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Introduction

Yaghooti grape is the oldest grape variety in Iran and is the most important horticultural product in the Sistan
region, which is cultivated in more than 90% of the vineyards of this region. The issue of water scarcity in Sistan
has become a serious threat to grape production in recent years, forcing local grape growers to manage this
problem by reducing the volume and frequency of irrigation. Proper irrigation management, which involves
determining the optimal timing and the required amount of irrigation for grapevines, is of particular importance.
Therefore, the purpose of this research is to investigate the physiological response of Yaghooti grapes to lack of
water in different stages of growth in order to achieve the highest yield and also increase the production and
income of gardeners in Sistan region.

Materials and Methods

This experiment was conducted as strip-split plot design based on randomized complete block design with
three replications at the Zahak Research Station from 2019 to 2023. The experimental treatments included an
irrigation regime of control (full irrigation), irrigation after 35% soil moisture deficiency, and irrigation after
70% soil moisture deficiency. These treatments were applied to horizontal plots and while the irrigation stages
including from bud burst to flowering, from flowering to fruit color change, from berry color variation to
harvest, and from harvest to leaf fall, were assigned to vertical plots. The traits including the relative leaf water
content, leaf area, proline, soluble sugars, relative permeability of leaf cell membrane, canopy temperature and
chlorophyll index were measured one week before flowering, cluster color change, fruit harvest and leaf color
change. The row spacing was three meters, and the vine spacing within rows was two meters. Irrigation
scheduling was determined based on the treatments using a TDR moisture meter. After full maturity (uniform
ruby color of the cluster with a Brix above 17), the trait of cluster length was measured using a ruler and the
cluster width and berry diameter were measured using a caliper. The traits of cluster number and number of
berries per cluster were counted and cluster axis weight (average weight of three cluster axes per plant), fresh
berry weight (average weight of 10 berries per cluster), cluster weight (average weight of four clusters per plant)
and yield (average yield of three plants per plot) were measured using an OHAUS digital scale with an accuracy
of 0.01 g (Gatti et al., 2012). For statistical analysis, after ensuring the normality of the data, analysis of variance
was performed using SAS software version 9.4 and using the GLM procedure. Composite variance analysis
related to the three years was performed when the Bartlett test confirmed the homogeneity of variances.

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
Ev 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2025.90206.1382



https://jhs.um.ac.ir/
https://orcid.org/0000-0002-1039-2365
mailto:M.fazeli@areeo.ac.ir
https://doi.org/10.22067/jhs.2025.90206.1382
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2025.90206.1382

) 23 SV PR Y PUVIR oL IRV ESH QPSS v o5 91 4993 ) Sl a s YYY
B oA ) $I99 & 9P <’ [ Sl

Results and Discussion

Deficit irrigation resulted in a reduction in cluster rachis weight, cluster length, cluster width, number of
berries per cluster, berry diameter, berry weight, cluster weight, number of clusters per vine, and fruit yield,
along with an increased rate of yield reduction. Reducing the water availability for grapevines led to a decrease
in the traits affecting fruit yield. This reduction varied for each trait depending on the specific stage of deficit
irrigation. For all traits, deficit irrigation applied during the flowering to veraison stage was the most sensitive to
irrigation reduction. The highest (6500 kg) and lowest (1111 kg) fruit yields were obtained under full irrigation
and irrigation after 70% depletion of available water during the flowering to veraison stage, respectively. The
highest fruit yield under deficit irrigation was observed during the fruit harvest to leaf fall stage. Across all
deficit irrigation regimes, the lowest fruit yield was associated with the flowering to veraison stage. Irrigation
after 35% depletion of available water during the stages of bud break to flowering, flowering to veraison,
veraison to fruit harvest, and fruit harvest to leaf fall resulted in yield reductions of 32.8%, 43.2%, 8.8%, and
5.6%, respectively, compared to full irrigation at the corresponding stages. Irrigation after 70% depletion of
available water during the same stages caused yield reductions of 73.7%, 82.8%, 36%, and 24.5%, respectively,
compared to full irrigation (Table 3). Although the effect of year on fruit yield was not significant, there was a
reduction of 7.3% and 12% in the second and third years compared to the first year, respectively (Table 4). A
multiple linear regression analysis was performed for the fruit yield of Yaghooti grape. The traits influencing the
predictive equation for yield (Yield) included cluster length (CL), cluster width (CWi), cluster weight (CWe),
and the number of clusters per vine (C/V), as shown in Model 1.

Model 1) Yield = 3481 + 126 CL — 68 CWi + 14 CWe + 185 C/V

The highest (82.7%) and lowest (4.8%) fruit yield reduction rates were observed under irrigation after 35%
depletion of available water during the flowering to veraison stage and irrigation after 70% depletion of available
water during the fruit harvest to leaf fall stage, respectively. The highest rate of fruit yield reduction occurred
when deficit irrigation was applied during the flowering to veraison stage. Conversely, the lowest rate of fruit
yield reduction was observed when deficit irrigation was applied during the fruit harvest to leaf fall stage.

Discussion

The results showed that fruit yield responded differently to deficit irrigation. Deficit irrigation during the bud
break to flowering and flowering to veraison stages had the greatest impact on reducing fruit yield, with the
effect being more pronounced during the flowering to veraison stage. However, the impact of deficit irrigation
during the veraison to fruit harvest and fruit harvest to leaf fall stages on yield was less compared to the bud
break to flowering and flowering to veraison stages. The lowest fruit yield and the highest rate of yield reduction
were observed under irrigation after 70% depletion of available water during the flowering to veraison stage,
amounting to 1111 kg.ha* and a yield reduction rate of 82.7%, respectively. The results showed that irrigation
after 35% soil moisture deficiency during the stages of bud burst to flowering, from flowering to fruit color
change, from berry color variation to harvest and from harvest to leaf fall reduced fruit yield by 27.9, 38, 7.1,
and 4.1 percent compared to full irrigation in the corresponding stages, respectively. In general, by reducing the
irrigation rate in the stages from berry color variation to harvest by 35% soil moisture deficiency, water
consumption can be saved and yield is not significantly reduced.
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Table 2- ANOVA for the cluster axes weight, cluster length, cluster width, berry number in cluster, berry diameter, berry
weight, cluster weight, cluster number per vine, fruit yield and yield lose rate of grapevine cv. Yaghooti affected by deficit

irrigation in different growth stages

©layo (aSSlke
Mean squares
&be )’ i J . A oy ol
Ot g3l P oo i gy desks O OP e
SOV df  ws SSS WS py Bery P e s
Cluster ~ Cluster  Cluster No.per  diameter Berry  Cluster  cjyster uityie
axes length  width cluster weight  weight  No. per
weight vine
b 2 0.41" 13.26™ 80.51™ 29078" 0.61" 0.005™  18785"  13.78™ 3481955™
Year (Y)
)')i’:é““ 6 149 078 237 5162 262 003 3212 20547 1453066
. ‘5)_L'”I 72.72™ 340597 46.417™  143215™ 23.98™ 0.24™ 156968 250.65™  112454340™
Irrigation (1)

YxI 4 0.41™ 2.11m™ 0.91™ 10887" 0.57™ 0.03™ 3551 45.97" 2849726"
YxI(r) 12 0.65 1.81 1.00 3807 1.50 0.02 1137 12.72 956465
Stagfs)““"’ 1067 5758~ 1158™ 38677 313"  005™ 45790 7374 27619913

Y xS 6 0.75™ 1.06M 1.17m 2458™ 0.05™ 0.004"s 796" 21.64" 673774
Y xS(r) 18 0.30 1.43 0.59 860 0.25 0.003 179 8.91 270314
IxS 6 2.46™ 19.56™  2.90™ 9550™ 0.81™ 0.01™  15160™  26.80" 7875704
Y x1xS 12 0.71m 0.65" 2.04™ 682 0.10™ 0.002"  650™ 11.28™ 517360"
Y x1xS(r) 36 0.43 1.37 0.66 574 0.19 0.003 497 8.29 286212
e - 10.91 7.49 9.92 9.29 5.34 5.47 9.49 14.55 11.09
CV (%)
ik oge) 0.84 0.38 0.07 0.09 0.29 0.42 0.25 0.54 0.77

Bartllet test

o> S g gy Jlain] e )3 5 gime g ) SxepE Cul g g

ns

") *and **: non-significant, and significant at 0.05 and 0.01 of probability levels; respectively
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Table 3- The interaction effect of deficit irrigation regime xapplication stages on the cluster axes weight, cluster length,

cluster width, berry number in cluster, berry diameter, berry weight, cluster weight, cluster per vine, fruit yield and yield
lose rate of grapevine cv. Yaghooti

i ) ) slaxy ol &y
25 WRON b e amolam . 09 039 L d8es
, aiigp L T T e P s 3Sdos
Lo A 0 wg> dwgs dwgr 3 g » g> . bgwo
So Cluster erry SU . Bga0
. Stage axes Cluster Cluster  Berry  giameter Berry  Cluster Fruit )
Irrigation weiaht length  width  No. per (mm)  Weight  weight Cluster  yijeld Fruit
regim (gg) (cm) (cm) cluster @) @) No.per (kg.hat) Yield lose
vine rate
S1 7.44F 18.612 9.312 325.232 8.92¢ 1.082 295.91*  22.25° 6500° -
| S2 743 18.572 9.31° 301.50% 8.89° 1.07® 294.75% 22.16% 64672 -
! Ss 7.49 18.59° 9.40° 307.35° 8.90° 1.06 295.31° 22.25% 6486° -
Sa 7.50 18.63° 9.38° 323.23* 8.93 1.07 296.07° 22.26% 6492° -
S1 5.42° 15.06° 7.84% 233.08° 7.89° 0.93° 221.71° 19.05° 43719 32.47¢
| Sz 4.93° 14.25° 7.30% 224.83° 7.49% 0.88° 196.88¢  18.60™ 3670° 43.46°
2 S3 6.34° 16.58° 8.67%® 302.922 8.38° 0.99° 274.49%  21.62% 5915° 8.86"
S4 6.83%® 17.36 9.03° 316.51° 8.78% 1.04®  28546° 21.36®  6127® 4.85°
S1 4,03 10.58¢ 6.54¢ 141.21° 6.99° 0.89° 100.61° 16.15° 1706 73.45°
| S2 3.54¢ 9.33° 5.23° 128.28° 6.89° 0.85° 90.86° 12.49¢ 11119 82.66°
3 S3 5.35¢ 14.52¢ 8.06™ 243.42° 7.31% 0.93¢ 210.66%  19.72% 4152¢% 35.35%
S4 5.58° 15.40°  8.00°  246.17° 7.91° 1.01°  255.99°  19.60®  4903° 23.56°

Mt 2oy gy Jlein] pdaw )3 55 me W] 131 SUly (glaiels w9051 (wlilp didl oo dlie By ()l g o (3 S Sla Sk %
* Means composed of same letters in each column are not significantly different according to Duncan’s multiple range test (p<0.05)
O o d Ve a1 e sslli13 5 O ao )3 YO s 51 Ly 65kl t12 639550 T 5L o> Voo el bl :la
11: Control or full irrigation, I2: Irrigation after 35% depletion of available water, and I3: Irrigation after 70% depletion of available
water
Sy o5y b ogee Caildyy :54 5 0500 il p b ddgd ) s S8 cddigd S5y yuun B (23 5 :S2 ¢ 23 S b il aSs :S1
S1: Bud break to flowering, Sz: Flowering to fruit color change, Ss: Fruit color change to harvest, and S4: Harvest to leaf fall

T 3, 9813, Shes g Slio 1 1 Jlw 1€ Jgan
Table 4- Effect of year on some traits and yield of grapevine cv. Yaghouti

Ol
Traits
Year awigs Job Mgk (B8 dwigh )3 d dlasd gk 039 o900 3, 8M0s s Sl LS ¢
Cluster length  Cluster width Berry No. per Cluster weight Fruit yield Fruit vield lose rate
(cm) (cm) cluster (9) (kg.vinet) y
F;Jrgs‘t 16.25%" 9.812 280.35? 259.022 5155.62 26.68°
Fs 15.58° 7.98° 267.20%® 232.06% 4780.72 38.809%
Second
foe 15.04¢ 6.85°¢ 225.89° 213.59° 4538.3? 48.76°
Third

A a2y gy Jloin] gans )3 I3 xe BMEST B (S5l (glaeld six g0l bl pr caidly oo aliie o (gl s &S oo pSilke giw o > 3
* In each column means with same letters are not significantly different according to Duncan’s multiple range test (p<<0.05)
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