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ABSTRACT

Water is the most important environmental factor in growth and fruit yield of trees. To study the effect of
deficit irrigation on reproductive characteristics and yield of seven superior olive genotypes of D, Dd,, Gw,

Ps,, Bn,, Bn,, and Ds,

.- The present research was accomplished in Dallaho Olive Research Station of Sarpol-e

zahab, Kermanshah, Iran, in 2014 and 2015. Seven superior olive genotypes were studied in a randomized
complete block design with three replicates and three irrigation regimes. The irrigation treatments included:
100% full irrigation (control), 75% deficit irrigation, and 50% deficit irrigation applied during the growth
season. The results indicated that the genotypes had different reactions to the deficit irrigation regimes. Dd,
had the highest fruit weight, while the lowest fruit weight was observed in Ps, and Gw. The highest fruit yield
was found in Bn,, Bn, and Dd , while the lowest was observed in Ps,. As aresult, Bn, and Dd, are introduced
as the genotypes that are resistant to drought in the field.
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INTRODUCTION

Olive (Olea europaea L.) is one of the woody
plants which are of outstanding social and econom-
ic importance in horticulture [Farzi et al. 2017]. It is
evergreen and drought tolerant [Bacelar et al. 2006]
and is one of the most important fruits of the Med-
iterranean area since it is extensively planted for
preparing conserve and oil in the regions which suf-
fer from shortage of water resources [Tognetti et al.
2006]. During the recent years, cultivating olive has
expanded in the Middle East, especially Iran, due to
the economic importance attributed to olive fruit and
oil [Arzani and Arji 2000]. Genotypes with high yield
which receive sufficient amount of water will give rise
to high productivity. In the situations where there is
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shortage in water supply, olive trees may adapt them-
selves to water stress and provide proper yield in spite
of low amount of water [Tognetti et al. 2005].

Water is a very important determining factor in
plant growth and fruit yield in olive [Tognetti et al.
2006]. Considering the dramatic threats of drought
and water shortage, providing water requirement of
trees is one of the serious limitations in developing ol-
ive cultivation. During the recent years, attention was
attracted to finding proper methods for optimal utiliza-
tion of water resources namely using tolerant cultivars
[Arzani and Arji 2000], determining critical irrigation
times [Motilva et al. 2000], and using growth regu-
lators which reduce respiration [Elhami et al. 2015],
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all of which were applied to save water. Deficit irri-
gation is an appropriate solution in horticulture which
can improve water use efficiency. It involves watering
trees on the basis of preserving inner water state of
the plants due to the utmost water potential in special
stages of plant growth cycle, particularly when fruit
growth has the least susceptibility to drought stress
[Iniesta et al. 2009, Dell’ Amico et al. 2012, Rapoport
et al. 2012]. Drought is harmful for plants and using
tolerant trees and genotypes would be a suitable meth-
od to resist drought [Chen et al. 2011]. Drought stress
widely damages trees around the world; therefore it
has been the center of attention and the theme of a
lot of research during the recent years. Berenguer et
al. [2006] showed that decreasing irrigation water will
linearly decrease branch length, fruit size, and fruit
weight. Deficit irrigation in intensive Arbequina olive
gardens led to a decrease in growth, diameter of trunk,
and shoot growth while it caused intensive growth of
trees [Rosecrance et al. 2015]. To increase and pre-
serve fruit yield, researchers should use cultivars and
genotypes with high compatibility whose physiologi-
cal evolution, especially flowering stage and fruit set,
was adapted to optimal climatic periods and have high
physiological and genetic resistance against decreased
fruit yield due to stress [Rossiel and Hanbelen 1981].
During periods of water shortage, defining defi-
cit irrigation intervals during selected physiological
stages leads to a decrease in growth and developed
fruit properties and income, compared to the highest
production on the basis of yield per unit of water con-
sumption [Tognetti et al. 2006]. Although decreased
irrigation causes reduction in growth, reproductive
growth, and plant yield, in some areas where there is

limited water resources, deficit irrigation has advan-
tages such as lower water consumption, a decrease
in growth and reproductive growth, proper corona
creation, and a decrease in the expenses related to
preserving the garden [Costa et al. 2009, Moriana
et al. 2012].

So far, several investigations have been done on
the effect of drought and deficit irrigation treatments
on the growth of one to several year-old olive plants in
pots. Thus, considering cultivation of olive in differ-
ent climatic areas of the world and threats like drought
and water shortage, it is necessary to study this issue in
mature native superior genotypes of olive trees.

Since it seems that no research has been done on
the effect of deficit irrigation on mature trees and the
yield of Iranian superior olive genotypes, the present
research aimed at studying and comparing the effect
of deficit irrigation treatments on growth and repro-
ductive characteristics of seven Iranian superior geno-
types in semi-arid climatic conditions.

MATERIALS AND METHODS

Plant materials and treatments

The present research was carried out in Dallaho
Olive Research Station (34°27'N, 45°51'E; elevation
above sea level: 547 m) in Sarpol-e zahab, Kermanshah
province, Iran, in 2014 and 2015. The results obtained
from water and soil analysis of the research site indicat-
ed that soil texture is sandy loam with pH of 7.20 and
its water pH is 7.25 with EC of 545 mmhos/cm. The
experimental materials consisted of 10 year old trees of
seven superior olive genotypes named D , Dd , Gw, Ps,,
Bn,, Bn, and Ds . (Tab. 1). The superior genotypes of

Table 1. Abbreviation of genotypes, collecting location, and usage of local superior genotypes

Abbreviation genotype Collecting location Usage

D, Dallaho table olive
Dd, Dast Direh table olive
Gw Gilan Gharb oil olive

Ps, Srpl Zahab oil olive

Bn; Ban Avareh table and oil olive
Bng Ban Avarch table and oil olive
Dsy; Deh Sefid table olive
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Table 2. Mean monthly temperature, relative humidity, evaporation, and rainfall, Sarpol-e Zahab

Vear Month Tem[lerature Relative humidity =~ Monthly evaporation Monthly rainfall
0 (%) (mm) (mm)
2014 23.90 42 189.30 2.00
May
2015 23.40 33 244.40 3.70
2014 29.50 25 297.30 1.80
June
2015 30.30 22 353.10 0
2014 33.00 22 364.40 0
2015 July 33.20 21 391.30 0
2014 33.20 25 388.00 0
August
2015 35.10 21 435.20 0
2014 29.40 28 302.90 0
September
2015 31.30 26 356.70 0.10
2014 23.10 46 161.50 0.30
October
2015 25 36 200.70 1.90

this experiment were selected based on the results of
our previous experiments. They were treated by three
irrigation regimes: 100% full irrigation (control), 75%
deficit irrigation, and 50% deficit irrigation. Drip sys-
tem was applied for irrigating these trees.

This study was conducted in Randomized Com-
plete Block Design with three replications and two
factors (olive genotypes and irrigation regimes). The
trees were planted in a frame of 5x5 m and each exper-
imental unit consisted of two trees. The data obtained
daily from the Synoptic Weather Station of Sarpol-e
zahab (Tab. 2) and the Penman-Monteith equation
(ETo calculator software) were utilized to measure the
potential evapotranspiration and water requirement of
the trees from late April (end of rain season) until late
October (start of rain season); based on this measure-
ment, the required irrigation water of each tree was
estimated based on its evapotranspiration. Drip irri-
gation was performed every three days by measuring
daily evapotranspiration and water requirement of the
trees, considering the crop coefficients of olive plants.
A water volume meter was applied on each row to es-
timate the amount of water utilized by the trees. The
trees were equally protected in each treatment.

Measurements

Growth and reproductive characteristics of olive
genotypes were determined by 1.0.0.C [2002]. 40
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fruits were randomly selected from each experimental
unit and their length and diameter were measured by
a digital caliper. To determine the amount of pulp and
pit, first, they were separated with a knife; then, they
were kept in an oven in 70°C for their dry weight to
be stabilized. Afterwards, they were weighed for cal-
culating pulp dry weight and dry matter percentage.

Statistical analysis

The collected data were subjected to analysis of
variance (ANOVA) using the GLM procedure from
the Statistical Analysis Software (SAS, version 9.1).
The Duncan Multiple Range Test was applied to de-
termine significant difference among treatments at the
significance level of P < 0.05.

RESULTS

Fruit size and yield. There was a significant dif-
ference in fruit yield between irrigation regimes and
also genotypes both in 2014 and 2015. 100 percent full
irrigation caused an increase in fruit yield of the trees
(Table 3). The highest fruit yield was observed in Bn,
(36.40 and 31.7 kg/tree; 2014 and 2015), Bn, (38.29
and 37.65 kg/tree; 2014 and 2015), and Dd, (37.96 and
40.33 kg/tree; 2014 and 2015) genotypes while Ps,
(7.15 and 9.27 kg/tree; 2014 and 2015) had the lowest
fruit yield (Tab. 3). Fruit size also was significantly
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Table 3. The effect of deficit irrigation and olive genotypes on fruit yield and fruit size

Fruit yield/tree Fruit weight Fruit length Fruit diameter
Treatments (kg/tree) (2 (cm) (cm)
2014 2015 2014 2015 2014 2015 2014 2015

Deficit irrigation

100% irrigation 28.89a 39.58a 491a 4.75a 2.59a 2.6la 1.82a 1.83a
75% irrigation 24.72b 25.23b 4.51b 4.49b 2.44b 2.42b 1.75b 1.76ab
50% irrigation 19.36¢ 18.78¢ 3.73¢ 3.82¢ 2.22¢ 2.23¢ 1.67¢ 1.72b

Superior olive genotypes

D, 22.26b 21.83¢ 4.32¢ 4.32c 2.59b 2.61b 1.58¢ 1.60c
Dd, 37.96a 40.33a 6.86a 6.83a 2.84a 2.83a 2.19a 2.17a
Gw 13.03¢ 14.63d 2.93e 2.87d 2.28d 2.34c 1.50d 1.48c
Ps, 7.15d 9.27e 2.78e 2.72d 2.14e 2.11d 1.52cd 1.51c
Bn; 36.40a 31.78b 3.95d 4.98¢c 2.25d 2.23cd 1.81b 1.90b
Bng 38.29a 37.65a 5.04b 5.91b 241c 2.40c 1.81b 1.91b
Dsy; 15.18¢c 16.19d 4.83b 4.81b 241c 2.40c 1.83b 1.89b

Means with the same letter in traits are not significantly different by Duncan’s multiple range test at 5%

Table 4. The effect of deficit irrigation and olive genotypes on fruit characteristics of seven superior olive genotypes

Pulp fresh weight ~ Pulp dry weight Dry matter Moisture Pulp Pulp/Pit
Treatments ® ® %) %) %)
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Deficit irrigation
100% irrigation 394a  3.76a 0.92a 0.89a 37.05c 37.55¢c 6294a 62452  80.68a 79.52a 1.48a 1.43b
75% irrigation 3.67b  3.63a 0.85b  0.85b  40.18b 40.44b  59.81b 59.55b  80.33a 79.95a 1.56a 1.60a
50% irrigation 297c  3.03b 0.73¢c  0.72c  43.43a 442la 56.56c 55.79c  78.97ab 78.64ab 1.54a 1.49ab
Superior olive genotypes
D, 3.54c 3.48c 044c 043¢ 3338d 3359 66.61b 66.40b  81.76b 80.63b  0.93b 0.90b
Dd, 5.67a  5.66a 1.03a  1.0la  3048e 30.67d 69.51a 69.33a  82.60b 82.40ab 127a 127a
Gw 223¢  2.18e 0.87b  0.86b  51.15b 52.33a 48.84d 47.66d  75.87d 7573d 1.74a 1.79a
Ps, 2.09¢  2.03e 0.84b 0.81b  53.73a 54.63a 46.27¢ 4536d  75.19d 7442d 1.73a 1.64a
Bn; 3.10d  3.10d 0.86b 0.83b  39.71c 4045b  60.28c 59.55¢  7842c 77.89¢ 1.68a 1.59a
Bng 399  3.85b 097a  0.99a  40.45c 41.00b  59.54c 59.00c  79.21c 7825¢ 1.58a 1.59a
Dsy7 4.08b  4.04b 0.82b  0.82b  32.62d 32.45cd 67.37b 67.54ab  84.56a 83.97a 1.76a 1.79a

Means with the same letter in traits are not significantly different by Duncan’s multiple range test at 5%
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Table 5. The effect of deficit irrigation and olive genotypes on pit characteristics of seven superior olive genotypes

Pit length Pit diameter Pit fresh weight Pit dry weight
Treatments (cm) (cm) (& (&
2014 2015 2014 2015 2014 2015 2014 2015
Deficit irrigation
100% irrigation 1.82a 1.80a 0.86a 0.85a 0.96a 0.99a 0.63a 0.62a
75% irrigation 1.64b 1.67b 0.81b 0.81b 0.83b 0.85b 0.54b 0.54b
50% irrigation 1.57b 1.57b 0.72¢ 0.78b 0.76¢ 0.78¢ 0.48¢c 0.49¢
Superior olive genotypes
D, 2.06a 2.04a 0.78¢ 0.79¢ 0.78cd 0.84cd 0.46d 0.47cd
Dd, 1.88b 1.89b 0.95a 0.93a 1.16a 1.19a 0.80a 0.79a
Gw 1.55de 1.51d 0.79¢ 0.78¢ 0.70de 0.69¢ 0.50c 0.49¢
Ps, 1.64cd 1.61d 0.78¢ 0.78¢ 0.69¢ 0.69¢ 0.49¢ 0.49¢
Bns 1.39% 1.39¢ 0.81c 0.80c 0.84c 0.88¢ 0.52¢ 0.53¢
Bng 1.48de 1.59d 0.86b 0.85b 1.04b 1.07b 0.62b 0.63b
Dsy; 1.76bc 1.75¢ 0.77c 0.78c 0.74de 0.77de 0.47cd 0.46d

Means with the same letter in traits are not significantly different by Duncan’s multiple range test at 5%

different between irrigation regimes and olive geno-
types. 100% full irrigation led to an increase in fruit
weight, length, and diameter, while the highest fruit
weight was observed in Dd, genotype. Gw (2.93 and
2.87 g; 2014 and 2015) and Ps, (2.7 and 2.72 g; 2014
and 2015) genotypes showed the lowest fruit weight
and were placed in the same class. From among the
olive genotypes studied in this research, Dd, (2.84 and
2.83 cm; 2014 and 2015) had the highest fruit length
while Ps, (2.14 and 2.11 ¢cm; 2014 and 2015) showed
the lowest. The highest and lowest fruit diameters
were observed in Dd, (2.19 and 2.17 ¢m; 2014 and
2015) and Gw (1.50 and 1.48 cm; 2014 and 2015) gen-
otypes, respectively (Tab. 3).

Fruit characteristics. The results showed that pulp
fresh weight, pulp dry weight, and moisture percent-
age were significantly different at 5% in both experi-
mental years (2014 and 2015). Decreasing irrigation
water caused a decline in pulp fresh weight, pulp dry
weight, and moisture percentage, while dry matter
percentage increased (Tab. 4). From among the ol-
ive genotypes studied in this research, Dd, (5.67 and
5.66 g; 2014 and 2015) had the highest pulp fresh
weight, but Gw (2.23 and 2.18 g; 2014 and 2015)
and Ps, (2.09 and 2.03 g; 2014 and 2015) showed the

https://czasopisma.up.lublin.pl/index.php/asphc

lowest pulp fresh weight and were assigned to the
same class. The highest pulp dry weight was observed
in Dd, (1.03 and 1.01 g; 2014 and 2015) and Bn,
(0.97 and 0.99 g; 2014 and 2015) but the lowest was
found in D, (0.44 and 0.43 g; 2014 and 2015) (Tab. 4).
Considering dry matter percentage, the highest value
was found in Gw (51.15 and 52.33%; 2014 and 2015)
and Ps  (53.73 and 54.63%; 2014 and 2015) and the
lowest in Dd, (30.48 and 30.67%; 2014 and 2015).
The highest moisture percentage was observed in Dd,
(69.51 and 69.33%; 2014 and 2015) while the lowest
was found in Gw (48.84 and 47.66%; 2014 and 2015)
and Ps, (46.27 and 45.36%; 2014 and 2015). Pulp per-
centage was the highest in Ds  (84.56 and 83.97%;
2014 and 2015) and the lowest in Gw (75.87 and
75.73%; 2014 and 2015) and Ps, (75.19 and 74.42%;
2014 and 2015). In both of the years, D, (0.93 and
0.90%; 2014 and 2015) showed the lowest pulp/pit
percentage (Tab. 4).

Pit characteristics. According to the results ob-
tained during the two experimental years (2014 and
2015), there is a significant difference in the length,
diameter, fresh weight, and dry weight of the pits in
olives treated by irrigation regimes. From among the
irrigation treatments, the highest length, diameter,

127



Gholami, R., Zahedi, S.M. (2019). Genotypic differences of olive in reproductive characteristics and fruit yield response to deficit irrigation.
Acta Sci. Pol. Hortorum Cultus, 18(5), 123-129. DOI: 10.24326/asphc.2019.5.12

fresh weight, and dry weight of the pit was observed
in 100% full irrigation treatment (Tab. 5). Also in both
of the years, D, (2.06 and 2.04 c¢m; 2014 and 2015)
and Dd, (1.88 and 1.89 c¢m; 2014 and 2015) showed
the highest pit length, respectively. The highest pit di-
ameter was observed in Dd, (0.95 and 0.93 cm; 2014
and 2015) and Bn,(0.86 and 0.85 cm; 2014 and 2015),
respectively, but the other genotypes were put in the
same class. The highest dry (0.80 and 0.79 g; 2014
and 2015) and fresh weight (1.1 and 1.19 g; 2014 and
2015) was observed in Dd, (Tab. 5).

DISCUSSION

Considering the results obtained in both of the years
(2014 and 2015), there is a relationship between the
measured reproductive characteristics of 7 olive gen-
otypes and the amount of irrigation water. Increased
development of different organs of the plants is due to
the sufficient amount of water they receive for cell di-
vision and growth. In other words, growth and devel-
opment of different organs decrease in the plants under
water stress since there is a decrease in cell turgor and
also they don’t receive enough water required for cell
division and growth [Inglese et al. 1996].

The present research investigated the effect of gen-
otype as well as drought stress on fruit size. This effect
was also proved in some other studies. Research on
Gemlik olive trees showed that 100% full irrigation
and 50% deficit irrigation had significant effects on
fruit weight, fruit diameter, and pulp/pit percentage,
compared to rain fed conditions. The mentioned traits
increased in 100% full irrigation and 50% deficit irri-
gation. Also there was a significant difference between
100% full irrigation and 50% deficit irrigation [Toplu
et al. 2009]. The present research reached the same
results as the investigations of Nikbakht [2011], Toplu
et al. [2009], and Berenguer et al. [2006] did about
the effect of deficit irrigation on olive fruit character-
istics. Furthermore, compared to 100% full irrigation,
increase in dry matter percentage in deficit irrigation
treatments can be related to water content of the cells
[Sofo et al. 2008]. To resist drought, various plants
have different mechanisms such as altering phys-
iochemical compounds inside the cells [Boughalleb
and Mhamadi 2011]. There is a significant difference
in fruit and pit characteristics and yield of seven olive
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genotypes, which led to various reactions of these cul-
tivars to irrigation treatments.

The results of the present research show different
reactions of superior olive genotypes of Iran to irriga-
tion treatments. Bn, and Dd, showed better reactions
to 75% deficit irrigation while this treatment remark-
ably decreased the yield of Gw and Ps,. Several dif-
ferent studies have found that supplemental irrigation
improves yield and fruit quality in olive trees [Grat-
tan et al. 2006, Perez-Lopez et al. 2007]. Various ol-
ive genotypes show different reactions to irrigation
treatments and other management factors; therefore,
the observed significant differences in their reaction to
deficit irrigation in the present study can be attributed
to their resistance.

CONCLUSIONS

It is concluded that the olive genotypes under in-
vestigation showed various reactions to the irrigation
treatments. The present research aimed at studying
the effect of deficit irrigation on seven olive geno-
types of Iran, identifying the most resistant genotype,
and introducing the cultivars which have the highest
potential for reproductive growth and yield. The re-
sults showed that Bn, and Dd, had satisfactory fruit
size and yield and can properly adapt themselves o
environmental stresses. So they can be introduced as
suitable genotypes to be cultivated in different areas
of the world.
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