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ABSTRACT
With water resources being predicted to become scarce and more expensive in future, there is a need to op-
timise water management for avocado. In this instance water requirements have to be determined for the 
current cultivars and rootstocks. The current soil-based irrigation norms has to be calibrated with the needs of 
the plant. During the past four years, trials were carried out mainly on ‘Hass’ where tree physiology was mea-
sured with the aim of determining stress levels. Parameters measured were photosynthesis, transpiration rate, 
stomatal conductance and stem xylem water potential with the latter being the focus of the study. All mea-
surements were carried out during midday. Signifi cant correlations were obtained between midday stem xylem 
water potential and the other physiological parameters. A trend was observed that trees started to stress at 
approximately -0.5 MPa, which was set as a threshold level. It was further found that trees reach midday stem 
xylem water potential values of -0.5 MPa and lower when more than 60% of easily available water is depleted 
from the soil. Tree water requirements and the norms determined in this study need further investigation for 
refi nement. 
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INTRODUCTION 
South Africa is located in a predominantly semi-arid 
part of world and water resources are therefore, in 
global terms, scarce. It is further predicted that the 
future effect of climate change will result in water be-
coming scarcer, especially in the south eastern parts 
of the country (Benhin, 2006) where most avocados 
are cultivated. 

The agricultural sector is an extremely high con-
sumer of water with 62% of South African water re-
sources being used by this sector (National Water 
Resource Strategy, 2004). However, Nieuwoudt et 
al. (2004) have shown that agriculture is the least 
effi cient user of water contributing only R1.50 per 
cubic metre of water used to the national GDP, com-
pared to mining contributing R39.50/m3, eco-tour-
ism contributing R44.40/m3 and industry contribut-
ing R157.40/m3 water used. It is therefore inevitable  
that pressure will be placed on agriculture to drasti-
cally reduce water consumption to make more water 
available for other sectors. This will most probably 
manifest in stricter legislation and quotas and higher 
water prices for the agricultural sector. Therefore, 
there is an urgent need to reconsider irrigation prac-
tices in the avocado sector and investigate ways to 
save water and improve production. Currently soil-

based irrigation norms are available for irrigation 
scheduling purposes (Kruger, 2011). The problem 
with soil-based irrigation scheduling is, however, that 
it does not provide a direct indication of the water re-
quirements of the tree (Jones, 2004). It is therefore 
uncertain if water is applied according to the needs 
of the plant. Plant-based or plant physiological mea-
surements should therefore be carried out in order to 
apply irrigation according to the needs of the plant 
(Winer, 2003). 

Such a plant-based measurement can theoretically 
be any physiological parameter that can be linked to 
water relations and stress. A number of plant physi-
ological parameters that can be used for this purpose 
is discussed by Jones (2004) and include stomatal 
conductance, photosynthesis, leaf and stem xylem 
water potentials, stem and fruit diameter, to men-
tion a few. Each of the plant-based methods has ad-
vantages and pitfalls, but the most important pitfall 
for all plant-based scheduling approaches is the dif-
fi culty of on-farm application. Plant-based irrigation 
scheduling approaches should be used in research to 
fi ne-tune current soil based norms, which is easy to 
measure, to be certain that the water requirements 
of the tree is met. 

The aim of this study was to calibrate irrigation of 
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avocado using midday stem xylem water potential 
as plant physiological indicator. Midday stem xylem 
water potential was the parameter of choice as it 
showed highly signifi cant correlations with a number 
of physiological parameters as well as with tree 
production in a number of other tree crops (Naor, 
2000). 

MATERIALS AND METHODS 
Over the past four years, trials were carried out in 
the Nelspruit, Tzaneen and Levubu areas, mainly on 
the avocado cultivar ‘Hass’. Some work was carried 
out on ‘Pinkerton’ and ‘Maluma’ as well, but only 
the results for ‘Hass’ will be discussed. At all sites, 
weather data (temperature, relative humidity, rainfall 
and wind speed) was obtained from weather stations 
in the vicinity of the trial sites. 

Physiological measurements were taken at all sites 
on a regular basis. Physiological parameters that 
were measured were photosynthesis (CO2-assimila-
tion rate), transpiration rate, stomatal conductance 
and stem xylem water potential. All these measure-
ments were carried out during midday (11:00 to 
13:00). For midday stem xylem water potential mea-
surements, leaves were fi rstly closed in a dark foil 
bag for approximately 90 minutes to allow the water 
potential of the leaf to come into equilibrium with the 
water potential of the stem of the tree. After the 90 
minutes elapsed, the water potential of the leaf was 
measured in a pressure chamber (PMS Instruments, 
USA). In order to correlate the different physiological 
parameters, photosynthesis, transpiration rate and 
stomatal conductance was fi rst measured with an in-
frared gas analyser (LCpro-SD, ADC BioScientifi c Ltd, 

UK) and immediately closed thereafter with the foil 
bag for water potential measurements. 

Soil water content was measured with capacitance 
probes (DFM) and with a soil moisture kit (ΔT, 
SM150). The capacitance probes measured soil water 
content at 10, 20, 30, 40, 60 and 80 cm depths. All 
measurements were carried out in the root zones of 
the trees. In addition, soil analysis was carried out 
for the soils at each site and water retention curves 
obtained. 

For all experiments carried out, appropriate exper-
imental designs were obtained and data being anal-
ysed using appropriate statistical software. 

RESULTS AND DISCUSSION 
For the purpose of this article, the past four years’ 
results will be placed into context with relevant liter-
ature to illustrate what is understood about avocado 
water relationships and progress made in calibrat-
ing irrigation on avocado. Furthermore, research that 
still needs to be carried out (gaps in knowledge) will 
then be discussed. 

Water requirements of avocado 
In terms of water requirements of avocado it was 
documented in studies done in Israel and California 
that avocado trees require between 8 000 and 9 000 
m3 water/ha/annum (Gustafson et al., 1979; Adato 
& Levinson, 1988). It would appear that it is slightly 
more in South African conditions. A study was car-
ried out in the Crocodile River basin, where the water 
requirements for avocado was determined as 9 825 
m3/ha/annum (Hoffman, 1999). However, in this 
study (Hoffman, 1999) it is uncertain if plant water 

Figure 1. Correlation between transpiration and midday stem xylem water potential for ‘Hass’ avo-
cado trees.
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status was also measured (as in the California and 
Israel study) or if the study was based on soil-based 
measurement only. There is therefore a need to re-
consider the mentioned fi gure and to determine wa-
ter requirement for avocado under local conditions in 
different areas and with the cultivars and rootstocks 
currently used. As the water requirements of the 
trees strongly depends on environmental factors and 
phenology (Roets et al., 2013), a model, containing 
environmental and phenological data as variables, 
will be constructed to be applied in the different pro-
duction areas. 

Calibrating current soil-based irrigation 
scheduling norms with midday stem xylem 
water potential 
The fi rst aim of this study was to determine a midday 
stem xylem water potential norm indicating the 
onset of plant stress. Correlations were obtained 
between transpiration rate and midday stem xylem 
water potential, and between midday photosynthesis 
and midday stem xylem water potential, which are 
depicted in Figures 1 and 2 respectively. 

Considering the correlation between midday tran-
spiration and midday stem xylem water potential de-
picted in Figure 1, the following can be seen:
• There is a signifi cant linear correlation between 

these two variables with a decrease in transpira-
tion rate as the midday stem xylem water poten-
tial decreased. 

• However, considering the points on the graph 
there are two distinct groups of points indicating a 
sudden decrease in transpiration rate at a midday 

Figure 2. Correlation between photosynthesis and midday stem xylem water potential for ‘Hass’ avo-
cado trees.

stem xylem water potential value of approximately 
-0.5 MPa. In this instance, the transpiration rate, 
as well as stomatal conductance, decrease by ap-
proximately 50%. 

• This sudden decrease in transpiration rate and 
stomatal conductance indicates partial stomatal 
closure, which may be a response towards water 
stress. This response could be due to two reasons, 
namely 1) insuffi cient soil water availability, or 2) 
high transpiration rate due to high atmospheric 
demand that cannot be supported by the root sys-
tem. Avocado roots naturally have a low hydraulic 
conductivity (Wolstenholme, 1987), but is still ca-
pable to supply water to the tree canopy at rates 
approaching or equalling transpiration losses as 
long as soil remained close to fi eld capacity (Sha-
ron et al., 2001). It is, however, important to note 
that Phytophthora root rot infection will lead to 
impaired root activity and a quicker response to 
stress (Manicom, 2011), which may not necessar-
ily be the case here. 

Considering the correlation between midday pho-
tosynthetic rate and midday stem xylem water po-
tential as depicted in Figure 2, the following can be 
observed: 
 Photosynthetic rate followed a hyperbolic trend 

with a sharp decrease when midday stem xylem 
water potential decreased below -0.5 MPa. 

 This decrease most probably corresponds with 
the decreased stomatal conductance, resulted in 
decreased gas exchange and therefore lower CO2 
availability for photosynthesis. 
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Figure 3. Correlation between midday stem xylem water potential and soil water availability for ‘Hass’ avo-
cado trees planted on a sandy-clay soil (58% sand, 13% silt and 29% clay).

 In addition, as water are one of the substrates in 
the process of photosynthesis, lower water avail-
ability may have a direct effect on the photosyn-
thesis process with decreased water availability 
resulted in a decreased rate of photosynthesis. 

Kruger et al. (2015, unpublished data) also found a 
direct correlation between postharvest fruit ripen-
ing and midday stem xylem water potential. Unfa-
vourable fruit ripening started to occur when midday 
stem xylem water potential values dropped below 
-0.5 MPa. This may be directly related to plant stress 
that occurs prior to harvest.

The second aim of this study was to establish if a 
correlation can be drawn between midday stem xy-
lem water potential and soil water availability. If a 
signifi cant correlation could be found, then soil-based 
norms could be calibrated with plant-based measure-
ments. The correlation between midday stem xylem 
water potential and soil water availability is depicted 
in Figure 3. The following can be seen from the fi g-
ure: 
• A signifi cant, but relatively weak correlation ex-

ists between midday stem xylem water potential 
and soil water content in the effective root zone of 
trees.

• The fact that soil water availability only contrib-
utes to 35% of the variation in the data, imply 
the effect of a number of other factors, which in-
cludes the atmosphere surrounding the tree (ra-
diation, temperature, humidity and wind speed), 

the ability of the root system to take up water and 
nutrients, root health and hydraulic resistance in 
the xylem (Jones, 1990). It is therefore important 
during interpretation of plant-based data, that 
weather data is also included with the soil data, 
with knowledge on root-health (Goldhamer & Fer-
eres, 2001; Roets et al., 2014). 

• However, it can be seen that with less than 50% 
depletion of easily available water, plants have not 
reached the threshold midday stem xylem water 
potential level of -0.5 MPa and it can be safely as-
sumed that plants are not stressed at that level, 
regardless of weather conditions. However, for 
this data the fl owering phenological stage was not 
measured and the demand may be higher for fl ow-
ering as fl ower transpiration place an additional 
water need on the plant (Blanke & Lovatt, 1993). 

• It can be seen that plants start to experience stress 
(midday stem xylem water potential values lower 
than -0.5 MPa) with approximately 60% deple-
tion of easily available water, especially when at-
mospheric conditions are hot and dry. Under cool, 
moist atmospheric conditions, plants may not ex-
perience stress. But with 65% or more depletion 
of easily available water, it can be expected that 
most trees will experience stress under cool and 
hot atmospheric conditions. 

• It is also important to note that this correlation 
follows a hyperbolic trend. Field capacity of the 
soil was at 32% while the graph already fl attens 
at 29.5%. It is therefore not necessary to water 
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orchards to fi eld capacity, except under very hot 
and dry conditions to help the roots of the tree 
to cope with the high transpiration demand (Sha-
ron et al., 2001). Pulse irrigation can therefore be 
considered to keep soil water content in a range of 
approximately 45 to 50% depletion of easily avail-
able water. 

• Care should be taken not to overirrigate, as this 
will result in root oxygen starvation and higher 
susceptibility to Phytophthora root rot (Schaffer, 
2006; Manicom, 2011). 

• In this report, the relationship between tensiom-
eter values and DFM capacitance probes was not 
made, but it is important when using DFM capaci-
tance probes that they should be calibrated with a 
tensiometer or instrument that provides exact soil 
water content, as these probes only give relative 
and not exact soil water content values. 

CONCLUSION
There was only one known study carried out on de-
termination of water requirements of avocado trees 
in the Crocodile River basin area approximately 20 
years ago. There is thus a need to determine the 
water requirements of avocado with the current cul-
tivars and rootstocks. Such study can be carried out 
in one area and a model be constructed, which can 
be applied in other areas as well. Stem xylem water 
potential gave a reliable indication of the water sta-
tus of the trees and showed signifi cant correlations 
with transpiration, photosynthesis and stomatal con-
ductance. It showed that the tree possibly started to 
stress below -0.5 MPa. Even though variation is large 
due to the effect of weather conditions on midday 
stem xylem water potential, a clear trend was ob-
tained showing that trees reach midday stem xylem 
water potential values of lower than -0.5 MPa at ap-
proximately 60% depletion of easily available water. 
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