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Presenter
Presentation Notes
Good morning –I’m thankful for the opportunity to present the results from a project that will hopefully contribute to sustainable water use in future. In order to try and answer this question the water research commission and SAAGA solicited a project on avocado orchard water use. This is the 4th time I am presenting results from this project and as this project is about to end I can finally present some final figures. A large number of people are involved in the project from a number of tertiary institutions and we have generated a lot of data, but hopefully I will present some relevant data for growers today. So the obvious question is how much water do avocado orchards use?, well as I have said at previous symposia, this is not an easy question to answer as each orchard of has a unique number and if we are going to provide good answers we need to understand the whole system. 

Before we look into water use, lets have a look at the South African avocado industry
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INDUSTRY FACTS

• 14 700 ha planted in South Africa (2020 SAAGA 
Census)

• ~800 ha new plantings annually
• 5 year average annual production 125 600 t
• Employment: 1 permanent worker / 2.6 ha
• Time to full production: 6-8 years https://www.avocado.co.za/

% Production by province

Limpopo
~ 58%

Mpumulanga
~24%

Kwazulu-Natal
~14%

Cape provinces
~4%

Presenter
Presentation Notes
South Africa is ranked as one of the leading exporters of avocados 
55% of production is exported, mainly to Europe and the United Kingdom. Remainder of the crop is consumed domestically and approximately 10% is processed. 
In terms of fruit industries in South Africa it is not one of the biggest industries, but it is an important industry. One of the few countries in the world where production largely occurs in summer rainfall regions. Most of the production takes place in the warm subtropical areas of Limpopo and Mpumalanga but expansion is happening in a number of provinces which are regarded as cool subtropical regions. Due to the popularity of avocados, expansion is taking place each year at the rate of approximately 800 ha annum-1.. 
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Presenter
Presentation Notes
global avocado imports hit $4.82 billion in 2016, with imports growing by 21% between 2012 and 2016. apparently avocados is an easy sell: it’s delicious and nutritious, after all, and a rather meaty substitute for vegetarians and vegans.  Also driven by many celebrities eating avocados. It does have health benefits. Avocados are known for being a source of “good fat” (monounsaturated fat, which helps main healthy cholesterol levels). They are also packed with other nutrients, such as magnesium, potassium, folic acid, vitamin C, and vitamin E, and are high in fiber. So it fits the brief for better nutrition
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Presenter
Presentation Notes
However, there is another side to avocado production. In recent years avocados have featured in a Netflix documentary called Rotten, where part of the story revolves around water in Chile as a result of growing production. There have also been reports on the water footprint of avocados, which is seen to be quite poor. Efforts are being made to improve this and much is made of instances where the water footprint has been reduced.  A simple google search reveals that it takes 2000 L to produce a single kg of avocados – water applied or irrigation water.
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Do avocados use too much water?

Presenter
Presentation Notes
Is this indeed the case. Do they use too much water? The problem is I don’t think we have had the answer until about a year ago. There are very few reports of a systematic attempt to quantify avocado water use. Which begs the questions – how did they decide how much water it takes to produce an avocado. This is the first step in assessing the water use efficiency of the industry. This project was therefore initiated by the water research commission and SAAGA to answer this question. 
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Tree transpiration

Soil 
evaporation

wet

TOTAL WATER USE

Soil 
evaporation

dry Cover crop 
transpiration

Presenter
Presentation Notes
In order to do this, there were a number of components that we needed to try and estimate. We measured total orchard water use or evapotranspiration using 
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Mature orchard Howick 
canopy cover = 0.90

Intermediate orchard Howick
canopy cover = 0.55

Mature orchard Tzaneen
canopy cover = 0.60

Immature orchard Howick
Canopy cover = 0.15

Presenter
Presentation Notes
These are the orchards in which we measured transpiration and evapotranspiration. As you can see the orchards had trees with different canopy sizes as indicated by the canopy cover– where canopy cover indicates the fraction of the orchard covered by avocado trees. We also measured transpiration at two locations – three of the orchards were in Howick and one in Tzaneen.
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T – 0.55

T – 0.90

ET – 0.72 ET – 0.15

T – 0.15

ETo – 0.72

ET – 0.72

43 months

Presenter
Presentation Notes
I wanted to illustrate to you when we did the measurements and what the data looks like over the course of the study at Howick.  We have used state of the art equipment to determine transpiration (T) and evapotranspiration (ET) rates for close to 43 months All this data is put into context of the prevailing weather conditions and this has been done by including reference evapotranspiration data or ETo in the back ground in grey. 
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Presenter
Presentation Notes
Measurements of transpiration in Tzaneen took place over 13 months. These measurements were used to validate the water use models in a different climatic region
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Seasonal water use

Non-bearing Intermediate Tzaneen Mature

Transpiration 30 mm 360 mm 480 mm 680 mm

Evapotranspiration 1120 mm 1150 mm ND 750 mm

Evaporation (% of ET) 97% 66% ND 15%

Presenter
Presentation Notes
Lets put that data into a format that is more meaningful, and lets start by having a look at seasonal or annual transpiration and evapotranspiration rates. Only the water transpired by the trees throughout the year. It is a mm value and to get cubic meter value per ha you multiply by 10.  As you can see seasonal transpiration varied with canopy size and was lowest in the non-beating orchard and highest in the mature orchard. The same could not be said for evapotranspiration or total water use and this was higher in the non-bearing and intermediate orchard than the mature orchard. The other important component of total orchard water use is evaporation from the soil and cover crop and this fraction is so much higher in the non-bearing and intermediate orchard where a lot of the orchard floor is exposed to solar radiation and there was a healthy cover of grass between the trees. This is in contrast to the mature orchard where the floor was shaded for a large portion of the day. This suggests that In small orchards substantial water savings are possible, which can potentially be achieved through clever management of irrigation and the interrow area. Importantly a lot of the water evaporated from the orchard floor is from rainfall, as in the three seasons of measurement rainfall was around 1000 mm per annum with irrigation typically only in the drier winter months.
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Season Non-bearing Intermediate Tzaneen Mature

Avg. daily T (L tree -1 day-1) 2.3 27 42 53

Avg. daily T (mm day-1) 0.08 0.98 1.31 1.90

Max. daily T (L tree day-1) 4.4 70 84 121

Max. daily ET (mm day-1) 7.17 8.02 ND 7.40

Avg. daily ET (mm day-1) 3.11 2.89 ND 2.41

Daily water use

Presenter
Presentation Notes
If we then have a look at average daily transpiration in L and mm and maximum transpiration rates and average and maximum ET rates in mm.  In the non-bearing orchard daily transpiration was low with an average of 2.3 L per day and a maximum rate of 4.4 L per day. Once again as canopy size increased the daily arrest increased with an average of 27 L per day in the intermediate orchard to 53 L per day in the mature orchard which translated to approximately 1 mm in the intermediate orchard and 2 mm in the mature orchard.  Daily ET rates were highest in the non-bearing orchard at 3.11 mm per day and lowest in the mature ar 2.41 mm – once again reflecting different rates of evaporation in these two orchards. Maximum rates were between 7 and 8 mm per day.
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Orchard evaporation
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Response of T to environment

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5
5,0

0,0 2,0 4,0 6,0 8,0 10,0

Tr
an

sp
ira

tio
n 

 (m
m

 d
ay

-1
)

ETo (mm day-1)

IO MO Tzaneen

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5
5,0

0,0 1,0 2,0 3,0 4,0 5,0

Tr
an

sp
ira

tio
n 

 (m
m

 d
ay

-1
)

VPD (kPa)

MO IO Tzaneen

Presenter
Presentation Notes
All the water use fugures presented are valuable and give us some idea of avocado water use, but they are specific to an orchard and to a particular year. So how do we provide information to growers in different regions with difference sized orchards to aid in irrigation scheduling? The first step was to try and understand how transpiraiton volumes for avocados respond to environmental conditions and more specifically the vapour pressure deficit which is a great indication of how dry the air is and is an important driver of transpiration. What is hopefully evident from the graph on the left is that in the three bigger orchards there was a clear initial increase in transpiration with increasing VPD but then as VPD increased above 1 to 1.5 kPa and you look at the maximum values, there is no further increase in transpiration with increasing VPD – even though the atmosphere is becoming drier, transpiration does not increase. This is a bit counter –intuitive as we expect plants to transpire more the hotter and drier it is. A similar trend is evident when comparing transpiration rates with ETo reference evapotranspiration and a clear maximum is reached after Eto increases above 2.5  to 3 mm per day. This possibly reflects the throttling of transpiration as a result of stomatal closure at high VPDs, as seen in citrus and macadamias. Sugegesting that avocado do not consume large amounts of water.
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Maximum transpiration rate
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Presenter
Presentation Notes
This is throttling of transpiration as Eto increases is seen very clearly in hourly data, especially from the orchard in Tzaneen, where a maximum rate of transpiration is reached
The question is how do we take this information and make it applicable to the whole industry – well we try and model the water use. We can’t measure everywhere but we can try and understand the main drivers of water use, as I’ve just tried to show you, and use this information to make predictions or estimations. 
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gc,j=gc maxƒ SR ƒ VPDair ƒ Tair

Estimating transpiration

Crop coefficient Penman-Monteith
Multiplicative 

function

T = Kt x ETo λEc=
∆ Rn−G +ρaCpgaVPD

∆+γ 1+ ga
gc

gc,j=gc maxƒ SR ƒ VPDair ƒ Tair

T= 𝑇𝑇maxƒ SR ƒ VPDair ƒ Tair

Presenter
Presentation Notes
We tested a number of approaches to estimate transpiration. We test more than one model because different models have different applications and require different inputs – some require few inputs but are only accurate over fairly long periods of time, whist others require a number of parameters but are accurate over fairly short time scales.  We wanted to find models that can be used relatively easily by end users but still provide a good degree of accuracy. We therefore tested a crop coefficient approach, we used the Penman- Monteith equation together with estimates of canopy conductance, the Penman – Monteith equation is how Eto is calculated and finally a multiplicative function which I want to speak a little bit about today.
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How can we estimate transpiration?

Solar 
radiation

Vapour
pressure 

deficit 
(how dry is 

the air?)

T= Tmaxƒ SR ƒ VPDair ƒ Tair

Air temperature

Standard automatic 
weather station

Presenter
Presentation Notes
This model provides the best balance between accuracy and the number of input parameters. In this model a maximum transpiration rate for canopy size is determined and then through maths we are able to determine how that transpiration varies with different combinations of solar radiation, vapour pressure deficit and air temperature. As a result we are able to predict transpiration from estimates of canopy cover and weather variables from an automatic weather station.
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How well does the model work?

y = 0.9542x
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Presenter
Presentation Notes
So how well are we doing at the moment. The top graph shows comparisons of modelled and measured data on a daily basis for the intermediate orchard, for the model parameterization period and I hope you agree that they are following each other quite nicely – which means our estimates are reasonable. The bottom two graphs show data for the parameterisation phase in the intermediate orchard on the left and on the right the mature orchard using parameters derived for the intermediate orchard and making an adjustment for canopy size.  If the data sits on the black dotted line it means a perfect estimation. There is always going to be some discrepancies but in terms of water use model performance this model is doing well.  Unfortunately it did not perform as well when tested in the Tzaneen orchard on a daily basis. This is the trouble of this kind of model when tested in a different environment. However, it performed reasonably well on a fortnightly basis in Tzaneen. We will continue to try and improve on these modelling approaches 
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How much water does it take to produce 
an avocado in KwaZulu-Natal?

Is it worth it?

Presenter
Presentation Notes
Is this indeed the case. Do they use too much water? The problem is I don’t think we have had the answer until about a year ago. There are very few reports of a systematic attempt to quantify avocado water use. Which begs the questions – how did they decide how much water it takes to produce an avocado. This project was therefore initated by the water research commission and SAAGA to answer this question. 
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Mature orchard 2017/18 2018/19

Yield (kg ha-1) 12 442 12 085

Expected income (R ha-1) 246 139 308 846

ETANNUAL (m3 ha-1) 10 090* 7 520*

Water use efficiency (kg m-3) 1.23 1.61

Water use efficiency (L kg-1) 716 625

Water use productivity (R m-3) 24.39 50.64

What is the value of the water?
* Annual ET from Sept to Sept

Presenter
Presentation Notes
And we have also tried to place a value on the water so we have calculated  how much water is used to produce a kg of avocados and more importantly what is the monetary value of that kg of avocado, which then places a value on that water. This is important due to the low yields of avocado which could make pure WUE figures very misleading compared to apples or oranges.  
Iimportantly these values are based on a measured ET and not applied irrigation and rainfall. Values were fairly similar for the two seasons. The major difference was the ET in the second season which was quite a bit lower because of pruning. WUP was also higher in the econd season based on better prices. 
These calculations should also come with a word of warning – a set number for a crop as seen in popular articles is really not fair as it depends on so many factors and the manner in which it has been calculated should be clearly stated. They are not always directly comparable. Also sometimes unfair to make comparisons between different growing regions as weather conditions are different – if it is hotter and drier, then ET is likely to be higher for the same yield.  
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Do avocados use a lot of water?

• Through better estimates of water use growers can design appropriate 
irrigation systems and schedule irrigation more judiciously

• By understanding the partitioning of ET into T and Es it is possible to 
make water savings by reducing non-beneficial consumptive water use

• Under conditions in the study, avocado orchards do not use more water 
relative to many other fruit tree crops

• Yields are, however, lower than other crops
• Considering an average fruit mass of 250 g, then it takes approx. 150 -

200 L to produce a single avocado or 625 to 715 L for a kg of avocado

Presenter
Presentation Notes
They don’t use more water than other crops, it then comes down to how you irrigate the orchards.  
More responsible and sustainable production
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What happens if there is not enough 
water?
NJR Roets and NJ Taylor
ARC-TSC, University of Pretoria

What happens when not enough 
water is available?

Presenter
Presentation Notes
So the second part of the story is how water stress impacts yield and quality. If there is not enough water can avocados still be successfully produced? Becoming increasingly important considering the recent drought in one of the most important avocado producing regions in South Africa. Could become worse in the face of climate change scenarios. This helps growers decide on when they can make water savings without having a big impact on yield and quality. This work was done in an orchard at the ARC-TSC in Nelspruit.
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2 3 4 5

fruit maturationfruit sizingflowering & 
fruit set

flower 
initiation

When was stress imposed?

1
Well-watered 

control

Data from the 2018/2019 and 2019/2020 seasons

Presenter
Presentation Notes
The aim is to determine the stress at different phenological stages on yield and quality, so when are we trying to stress the trees – firstly there is a control that is the farmers irrigation, 2 – flower initiation, 3 – flowering and fruit set. 4 is during fruit development and November fruit drop and 5 is during fruit maturation.

We have completed two seasons of measurements but busy with a third



Department of Plant and Soil Sciences

Impact on fruit set?
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Presenter
Presentation Notes
The impact of a water stress on fruit set is evident in all there seasons with a reduction in fruit set in each season. When seasons were analysed separately, there were statistical differences between the control and stress treatments. Importantly, as there was minimal rain during this stage, the treatments were successfully implemented. This was not as easy for the remainder of the stages, when rain occurred.
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Impact on fruit drop?
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Presenter
Presentation Notes
There was no impact of stress on fruit drop but from measurements of soil matric potential water was unlikely to be a limiting factor, during this stage and enough stress for a significant period could not be achieved in the orchard. What Nico did find was that fruitlet abscission tended to be related to crop load. The higher the crop load the more the abscission.
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Effect on fruit size?
a a

b
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Presenter
Presentation Notes
While fruit size was unaffected by stress in the first season, it was significantly reduced by stress in the second season. More stress was able to be induced in the second season than the first season.
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Impact on yield?
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Presenter
Presentation Notes
At the end of the season last year, the exact impact on yield was able to be determined. There was a distinct impact of stress during fruit set on final yield. Not too much for the other stages, but this probably reflects difficulty implementing stress when it rains. Yield in the second season was  lower than in the first season but the trend was the same. However, yield determination was complicated by a lot of theft during the level 5 COVID lockdown and Nico had to estimate yield from fruit counts and size prior to the lockdown.

In terms of quality stress during maturation resulted in a slight increase in pink staining and anthracnose.  
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Water stress and avocados?

• Avocado trees, and therefore yields, are sensitive to moderate and 
relatively short periods of water deficits

• Stress during times of low rainfall seemed to be particularly harmful 
to final yield and this typically occurs during the fruit set stage – up to 
50% fruit drop

• The probability for water stress during fruit growth is low in years with 
“normal” rainfall, but apply irrigation strategically during dry, as fruit 
growth can decline during these periods

• Water stress during fruit maturation can impact physiological 
disorders
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• Water Research Commission
• SAAGA
• Members of the WRC reference group
• Growers – Juan Pienaar Avo Valley, Westfalia fruit 

(Westfalia Estates and Everdon Estates – Cecil 
Hackney, Bongeka Ndlovu, Zelda van Rooyen) 

• Postgraduate students
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