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Figure 1- Geographical location of the experiment site (lysimeter experiments research site, Yazd Shahid Sadoughi
desertification research station)
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1- Deficit Irrigation (DI)
2- TDR (Time Domain Reflectometry)
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Table 1- Ecological conditions of the Yazd lysimeter experiments research site
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Absolute minimum annual temperature (C°)
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Ultra cold-dry

The climate of the region is based on the modified Domartan method
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Tabel 2- Some physical and chemical properties of the soil
used in lysimeters
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Electrical conductivity (ECx103) '
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Saturated soil reaction (pH)
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LPFAZL ()9 1.58
Bulk Density
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Sand (%)
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Silt (%)
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Soil Texture
(4) S e 0.5
Organic Content (%)
Volumetric humidity (%)

Weight moisture (%)
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1- Water Use Efficiency (WUE)
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Table 3- Jujube growth period length and length of each stage in Yazd's climatic conditions
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From the beginning of fruits ripening to the fall of the leaves
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Table 4- The amount of ET and Kc of jujube trees in different months and different irrigation treatments
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Month O F= s CFITE - S oy ST S o (o)
ETc (mm) (Kc) ETc (mm) ETc (mm)
2P
23-Septamber to 22- 61.49 0.46 37.76 0.28 32.52 0.24 132.70
October
ot
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N
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29 RS
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Figure 2- The amount of ET in different periods of jujube trees growth in different irrigation treatments under lysimeter
condition and Yazd climate
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Table 5- The amount of ET and Kc of jujube Trees in different periods of growth, under different irrigation treatments

influence
(L) (1,5 cundybs S\l oS LY Sl o5 7 e
FC (Control) 30% DI 60% DI % i
iy Jol e e e e e e e c
Growhtstages O 7. aWewps S0 T alsees U ascye &0
(ecsheo) Ko (ecshes) Ko (ecskeo) Ko (oo sleo)
ETc (mm) ETc (mm) ETc (mm) ETo (mm)
4."]?‘ 60.81 0.27 35.32 0.16 25.89 0.11 248.21
Initial
drwgd
Crop 316.22 0.60 191.31 0.37 129.50 0.28 576.10
developmen
. e 284.91 0.57 186.40 0.36 141.51 0.26 545,51
Mid-season
e 166.20 0.36 101.10 0.23 89.10 0.19 466.70
Lat-season
(Total) x> 828.1 514.1 386.0 1836.5
ol 0.45 0.28 0.21

(Average)
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Table 6- ANOVA results of different levels of irrigation treatments on the amount of jujube trees ET and Kc

(MS) Slay po (uS5ko

Ol i olio NEUETSH

S.0.V (df) (ETO),® s (Ke) (U5 cu oo
bl e 2 3104723.73 0.0921™
Irrigation treatment
s 15 198337.13 0.001
Error
Js 17
Total
cVv 4.56 4.49
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Table 7- Comparison of the mean scores on the effect of different levels of irrigation treatments on jujube trees ET and Kc in
Yazd climatic conditions

Skl slow
Irrigation treatment

Indicator

(Jwoy> yio luo) 325 punsd (Kc) (LS cu oo

ETc (mm/Year)
(sals) oly; cud)ls 828.102 0.452
FC (Control)
NI AS 514.10° 0.25P
30% DI
ol WS 75 386.00°¢ 0.21¢
60% DI

23b oo (P<0.05) so > gy (6 )lol o 53 LSD (glatials iz (y905] bl o jl5 e CBMuS] 393y pis odimd (Ui (g yb )3 LSy Gy
Similar letters in each column shows non-significant difference according to LSD multiple range test (P<0.05)
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Table 8- ANOVA results of different levels of irrigation treatments on the amount of jujube trees yield and water use

efficiency
Ol po (ke
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(Yield) (WUE)
Sl o 2 51814.19™ 0.11548™
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L3 15 1445.82 0.011257
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cv 27.74 21.18
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Table 9- Comparison of the mean scores on the effect of different levels of irrigation treatments on jujube trees yield and

water use efficiency
Sl slew Indicator
Irrigation treatment 5 ,Slos ol Bpas 8
(cé )3 [ Sis o9 05) (=] 05)
Yield (g DW/ tree) WUE (g/L)
(4l3) Lely; cud o 239.36° 0.6862
FC (Control)
bl oS /X 113.84° 0.5392
30% DI
bl oS5 57.90° 0.366°
60% DI

23b g0 (P<0.05) o> g (6 )lol o ;3 LSD (glaials sz y9051 poluo

|yl size OS] 399 pie obimd (LS oiw yb 5D Gl By >

Similar letters in each column shows non-significant difference according to LSD multiple range test (P<0.05)
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Figure 3- The correlation between jujube trees ET with yield and water use efficiency under experimental condition
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Introduction: Although jujube (Ziziphus jujuba Mill.) is known as a medicinal plant and is less important than
other fruit trees, it has received more attention in recent years due to its significance in traditional Iranian medicine.
There is no study on the actual water need for jujube trees and the impact of irrigation on yield and water use
efficiency in the country. However, some studies emphasized on the need of regular watering and irrigation to
improve the quality and quantity of jujube fruit. Given the importance of jujube in China, extensive researches
have been conducted on water requirements, plant strategies to save water, impact of drought stress on plant
morpho-physiological behaviors, impact of appropriate water distribution on soil quantity and quality of plant
development, root distribution patterns and its impact on the amount of water consumed. In all cases, it has been
emphasized that the mechanisms of water consumption in jujube differ by climate, genotype, irrigation method
and management. In order to improve the quantity and quality of jujube fruit, it is necessary to balance the soil
moisture condition and keep the plant away from stress. However, dehydration in jujube is a serious issue that
should be addressed with the aim of saving water and improving fruit quality. In this study, the actual water
requirement of the plant, the effect of different levels of deficit irrigation on evapotranspiration (ET) and crop
coefficient (Kc) rate, yield and water use efficiency (WUE) in jujube trees were investigated. The moisture stress
was applied through all stages of plant growth by deficit irrigation.

Materials and Methods: In this study, the lysimeter experiment site of Yazd (Shahid Sadoghi Desertification
Research Station) with 20 weighing drainage lysimeters (170 cm in height and 121 cm in diameter) was used. To
measure evaporation from the soil surface, one lysimeter without plant was used. Note that the moisture content
in this lysimeter was always maintained at the field capacity. For the measurement of reference ET (ETo), one
lysimeter was used and it compared with ET, calculated by Penman-Monteith-FAO. After preparing the lysimeters
and providing the conditions for planting seedlings, we planted one tree per lysimeter. Trees collected from the
villages of Algoor, Flarg and Gyuk (South Khorasan Province). The suckers were two-years-old with the same
size and shape. Trees were irrigated with 50 liters water on a weekly basis for six months. At the beginning of
autumn of 2018, treatments including complete irrigation (field capacity), 30% and 60% of deficit irrigation were
conducted in a completely randomized design with six replications. Soil moisture measurement during the
experiment was performed by TDR. Soil moisture was recorded at 4 depths (0-30, 30-60, 60-90 and 90-120 cm)
and their mean was considered as an index of soil moisture status to compensate the irrigation fraction. During the
experiment and at the end, indices such as different stages of plant growth, ET, ETo, Kc, yield and WUE were
determined. The data were analyzed by analysis of variance (ANOVA) using the statistical package SPSS ver.
16.0, and the mean values were also compared using LSD multiple range test (o. = 0.05).

Results and Discussion: The results showed that the jujube trees began their vegetative growth from late
March (leaves appear) until the end of November (leaves fall) over 2017-2018 agronomic year in Yazd. During
this time, which lasted about 235 days, four major and important stages were evident. The steps cited were in
FAOQO's recommendation for deciduous fruit trees (in Issue 122 of the Iranian Irrigation and Drainage National
Committee). The results of these studies showed that the length of different growth periods of jujube trees
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(including early stage, plant development stage, mid stage and end stage) was different with another deciduous
fruit trees. ET values in three irrigation regimes showed that the highest ET was observed in July and the lowest
in March. Annual ET in control, 30% and 60% of deficit irrigation treatments were 828.06, 514.04 and 386.04
mm, respectively, with 0.45, 0.28 and 0.21, annual Kc, respectively. The results of ET and Kc computed at different
growth stages showed that the reproductive growth development period (flowering, fruit set beginning of fruit
growth) had the highest ET. In control treatment, the lowest ET (60.81 mm) and Kc (0.27) were observed in early
growth period with less than 10% of crown cover. The highest ET (316.22 mm) and Kc (0.60) were found in
growth development period with full crown cover. Analysis of variance showed that there was a significant
difference (P <0.0001) between the different irrigation treatments in terms of dry matter yield. There was a
significant difference for WUE (P <0.001) between different irrigation treatments. Each of different irrigation
regimes had a significant difference in yield. The highest yield for each tree was found for the control treatment
with 229.36 g and the lowest yield with 57.90 g was observed for 60% deficit irrigation regime. There was no
significant difference between control and 30% deficit irrigation treatment in WUE. The value of WUE decreased
with increasing the drought stress. In 60% deficit irrigation treatment, WUE was 0.366 g fruit dry weight per liter
denoting the significant difference between this irrigation treatment and the others.

Conclusion: The results of this study showed that jujube trees were susceptible to drought stress in all four
stages of growth, especially the period of growth coinciding with flowering, fruit set and early fruit growth. Hence,
jujube trees yield and WUE seem to decrease under drought.
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