Journal of Water and Soil
https://jsw.um.ac.ir b

Research Article
Vol. 38, No. 1, Mar.-Apr. 2024, p. 37-49

Effect of Deficit Irrigation on Yield, Fruit Quality and Water Use Efficiency of
Grapes cv. Turkmen-4

M. Zokaee Khosroshahi"®'*", K. Parvizi"*2

1- Assistant Professor, Department of Horticultural Sciences, Faculty of Agriculture, Malayer University, Malayer,
Iran

(*- Corresponding Author Email: mreza.zokaee@malayeru.ac.ir)

2- Associate Professor, Horticulture Crops Research Department, Hamedan Agricultural and Natural Resources
Research and Education Center, AREEO, Hamedan, Iran

How to cite this article:
Revised: 28-01-2024 Zokgee Khosroshahi, M& Parvizi, K. (2024). Effect of deficit irrigation on yield, fru_it
Accepted; 05-02-2024 quality and water use efficiency of grapes cv. Turkmen-4. Journal of Water and Soil,
Available Online:  05-02-2024 22217)4 13;6;19 (In Persian with English abstract). https://doi.org/10.22067/jsw.2024.

Received: 13-01-2024

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 m?® 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
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and water use efficiency. The 25% and 50% deficit irrigation treatments caused a decrease of 7.2% and 14.2% of
the berry length 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 yield, 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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2- regulated deficit irrigation (RDI)
3- partial root-zone drying (PRD)
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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

SBgee Sk ol Sl oS . robe ciE
Soil S i Minerals concentration (mg/kg)
h _ st PH O TNV Organic . . . G e o
dept Soil EC (dS/m) (%) carbon (%) Oigrw Jd eawly BS0 ol g9y me
(cm) texture N P K Mn Fe Zn Cu
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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

RPN o Ssh s Ol
S.0.vV Treatment Block Error CV (%)
&3l ax 2 2 4 B
Df
4 Jobo 3.88* 2.46* 0.23 3.20
Berry length
> _’B 1.89 ** 0.20™ 0.07 2.44
Berry diameter
g Job 11.78* 0.18"™ 1.29 551
Cluster length
Abgs o) 16 * 1.98 2
Cluster width 6.16 .98 0.65 6.3
& ;;**‘”‘ 0.097 ns 02131 0.037 5.79
“’Ml’w JB ’wl 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) 45) 0.73 ** 0.004 " 0.017 455
Vegetative growth
4> Ve )9 4 * 2 ns 41
20 berries weight 553 66 > 6.96
9% 039 10108 ** 2236 * 281.3 3.06
Cluster weight
S 3 Sa 13.16* 119 0.75 6.73
Vine yield
3)5“"“' u”l“’ * ns
Yield index 0.03 0.00 0.002 7.35
ol Srae 2,01 %* 0.05 ™ 0.09 6.59

Water use efficiency

oy ) g0 Jlin] gdaw j5 5 dxe g 45 dxe s e FF 9 NS
ns, * and **: non-significant and significant at p<0.01 and p<0.05, respectively.
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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 SoleS wo g Yo SolleS wo s 04
Control (full irrigation) 25% deficit irrigation 50% deficit irrigation
4 Jb 16.00 +0.99 ° 14,85+ 070 % 13.73+1.20°
Berry length (mm)
> s 11.38+0.50% 10.44+£0.24° 9.80+0.15"
Berry diameter (mm)
g Jobo 22.68+1.02% 20.42+1.12° 18.73+0.68°
Cluster length (mm)
9> 02 1411+1.07° 12.88+0.98 11.25+1.07°
Cluster width (mm)
“*F’):”' 3.12+030° 3.38+0.35° 3.47+0.28°
ool i LB gl
O S 72+0.02° 67+0.03% 64+0.05°
Titratable acidity (%) 0 00 0.67+0.03 064005
a3 . 23.37+£0.32% 23.27+£031°% 2220+0.36°
Berry sugars (°Brix)
o 1752 £ 1.47% 15.11 +1.05° 13.75+1.03°
Chlorophyll (SPAD index)
sy 45 333+0.12° 2.89+0.09° 234+013¢
Vegetative growth (kg)
. < g Slyne 92.72+22°% 87.3£4.0°% 80.7+29°
Relative water content (%)
S oy ol Jensly 1.16+0.02¢ -1.20%005¢ -1.34+008"
Midday laef water potential (MPa) D R R
e ¥ ol 37.45 +2.64° 3320+ 1.69° 29.67+1.91°
20 berries weigth (g)
> 03 594.0+28.1% 565.7 £ 26.4 2 482.3+36.1°
Cluster weigth (g)
SboSles b
1446 £0.62% 13.62+0.95% 10.49 £ 0.64
Vine yield (kg vine %)
> oasld 0.66 +0.02 2 0.62+0.052 0.48+0.03°
Yield index (kg per cm?) D D T
! Spae 352+0.15° 473+033° 5.10+031°

Water use efficiency (kg per m®)

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

Ogel it BB sl (12l g (glio (haljB)) dtdenl (0l Cage
Aol Gl 5l gl pxe Golds calisee glajlog oy Lol A s
2 Psne Bl 6)uleS 103 VO jlos (rizran 29 ol odnlie
@ bl 2oyd 00l Lol sl ogee gl s B Al
i 10,5 e b b dunlie ;0 ds Sl yliee Jb dze (talS
515 53 5553 4 lesy Gal33l g sl ke talS daasly oyl
Gl 00l (Bl il e by laleS Jlasl 4
Doulati Baneh & Nourjou, 2012; Fattahi-Naghani et al., )
w5 ol Jdd dwy e Hlas 4 a8 (2019; Duan et al., 2021
CMsme 53 oyl Lials S0 som i il as JT clasl
Arji et ) cusly S8l o8, slads Jalore dels dlge g disduwl

[(al., 2019

Tolam 586 Cov (gl tne psbo 4 Sl ABg (o e g Jgbo
Job (sleles 1000 5 Y0 (glajles (F Jga2) €85 51,8 )l
ool b aunlie 1 0o )3 WIF )/ flime & iy |y adgs
Dgr s gme aals b jles ¢ ja olel OS] g ol rals JolS
AV ial8 4y e s (6)lleS 203 B0 5 Y0 (gl o cppizeon
Wy 35 e bl b duglie > adgs oy (ghop VoIV g
b gunetd 392 500 cixe 38l b (6)loleS 2o p3 B+ Loy B3] Lasd
ol Jlosl & (18T 10 abs (058 (ialS ol adlllas ol
5+ (Doulati Baneh & Nourjou, 2012) g 55 g 43l  Jgd lawss
Cawl 08 538
daa s Clis

SleS Josl (f Jgiz) looSibe anglis @lbi (ol
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s ol (¥ Jpis) ooailbe duslio s o plailen
Solisine yoots Syt oyes o Jruilly 9 Sy OF s (glgie
Slge 6)WleS 2o)3 VO Jlos b S 5148 oyll polaw 3l cov
Lo YI¥ g OIA (e & s gt 1) S Ol Sl 9 O s
0+ Hlog D50 Hd bme Jals b Hles cpl OS] iy ol ials
Slgie (c00p3 V0D § WA LialS & cuipa o bleS aoy
298 e JolS (6l b duglia > S p Of Josily g O (o
b gunen 392 515 e (gylol Jlai 5l amlis b o M3 o 93 ya
(] 5 2s £+ ol ) syl sl eyl gy ol
Fattahi-) wi (¢ Sus 5501 S Ol awnd Gloime inlS Cogo
Bassoi et ) ,1Sen 5 (g5wl < yien (Naghani et al., 2019
(pyess 5 81 goll 31 J8) o Jomsliy o 558 (2., 2021
5 48 55,5 55 1y 6l Jlas! st 13 el 1553 5
b padtane bloyl olS ] Cunsdy ol o a0l 1) yols iagh
0ol Cagb) & bl g o)l laady, eyes ) O e
ot 15 ol ol Camnsg b o i (65l poe LEalS L laaty
lSen g by 9B e Uhgiwd Sl Jlos b
19591 oL 1> Ol 3guaS a5 1558 5,135 (Bertamini et al., 2006)
D58 g0 Sy o o (slgime il g

gy 3y 9 S g ls padl
bl g (12l (F J5i2) loSils duglio gl bl 2
43)5 yxie (SPAD (jadls) S J:g S (s sl e ialS 4
5 WIA Lials Coge cuipnr ) blnS 2oy B+ 5 VO (sl )los
M3 g 1505 JolS (65Lol b duslie 15 Sy Jido IS (e )d YV/O
Bl pSl (imgt s b gues 39 I3 gine a0l b slass 53 2
3 iliy bt (6l EalS @ 5 oS 5y iy JS i
e (Cuwl oAl 4155 50 (Bertamini et al., 2006) 1Ko
2B LS 003 e ST g, 13 b ime ol 4 gloleS
-3)le o (Perez-Alvarez et al., 2021) 4, Ken o ,lofl-;5
oablS s ue (Martinez-Moreno etal., 2023) ))Ken 5 55550
2 )l Slgen Gl Gpas i (il b cuslize om0 5
Sb gy M)y (6yleS 2oyd B0 9 YO laylo ol imgh
sials JeolS bl b awolie ;3 dopd YAV 6 WY sy |,
ST gy by ) (b LidlS oyl maw ials L .l
Joyd B0 5 YO Hlod g0 (yw BB &S gysbdy )5 odnlin
Miwn o] 51 Sb basl ol g b gxe s)lel Ll g)lleS

3- Chardonnay

18 2oy p (sylgiae Bl yloleS 20yd YO o oS Jlo
DRl Cage ()bl 8op3 B0 o ubls an (S 4y2)
g b 2alE b duglie > ds W8 glaizee (shoyd B) b xe
Bassoi et al., ) “olymw (slays35l 55 (6yloleS < imgi ol @l b
Jols dlge yialS” 4 (Calderan et al., 2021) " Sugisy o (2021
ol G5 bl )3 4 4B dlgime (1alST 35 e d> Jgloxe
5 Ll 13 (538 g 15 3 Sitwgis 1lS > & Canl o
LS S 0,8 )5 (Du et al., 2008) ) Ken ¢ g5 il
090 CudeS 18IS 5 0900 Sy > AL ) NS el
ol (Perez-Alvarez et al., 2021) o Ko g 5,lll—5 55 595 o
1) 26550 000 (ysms) 059 Jsbo g 51 (loj Wlsi o (S oS iy
byl Sb Ol Cundg 48 ol 0y yastdio 23 5,8 51 coo
Jslome sl dlge oyl Clale (plplh 53,008 o b ST frogd
el ol Ji5 oS wsl s ol 4 Wlg e oyloleS o)l
Job 3 baid geos (alS o )3 g pald o Copu lalS
Jl> ,» 4 (Santesteban et al., 2017) >4 o 0ga0 ydsuwy 093
26y s 8 ey b alaly > odBlize i) ale mbio
hlSen g glsced 200 292y (ileleS 4 GESTy ) )5Sl il
doyd sialS 4 o)bleS 65,8 555 (Di Vaio et al., 2001)
okl (3505 U1 )3 D50 e (giSugles OIS o8, AB
0900 Jolowe dols dlge I Sixe lpsi 4 yoxie dald b dwslie jo
sl Jlo a0 cpl e 0)5 (69l ORI 05
451 (Edwards & Clingeleffer, 2013) »g  ialS L
byl Wb ylis (Uriarte et al., 2016) ) San 5 <)lye
sl ises o5 e Jglowo sl Slsa (50 2 (60020 1T (S )luleS
Doulati Baneh &) g, ¢ b do> Cligss o)y
o ady 9 Lb Gy pojsl JB w8y 4w (55, (Nourjou, 2012
CoplS oSl 3 b e a A3 lgime il 4 o)leS
23,5 4 o lgime Gl cage o)llnS 3 peSusle
owliél (Ma et al., 2023) ) Kea 4 L (Duan et al., 2021)
oy 2 olel pials B ] e aB (gt hoys AA
2 g5 b 4y Sl (San (3B ] inged I35 Tisbigs
= lpme il dilisee livlojl > a4y S a4 eb, 55 oMb
4 (Miras-Avalos & Intrigliolo, 2017) s ol g (wgllgl
Siomsl Jpuilty B) o] GBS 51 (eme 423 o B e
o) 4 o el el o 51 13 438 e (g (JISlylSe -V /¥
il ials an ol saly dlge ) 5wl

1- Syrah
2- Refosk
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