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ABSTRACT

The aim of this three year project was to optimise irrigation management on avocado, using plant and soil-
based measurements. DFM probes and tensiometers were used to measure soil water content. Graphs ob-
tained from the DFM probes showed the water withdrawal patterns from the soil by the roots. The rate of water
withdrawal correlated significantly with evapotranspiration (r?> = 0.6353) and was also related to phenological
stage. A good indication of the water needs of avocado trees was therefore obtained, but the water require-
ments in terms of amounts still need to be determined for the different production areas. Midday stem xylem
water potential was used as a plant stress indicator. Midday stem xylem water potential norms, indicating the
onset of plant stress, had to be determined first. It was shown that the onset of plant stress occurred at a
midday stem xylem water potential value of approximately -0.5 MPa. This norm was further used to test the
current soil based recommendations for irrigation scheduling. The preliminary results for this aspect showed
that soil can be dried out more than recommended, but the exact point still needs to be determined during the

current season.

INTRODUCTION
It is well known that water stress, both from over- or
under-irrigation, results in an adverse effect on plant
health and productivity. Avocado is especially sen-
sitive to both under- and over-irrigation. Under-irri-
gation was shown to cause stunted growth, reduced
biomass of feeder roots, smaller leaves, reduced
yields and poor postharvest ripening and storage
quality of fruit (Bower, 1984; Van Eyk, 1994; Chartz-
oulakis et al., 2002; Kruger & Magwaza, 2012; Kru-
ger et al.,, 2013). On the other hand, over-irrigation
and excessively wet conditions (prolonged condi-
tions with soil being saturated with water) enhances
the incidence of Phytophthora root rot infection and
feeder root death due to oxygen starvation, as they
need oxygen for proper functioning and respiration
(Sterne et al., 1977; Schaffer, 2006). Over-irrigation
further results in water wastage, which in the light of
stricter water legislation and increasing water prices
cannot be afforded.

In order to ensure optimal irrigation practices and
production, the above aspects have to be taken into

consideration. However, irrigation can only be opti-
mally applied if the water requirements of the trees
are known. Currently, in South Africa, irrigation re-
commendations for avocado are based on soil prop-
erties and monitoring soil water content (Kruger,
2011). The problem with this is that soil-based mea-
surements only give an indirect indication of the wa-
ter needs of the plant (Lahav & Whiley, 2002) and it
is therefore assumed that the correct amount of wa-
ter is applied. The existing water status of the plant is
still unknown and there is therefore still a possibility
that under- or over-irrigation can take place.
Plant-based measurements or indicators offer the
most direct way of obtaining information about the
water status of plants (Winer, 2003). One such an in-
dicator is midday stem xylem water potential. Xylem
water potential refers to the tension or differential
pressure created in the xylem by transpiration. Mid-
day stem xylem water potential was shown in many
crops to be a highly reliable indicator of plant water
status and in many crops also correlated highly with
fruit size and quality, as well as stomatal conduc-
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tance and photosynthesis (Naor, 2000). However,
under South African conditions, stem xylem water
potential norms have not yet been established for
avocado. But it is important to note that measuring
plant parameters holds some practical challenges. It
requires expensive equipment, trained technicians,
it is time consuming and labour intensive. It would
therefore be more practical if plant parameters can
be used to calibrate or refine current soil based re-
commendations. This will provide norms to growers
in which case they will still use soil based norms for
irrigation scheduling, which is easy to measure, but
knowing the water status of the plant as well.

The aim of this three year irrigation project was
1) to gain a better understanding into the physio-
logy of the avocado plant, and to establish midday
stem xylem water potential norms indicating onset
of plant stress, and 2) to use the midday stem xylem
water potential norms determined in 1) to test the
currently recommended soil-based norms.

MATERIALS AND METHODS

During the past three growing seasons, trials had
been carried out in the Nelspruit and Tzaneen ar-
eas. The initial trial had been carried out during the
2011/12 season in the Schagen area on ‘Hass’ avo-
cado trees grafted on ‘Bounty’ rootstocks. Three dif-
ferent irrigation treatments had been applied (Table
1). During the second season (2012/13) the trial was
carried out on the Agricultural Research Council’s In-
stitute for Tropical and Subtropical Crops (ARC-ITSC)
Nelspruit Research Farm on ‘Pinkerton’ avocado trees
grafted on ‘Duke 7’ rootstocks. Three different irri-
gation regimes were applied (Table 1). During the
last season (2013/14), the trial was carried out on a
commercial farm in the Tzaneen area on ‘Hass’ avo-
cado trees grafted on ‘Duke 7’ rootstocks. Four dif-
ferent irrigation regimes or treatments were applied
(Table 1).

For each season, DFM probes were installed for
each treatment, recording soil water content data at
hourly intervals at depths of 100, 200, 300, 400, 600
and 800 mm. During the last season, tensiometers
were also installed at depths of 300 and 600 mm
as treatments were based on soil matrix potential.

Physiological data, which include midday stem xylem
water potential, photosynthesis, transpiration and
stomatal conductance, were collected on a two week-
ly basis for the second and third season. During the
first season only midday stem xylem water potential
data was collected during the onset, middle and end
of flowering, rapid fruit growth and fruit maturation.
Other data that was collected include fruit set (all
seasons), yield (all seasons) and flush vigour (first
season). Weather data, which include temperature,
humidity, rainfall and evapotranspiration data was
obtained from the nearest weather stations.

RESULTS AND DISCUSSION

In this discussion the focus will be on the most im-
portant results obtained for the past three seasons.
As mentioned, the first aim was to gain a better un-
derstanding about the physiology of the avocado tree
with specific reference to water use or water rela-
tions.

The pattern of water use or withdrawal by the roots
of the plant can be seen from the graph obtained
from the DFM probes (Fig. 1). From these graphs the
rate of water withdrawal can be obtained by deter-
mining the slopes of withdrawal on the graphs. Un-
fortunately, one drawback of using DFM probes is
that units used are relative and not exact and the ex-
act amount of water withdrawn is unknown. In order
to know the amount of water withdrawn, the probe
needs to be calibrated with an instrument of known
units, such as a tensiometer.

Nevertheless, water withdrawal rates measured by
the DFM probes still give a good indication on wa-
ter use by the trees throughout the growing season.
Figure 2 illustrates the correlation between the rate
of water withdrawal and evapotranspiration and it
can be seen that there is a strong positive correla-
tion between water withdrawal and evapotranspira-
tion. This was expected, as the rate of transpiration
is related to evapotranspiration with the withdrawal
of water from the soil being related to transpiration.
Water withdrawal is further related to the phenologi-
cal stage (Fig. 3). It can clearly be seen that there
is a tendency of higher water use during certain
phenological stages, such as full flowering and rapid

Table 1. Irrigation treatments applied over three seasons for the avocado irriga-

tion trial.

2011/12 0.5 x ET

1.0 x ET

1.5 x ET

2012/13 30 L/h for 4 hours twice a week

30 L/h for 4 hours once a week

30 L/h for 4 hours once every 2 weeks

2013/14 Farm irrigation scheduling
10 - 25 kPa
25 - 35 kPa

35 - 45 kPa
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fruit growth. However, the exact water requirements
of avocado trees still need to be determined under
South African conditions. It should be expected that
the water requirement will be dependent on the envi-
ronment surrounding the tree and it will therefore be
important to determine the water requirements for
every producing area.

As mentioned, midday stem xylem water poten-
tial was found to be a highly reliable indicator of
plant stress. However, as stem xylem water poten-

tial has never been used on avocado in South Africa,
no norms exist as to give an indication on when the
plant starts to experience stress. In order to estab-
lish such norms, physiological parameters related to
water use was selected, which included transpiration
rate and stomatal conductance. Usually plants react
towards water deficits firstly by stomatal closure (or
partial stomatal closure) with a subsequent decrease
in transpiration. Figure 4 illustrates the relationship
between transpiration rate and midday stem xylem

ml

Figure 1. Soil moisture graphs obtained from DFM probes.
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Figure 2. The relationship between evapotranspiration and water withdrawal from

the soil by avocado trees.
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water potential. A significant negative correlation
was obtained, indicating that increasing tension in
the xylem (increasing negative stem xylem water
potential values) resulted in decreased transpiration.
But it is important to note that at a certain tension
there is a sudden decrease in both transpiration rate
and stomatal conductance (Fig. 4). This is a typical
stress reaction towards water deficit giving rise to
partial stomatal closure to prevent any further exces-

sive moisture loss through transpiration. For avoca-
do, the specific tension at which this stress response
occurred in this experiment was at approximately
-0.5 MPa. This will be considered an established
norm from now on and will be used when soil-based
recommendations are tested and calibrated.

Midday stem xylem water potential was measured
on very hot sunny days. Hot sunny days were cho-
sen, as trees are more likely to stress during hot
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Figure 3. The relationship between phenological stage and water withdrawal from the soil by avo-

cado trees.
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Figure 4. Correlation between transpiration rate and midday stem xylem water potential
for *Hass’ avocado trees (the circled areas indicate the sudden decrease in transpiration
rate and stomatal conductance, while the red line illustrates the stem xylem water potential
value of approximately -0.5 MPa at which the sudden decrease occurred).
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days, especially during the middle of the day, com-
pared to cool moist days. If at these extreme con-
ditions trees do not stress, they will definitely not
stress when temperatures are lower and conditions
are more favourable. In most cases when data col-
lection was carried out, the soil was close to the refill
point (the point where 50% of the easily available
water is removed) (Fig. 5). Unfortunately, due to
regular and sometimes high rainfall, the soil could
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not be dried out to values lower than refill point.
When considering midday stem xylem water poten-
tial under conditions of high temperatures, it can be
seen that in most cases trees have not shown symp-
toms of stress (Fig. 6). It is therefore possible to dry
out the soil more before plant stress starts to occur.
However, the soil matrix potential value at which the
plant starts to show stress symptoms still need to be
determined.

a8 a

Figure 5. Soil matrix potential at different measuring times at the Tzaneen site (the red line
indicates the refill point of the soil [-32 kPa] while the green indicates field water capacity

[-10 kPa]).
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Figure 6. Midday stem xylem water potential values for trees at the Tzaneen site (red line
indicates the stem xylem water potential norm of -0.5 MPa determined earlier).
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CONCLUSION AND FURTHER RESEARCH

From the results of this three year’s study, a bet-
ter understanding of water use by avocado trees
were obtained. Water use is strongly influenced by
evapotranspiration and the water needs at specific
phenological stages. Water requirements will have to
be determined for the different avocado producing
areas. Midday stem xylem water potential norms, in-
dicating the onset of plant stress, were determined
and these norms were used to test current soil-based
recommendations. Even though further research on
this aspect is critical, there is already an indication
that irrigation does not necessarily have to com-
mence when 50% of the easily available water is re-
moved from the soil, as currently recommended, and
that the soil can be allowed to get drier. However, soil
norms need to be tested in different soil types and
the easiest and fastest way to do this is to carry out
trials with potted avocado trees. Trials with potted
trees in a controlled environment also make it pos-
sible to determine the water requirements under var-
ious climatic conditions, therefore allowing making
correlations to the climate at various production ar-
eas, which then can be confirmed by field trials. Once
these norms have been established and calibrated,
guidelines will be made available to producers on ir-
rigation scheduling using the calibrated norms.
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