is a green pear while Forelle 

is a blushed pear. Due to the need to expose Forelle pears to sufficient sunlight for red colour 

development, the canopies of Forelle trees are kept fairly open. In contrast, Packham’s Triumph 

trees have denser canopies.

According to Dzikiti, no accurate quantitative information exists on the water requirements 

of pear orchards. “This paucity of data may cause inaccurate irrigation scheduling and water 

allocation decisions, leading to inefficient use of often limited water resources.”

There is also little known about the drivers of water use and how this is affected by factors such 

as canopy cover, cultivar, soils, and microclimates. Some local information is available on how 

water use by pear trees relates to fruit quality and yields, but these results need to be validated.

The few international studies on the topic unfortunately do not take the water requirements 

of cultivars grown in South Africa into account.

The overall aim of this study is therefore to close these important information gaps 

through detailed field experiments aimed at understanding how pear trees interact with 

their environment in terms of water use and to provide insights on how differences in the 

management of pear-tree canopies may affect water use and water productivity.

water needs of pears
No accurate quantitative 

information exists on the water 
requirements of pear orchards.
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Groundwater What do about half the people and half the crops 
on earth have in common? Their survival depends 
on groundwater. By Anna Mouton.
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Water! The GEOSS team collects 
a groundwater sample for 
chemical testing of a borehole.
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READ MORE

Nel M. 2017. 

Groundwater: the 

myths, the truths and 

the basics. Special 

publication. Water 

Research Commission. 

ISBN 978-1-4312-0917-0.

Get the free  

download here:

Only about 2.5% of all water on earth is fresh. About 

0.9% is brackish. Everything else is seawater.

The total available 
volume of renewable 

groundwater in South 
Africa is estimated 

to be about 19 billion 
cubic metres per year.

“The geology only 
allows you to abstract 
groundwater at a 
certain rate.”

Factors affecting yield
The yield of an aquifer depends on its geological 

setting as well as on its characteristics, which 

include porosity, permeability, transmissivity,  

and recharge.

Porosity is a measure of the volume of space per 

volume of sand or rock. The greater the porosity, the 

more space is available for water.

Permeability is a measure of the number and 

size of connections between spaces in the sand 

or rock. An aquifer with high porosity but low 

permeability will have a low yield because water 

movement is restricted.

 Transmissivity describes the rate of 

movement of water through the entire aquifer. Low 

transmissivity will reduce yields by restricting water 

movement. Water flow rates in fractured aquifers in 

South Africa are typically a few metres per year.

Recharge is the rate at which water is added to 

the aquifer. Aquifers are usually recharged by rainfall 

and other precipitation but can also gain water from 

rivers and dams, as well as from artificial recharge 

through water injection.

Success with boreholes
Fresh Quarterly spoke with hydrogeologist Julian 

Conrad of specialist groundwater and earth-sciences 

consultancy GEOSS to learn how growers should 

approach drilling for water.

“We start by looking at the geology of an area, 

to see if there’s any potential for groundwater,” 

says Conrad. Although the Department of Water 

and Sanitation has produced groundwater maps 

of South Africa, these only provide a rough 

guide. Exploration for water requires much more 

detailed information.

Conrad explains that his team would not only 

consult satellite imagery, but also conduct field visits 

and use instrumentation. “There’s nothing that can 

show you where your water is,” he cautions. “You 

have to understand the geology, identify a good 

target zone, and then drill.”

Once the borehole produces water, Conrad 

stresses the importance of determining the safe 

sustainable yield using the correct scientific 

methods. “We want the borehole to last. Once 

we’ve tested the yield and the quality, we tell the 

farmer how to operate the borehole. The geology 

only allows you to abstract groundwater at a 

certain rate — so the size of your pump must be 

correct otherwise you will pump your borehole dry. 

It’s often good practice to let a borehole rest on a 

daily basis.”

Boreholes have to be licensed. The process 

depends on region, and unfortunately the borehole 

usually has to be in place, and its yield tested, before 

the application can be submitted. “We also need to 

prove how big the aquifer is, and that the borehole 

is not impacting springs or rivers, or other legal 

users,” says Conrad.

Although it might seem risky to incur the cost 

of establishing a borehole with no guarantee of 

receiving a licence, Conrad says that applications are 

rarely rejected. But he points out that applications 

do take a very long time to process.

Conrad recommends ongoing monitoring of 

boreholes. He is excited about the improvements in 

technology, including apps that allow users to monitor 

their pumps and water levels on their phones.

“I think there’s generally speaking plenty of 

groundwater still for use, in many areas,” concludes 

Conrad. “It’s a great resource — but a scientific 

approach is required for its optimal management.”

Porous aquifers occur in sand or sandstone.  

In South Africa, sand aquifers are found along 

coastal areas, in the Kalahari, and in some river 

plains. Examples include the Sandveld and Cape 

Flats aquifers.

Fractured aquifers are cracks and breaks 

in otherwise relatively impermeable rock. The 

Table Mountain Group aquifer is an example of 

a fractured aquifer. It extends from just north of 

Nieuwoudtville right down to Cape Agulhas, and as 

far east as Port Elizabeth.

Karst aquifers develop when limestone dissolves 

to form caves. Although uncommon, these aquifers 

can yield spectacular quantities of water. For 

example, the dolomite aquifer underlying Pretoria 

has supplied millions of litres of water every day 

since the founding of the city.

How much groundwater do we have?
South African aquifers are estimated to contain about 

235 billion cubic metres of groundwater, but most 

of this cannot be abstracted. Besides limitations 

imposed by the geology and characteristics of the 

aquifers, there are also considerations such as 

avoiding excessive drawdowns.

When the level of an aquifer drops too far, all 

sorts of bad things may happen. If the aquifer is 

near the coast, seawater can intrude, causing the 

aquifer to become brackish. Even if the aquifer is 

not near the coast, its water quality can deteriorate 

if poor-quality water from another aquifer is drawn 

into it.

In the case of karst aquifers, removal of water 

from an underground cave can lead to collapse of 

the roof and formation of sinkholes.

Aquifers are also the source of the core flow in 

most rivers in the Western Cape. Depleting the 

aquifers reduces flow in rivers.

However, the total available volume of renewable 

groundwater in South Africa is estimated to be 

about 19 billion cubic metres per year. To put this in 

perspective, the total capacity of our dams is about 

32 billion cubic metres. Whereas the water in rivers 

and dams has mostly been allocated, there is still 

groundwater available to be utilised.

When we think about fresh water, we tend 

to picture rivers and dams, but more than two 

thirds of all fresh water is frozen in glaciers and 

ice caps. Only about 1.2% occurs as surface water, 

and more than two thirds of that is also frozen, 

as ground ice and permafrost. The remaining 

fraction includes not only rivers and dams, but 

atmospheric water and soil moisture, as well as 

the water in living organisms.

If all the fresh water on earth filled a 20-litre 

bucket, then surface water would represent a 

little less than a cup scooped from that bucket. 

Groundwater, on the other hand, would account for 

around 30% of the water in the bucket.

What are aquifers?
Groundwater is defined as water found under the 

surface of the earth in the saturated zone — soil 

moisture is not generally considered groundwater. 

An underground layer of sand or rock that contains 

water is called an aquifer — the term often implies 

that the water can be economically exploited.

One way in which geologists classify aquifers is 

according to the spaces containing the water.

CLICK TO 
READ

http://www.wrc.org.za/wp-content/uploads/mdocs/Groundwater%20book_web.pdf
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How does Israel manage to export water when 
the country has an arid to semi-arid climate? 

Fresh Quarterly learns more from renowned 
hydrologist Prof. Eilon Adar of the Zuckerberg 

Institute for Water Research at the Ben-Gurion 
University of the Negev. By Anna Mouton.

Q What is the state of water use  
 in agriculture in Israel?

A Most of the Middle East is semi-arid to  

  extremely arid land, and water is a scarce 

commodity. For more than the last 20 years, the 

agricultural sector in Israel has consumed about 1.0 

billion cubic metres of water per year. Agriculture 

nowadays in Israel contributes less than 4% of our 

GDP — so in most cases, the agricultural sector 

cannot accommodate the real cost of water. But it is 

important for us to keep the agricultural sector alive 

for food security.

To overcome water scarcity, we started reclaiming 

municipal effluent in the early seventies by 

constructing water-treatment plants next to every 

municipality, all over the country. I would say 

that nowadays in Israel, about 95% of the villages, 

towns, and cities treat their sewage water. We treat 

and reclaim 87%–89% of our effluent, which is the 

highest rate in the world. Next to us is Spain with 

barely 30%.

The treated water is supplied to the agricultural 

sector through a centralised water-distribution 

system. This reclaimed sewage water serves 68% of 

what the agricultural sector consumes. Fresh water 

for specific crops contributes another 25%, and the 

rest is natural, untreated, brackish water.

Q Tell us more about your water-
distribution system.

A Our water infrastructure is unique in the  

  world. In South Africa, like in many other 

countries, you are accustomed to seeing electricity 

grids going all over the country. In our country, 

we have water grids next to the electricity grid — 

actually, we have three types of water grids.

The blue grid is the national water carrier which 

supplies water from the north, from the Sea of 

Galilee — the only fresh lake in the entire Middle 

East. It also gets water from aquifers and from five 

mega-desalination plants. In parallel to the blue 

grid, we have the red or purple one, which transmits 

the treated effluent. We don’t mix the fresh water 

and the treated effluent. The third one is the green 

grid which transmits natural brackish water where 

it is needed.

We are flexible because of our ability to increase 

water desalination, but also because of our ability to 

World leaders  inwater management
Excellent water 

management allows 
Israeli agriculture to 
thrive in the desert.

“About 95% of the 
villages, towns, and 
cities in Israel treat 
their sewage water.”

convey water. We became self-sustaining regarding 

water because we realised that not having enough 

water will have an immediate negative impact 

on our economy. Even the agricultural system 

must have a backup — in the South African case 

everything is localised, and you don’t have a backup 

supply system.

QDesalination is very energy 
intensive. How will Israel power 

desalination in a warming world?

A I can share the latest news with you. Since  

  Israel is obliged to move rapidly to green 

energy, and we don’t have much land to produce 

solar energy, we have signed an agreement with the 

Hashemite Kingdom of Jordan. They have a huge 

unused area of desert land where electricity will be 

produced and also exported to Israel.

Nowadays, Israel has a potential surplus of water, 

and we supply the Hashemite Kingdom of Jordan 

with more than 55 million cubic metres per year 

as agreed in the peace treaty signed with Jordan. 

Recently, Jordan has asked Israel to extend it, and 

we shall soon supply Jordan with more than 100 

million cubic metres of water, which is the average 

capacity of a huge desalination plant.

Jordan doesn’t have access to the 

Mediterranean. So they will be dependent on water 

produced in Israel, while Israel will be dependent 

on electricity produced in Jordan, creating a 

strategic economic balance.
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Q How does Israel abstract and 
manage groundwater?

A  Groundwater hydrology in Israel is well- 

  known and very much advanced. I would  

say with all modesty, maybe the most advanced in 

the world.

Slowly but surely, we have had to go to deeper 

and deeper water-bearing formations, for which we 

had to develop water-abstraction technology. Many 

production wells in Israel are beyond one kilometre 

deep — we have wells which are 1500 metres below 

surface and producing a lot of water. These wells 

are extremely expensive, so in order to make sure 

you don’t waste your money, you have to map the 

aquifers very well.

We map the aquifers by their extension, 

geometry, quality, and volume — what is the 

expected yield? Beyond that, what is the hydraulic 

connectivity between water-bearing formations? 

Each formation contains water of different quality 

— different hydrochemical composition.

In Israel, one has to have a permit to drill a well. 

During drilling, a well-sitter has to take records 

and samples. The samples are submitted to the 

Geological Survey of Israel. The well is monitored, 

and all the above-mentioned information gets into 

the national database. Once the well comes into use, 

there is a meter on the well, and the water authority 

knows how much and when water is pumped, what 

is the capacity, and for many wells, what is the 

salinity. So the water abstraction can be managed 

according to availability.

Nowadays, we keep most of our aquifers as our 

water resource as you develop it now with different 

regulations and rules in every catchment area and 

every province. You have several reservoirs in a 

basin, where every reservoir is operated by different 

associations. In some cases, there is competition 

for water between the municipalities and farms. It 

cannot work like this with non-coordinated sectorial 

water allocation.

As for reclaimed effluents, very little treated 

effluent water from towns in the Cape area is 

reused. The farming industry can use it as a primary 

resource. It is not just because it is not treated 

appropriately — you also lack dedicated pipelines 

to convey the treated effluents to the farms, and 

dedicated reservoirs to store treated effluent for the 

dry season. Effluents are produced at a constant 

level. Therefore, it is a sustainable source of water.

Once the systems for water production and supply 

have been upgraded, and the efficiency of water 

use in agriculture has been increased, and when 

all natural water sources have been developed and 

exhausted, and if there is not enough municipal 

wastewater for irrigation, it makes no sense to 

freeze the economy. Logic says that one should 

consider producing additional water by desalination 

of brackish groundwater and seawater.

“Israel supplies Jordan 
with more than 55 

million cubic metres of 
water per year.”

“Logic says that 
one should consider 
producing additional 
water by desalination of 
brackish groundwater 
and seawater.”

The Sea of Galilee is the 
only fresh lake in the entire 

Middle East.

backup reservoirs — this is the best water savings 

account. Since we have the desalination plants, we 

have more water recharging the aquifers. Many 

aquifers in Israel have been slowly recovering since 

2004 when we started producing desalinated water.

Q Israel are leaders in irrigation 
technology. Tell us more about 

the move to subsurface irrigation.

A Subsurface irrigation is drip irrigation, but  

  the drippers are lying a few centimetres 

below the surface in order to emit the water directly 

into the root zone. When water drips on the surface, 

the topsoil is wet, so some evaporation occurs. Not 

much — most of the water is immediately absorbed 

by the soil.

I don’t care that much about losing that water. 

But I do care about what is left behind. When the 

water is evaporated from the soil, all the minerals 

are left behind, so a salt crust starts forming on the 

top of the soil. When you get some rainfall, all these 

crusts dissolve and it’s washed into the rootzone.

So we’re moving quite fast to subsurface drip 

irrigation to save on water and to save the quality 

of the soil. Special subsurface emitters have been 

developed for that specifically.

QHaving visited South Africa 
many times, what are the top 

three things we should be doing to 
improve water management?

A Tough question, because you have more than 

   three things to do!

The first thing you have to do is educate the users 

about basic knowledge of hydrology, including 

groundwater management. Streams, rivers, and 

groundwater are one hydrological entity. Aquifers 

can be a sustainable source of water. However, it is 

a delicate source and more expensive to maintain 

than water diversion from streams.

I have seen South African farmers desperate for 

extra water drilling into groundwater without prior 

study of the aquifer. Drilling is very costly, and it is a 

waste of money to drill too many wells per unit area.

Secondly, you cannot continue developing the 

So there isn’t one thing to do. You need a 

comprehensive system that includes an integrated 

water-supply and water-treatment system, and it 

has to be managed by one entity — let’s call it a 

regional water authority. It cannot be handled by 

one farm or even a farming association.

Agricultural production in South Africa is more 

important to the economy than in Israel, so you 

should have a much higher motivation than we do. 

Think big, invest, and change the system.
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Research inventory
Completed projects
2002.  Volschenk T. Development and evaluation of a model for water 

use in deciduous fruit orchards and scheduling of irrigation 

with the aid of meteorological data.

2007.  Stassen P. Investigation into the horticultural and physiological 

benefits of better water and nutrient management strategies.

2008.  Volschenk T. The effect of varying drip-irrigation frequencies on 

apple-tree production and water use.

2011.  Volschenk T. The effect of deficit irrigation on  

apple-tree performance.

2012.  Volschenk T. The effect of deficit irrigation on  

pear-tree performance.

2013.  Lötze E. Quantifying the effect of inorganic and organic mulches 

of two soil types on nutrient uptake and fruit quality of Cripps 

Pink apples

2017.  Steyn W. Tree water relations and sunburn in pome fruit.

2018.  Dzikiti S. Quantifying water use of high-performing commercial 

apple orchards in the winter rainfall areas of South Africa.

2018.  Volschenk T. Evapotranspiration of high-performance  

apple trees.

2020.  Hoffman E. The effect of irrigation on the performance of young 

apple trees in newly established orchards.

2020.  Jarmain C. Water use of pome and stone fruit: knowledge 

status, relevance, and gap analysis.

2021.  Midgley SJE. Scientific and practical guide to climate change 

and pome/stone fruit production in South Africa.

Current projects
Chigwaya K. The effect of water deficit on fruit-tree phenology, fruit 

production, fruit quality and storability of Fuji, Cripps Pink and Golden 

Delicious apples.

Jovanovic N. Water use of high-performing full-bearing Japanese 

plum (Prunus salicina) in two major production regions of the Western 

Cape (South Africa).

Midgley SJE. Sensitivity of various apple rootstocks to water stress.

Dzikiti S. Water use under shade nets.

New projects
Van Zyl JL. Response of apple-tree performance and root 

development to low-flow drip irrigation.

A list of Hortgro-funded projects 
related to water and irrigation.
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For further information please contact  
Prof Stephanie Midgley:
stephaniem@elsenburg.com, 083 6529062
https://ishsirrigationsa2023.com

FOR THE DIARY
The Xth International Symposium on 
Irrigation of Horticultural Crops will 
take place in Stellenbosch from 29th 
January to 2nd February 2023.

We warmly invite you to participate in this Symposium, held under 
the auspices of the Western Cape Department of Agriculture, 
Stellenbosch University and the University of Pretoria, together 
with the Southern African Society for Horticultural Science (SASHS) 
and the International Society for Horticultural Science (ISHS). The 
call for Abstracts and the symposium website will be opened in 
February 2022. There is a wide range of sponsorship opportunities. 
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