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ABSTRACT- Supplemental irrigation under prolonged drought conditions has a key
role in providing water for transpiration of rain-fed fig trees. The effect of different times
and amounts of supplemental irrigation at different distances from the tree trunk on
quantity and quality of Estahban rain-fed fig production was evaluated during two years.
A randomized complete block design with four replications on fig cultivar of Sabz was
used to conduct the experiment. Treatments of supplemental irrigation included three
different application positions including close to tree trunks (NT); 1-1.1 m from tree
trunk (UT) and outside of tree canopy (OT). Three different quantities of irrigation water
including no supplemental irrigation (control), 1000 and 2000 liters irrigation water per
tree, and with two different supplemental irrigation times in early spring and midsummer were also used. Results showed higher soil water content for irrigation during
early spring, near tree trunk with 2000 liters irrigation water per tree. Despite the
reduction in total soluble solids (TSS), supplemental irrigation improved the yield, size
and skin color of fruits compared to the control. In both years, fig yield was higher in NT
and OT treatments compared to UT. Irrigation out of canopy produced more fruits with
higher quality. A non-significant difference between yields in irrigation water amount
treatments during the second year indicated the adequacy of 1000 liters per tree.
Application of 1000 liters, out of canopy in mid-summer would be recommended to
fulfill marketing goals and sustainable use of regional water resource under drought
conditions in rain-fed fig orchards.

INTRODUCTION
Rain-fed agriculture is a major source of food production
worldwide, such that nearly 80% of the global cropland is
rain-fed. This provides 60-70% of the world’s food supply
(Falkenmark and Rockström, 2004). Although this system
results in lower productivity and dependability compared
with irrigated farmlands, it is still considered the principal
method of food production for the increasing world
population (Oweis and Hachum, 2003).
Iran has been the fourth producer and exporter of
figs with an average of 75,833 tons production in the
last two decades (1993-2013) (FAO, 2016). Most of the
fig trees in Iran are cultivated in Estahban region, where
90% of dried fig in Iran is produced (Jafari et al., 2012).
Fig production in the Estahban area is located mostly on
foothill slopes of the Zagros Mountains. In these
dryland orchards, rainwater harvesting is a traditional
practice for supplying water by using micro-catchments
built perpendicular to the slopes for collecting rain
water. Fig trees can be grown in a variety of soils
ranging from coarse sand to heavy clay soils (Morton,
1987). Deep, gravelly, and alluvial soils in the Estahban

plains together with flood waters from upland streams
have provided favorable conditions for infiltration of
water and storage in the soil profile.
Fig production under rain-fed conditions is highly
dependent on precipitation, and fluctuation in annual
precipitation is a major challenge for rain-fed fig producers.
Under prolonged drought conditions, severe damage
occurs in rain-fed fig plants that are normally tolerant to
water shortage (Gholami et al., 2012; Hallaç Türk and
Aksoy, 2011; Karimi et al., 2012; Stover et al., 2007).
Drought incidence results in massive leaf abscission and
reduction in fruit quantity and quality (Hallaç Türk and
Aksoy, 2011; Tehrani et al., 2016). Extensive drought
events in Iran have seriously affected rain-fed fig trees and
in 2010, it resulted in the loss of more than 10% of the
trees as a result of which fruit production was reduced by
more than 80% (Jafari et al., 2012).
Under drought conditions, soil water content is
severely reduced, thus reducing absorption of water and
mineral nutrients by plants (Rostami and Rahmei, 2013).
Water stress is induced by climatic, edaphic, and
agronomic factors, and the vulnerability of plants to
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drought conditions depends on the degree of water stress,
together with accompanying stress factors, plant species,
and the stage of plant growth (Demirevska et al., 2009).
According to previous studies, the use of techniques
such as mulching (Aragüés et al., 2014; Jafari et al.,
2012), potassium nutrition (Honar and Sepaskhah,
2015), micro-catchment construction (Sepaskhah and
Moosavi-Fard, 2010; Sepaskhah and Fooladmand,
2004), and pruning (Kamgar-Haghighi and Sepaskhah,
2015; Leonel and Tecchio, 2010) can reduce the
negative effects of drought on fig trees. Although fig
trees show efficient water uptake and water use
capacities, supplemental irrigation in years of belowaverage rainfall would have a significant role in
providing water for transpiration and high annual water
productivity (Abdel Razik and El Darier, 1991).
Supplemental irrigation can be defined as “the addition
of a limited amount of water to otherwise rain-fed crops,
when rainfall fails to provide essential moisture for normal
plant growth, in order to improve and stabilize productivity”
(Oweis et al., 1999). Similar to other arid and semi-arid
regions, the tendency to use supplemental irrigation in
Estahban fig orchards has increased in recent years
(Kamyab, 2015; Sharifzadeh et al., 2012). Previous
research showed the positive role of supplemental
irrigation in improving the morphological characteristics
and yield of rain-fed fig trees in the area under drought
conditions (Honar and Sepaskhah, 2015; KamgarHaghighi and Sepaskhah, 2015). Supplemental irrigation at
the inappropriate time and quantity of water may have
negative effects on fig trees. Nevertheless, there is a lack of
information about the water needs of fig trees (Dominguez,
1990). Since the high use of water for fig irrigation could
lead to a local shortage of water resources, especially in
areas characterized by limited agricultural water
(Abdolahipour and Kamgar-Haghighi, 2015), knowledge
of accurate fig orchard needs will help clarify the
discussion of supplemental water usage.
As we practice supplemental irrigation at the end of
precipitation season, timing and amount of supplemental
irrigation should be predicted. Nevertheless, there is a lack
of information about the amount, timing, and application
position of supplemental irrigation to achieve higher
efficient use of water in the area.
The main objective of the present study was to
evaluate the effects of supplemental irrigation on rainfed fig yield, yield quality and soil water variation in
relation to irrigation timing, the quantity of water used,
and its application position from tree trunks.

MATERIALS AND METHODS
Experimental Site
The experiment was conducted in a farmer orchard in
Estahban County, Fars Province, Iran (altitude, 1749 m;
latitude, 29°07′ N; longitude, 54°04′ E) in 2013-2015.
Extreme temperatures in the region are in the range of 7 to 41°C. Annual average rainfall is about 354 mm
with minimum and maximum values of 92 and 739 mm,
respectively (Bagheri and Sepaskhah, 2014). The
average relative humidity is 45%; however, it is reduced

during the fruit maturing and harvest period in summer.
Most of the precipitation occurs during late fall and
winter. Meteorological information during the
experimental period was obtained from a meteorological
station in the region (Fig. 1).
The soil is gravelly loam texture with the top 150 cm
composed of 30% sand, 48% silt, and 22% clay on fine
soil particle basis (less than 2 mm) and also 30% gravel
in volumetric sampling method. The sample contained
a pH of 7.54, electric conductivity (EC) of 1.34 dS/m,
field capacity (FC) of 31% and permanent wilting point
(PWP) of 14% (volumetric method).
The different growth stages of fig tree must be taken
into account for efficient water management of an
orchard, especially when supplemental irrigation
strategies are to be used. A diagram describing the
annual life cycle of the fig tree is shown in Table 1.
For the conditions of Estahban area, shoot growth takes
place from mid-April to mid-May. Leaves usually become
fully expanded in May, depending on environmental
conditions. The flowering and fruiting occurs from April to
July. Fruit maturation starts in August and may last until
temperatures drop in October. At the end of the growth
period, the leaves fall and the tree enters its rest period.
Environmental factors such as temperature, photoperiod,
and humidity affect the development and yield of the fig
trees (Flaishman et al., 2007).
Experimental Procedure
A number of rain-fed fig cultivars are grown in the
Estahban region (Fars Province, I. R. of Iran), and
among them, Sabz cultivar (Smyrna type) is the
dominant one (Bagheri and Sepaskhah, 2014). The Sabz
fig tree is a cultivar with suitable vegetative and
reproductive characteristics, round canopy, vertical
growth, dense foliage, and usually 3-4 trunks (Faghih
and Sabet-Sarvestani, 2001).
The experiment was performed on 72 uniform, 45year-old, edible fig cultivars of Sabz fig trees. In the
study area, as in other rain-fed orchards of the region,
trees had been planted 10 m apart and the canopy
diameter was about 3.2 m. Different treatments of
supplementary irrigation were applied. The cultural
practices and pollen source (Pouz Donbali cultivar)
were similar for all trees.
The experiment was conducted in a split-split plot
design over a randomized complete block design (RCBD)
with four replications and 18 fig trees in each block.
Treatments of supplemental irrigation included three
different application positions from the trunk, using three
different quantities of irrigation water, and with two
different supplemental irrigation times. The volume of
irrigation water for each tree was measured by using a flow
meter installed at the inlet of the irrigation pipe.
Irrigation treatments based on the position of
application from trees were: (1) irrigation in a microcatchment close to tree trunks (NT); (2) irrigation water
applied in three holes placed 1-1.1 m from tree trunks
under tree canopies for trees with almost 3.2 m canopy
diameter (UT); and (3) irrigation applied in four holes
outside of tree canopies placed 2.1-2.2 m from tree
36
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trunks (OT) for trees with almost 3.2 m canopy diameter
(Fig. 2).
Soil water content was measured at 30, 60, 90, 120
and 150 cm soil depths using the neutron scattering
method (CPN® 503 ELITE HydroprobeTM) with onemonth interval. Access tubes were installed for trees in
the first block at three different distances from the trunk
in the closest possible place to the irrigation area. It was
difficult to install the tubes for all trees and below the
150 cm depth, due to the gravelly texture of soils in the
area. Previous studies on fig orchards in the area (Honar
and Sepaskhah, 2015; Kamgar-Haghighi and Sepaskhah,
2015) indicated that it would be necessary to measure
soil water content below the 90 cm depth. The time
intervals between irrigation events and soil water
content measurements are shown in Fig. 3.

To evaluate fruit production, the fruits of each tree
were collected through the harvest period and became dry
in the sun. Fig harvesting takes place from August to
October in the region (Table 1). Fruit weight was measured
using a digital balance with a sensitivity of 0.001 kg.
To study the pomological characteristics, the collected
figs were graded to three different commercial grades (AA,
A, and B) by using local commercial methods of grading.
In these methods, fig fruits with larger diameters and
lighter skin color are considered as higher quality fruits.
The best quality of fig has got light yellow color, with 3 to
4 cracks on it (Faghih and Sabet-Sarvestani, 2001).

Fig. 1. Mean daily agrometeorological data for Estahban

Table 1. Different growth stages of fig tree
Dormancy
Rest

Jan

Vegetative

Vegetative

Feb

Mar

Flowering

Apr

Pollination

May

Reproductive
Cell enlargement and
development

Jun

Jul

Dormancy
Fall

Harvest

Aug

Sep

Oct

Nov

Dec
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Fig. 2. Different irrigation application positions from tree trunk treatments in the experiment for tree with a canopy cover
diameter about 3.2m (gray area: irrigation positions, hatch area: tree trunk, black points: access tube for measuring soil
moisture, NT: near the tree trunk, UT: under the tree canopy and OT: out of tree canopy). Treatments based on time of
irrigation were (a) in early spring and (b) in mid-summer and treatments based on the quantity of applied irrigation water
were: no supplemental irrigation (control), and either 1000 or 2000 liters irrigation water per tree.

To classify the fruits based on their size, they were
put in a sorting machine. It included vibrating sieves
with different mesh sizes which separate fruits based on
a defined diameter standard as follows: >22 mm (grade
AA), 17-22 (grade A) and <17 mm (grade B). The skin
of the fig is thin and tender and begins to change color
from green to yellow or brown as it ripens. Fruits of
each tree were classified in three skin colors; yellow,
light brown and dark brown by application of a color
chart (Hickethierd, 1974). The weight of fruits in
different classes of size and color for each tree was
determined. Also, three fruits per tree were randomly
sampled and their total soluble solids (TSS) were
measured by using a refractometer (Atago PR-1) at 20◦C.
The average TSS of fruits in each tree was applied for
the statistical analysis.
The measured data for quality and quantity of fig
production were statistically analyzed by SAS program
(SAS, 2006). Through the variance analysis performed
independently for each year, major effects were
considered to be statistically non-significant if the threefactor interaction (irrigation positions, amount and time)
or two-factor interaction were significant. Differences
between means were compared by Duncan’s multiple
range test at 5% level of probability.

RESULTS AND DISCUSSION
Soil Water Content
Fig. 3 shows the change in the weighted mean of all
measurements of three neutron probes installed around
trees up to 150 cm depth. The results showed a similar
trend for soil water content distribution of different
treatments during the two-year experiment.

The least amount of soil water content occurred from
the end of harvest to the early fall period. After that, there
was a gradual increase in water content that showed a
steeper slope at the beginning of the resting period and
reached its maximum at the end of the resting period and
the beginning of the vegetative period (Fig. 3).
In the second year, increasing the soil water content
was more significant due to higher rainfall during the
resting period. In subsequent growth stage, the soil
water content decline was steeper during the vegetative
and flowering periods. However, the decline was flatter
in the harvest period.
Furthermore, Table 2 presents the comparison of
mean soil water content of each irrigation treatment in
the top 150 cm of the soil profile in different seasons
during two years. Among different application positions
from the tree trunk, OT showed the least amount of soil
water but there was not a noticeable soil water
difference between UT and OT. Compared to the NT
treatment, as the traditional method of supplemental
irrigation in the area, UT and OT showed 4.8% and 5%
reduction in the amount of soil water, respectively.
Higher soil water in NT treatment is generally
assumed to be due to the stored irrigation water in the
soil for a longer time in NT treatment which is mainly
the result of climatic parameters.
Irrigation events occurred in high temperature days of a
year when trees have green completed canopy reducing the
amount of sunlight which reaches wetted soil (Fig. 3).
Shading leads to a reduction in soil evaporation and
consequently an increase in soil water. Trees generally
intercept 20 to 80 percent of incident solar radiation
depending on size and species. The extent of reduction
varies according to crown dimensions, tree phenology
and leaf density (Bremen and Kessler, 1995).
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Fig. 3. Rainfall distribution and mean volumetric soil water content of all treatments in depth of 0-150 cm during 2013-2015 (A
and B: first and second year of experiments)

Moreover, air humidity is usually higher under tree
canopies than in open areas resulting in lower air
temperatures and higher top soil water under trees
(Bremen and Kessler, 1995). On the other hand, acting
as a natural mulch, fallen leaves make soil water stay
longer in the soil below the tree. Organic mulches of
straw, tree leaves, paper, and manure have all been
suitable in decreasing soil water loss by evaporation
(Jafari et al., 2012; Molinar et al., 2001). Hatfield et al.

(2001) reported a 34–50% reduction in soil water
evaporation as a result of crop residue mulching.
Another reason is possibly explained by the
existence of a micro-catchment around the tree near its
trunk. Micro-catchments as the unique way to harvest
rainfall for fig trees in the region collect runoff and store
it in the soil profile near tree trunk (Boers et al., 1986;
Renner and Frasier, 1995; Sepaskhah and Khozaee,
2014).
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Table 2. Mean volumetric soil water content of treatments during different seasons of 2013-2015
Year
TreatmentA
Distance
NT
UT
OT
Amount
Rain-fed
1000 liters
2000 liters
Time
Early spring
Midsummer
A

Spring

Volumetric soil water content (%)
2013-2014
2013-2014
Summer
Autumn
Winter
Spring
Summer
Autumn

Winter

Average

21.4
20.4
20.0

16.1
15.9
15.5

15.0
14.4
14.5

16.4
15.2
15.4

19.7
18.5
19.6

16.0
15.3
15.5

14.6
14.0
14.2

21.5
20.4
19.0

17.6
16.8
16.7

19.6
20.5
21.6

15.2
15.5
16.7

14.2
14.7
15.0

15.4
16.0
15.6

18.4
19.2
20.2

15.0
15.5
16.3

13.7
14.3
14.8

20.1
20.9
19.8

16.5
17.1
17.5

21.1

16.0

14.7

15.8

19.8

15.8

14.7

20.7

17.3

20.0

15.6

14.6

15.5

18.8

15.4

13.8

19.9

16.7

NT: Near the tree trunk; UT: under the tree canopy and OT: out of tree canopy.

Thus, although obtained soil water content is a
weighted mean of measurements in three different
distances from the tree trunk, in NT treatment, irrigation
water will infiltrate to the depth of a small area in the
micro-catchment resulting in higher soil moisture in the
deeper soil profile. Less evaporation from stored soil
water in depth will lead to higher soil water
measurements in the following days.
Trees under rain-fed treatment (control) with no
supplemental irrigation showed the least amount of soil
water content during the two experimental years (Table
2). The treatment of 2000 liters of water per tree
resulted in 6.4% higher soil water in comparison with
the control. It indicated higher water holding in the soil
of the irrigated orchard and also lower water
consumption by trees most of the times in the year in
the control treatment.
The soil water difference among irrigation
treatments based on the amount of water is more
obvious in spring during the vegetative period. This
difference might have been caused by supplemental
irrigation at early spring. According to Table 2, the soil
water content decreased during the summer and reached
the minimum in the autumn. In both years, irrigation at
the beginning of spring resulted in higher soil water
content compared with irrigation in the middle of
summer, likely due to lower soil surface evaporation
after irrigation in spring.
Fig Yield
Fruit yield was evaluated by fruit number and weight.
The figs are allowed to ripen fully before harvest. They
would partially dry on the tree and then fall on the
ground, where they will be swept up by workers
manually.
The average fruit weight of Sabz dried fig fruits is
reported as 5.6 g after losing 60% of their ripe weight
through dehydration in the sun on the tree (Faghih and

Sabet-Sarvestani, 2001). Dried fruit weight varies
according to the number of fruits on the tree, yearly
climatic conditions or cultural practices applied (Aksoy
et al., 2001).
Table 3 shows the mean yield of fig fruit for
growing seasons of 2013 and 2014. Although rainfall
decreased from 242.4 mm to 210.9 mm in two
consecutive years, the yield comparison between the
first and second experimental year indicated an increase
about 6.7% in fig production (Table 3). It might be
attributed to the effectiveness of precipitation in the
resting period, as it showed an increase of 40% in
winter, despite its decrease in other seasons. This is in
agreement with Bagheri and Sepaskhah (2014), who
found that rainfall in winter is the vital parameter for fig
yield. Fruit trees can use the water stored in the soil
profile during the dry months of the year. The amount
of water that can be stored in the soil profile depends on
the amount and distribution of annual precipitation, the
depth and capacity of the soil profile, and the extent of
the tree root system (Oweis and Hachum, 2012). The
adaptation of fig trees to supplemental irrigation and
also the appropriate soil water condition of a given year
which affects fig tree's reproduction in the next year
could be other reasons for increasing the yield in the
second year.
In the first year, the highest significant yield was
obtained in NT treatment, which is 42% and 18% higher
than those in UT and OT treatments, respectively.
However, in the second year, OT treatment showed the
highest yield with no significant difference from that in
NT treatment. The high yield of NT treatment in two
years was accompanied with the higher soil water
content through the year. In both years, UT treatment
showed the lowest fig yield possibly due to lower water
absorption by roots in attributed irrigation area,
indicating that water application of NT or OT is
preferable.
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Table 3. Fruit weight (g/tree) based on annual total yield and diameter of fruit for different treatments in two experimental years
Year
Treatment
Distance
NT
UT
OT
Amount
Rain-fed
1000 liters
2000 liters
Time
Early spring
Mid-summer

2013

2014

2013

2014

2013
2014
Diameter of fruit (mm)
17-22

2013

2014

N

Total yield (g/tree)

24
24
24

8284.5 a
5837.0 c
7007.0 b

7243.9 ab
6702.6 b
8592.3 a

3927.5 a
2136.5 b
1922.9 b

4806.0 a
3812.3 a
4063.6 a

2554.2 a
2358.2 a
2699.2 a

1459.6 a
1372.5 a
2214.5 a

1801.3 ab
1340.8 b
2383.5 a

977.0 a
1516.8 a
2313.0 a

24
24
24

5828.5 c
6631.6 b
8668.4 a

6149.3 b
8044.9 a
8344.6 a

2399.6 a
2885.4 a
2702.0 a

3756.3 a
4374.5 a
4551.1 a

1913.0 b
2126.3 b
3572.3 a

1241.7 b
2040.0 a
1765.0 a

1514.3 b
1618.5 b
2392.8 a

1150.3 b
1629.0 ab
2027.5 a

36
36

6818.2 a
7267.5 a

7878.8 a
7147.1 a

2688.7 a
2635.9 a

4723.1 a
3731.5 b

2509.7 a
2564.7 a

1738.6 a
1625.9 a

1618.4 b
2065.3 a

1416.0 a
1788.5 a

<17

>22

Means followed by the same letter are not statistically different according to Duncan multiple range test (P<0.05)
(NT: Near the tree trunk, UT: under the tree canopy and OT: out of tree canopy)

Table 3 showed that in the first year generally, an
increase in supplemental irrigation led to higher yield
significantly. Similarly, the results showed in the second
year, high supplemental irrigation increased the yield.
However, there was no significant difference between
1000 and 2000 liters of applied irrigation water in the
second year. Therefore, based on the obtained results, in
comparison with other treatments, using 1000 liters for
irrigation is a more desirable choice in achieving both
higher yield goal and saving the regional water
resources applied for supplemental irrigation. The effect
of supplemental irrigation on fig yield increase is in
agreement with the results obtained by Stover et al.
(2007), Kamgar-Haghighi and Sepaskhah (2015) and
Honar and Sepaskhah (2015) in fig orchards.
The difference between the yield for supplemental
irrigation in early spring and in mid-summer was not
significant in both years (Table 3). However, the
usefulness of irrigation in the middle of summer
suggested that supplemental irrigation in the set,
development, and enlargement period of fruit growth
will improve the yield. In addition, during the summer,
fig trees can absorb water and nutrients through a
relatively high root-to-shoot ratio of 1:1.44 (Abdel
Razik and El Darier, 1991) united with the extension of
roots to a distance nearly twice that of top spread (Keleg
et al., 1981).
Fruit Quality
Fig fruit quality was assessed by determining the
diameter, skin color and TSS of dried fig fruits.
Fruits were classified in commercial categories
based on their size for experimental years, 2013-2014
and 2014-2015. Dried fruit size is the main factor in the
marketing of dried fig fruits especially for direct
consumption (İrget et al., 2008).
In the 2013-2014 year, results indicated that trees under
OT treatment had significantly higher fruit yield with
larger than 22 mm diameter, and this trend continued to the

next year (Table 3). OT and UT treatments had the least
amount of fruit with diameters less than 17 mm (low
quality fruits) in the first and second year, respectively.
However, there was no significant difference between
treatments in the second year.
According to Table 3, increasing the amount of
irrigation water increased the size of fruits and
consequently, the consumer acceptance and fig growers’
profit would be increased.
Results showed that in both years, in comparison
with the control, trees irrigated with 2000 liters had
significantly higher fruit yield with larger diameter (>22
mm). However, the difference between 1000 and 2000
liters was not significant in the second year. Besides,
there was no significant difference among treatments in
producing fruits with low quality (<17 mm) in both
years. These results support the previous conclusion of
the adequacy of 1000 liters for each tree.
Although irrigation in mid-summer resulted in
higher fruit yield larger than 22 mm (Table 3) in
diameter, irrigation in early spring led to more small
fruits with a significant difference in the second year.
According to the results, we can assume that irrigation
in early spring can increase the fruit yield which might
be attributed to the higher number of syconiums.
Kamgar-Haghighi and Sepaskhah (2015) showed that
two events of supplemental irrigation of rain-fed fig
trees at the end of winter and mid-spring can increase
the growth rate of shoot length and consequently, the
number of syconiums, significantly. On the other hand,
irrigation in summer time can improve the quality of
fruits possibly because the reproductive stage of fig
trees occurs in the summer.
Different environmental and practical conditions in
different years also put forth effects on fruit size and
decreased the fruit quality in the second year. The mean
weight of fruit with fruit diameter less than 17 mm
increased by 59% and the mean weight of fruit with
diameters between 17 mm and 22 mm and larger than
22 mm decreased by 33.7% and 13%, respectively, in
the second year. Variation in fruit quality from year to
41
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year may be attributed to environmental conditions,
climate and cultural practices, e.g. pruning, plant
protection practices and caprification (Aksoy et al.,
2001; Inglese et al., 2002; Ochoa and Uhart, 2006).
The skin color is one of the most important quality
factors in the marketing of dried products with a large
amount of total sugars, in particular, reducing sugars,
which can interact with amino acids. This reaction leads
to the brown colored compound which decreases the
quality index of dried figs (Abul-Fadl et al., 2015).
There are also some other factors which affect the color
of fig fruits such as pollen source, droplet formation, air
humidity, air temperature and sunlight, soil type,
nutritional status of the tree, and soil water (Faghih and
Sabet-Sarvestani, 2001; Flaishman et al., 2007).
In both years, a significantly higher amount of yellow
fruits and lower amount of dark brown fruits was obtained
from trees under OT treatment compared with that of NT
treatment. It indicates that irrigation out of canopy area can
improve the quality of fruits based on color (Table 4).
Although irrigation treatment of 2000 liters increased
the weight of fruits with light color in two experimental
years, it increased the dark brown colored fruits,
significantly.
The results showed that irrigation can improve the
yield and skin color of fig trees at the same time (Table 4).
Previous field observation and farmers’ experiences in the
region showed that excessive water can lead to dark skin
color fruits. It might be occurred due to the sensitivity of
fig trees to root rot resulted by extreme soil wetting
(Dominguez, 1990).
Irrigation in mid-summer increased the weight of fruits
with yellow color. However, the difference between
treatments was not significant.

Fruit TSS is also an indicator of fruit quality, and it
highly correlates with fruit ripeness (Crisosto et al., 2010).
Ripe figs are very rich in sugars, particularly, in glucose
and fructose (Melgarejo et al., 2001; Trad et al.,
2012)There was no significant difference in TSS among
irrigation position treatments in both years (Table 4). A
possible reason for the lack of a uniform trend among
treatments has been indicated by Trad et al. (2013) in
that quality of figs is associated with the position of the
fruit in the canopy so that sun-exposed parts of the
canopy produce more fruit of higher quality than the
shaded inside parts. The results showed trees under no
supplemental irrigation had significantly higher TSS in
comparison with irrigated trees, possibly due to less
water content of fig fruits under dry conditions.
Whereas higher water irrigation amount decreases the
TSS, there is not a significant difference in TSS
between two irrigation treatments in the second year.
Thus, as high TSS is an important factor for
marketing, irrigating 1000 liters might be sufficient
enough from the economic aspect. The mean TSS value
did not significantly differ between treatments of
irrigation time in the second experimental year. In
the consequent years, the analysis showed that TSS
decreased by 2.7% in comparison with the first year that
may be the result of higher soil water in the second year
leading to an increase in water content of fruits and less
TSS. The sugar content of fruits may also rely on the
variety, pollen source, fruit maturity phases, and climate
and soil conditions (Crisosto et al., 2010; Pourghayoumi
et al., 2012; Whiting, 1970).

Table 4. Fruit weight (g/tree) based on skin color and TSS (Brix) for different treatments in two experimental years
Year
Treatment
Distance
NT
UT
OT
Amount
Rain-fed
1000 liters
2000 liters
Time
Early spring
Midsummer

2013

2014

2013
2014
Color of fruit skin

2013

2014

2013

2014

TSS (Brix)

N

Yellow

24
24
24

1706.7 b
1713.4 b
3102.1 a

1039.6 b
1500.5 b
2730.3 a

1920.9 a
1949.4 a
2053.0 a

1882.3 b
1920.3 b
2797.1 a

4655.2 a
2172.8 b
1850.5 b

4320.8 a
3280.4 b
3063.8 b

32.9 a
32.7 a
32.3 a

32.5 a
31.8 a
31.0 a

24
24
24

1781.6 b
1660.1 b
3080.5 a

1651.8 a
1701.4 a
1917.2 a

1633.6 b
1850.3 b
2439.4 a

1715.2 b
2398.9 a
2485.6 a

2411.8 b
3119.7 a
3146.9 a

2781.0 b
3940.5 a
3943.3 a

34.2 a
32.7 b
31.0 c

33.2 a
31.3 b
30.8 b

36

2140.9 a

1661.5 a

2036.4 a

2402.5 a

2639.2 b

3813.4 a

32.7 a

31.7 a

36

2207.2 a

1852.0 a

1912.4 a

1997.3 a

3146.4 a

3296.6 b

32.5 a

31.9 a

Light brown

Dark brown

Means followed by the same letter are not statistically different according to Duncan multiple range test (P<0.05)
(NT: Near the tree trunk, UT: under the tree canopy and OT: out of tree canopy)

42

Abdolahipour et al. / Iran Agricultural Research (2019) 38(1) 35-46

CONCLUSIONS
The results showed a similar trend in variation of soil
water content during two years for different treatments.
Fig yield was higher in both NT and OT treatments in
comparison with UT treatment for both years. However,
irrigation near tree trunk is more attractive for most fig
growers in the region than other irrigation positions
because it is easy and less expensive to apply irrigation
water into micro-catchments being around the tree trunk.
The results obtained showed that using 1000 liters per
tree might be adequate for supplemental irrigation.
Compared to the rain-fed condition, it increased the
average fig yield significantly without a significant
difference in yield with 2000 liters water amount in the
second year. Moreover, although the highest overall
fruit quality was obtained with 2000 liters treatment,
using 1000 liters through saving water application can
meet several objectives including farmers’ income,
protecting rain-fed nature of trees and sustainable use of
groundwater for supplemental irrigation in the dryland
area under possible next drought periods.
Higher rainfall in the resting period, the adaptation
of fig trees to supplemental irrigation and also water
stored in soil in the first year could increase fig
production in the subsequent year.

The trees under the OT treatment produced more
fruits with larger diameters (>22 mm) and lighter color,
thus resulted in higher quality of fruits. There was no
significant difference between irrigation in mid-summer
or at the beginning of spring on fig quantity and quality.
Nevertheless, irrigation during summer in the set,
development, and enlargement period of fruit growth
can enhance the quality of fruits by increasing the larger
and lighter fruit color as main marketing elements.
Together with 1000 liters of water amount, irrigation in
mid-summer near trunk or out of canopy could be
recommended, considering achievement of both farmers’
goals in obtaining higher fig tree revenue through
producing higher quality yield and long-term water
resource management objectives for the region.
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ﺗﺤﻘﯿﻘﺎت ﮐﺸﺎورزي اﯾﺮان )46-35 (1)38 (1398

ﺗﺄﺛﯿﺮ زﻣﺎن و ﻣﻘﺎدﯾﺮ ﻣﺨﺘﻠﻒ آﺑﯿﺎري ﺗﮑﻤﯿﻠﯽ در ﻓﻮاﺻﻞ ﻣﺨﺘﻠﻒ از

ﺗﻨﻪ درﺧﺖ ﺑﺮ ﮐﻤﯿﺖ و ﮐﯿﻔﯿﺖ ﻣﺤﺼﻮل اﻧﺠﯿﺮ دﯾﻢ

ﻣﺤﻤﺪ ﻋﺒﺪاﻟﻠﻬﯽ ﭘﻮر ،ﻋﻠﯽ اﮐﺒﺮ ﮐﺎﻣﮕﺎر ﺣﻘﯿﻘﯽ* ،ﻋﻠﯿﺮﺿﺎ ﺳﭙﺎﺳﺨﻮاه ،ﺷﺎﻫﺮخ زﻧﺪﭘﺎرﺳﺎ،
ﺗﻮرج ﻫﻨﺮ
1ﮔﺮوه ﻣﻬﻨﺪﺳﯽ آب ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﺷﯿﺮاز ،ﺷﯿﺮاز ،ج .ا .اﯾﺮان
*ﻧﻮﯾﺴﻨﺪه ﻣﺴﺌﻮل
اﻃﻼﻋﺎت ﻣﻘﺎﻟﻪ

ﺗﺎرﯾﺨﭽﻪ ﻣﻘﺎﻟﻪ:
ﺗﺎرﯾﺦ درﯾﺎﻓﺖ1396/8/13 :
ﺗﺎرﯾﺦ ﭘﺬﯾﺮش1396/10/2 :
ﺗﺎرﯾﺦ دﺳﺘﺮﺳﯽ1398/6/9 :

واژهﻫﺎي ﮐﻠﯿﺪي:
رﻃﻮﺑﺖ ﺧﺎك
زﻣﺎن آﺑﯿﺎري
ﻣﺤﺼﻮل
ﮐﯿﻔﯿﺖ ﻣﯿﻮه
ﺷﺮاﯾﻂ ﺧﺸﮑﺴﺎﻟﯽ
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ﭼﮑﯿﺪه -آﺑﯿﺎري ﺗﮑﻤﯿﻠﯽ در ﺧﺸﮑﺴﺎﻟﯽﻫﺎي ﻃﻮﻻﻧﯽ ،ﻧﻘﺸﯽ ﮐﻠﯿﺪي در ﻓﺮاﻫﻢ آوردن آب ﻣﻮرد ﻧﯿﺎز
ﺟﻬﺖ ﺗﻌﺮق درﺧﺘﺎن اﻧﺠﯿﺮ دﯾﻢ دارد .در اﯾﻦ ﺗﺤﻘﯿﻖ ،اﺛﺮ زﻣﺎن و ﻣﻘﺪار آﺑﯿﺎري ﺗﮑﻤﯿﻠﯽ در ﻓﻮاﺻﻞ ﻣﺘﻔﺎوت
از ﺗﻨﻪ درﺧﺖ ﺑﺮ ﮐﯿﻔﯿﺖ و ﮐﻤﯿﺖ اﻧﺠﯿﺮ دﯾﻢ اﺳﺘﻬﺒﺎن ﻃﯽ دو ﺳﺎل  1392و  1393ﺑﺮرﺳﯽ ﺷﺪ.
آزﻣﺎﯾﺸﺎت ﺑﺮ روي اﻧﺠﯿﺮ دﯾﻢ رﻗﻢ ﺳﺒﺰ ،در ﻗﺎﻟﺐ ﯾﮏ ﻃﺮح ﺑﻠﻮك ﻫﺎي ﮐﺎﻣﻞ ﺗﺼﺎدﻓﯽ ﺑﺎ ﭼﻬﺎر ﺗﮑﺮار اﻧﺠﺎم
ﺷﺪ .ﺗﯿﻤﺎرﻫﺎي آﺑﯿﺎري ﺗﮑﻤﯿﻠﯽ ﺷﺎﻣﻞ ﺳﻪ ﻓﺎﺻﻠﻪ از درﺧﺖ ﺑﺼﻮرت ﻧﺰدﯾﮏ ﺑﻪ ﺗﻨﻪ درﺧﺖ ،در ﻓﺎﺻﻠﻪ -1
 1/1ﻣﺘﺮ از ﺗﻨﻪ درﺧﺖ و در ﺧﺎرج از ﺳﺎﯾﻪ اﻧﺪاز ،ﺳﻪ ﻣﻘﺪار آب آﺑﯿﺎري ﺑﻪ ﺻﻮرت ﺗﯿﻤﺎر ﺑﺪون آﺑﯿﺎري
)ﺷﺎﻫﺪ( 1000 ،و  2000ﻟﯿﺘﺮ ﺑﺮاي ﻫﺮ درﺧﺖ و دو زﻣﺎن آﺑﯿﺎري در اواﯾﻞ ﺑﻬﺎر و وﺳﻂ ﺗﺎﺑﺴﺘﺎن ﺑﻮد .ﻧﺘﺎﯾﺞ
ﻧﺸﺎن دا د ﻣﻘﺪار رﻃﻮﺑﺖ ﺧﺎك ،ﺑﺮاي آﺑﯿﺎري در اﺑﺘﺪاي ﺑﻬﺎر ،ﻧﺰدﯾﮏ ﺗﻨﻪ درﺧﺖ و ﺑﺎ  2000ﻟﯿﺘﺮ ﺑﺮاي ﻫﺮ
درﺧﺖ ،ﺣﺪاﮐﺜﺮ ﺑﻮد .ﻋﻠﯽ رﻏﻢ ﮐﺎﻫﺶ ﻣﻘﺪار ﻣﻮاد ﺟﺎﻣﺪ ﻣﺤﻠﻮل ،ﻫﺮ دو ﺗﯿﻤﺎر ﻣﻘﺪار آﺑﯿﺎري ﺑﺎﻋﺚ ﺑﻬﺒﻮد
ﻣﯿﺰان ﻣﺤﺼﻮل ،رﻧﮓ ﭘﻮﺳﺖ و اﻧﺪازه ﻣﯿﻮه ،در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﺗﯿﻤﺎر ﺷﺎﻫﺪ ،ﺷﺪﻧﺪ .آﺑﯿﺎري در ﻓﺎﺻﻠﻪ ﺳﺎﯾﻪ اﻧﺪاز،
ﻣﺤﺼﻮل ﮐﻤﺘﺮي در ﻣﻘﺎﯾﺴﻪ ﺑﺎ آﺑﯿﺎري ﻧﺰدﯾﮏ ﺗﻨﻪ درﺧﺖ و ﺑﯿﺮون ﺳﺎﯾﻪ اﻧﺪاز ﻧﺸﺎن داد .آﺑﯿﺎري ﺧﺎرج از
ﺳﺎﯾﻪ اﻧﺪاز ،ﻣﯿﻮه ﻫﺎي ﺑﯿﺸﺘﺮي ﺑﺎ ﮐﯿﻔﯿﺖ ﺑﺎﻻﺗﺮ ﺗﻮﻟﯿﺪ ﮐﺮد .ﺑﺮ اﺳﺎس ﻧﺘﺎﯾﺞ ،ﺑﻪ ﻣﻨﻈﻮر دﺳﺘﯿﺎﺑﯽ ﺑﻪ اﻫﺪاف
ﺗﺠﺎري ﮐﺸﺎورزان و ﻧﯿﺰ اﺳﺘﻔﺎده ﭘﺎﯾﺪار از ﻣﻨﺎﺑﻊ آﺑﯽ ﻣﻨﻄﻘﻪ در ﺷﺮاﯾﻂ ﺧﺸﮑﺴﺎﻟﯽ ﺑﺮاي ﺑﺎﻏﺎت دﯾﻢ ،ﮐﺎرﺑﺮد
 1000ﻟﯿﺘﺮ آب ﺑﺮاي آﺑﯿﺎري ﺗﮑﻤﯿﻠﯽ ﻫﺮ درﺧﺖ ،در ﺧﺎرج از ﺳﺎﯾﻪ اﻧﺪاز در اواﺳﻂ ﺗﺎﺑﺴﺘﺎن ﺗﻮﺻﯿﻪ ﻣﯽ
ﺷﻮد.

