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Introduction

Water is a critical factor for the growth and fruiting of the grapevines. Considering the water scarcity crisis in
Iran and most parts of the world in recent years, it is necessary to apply methods such as deficit irrigation for the
optimal management of water use in agriculture. It has been determined that by deliberately reducing water
consumption in vineyards, it is possible to preserve the existing water resources and improve the water use
efficiency.

Materials and Methods

A research was carried out in summer 2023 in a randomized complete block design with three replications on
8-year-old vines of the Turkmen-4 variety, to investigate the effect of deficit irrigation levels on the quantitative and
qualitative traits and water use efficiency of grapevines. The vines were planted with 2 x 4 meter intervals, were
trained as a vertical trellis on a bilateral cordon system, and the vineyard was irrigated by drip irrigation. The
experimental treatments included full irrigation (providing 100% of vine water requirement; as control), 25% deficit
irrigation (providing 75% of vine water requirement) and 50% deficit irrigation (providing 50% of vine water
requirement). Irrigation of the vineyard started from May 22 and continued until November 6 at 7-day intervals,
according to the conventional procedure. The water requirement of each vine in non-stressed condition was calculated
by a class A evaporation pan based on reference crop evapotranspiration (ETo) and crop coefficient (Kc) throughout
the season. Then, the amount of water for each treatment was determined according to the irrigation levels in the
treatments and applied in volume form.

Results and Discussion

The amounts of water consumption of control, 25% and 50% deficit irrigation treatments were 5140, 3855 and
2570 mS per hectare, respectively. The results showed that irrigation levels had a significant effect on the berries
length, berries diameter, cluster length, cluster width, berries weight, cluster weight, sugar percentage, chlorophyll
index, relative water content, midday leaf water potential, vegetative growth, vine yield, yield index and water use
efficiency. The 25% and 50% deficit irrigation treatments caused a decrease of 7.2% and 14.2% of the berry length
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compared to full irrigation, respectively. Also, these treatments caused a reduction of 8.3% and 13.9% of the berry
diameter, respectively. While the 25% deficit irrigation treatment had no significant effect on the berries sugar content
(°Brix), the 50% deficit irrigation treatment caused a significant decrease (5%) in sugar content compared to the
control. Both relative water content and midday water potential of the leaves decreased significantly with the
reduction of irrigation levels. Reducing the level of irrigation led to a significant decrease in the SPAD index and
vine vegetative growth. Increasing the intensity of deficit irrigation had a significant negative effect on yield
components including berry weight, cluster weight, vine yield and yield index. The highest and lowest yields were
obtained from full irrigation and 50% deficit irrigation, respectively but the effect of 25% deficit irrigation on yield
reduction was not significant. Although the 25% and 50% deficit irrigation treatments caused a 5.8% and 27.5%
decrease in vine vyield, respectively but these treatments increased water use efficiency by 34% and 44.5%,
respectively compared to the control. The lowest water use efficiency was related to the control (3.53 kg of fresh fruit
per cubic meter of water used), while the water use efficiency of vines under 25% and 50% deficit irrigation was
4.73 and 5.10 kg of fruit per cubic meter of water, respectively. The 25% and 50% deficit irrigation treatments had a
statistically significant difference with the control in terms of water use efficiency, but the difference between the
two was not significant.

Conclusion

In the present study, reducing the volume of irrigation water led to a decrease in vine yield, but what is
important is the low yield reduction rate compared to the amount of water consumption. The decrease in vine yield
was 5.8% and 27.5%, respectively with a 25% and 50% decrease in water consumption. Also, with 25% and 50%
reduction in water consumption, the yield index decreased by 6.1% and 27.3%, respectively. Meanwhile, the water
use efficiency of vines increased by 34% and 44.5% in response to 25% and 50% deficit irrigation treatments,
respectively. It is recommended to apply 25% deficit irrigation to increase the water use efficiency of Turkmen-4
grapes in climatic conditions of Malayer, but 50% deficit irrigation leads to a decrease in quality of grapes.
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Figure 1- Geographical location of the experiment site
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Table 1- Some physicochemical characteristics of vineyard soil samples before the experiment
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1.12 7.88 19

1010 11 259 44 39 13 06
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Table 2- Some chemical characteristics of water samples used for vineyard irrigation
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Table 3- ANOVA results of the effect of deficit irrigation treatments on investigated traits of Turkmen-4 grapes

i alio O Ssh s Ol
S.0.vV Treatment Block Error CV (%)
&3l ax 2 2 4 B
Df
4 Job 3.88* 2.46* 0.23 3.20
Berry length
> _’E 1.89 ** 0.20™ 0.07 2.44
Berry diameter
g Jsb 11.78* 0.18"™ 1.29 551
Cluster length
i 022 16* 1.98" . 32
Cluster width 6.16 % 065 63
I F‘)‘r’f‘" 0.097 ns 02131 0.037 5.79
‘J’Ml’w JB Ml 0.005 ns 0.000 ™ 0.002 6.03
Titratable acid
4> 4 1.25 ** 0.27 * 0.026 7.00
Beery sugars
J*;Xg o L 10.94* 181" 1.26 7.26
Slarge Silie ST ' ml ex
Ol o Slye
Mean squares Relative water 107.99 * 7.991 1056 3.74
content
Sr ol deily 0,028 * 0.004 0.003 417
Leaf water potential
i) 5) 0.73 ** 0.004 " 0.017 455
Vegetative growth
)T 4 * 2 ns 41
20 berries weight 553 66 5 6.96
5% U39 10108 ** 2236 * 281.3 3.06
Cluster weight
SU 3 Sa 13.16* 119 0.75 6.73
Vine yield
> "”L‘) 0.03 * 0.00™ 0.002 7.35
Yield index
ol Srae 2,01 %* 0.05 ™ 0.09 6.59

Water use efficiency

oy ) g0 Jlin] gdaw (5 5 gxe g 45 dxe s e FF g NS
ns, * and **: non-significant and significant at p<0.01 and p<0.05, respectively.
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SHleleS lajless 18U Cod (9Sogle SRl 03) 4 ojlal (Jl

(Duan et al., 2021) 8,5 3
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Table 4- Comparing the averages of quantitative and qualitative traits of Turkmen-4 grapes under different treatments of
deficit irrigation

SolleS glaloss
Cdoo Deficit irrigation treatments
Traits (o5 5,W1) vl SolleS wopn Yo SIS o s 04
Control (full irrigation) 25% deficit irrigation 50% deficit irrigation
4 Jb 13.73+120° 14.85+0.70 % 13.73+1.20°
Berry length (mm)
> s 9.80+0.15" 10.44£0.24° 9.80+0.15"
Berry diameter (mm)
g Jobo 18.73+0.68° 20.42+1.12° 18.73+0.68°
Cluster length (mm)
9> o2 11.25+1.07° 12.88+0.98 11.25+1.07°
Cluster width (mm)
“*F’):”' 3.47+0.28° 3.38+0.35° 3.47+0.28°
O S 64+005° 67+0.03% 64+005°
Titratable acidity (%) 064£005 0.67+0.03 064£005
a3 . 2220+0.36° 23.27+£031°% 2220+0.36°
Berry sugars (°Brix)
o 13.75+1.03° 15.11 +1.05° 13.75+1.03°
Chlorophyll (SPAD index)
&” =) 234+£0.13° 2.89+0.09° 234+0.13°
Vegetative growth (kg)
2 g sl 80.7+29" 87.3+40° 80.7£29°
Relative water content (%)
S Jored o ety 11.34£008" -1.20+0.05° -1.34+0.08"
Midday laef water potential (MPa) 34008 20£005 34£0.08
e ¥ ol 29.67+191° 3320+ 1.69° 29.67+191°
20 berries weigth (g)
> 039 482.3+36.1° 565.7 +£26.4 2 482.3+36.1°
Cluster weigth (g)
SboSles . b . a . b
Vine yield (kg vine %) 10.49 + 0.64 13.62 +0.95 10.49 £ 0.64
J)Sl"“ u"’l“’ 48 + b 2+ a 48 + b
Yield index (kg per cm?) 0.48 £0.03 0.62 £0.05 0.48 +£0.03
! Spae 5.10+031° 473+033° 5.10+031°

Water use efficiency (kg per m®%)

)b ,K0aSo b ()b g (s lal M aoj3 ) Jloso] prdaw 55 liia e gy (s (slapSilo cidy oo )3
* In each row, the averages with dissimilar letters have a statistically significant difference at p<0.01.
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