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Abstract
The elTcct of dilTerent irrigation intervals on the avocado tree was tested during the years 1968 1974 
in the northern coastal plain of Israel. The objectives of this experiment were: (</) to make measure
ments of soil and plant parameters to help understand mechanisms of response to irrigation; and 
(b) to establish the most suitable irrigation schedule for highest yields of export quality fruit

The trial consisted of four irrigation treatments, at intervals of 7. 14.21 and 28 days; the respective 
average annual water applications were 8890, 7450, 6680, and 5940 in',ha. The cultivars littinger, 
Fuerte and Hass were tested in live replications in randomized blocks. .Soil moisture consumption 
was estimated by using a neutron probe and tensiometers.

Most of the water consumption was from the upper 60-cm soil layer. With the 7-day interval, 
the calculated daily loss from the soil profile was greater throughout the whole irrigation season 
than with the other intervals.

The least salt accumulation occurred under the long interval treatments since the large amounts 
of water supplied at each irrigation leached the salts continuously.

Reduced intervals between irrigations resulted in increased trunk growth and increased tree size. 
It is concluded that with a 21-day interval the vegetative growth of producing trees was restricted 
and therefore relatively smaller trees with easier fruit picking and delayed orchard thinning were 
obtained.
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WMbo mIntroduction
Most avocado plantations in the northern coastal plain of Israel tire planted 

jointly with, or arc incorporated into, existing banana plantations. For the first few 
years the avocado trees are irrigated according to the requirements of the banana 
plants. After the removal of the bananas, irrigation schedules are changed to those 
which are optimal for avocados.

Very little research has been carried out in Israel or elsew here on the water require
ments of avocado trees, and the little done was mostly on the effect of intervals 
between irrigations, as determined with the aid of tensiometers (Richards 1950; 
Richards el al. 1962). In a single irrigation experiment with ev. Hass in California, 
31-46 irrigations per season resulted in increases in yields and fruit si/e as compared 
with 17-26 or 8-11 irrigations per season (Richards el al. 1958, 1962). The present 
paper reports on the first comprehensive irrigation trial, carried out with the aims of 
(a) measuring soil and plant parameters to help understand mechanisms of response 
to irrigation, and (/>) determining the best irrigation schedule for achieving highest 
yields of export quality fruits (Lahav and Kalmar 1977).
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(Methods
(-In 1963 an avocado orchard was planted together with bananas at the Akko

Experiment Station in the northern coastal plain of Israel. The plantation was
situated on a slope of 4%„. In the summer of 1966 the banana trees were removed 
and soon afterwards ridges were made for surface drainage during the rainy season. \

The trial was initiated in 1968 and terminated in 1974. The average rainfall and
evaporation for this period are summarized in Fig. 1. Sprinklers were placed
equidistant between four avocado trees planted 6 by 6 m apart. Water quality was 
very good (50 ppm chloride) and constant throughout the irrigation season. The 
soil was a grumusol with above 60% clay in all layers down to 150 cm.
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dThe Ettinger, Fuerle and Hass cultivars were tested in live replications in ran

domized blocks. Each plot comprised nine trees and double guard rows (900 m2).
The trial consisted of four irrigation treatments, at intervals of 7, 14, 21 and 28 

days. The respective average annual amounts of water applied were 8890, 7450, 
6680, and 5940 m3/ha. In the first two treatments (7- and 14-day intervals) water 
was given to wet the soil to a depth of 30 cm; additional quantities were given to wet 
the soil down to 90 cm whenever this was found necessary according to soil moisture 

For irrigation treatments at longer intervals, water quantities were fixed 
according to the requirements of the 0-60 cm soil layer; additional amounts were 
given whenever needed to keep the soil moist to a depth of 120 cm. In all treatments 
no excess water was given to the trees and therefore no underground drainage
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beThe differential irrigation treatments were started in early June after the fruit had 

set, to avoid excessive fruit drop. Irrigation treatments were applied until the end of
inOctober.
in

So// and Water Tests (£
Moisture tests were carried out with a neutron probe before and after each 

irrigation. For each treatment measurements were made in one plot with 36 access 
tubes, one for each sq metre between four trees. In the other four replications, four 
access tubes were placed according to measurements of water distribution by the 
sprinklers (Christiansen 1942). The neutron probe was calibrated separately to
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0 30 cm and 30-180 cm soil layers by means of parallel gravimetric measurements 
(Cohen 1964).

Six tensiometers were placed in a single plot of each treatment with the object of 
studying their use to determine irrigation needs. The depths of tensiometer placements 
were 30. 45, 90 and 120 cm in 7, 14, 21 and 28-day irrigation intervals respectively.

t

Soil Salinity
The soil was analysed before the start of the experiment and then again every 

spring and autumn. Each plot was sampled and analysed separately. Soil layers 
(of 30 cm each) were sampled to a depth of 150 cm. Estimations of pH, exchangeable 
cations, sodium, chloride, potassium, and calcium 4-magnesium were made in the 
soil water extract. The sodium adsorption ratio was also calculated.
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Tree Size

Measurements were made each spring and autumn. The tree radius—from the 
trunk to the edge of the canopy—and the tree height were recorded. The tree volume 
was calculated according to Turrell (1946). The formulae used were: for cvv. Fuerte 
and Hass, V = and for cv. Ellingcr V—^ab1, where V is the tree volume, 
a the height and b the radius. Regression analysis for tree volume on the amount of 
water applied was made, and the deviation from linearity calculated.

The trunk circumference was measured 20 cm above the graft union. Trunk 
growth in winter and summer was calculated.

Daily trunk expansion and contraction were registered continuously with dendro- 
graphs sensitive to changes of 10 /<m. As the preliminary tests did not produce 
differences among cullivars but significant differences according to alternate bearing 
(Lahav et al. 1973-74, 1975), Hass trees only, in their ‘on-year’, were measured. 
Trees irrigated at 7-day intervals were compared with those irrigated every 28 days. 
During the 6 years of experimentation many trunks were measured. The results 
presented here can be regarded as typical, as the findings recorded were observed 
repeatedly in other trees and seasons.
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Results
Soil parameters

Water extraction from the different layers is shown in Fig. 2. More water was 
consumed in 1972 than in 1968 because of tree growth, but the relative differences 
between treatments were unchanged.

The daily loss from the soil profile was affected by meteorological conditions and 
irrigation treatments. As temperature and evaporation increased and irrigation 
intervals decreased, the daily loss from the profile increased.

The relationship between the water deficit and the evaporation from a class A pan 
(EJE0) varied with the season, with a peak in August-September (Fig. 3). The 
irrigation interval was found to be negatively correlated with E,IE0, being high in the 
7- and 14-day interval treatments compared with the other two treatments.

Most of the changes in relative water consumption occurred to a depth of 60 cm. 
Water extraction in 1972 was from deeper soil layers than in 1968. The contribution 
of the upper layers to the total water consumption decreased with increased irrigation
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Fij>. 2. Effect of irrigation interval on relative 
water consumption from the soil in two 
years.

Fig. 3. Effect of irrigation interval on the daily 
water deficit (£,) and the relationship 
between the water deficit and the evapo
ration from a class A pan (£,/£„). 
Irrigation intervals: o 7 days; □ 14 days; 
A 21 days; A 28 days.

Fig. 4. Effect of a 21-day irrigation interval on 
soil moisture tension at the 90-cm depth 
throughout the irrigation season.
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intervals. Average seasonal irrigation efficiency (the ratio between the additional 
moisture in the soil and the amount of water supplied) was 94-96%, without differences 
among treatments.

The tensiometers showed the following effects of irrigation intervals on soil water 
tension: F7-day—the tensiometers never showed the maximal water tension (70 centibars) 

even when placed only 30 cm deep.

14-day—tensiometers located to a depth of 45 cm showed maximal tension 
after 12-14 days.

21-day—tensiometers 90 cm deep showed increasing tension before each 
irrigation, and during the irrigation season (Fig. 4).

28-day—deeper-located tensiometers (120 cm) did not respond to irrigation, 
but a continuous increase in tension was registered during the irrigation 
season.
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120 Fig. 5. Effect of irrigation interval on 
salt accumulation in the soil profile 
(0-150 cm) from spring 1968 (dashed 
lines) until autumn 1974 (solid lines, 
left-hand side) and during the six 
experimental years (0-90 cm, right- 
hand side). Symbols for irrigation 
intervals as in Fig. 3.
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mThe effect of irrigation interval and water quantity on soil salinity is shown in 
Fig. 5. During the 6 years of experimentation, pronounced salt accumulation occurred 
in all soil layers and in all treatments, up to 2-0 mmhos/cm (mostly below 90 cm). 
The treatment effect was found from the third year onward. In the upper layers, 
salt accumulation was higher with the 7-day interval than with the other treatments, 
while with the 28-day interval it was lowest. Generally, as irrigation intervals 
shortened and the amount of water per year consequently increased (though in each

mm
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irrigation it decreased), more salts accumulated in the soil profile.



■t
864 D. Kalmar and JZ. Lahaviw

• &

li Tree parameters 
Tree Size

The dimensions of trees irrigated at 7-day intervals were largest, and those of trees 
irrigated at 28-day intervals were smallest (Table 1).

/
-

&
Trunk Circumference

As the trees became older and thicker, the annual trunk growth decreased. Among 
the three cultivars, the increase in circumference of cv. Ettinger was highest, while 
that of Fuerte was smallest (Fig. 6). As irrigation intervals were shortened, the rate 
of increase in circumference rose.

* •

p
Table 1. Effect of irrigation interval on avocado tree volume 

Each figure is a mean for five plots

Tree volume (m3)Irrigation
interval
(days)

Volume
increase

(%)
Cultivar

19741969 DilTercnce

Ettinger 7 37 0 88-9 51-9 140-2 
149-7 
105-U 
100 0

14 35 0 87-4 52-4
21 34-4 70-8 36-4

32-228 64-5 32-3

Average 34-7 77-9 43-3 124-8

Fuerte 7 21-1 43-5 22-4 106-2
14 IS-7 35-7 17-0 90-9
21 19-7 35-0 15-3 77-7
28 19-0 33-2 14-2 74-7

19-6 36-9 17-2Average 87-8

Hass 7 21 -5 45-3 23-8 110-7 
121 -714 18-0 39-9 21 -9

21 22-0 42-1 20-1 91 -4 
97-728 17-5 34-6 17-1

19-8 40-5Average 20-7 104-5

Standard error of means

Significance of linear component 
Deviation from linearity

1-5 I -9 2-2

0-01 0-05NS

NS NS NS

Differences were found between the effect of treatments on the winter increase in 
circumference compared with that of summer. Increase in trunk circumference in the 
summer was more rapid at shorter irrigation intervals, as mentioned above. In 
the winter the tendency was reversed, i.e. the ‘dry’ treatments showed higher growth 
rates. However, since summer growth was four times that of winter, the overall 
effect was not much changed.

Daily expansion and contraction of radius as measured by dendrometers showed 
remarkable differences between trees irrigated at 7-day and 28-day intervals (Fig. 7). 
The trunk contraction in particular was affected, being twice as high in trees irrigated 
at long intervals. Irrigation reduced trunk contraction in trees irrigated at long
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intervals for 9-15 days, but for 3-4 days only in trees irrigated every week. In the 
‘dry’ treatment, trunk contraction disappeared almost completely for the first day 
after irrigation. Yet the total increase in radius achieved in one 28-day cycle, as 
compared with four intervals of 7 days each, did not differ greatly.
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Fiy. 6. Effect of irrigation interval on the summer {upper curves) and 
winter {lower curves) growth of the trunk circumference.

Fig. 7. Differences in effect of irrigation on changes in the trunk radius 
between trees irrigated at 7-day intervals {top) and those irrigated 
at 28-day intervals {bottom).I

Discussion
On the basis of yield records presented in paper II (Lahav and Kalmar 1977), it 

was shown that the best treatment was that of the 21-day interval. In this treatment 
600 m3 water/ha was supplied at each irrigation during June and July. Since water 
losses increased later in the season, irrigation rates were then increased up to 800 
m3/ha. It should be pointed out that in this treatment the average daily amount of 
water applied was only 32 m3/ha (£/£■„= 0-50), and the seasonal amount was 
6680 m3/ha. These values are only 75% of the corresponding 7-day interval values, 
which are normal for avocado plantations in Israel. The neutron probe measurements 
enabled water consumption in the whole tree area to be calculated down to a con
siderable depth. At the 7-day interval, the daily loss from the soil profile was higher
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during the whole irrigation season than at other intervals (Fig. 3). This can be 
explained by the larger tree volume caused by frequent irrigations and the higher
annual total amount of water applied.

It seems that with a 21-day interval a better wetting and drying regime is obtained. 
It has been established that an irrigation schedule which permits considerable drying 
of the heavy soil results in a better soil structure, in contrast to the destruction caused 
by frequent irrigations, which is in fact an irrigation regime without a drying period.* 

On the basis of the present findings, the relation between water deficit and the 
class A evaporation (EJE0) in avocado plantations in heavy soil can be reduced
from 0-6 to 0-43 in June-August.

Under prevailing experimental conditions, tensiometers recorded the soil water 
tension for the 7- and 14-day irrigation intervals. It would appear that the range of 
tensiometers is not large enough to cover the changes in tension down to 60 cm in
the longer irrigation intervals.

It is well known that under uniform soil and water conditions, the irrigation rate 
is the main factor affecting salt accumulation. In the present experiment the chloride 
content in the irrigation water was less than 50 mg/I, which is far below the con
centration found to be damaging to avocado trees even when grafted on Mexican 
rootstocks (Kadman 1963). However, the annual amount of chlorides introduced 
with the irrigation water (400 -600 kg/ha) was not negligible. Heavy winter rainfall 
during 1968-1971 leached out all the salts which had accumulated since the com
mencement of the experiment. Later, with reduced precipitation, a gradual increase
in soil salinity was registered.

With the 7-day interval treatment, large amounts of water were supplied (6-year 
av., 8890 m3/ha). In consequence, this treatment caused larger amounts of salt to be 
introduced into the soil. This treatment, of light but frequent irrigations, reduced 
the leaching process, which led to an additional relative increase in salinity in the 
upper soil layer. Increased water consumption by the larger trees under this treatment 
may add to the already low leaching capacity of this irrigation regime. In an irrigation 
experiment conducted with Hass trees in California, frequent irrigations also resulted
in increased chloride concentrations (Bingham and Richards 1958).

The lowest salt accumulations occurred with applications at 28-day intervals, 
since the large amounts of water (up to 1000 m3/ha per irrigation) leached the salts 
continuously. These findings should be of considerable importance in areas where 
avocado is grown under conditions of water shortage and high water salinity.

The average increase in tree volume during the 1968-1974 period was over 30 m3 
for trees irrigated at 7- and 14-day intervals, and 22 nr' for trees irrigated at greater 
intervals. The response to the irrigation regime was highest with cv. Ettinger and 
lowest with cv. Fuerte (Fig. 8). Restricted growth as a result of a reduced water 
supply was also observed with Hass trees in California (Richards cr al. 1962).

The trees were relatively young and not yet producing when the experiment was 
initiated (fifth year). Naturally, the effect of water stress on tree volume was more 
pronounced at this stage of growth. The main effect was on the number of Hushes 
per season. There were three or four Hushes on the trees irrigated at 7-day and 
14-day intervals compared with only one or two Hushes w ith the other two treatments.

* Kalmar, D., Dynamics of grumusol structure. Ph.D Thesis, Hebrew Univ. Jerusalem (in Hebrew,
in preparation).
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The water effect on summer growth was reversed in autumn with the onset of the 
rains, but temperatures were still high. The autumn-accelerated growth of trees 
irrigated at 21-day and 28-day intervals was best observed in trunk circumference 
measurements, and in the daily trunk growth and contraction curves (Lahav et al.
1975).

Irrigation always caused an increase in circumference. The annual average differ
ence in trunk radius between trees irrigated at 7-day and 28-day intervals was 1 -4 mm 
(= 1 -7% of trunk radius). A qualitative difference in trunk growth was observed 
18 days after irrigation (28-day interval). This corresponds with the cessation of fruit 
growth (Lahav et al. 1975).
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In conclusion, it can be stated that a well-planned irrigation program can be used 
to control avocado tree size. The growth of young trees can be accelerated and 
bearing thereby advanced, or the balance between the reproductive and vegetative 
phases may be changed by growth restriction. To ease fruit picking and delay orchard 
thinning, relatively small trees were obtained by irrigating every 21 days, with a total 
of 6680 m3/ha water per year. This treatment did not result in lower yields, and 
compared favourably with the other treatments tested (Lahav and Kalmar 1977).
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Water Requirements of Avocado in Israel. II* 
Influence on Yield, Fruit Growth and Oil Contentf
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Abstract
The effect of four dill'erent irrigation intervals, 7, 14, 21 and 28 days, on the avocado tree was tested 
during the years 1968-1974 in the northern coastal plain of Israel. The respective average annual 
water applications were 8890, 7450, 6680 and 5940 nv'/ha. The cultivars Ettinger, Fucrte and Hass 
were tested in five replications in randomized blocks.

After 6 years no significant reduction in yield was observed with Ettinger or Fucrte trees irrigated 
once in 21 or 28 days. With the Hass cullivar the 28-day interval gave lower yields than with the 
three other intervals tested.

Shortening of irrigation intervals increased the growth rate and si/c of individual fruits, which 
may be of economic importance for cv. Hass, where overproduction leads to small fruits unsuitable 
for export. Shortening of irrigation intervals tended to increase the oil percentage of the fruit, which 
may advance the harvest date. In view of the equal yields obtained and the predominance of cv. 
Hass in avocado plantations, it was concluded that the 21-day interval was the optimum irrigation 
frequency under the experimental conditions.

tv
V

Introductiono N-
An irrigation experiment on the avocado tree was conducted during 6 years in 

the northern coastal plain of Israel. The objectives were (a) to find soil or plant 
physiological indicators for ascertaining the water status and (/;) to determine the 
best irrigation schedule for achieving highest yields of export quality fruit.

Soil moisture tests showed that most of the water consumed came from the upper 
60 cm. When irrigation intervals were increased, the contribution of the uppermost 
soil layer to the overall water consumption lessened. It was likewise found that 
decreased irrigation intervals and increased water application rates resulted in 
increased accumulation of salts and increased growth rate of the tree (Kalmar and

N
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i

Lahav 1977).

Methods
Four irrigation treatments were given, with intervals of 7, 14, 21 and 28 days 

between irrigations and respective average annual water applications of 8890, 7450. 
6680 and 5940 m3/ha. The detailed layout of the experiment was given previously.

V)

Evaluation of Yields and Fruit Size
The fruits of each tree were counted and weighed.

* Part I, Anst. J. Agric. Res., 1977, 28, 859.
t Contribution No. 117-F, 1976 Series, Agric. Res. Organ. Volcani Center.
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Fruit Growth
Experimentation was aimed at establishing parameters for the determination of 

irrigation timing for avocado plantations. Growth of avocado fruits in 1969-1970 
was determined by measuring the distance between two metal discs glued to opposite 
sides of a fruit. The measuring gauge used was sensitive to changes of 10 /nr). 
Subsequently the data were recorded by means of fruitographs (Fig. 1) which recorded 
all stages of the daily and seasonal growth and shrinkage of fruits (Lahav and Kalmar 
1972; Lahav et at. 1975).

Measurements were carried out in the Hass cultivar only (distinguished by small 
fruits). Fruits of trees irrigated at 7-day intervals were measured and compared 
with those irrigated at 28-day intervals. During the 6 years of experimentation, the 
growth pattern of many fruits was studied. The data presented here can be regarded 
as typical, as the findings recorded were observed repeatedly in other trees, fruits 
and seasons.

t

■
t

Fig. 1. Measuring growth of avocado fruit diameter by means of a fruitograph.

Significant differences were observed in the growth of fruits between trees in an 
‘on year’ and those in an ‘off year’. As problems of fruit size arise principally in 
years of abundant yields, the results reported here are only for trees of high
productivity.

Oil Content

In view of the importance of the oil percentage on harvest date, representative 
uniform-sized fruits of the Fuerte and Ettinger cultivars were analysed for oil content. 
Samples comprised live fruits of several sizes from each of the 20 plots, taken at 
harvest time. Analyses were made by the Halowax method, in which the refractive
index is measured (Gazit and Spodheim 1969).
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For all parameters regression analyses on the amount of water applied were made, 
and the deviation from linearity calculated.

Results
Yields and grading

Yields by weight and number of fruits are given in Tables 1 and 2 respectively. 
The Ettinger and Fuerte cultivars gave satisfactory yields. Yields decreased with 
increase in irrigation intervals, but only in one case (Ettinger in 1973-74) were 
significant differences found between treatments. The drop in yield was in most 
cases expressed only in the weight of the crop and not in the number of fruits, which 
remained nearly constant over all treatments.

i
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Table 1. Effect of irrigation interval on the average yield of avocado 

Each figure is the mean for five plots
ti

|Yield (kg/tree) 
Irrigation interval (days):

Signif. Deviation 
of of linear from 

means component linearity

si-
Cultivar Year ■

7 2114 28
■VIr

Ettinger 1968-69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74

Av., 1970-71 to 1973-74 
Av., 6 years

10-2 17-6 20-7 18-8 3-5 005 NS1 19-5 24-4 18-3 16-4 3-8 NS NS

73-6 730 66•5 631
49-8 450 450 540
530 42 9 49-9 47-9
92-5 79-4 76-7 724

50 NSNS

3-2 NS NS

3-4 NS NS

4-9 001 NS

67-2 2-6601 59-5 59-3 NS NS

49-8 470 46-2 45-4 1 -5 NS NS

Eiterte 1968- 69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74

Av., 1969-70 to 1973-74 
Av., 6 years

7-3 11-3 2-74-7
32-2

6 0 NSNS
4-441 -9 30- I 28-6 NS NS

52-9 56-9 47-8 46-9 4-9 NS NS
45-2 2-937-4 40-4 43-4 NS NS
52-7 61 -2 50-4 4-466- I NS NS
50-9 46-543-6 50-6 3-2 NS NS

48-7 
41 -8

I -647-2 45-2 44-0 NS NS
39-5 37-6 1 -640- I NS NS

■

is l

Hass 2-71968- 69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74 

Av., 1969-70 to 1973-74 
Av., 6 years

41 -7 57-2 64-6 58-0 INS NS

86-3 33-7 4-2 0 0177-3 41-1 NS

5-2 0-0132-5 641 95-0 97-0
47-0

NS

0-01104-3 63-3 44-1 5-3 NS;n
181 72-4 40-2 4-4 0-0539-5 INSin 93-8 13-5 403 4-9 0-0156-6 NS

153-2 2-2 0-0567-0 60-2 51 -6 NS

62-8 59-7 55-1 52-7 I -8 0-05 NS

1
The Hass cultivar gave the highest overall yield during the 6 years of the experiment. 

The treatments had a significant effect on the yield and on the number of fruits, 
starting in the second year of the experiment.

At the conclusion of the experiment, differences in yields between trees irrigated 
at 7-day and 28-day intervals were found to be about 10 kg/tree, which was significant.
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Effect of Irrigation Regime on Alternate Bearing
In the second year of the experiment, irrigation treatments applied at 21-day 

and 28-day intervals resulted in a 50% reduction of yields of cv. Hass from those 
irrigated at 7-day and 14-day intervals. These yield differences resulted in alternate
bearing.

Tabic 2. Effect of irrigation interval on the number of avocado fruits per tree
(1968-69 to 1973-74 average)

Each figure is the mean for five plots
i

No. of fruits per tree Signif. Deviationsi:
Cultivar Irrigation interval (days): of of linear from

7 14 21 28 linearitycomponentmeans

Ettinger 100 106 99 104 6 NSNS
Fuerte 125 116 124 118 5 NS NS

286Hass 276 255 254 10 0 05 NS

In Fig. 2, yields for cv. Hass are expressed as percentages of ‘on year' trees (more 
than 50 kg/tree) during each of the six years, and in the year following (1974-75). 
Alternate bearing of trees irrigated at 7- and 14-day intervals was the opposite of 
that of trees irrigated at 21- and 28-day intervals. The 7-day interval trees tended 
more to alternate bearing than did trees irrigated at the other intervals.

100

Fig. 2. Effect of irrigation regime on
E the percentage of 'on year’ Hass trees

60 (> 50 kg/tree) during the six experimental
j= years and the following year (1974).
r3
V
>» 40

Irrigation intervals: o 7 days;
□ 14 days; A 21 days; ▲ 28 days.c

20

0 i
1972 1973 19741968 1969 1970 1971

I

Fruit Size
In most cases, the largest-sized fruits occurred under the 7-day interval treatment 

and the smallest under the 28-day treatment (Table 3). Fruits of cvv. Ettinger and 
Hass were more affected than cv. Fuerte fruits. Whereas the average fruit size 
difference between trees irrigated at 7-day and 28-day intervals in cv. Fuerte was 
9 g (about 3 % of fruit weight), similar treatments with Hass trees produced an average
difference of 18 g (9%), and with cv. Ettinger of 35 g (11 %).

Contrary to expectations, fruits of Ettinger trees irrigated at 21-day intervals 
were about the same, and those of Hass relatively larger, than those irrigated at 
14-day intervals. With cv. Hass this observation was recorded in five out of the six 
years of experimentation. In some cases (Fuerte in 1972-73, 1973-74), the fruit
size was affected more by the yield than by the irrigation interval.
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Table 3. EfTeel of irrigation interval on mean avocado fruit weight

Each figure is the mean for five plots

Mean fruit weight (y) 
Irrigation interval (days):

Signif. Deviation 
of of linear from 

means component linearity

si
Cultivar Year

287 14 21

323-8 
311-2 
261 -7 
285-6 
341 -5 
326-9

317-2 
321 -0 
264-2 
269-8 
344-7 
330-7

324 • 7 
287-8 
249-8 
245-5 
315-3 
321 -7

9-6 001Ettinger 1968-69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74

377-9 
303 • 3 
271-3 
293-6 
364-6 
341 -4

NS

5-0 0-01 NS

5-0 0-01 NS

0-016-1 NS

5-9 0 01 NS

5-1 0-05 NS

290-8 4-3Average 325-4 308-4 307-9 0-01 NS

Fuerte 1968-69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74

335-7 
327-9 
304-5 
298 • 1 
293-3

332-3
315-8
313-7
265-3
294-4
282-2

333-0
328-0
293-0
267-2
310-4
278-3

8-2331 -8 
329-7 
321 9 
289-0 
314-5 
276-5

NS NS

6-0 NS NS

5-8 0-01 NS

6-1 0 01 NS

5-0 0-05 NS

292-5 4-7 0-05 NS

310-6 301 6 3-0 0 05Average 308-7 300-6 NS

1 lass 1968- 69
1969- 70
1970- 71
1971- 72
1972- 73
1973- 74

221 -8 
207-8 
234-1 
195-7 
238 • I 
168-4

207-4 
205-3 
200-2 
186-8 
236 • 5 
155-0

197- 0 
210-6 
204 9
198- 0 
267-1 
162 • 6

191 9 
206-5 
195-3 
181 2 
248-1 
136-1

8 0 0 05 NS

5-2 NS NS

0014 9 NS

3-9 0 01 NS

4-3 001 NS

3-0 0-01 NS

210-9 198-5 206-7 193-2 2-5 0-01Average NS
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Fig. 3. Comparison of the effects of 7-day and 28-day irrigation intervals on the typical cumulative 
growth curve of the diameter of cv. Hass fruit (Aug.. Sept. 1972). Arrows represent irrigations.

Fig. 4. Effect of irrigation interval on growth of Hass fruit (daily average, 1972). 7 days; ▲ 28 days.
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Fruit growth

Fig. 3 illustrates fruit growth in August-Septcmber 1972. A considerable growth 
difference was registered between the two extremes of irrigation intervals (7 and 
28 days). After 28 days, the difference in the fruit circumference was 1-3 mm. 
Fig. 4 represents fruit growth of cv. Hass throughout the summer of 1972. In June, 
growth was uniform, as a result of water being available in the soil following winter 
precipitation. The greatest growth differences were recorded in July-August, the 
period of most vigorous fruit growth, whereas in September growth w'as again uniform. 
In autumn a growth advantage was registered with fruit irrigated at the 28-day interval.

Oil content
Oil content is largely affected by yields and by the size of fruit. It is difficult, 

therefore, to evaluate the effect of irrigation interval on the percentage of oil in the 
fruit. Oil content was determined in the years 1968-1970, when yields of cvv. Ettinger 
and Fucrte were relatively uniform. Results point to a tendency towards a decrease
in oil percentage with an increase in irrigation interval (Table 4).

Table 4. Effect of irrigation interval on avocado fruit oil content
Each figure is the mean for live plots

Oil content (%) Signif. DeviationDale Average SE
of fruit fromCultivar Irrigation interval (days): of of linear

sampling weight (g) 217 14 28 means component linearity

Puerto 8.xi.68 445 14-6 16-9 15-3 15-2 1 02 NS NS

25.xi.69 352 13-8 12-7 12-6 13-3 0 34 0 05 NS

15.xi.70 261 148 15-2 15-5 13-5 0-43 0 05 NS

15.xi.70 364 16-3 15-8 15-3 14-5 0 56 0 05 NS

Ettinger 10.x.70 298 10-7 10-3 9-4 0 2.39 9 001 NS
277 10-4 100 101 9 3 017 0-01 NS

234 9-0 9-5 8-9 9-2 0-22 NS NS

270Average 100 9.9 9-5 9-5 ()• I I 001 NS

Discussion
The relationship between growth of canopy and fruit-bearing capacity is known 

in a wide range of fruit trees (Zahner 1968). including avocado trees (Richards et al. 
1962). Heavy crops suppress vegetative growth. The influence of alternate bearing 
of avocado trees on tree growth, especially of the Hass cultivar, has been well
documented (Lahav and Kalmar 1972; Lahav et a!. 1975).

The effect of irrigation regime on the rate of avocado tree growth has a cumulative 
character. Irrigation treatments influencing growth may, in the course of years.
affect the productivity potential of the tree.

A close correlation was established between the tree volume and yield, especially 
with the Fuerte cultivar (Fig. 5), which was in fact less prone to alternate bearing 
than the Ettinger and Hass cuitivars. With all three eultivars an average decrease 
in yields was registered (13%), with a lengthening of irrigation interval from 7 to 
28 days, compared with a more substantial decrease (26%) in the tree volume
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(Kalmar and Lahav 1977). Consequently a large tree, obtained with closely timed 
interval irrigations, bore correspondingly more fruits. However, as previously 
pointed out, the differences in yields were not significant. Possibly the influence of 
the irrigation regime was relatively small, because the weight of the crop depends 
on the number of fruits rather than on their size (Tables 1, 2). The differential 
irrigation treatments started with the termination of fruit set. and therefore they
had only a slight effect on the number of fruits.

Because of the alternate bearing habit of the avocado tree, the effect of irrigation 
interval on yield could be determined only from data obtained by pairing of years. 
Although a constant drop in yields was registered for the Ettinger and Fuerte cultivars 
with an increase in irrigation interval, no significant difference concerning fruit 
number or weight was established. The average yield decrease for the 6-year period, 
for trees irrigated once a month as against those irrigated once a week, amounted 
to 4 kg/tree only (Table 1). This decrease is accounted for by the influence of irrigation
regime on fruit size (Table 3).

100

80

Fig. 5. Relationship between tree canopy volume
at end of experiment and the average yield
(1969-1974).rT''j. 60 Regression equations:
Ettinger: >' = -54-39 + 2-15.v; r = 0-674

1 Y = -52 -92 4- I • 94 v; r = 0 -889*Fuerte:
w '10 Hass: )• = 12-62 + 0• 48.v; r = 0-754.

H

Inlrrva! (days)
Cullivar

20 28 721 14

$ A 0
0 □A OUftlc

♦Mass ▲

0
7040 50 60

Yield (kg/tree)

With the Hass cultivar an average decrease of 10 kg/tree was registered for trees 
irrigated at 28-day v. 7-day intervals. The decrease in yield of 17% only is surprising 
in light of the well-known sensitivity of the Hass cultivar to water supply (Homski 
1969), and considering extremes of irrigation intervals of 21 and 28 days. The decrease 
in yields for cv. Hass was expressed in fruit number and size. An analysis of 5-year 
yields (without 1968-69) of this cultivar gives comparative figures of three ‘on years’ 
with the 7-day interval against only two ‘on years’ with the 21-day interval. Alternate 
bearing continued also in the year following the termination of the experiment 
(1974-75), although the entire plantation was irrigated that summer at a 21-day 
frequency. The yields for the 6-year period (1969-70 to 1974-75) showed no differ
ences between 7-day and 21-day irrigation intervals (Table 5). Only at the 28-day
interval was a significant decrease in productivity found.
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A decrease in the seasonal water regime increased significantly the efficacy of its 
utilization for fruit production in all three cultivars. The highest capacity of water 
utilization for fruit production was found in the Hass cultivar. An addition of 
1000 m3 water/ha (above 5000 m3) resulted in yield increases of 380 kg/ha for 
Ettinger, 320 kg/ha for Fuerte, and 820 kg/ha for Hass. The relatively low utilization 
capacity of Fuerte—a very important cultivar in both Israel and California- should 
be noted, especially as regards the two basic parameters, canopy and fruit production. 
This may explain the tendency to plant Hass rather than Fuerte trees (Rock 1971-72).

A distinct influence of irrigation interval was expressed in the increase of individual 
fruit size with increased frequency of irrigation. The influence was greatest with the 
Ettinger cultivar: fruit picked from trees irrigated every 7 days was 35 g larger 
than that of trees irrigated every 28 days (6-year average). With Fuerte the difference 
was 9 g, and with Hass it was 18 g. The smaller effect on the fruit size of the Fuerte 
and Hass cultivars may be explained by the fact that they were picked well after 
the start of the rainy season, which was not the case with the Ettinger cultivar. The 
Fuerte and Hass cultivars demonstrated considerable fruit growth with ‘dry’ treat
ments in autumn after rainfall, especially with the high temperatures still prevailing 
then. The increased fruit growth in autumn of trees irrigated at 28-day intervals 
can be explained by retarded growth during the summer. The same could be observed 
with trunk growth (Kalmar and Lahav 1977). Autumn irrigation was often followed 
by an average daily growth of 0-4 mm or more in fruit diameter.
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Tabic 5. Effect of irrigation interval on the yield of Hass avocado trees in the last 5 years of 
experimentation (1969-70 to 1973-74) and in 1974-75

Each figure is the mean for five plots
N

Yield (kg.'trec) 
Irrigation interval (days):

Signif. Deviation 
of of linear from 

means component linearity

SK
Period

7 14 28 l

5 years, 1969-70
to 1973-74 

1974-75

6 years, 1969-70
to 1974-75

670 60-2 53-2 51-6 -). 9 0 05 NS

11-8 41-8 95-8 62-4 4-3 001 NS

57-8 57-1 60-3 53-4 I -8 0 05 NS ?

It can be concluded that, to achieve optimal fruit size with the maximum saving 
in water, irrigation should be frequent in the summer but withheld in the spring 
(after fruit set), when it would be wasted, as water reserves in the soil arc still plentiful 
after the winter rains. Also in autumn, with the termination of the vigorous growing 
stages of the fruit, the effect of irrigation treatments is relatively small.

A decrease in irrigation intervals brought about a slight increase in the oil per
centage (Table 4). Since the oil percentage in the fruit constitutes an important 
indicator for determination of harvest date, it should be possible to advance some
what the harvesting date for the Ettinger and Fuerte cultivars by frequent irrigations 
to increase the oil percentage and fruit size.

In view of the similar yields obtained at all intervals, and the predominance of 
the Hass cultivar, it can be inferred that for avocado plantations, on heavy soil and 
under sprinkler irrigation, the preferable regime is approximately 6680 m3/ha (plus

i
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6000 m3 of winter rains), given at 21-day intervals. Under this treatment, water was 
more effectively utilized than with the other irrigation treatments tested. More 
frequent irrigation is preferable only when the objective is to advance the harvest 
date of Ettinger fruit, or to increase the size of Hass fruit in an ‘on year.’
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