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(T; T1.T2,T3) calizes (gl al> o a4

Table 1. Mean comparison of deficit irrigation (I; 11, I, and I3), effects on leaf shoot, root and crown dry weight,
and leaf numbers of two strawberry cultivars at different growth stages (T; T1, T, T3).
Different growth stages o, cilizew J>! 5

T T2 T Ti T2 T3 Ti T2 Ts T T2 T
3 3
Treatme P obasls 5 Sas o5 (p5) &ty S22 39 (p5) b S22 59 S olaws
nts Total shoot dry weight Root dry weight (g) Crown dry weight (g) Leaf number
(2
Ii 36. 38.2 42.4 8.39 8.5 9.90a 13.0 13.9 16.4 43, 48.2 51.8
4a a a a Oa a a a 6a a a
I 33. 343 38.6 7.74 7.6 9.44a 12.1 13.2 15.2 41. 40.5 42.2
6a a a a 7a a a b 3a b b
I 20. 17.7 21.7 4.99 43 5.24b 07.6 7.07 09.0 29. 22.6 27.2
9b b b b 8b b b b 9b c c
(I; I, I, I)Analysis of variance
(I, Il, 12, Kk sksk ek ek Kk ek ek kk ek kk skesk sk
I3)
V1,Paros 32. 28.0 31.7 6.53 6.3 7.78a 10.2 10.5 12.3 38. 36.8 40.5
2a b b a 4a a b a 2a a a
V2.Queen 28. 32.1 36.8 7.54 7.3 8.61a 11.6 12.2 14.8 38. 373 40.3
Eliza 4a a a a 6a a a a 3a a a
(V; Vi, V2)Analysis of variance
(V; Vi, ns * * ns ns ns ns * ns ns ns ns
V2)

by a0 ¥ 3 NSl LSD Sl anslin fyge3l el p o nSiles oy jlo sme NS 0929 odins (lid gt 0 0 Ciglie gy

el 0oy3 V90 s (o o pixe B ls e BB 5925 pac odims las
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, "*'significant
.at 5% probability, **' = significant at 1% probability
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Ay (S A0 oS (55, 25 Sl U et Slislefl o S Ly Ly IS 55 ol el 5 pme oled
2L g 4Bl il S mbaw sles g oolidl 5lasl (5 Ol s Slgime ialS g 55 OYols zals deds,
oS (55, S i Slil cwyp Gmizen (Avestan et al., 2019)cul asl e Lég S ol 9 gpiwgid

.(Manivannan et al., 2007) 05,5 IS L3515 150 ;0 4295 BB ialS coge (Sis a5 sloglas ols Folél

C‘b"“’ 3 Jf "Lc_‘a”lf &.59.‘9 ).L:S ‘459.14 Slows Wioy x> p (I; 11, Ip, 13) LQ)L».:T“,S )Lo...a u_:‘)." u—‘-i’L“ MLL: —YJs..\?
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Table 2. Mean comparison of deficit irrigation (I; I;, I, and I5) effects on, root volume, crown number, crown
diameter, Total chlorophyll and strawberry leaf area in different stage of growth and development of two
strawberry cultivars.

Different growth stages o, calize Joy0
T T2 T3 T T2 T3 T T2 T3 T T, Ts T

e aty o s ol sl 1L J5 s s e
Root volume Crown number Crown Diameter Total chlorophyll Sy
(cm?) (cm) mg/g DW (mm2
)
Ii 27.6 339 381 443 435 483 149 146 155 155 144 146 58%
a a a a a a a a a a a a
I 250 304 352 350 358 393 138 129 136 148 131 135 574a
a a a b b b a b b a a b
I 158 182 185 1.85 153 1.73 075 044 054 137 1.05 1.04 322b
b b b c c c b c c b b c
Analysis of variance
(l;lll?,)si sk ek ek ek ek ek 3k ek 3k 3k ek 3k kk
g

oo i ¥ ¥ NS Cel LSD (nSile duslie (03] wlool p b puSiloo o o sime BB 3929 00idd yLis ygiw 4 40 Siglite g >

el 0oy3 ) 90 a0 o pxe B ls e BB 5925 pac odims ol
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.
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(Aghaee et al., 2019) silos,S" 5,155 aus 0 FO
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ogee 4z y1 lolas e alal) ogee 0,0 5 (S, e b (809 S Che @lin Oladss (o 0905 el
St 0al 6 S ol AlaSS ) e pol> gwy e, (Salamat, 2011) ol yiaS o s Sl Al JTodiw, g S0
Sl bl s cou il e sladwly s loleS i Con bogee (Soumw, poe bl ol leleS s
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Table 3. Mean comparison of deficit irrigation (I; I}, I» and I5) effects on, Fruit number, yield and Fruit firmness,
of strawberry fruit.

bl sl ogae Sl o Sles Ogas (sibw
Irrgation Fruit number Yield Fruit
(n) (g firmness
(Kg/cm?
Ii 33.7a 292a 3.70a
I, 23.2b 167b 3.95a
Is 16.1c 68c 4.52a
Analysis of variance
I; I, I and I3) e e ns

cip ¥ Fns ol LSD (Sl aslie (g3l wlol p laniSiloo o lo ime DS 8929 oind lid (gt yo 50 Sgliie g
ol 2o y3 ) 50 maw ;o o goe DS lo jixe BT 5529 pac oaims Ll

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.
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Fig. 1. Effect of water deficit on total fruit weight of strawberry.*The presence of the same letters in each series of
averages indicates a significant difference at 1% probability level with LSD (Least Significant Difference) test.

(SR ) 93 0gen (e 9 JS B9 kS S mha (9, (Y2 5 Y1) Jlo e S (S0lee v lion ¥ g
Table 4. Mean comparison of year (Y; Y1 and Y») effects on, leaf area, total chlorophyll and fruit firmness in
two cultivars of two strawberry cultivars.

Jbe Sy gl IS Je s 0ga0 (K
Leaf area (mm?)  Total chlorophyll Fruit firmness
Y, 469b 1.20b 3.67a
Y; 497a 1.34a 5.45a
Analysis of variance
s YD) * *k ns
(Y2

b i B o NS Ll LSD Sle aslio fyg03] (wlal o o uSilos oy jlo cme NS 5929 o0imaylis (gt 10 50 Sigliie gy
ol oy3 ) 5 0 e (o o gae BB s e BB 5929 pac iy Lis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, *' = significant
at 5% probability, '**' = significant at 1% probability
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Table 5. Mean comparison cultivar (C; Queen and Paros) effects on Foliage dry weight, Root volume and Root
dry weight in different stages of growth and development of two strawberry cultivars.
Different growth stages o, calize J>l 0

T T2 Ts T1 T2 T T2 Ts
o, sl IS St 5 s, o i S22 035 ()
cultivar Foliage dry weight Root volume Root dry weight
(€9) (cm3) (€9)
Paros 32.2a 28.0 317 20.9 254 10.2 10.6b 12.3a
b b a a a
Queen Eliza 28.4a 32.1 36.8 24.7 29.6 11.6 12.2a 14.8a
a a a a
Analysis of variance
(Paros, Queen Eliza) ns * * *E ns * * ns

e g ¥ o NS Cell LSD Sl dnslio (5031 (bl lopnSiloe crm o sime BMS 0529 soima ) Lis gt ;0 40 Siglite g >
ol 2o y0 ) 50 e jo o goe BB lo sime BB 5529 pas odimslis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' =
significant at 5% probability, '**' = significant at 1% probability

Slass oS5y mhans atile Slho G (g losine Dglis 45 ol s Jlo 5 )lol Jles 1iSen p slapSilie dunlie
Db e olsrgol Ol L6 cov Sasa 6)leleS Hled laS ols lad 55,10 9525 ogue 3 ,Slas g ogan Slowi oSy
Slaglas aaliay i 1 (5565 (2ol pgo Jlo bl ;5 qodle (15 b )kl Hlesd jo (S pog sladis ui,
9 30 eiad Jo Jlod Cumd ol Sl 6 LS 5o Lol il bsrje pgo Jlo o (Ll Sio Lyl Wilgs o a5
s 1y lags o3l (6Ll Camlons (5,135 (Guizs cnl slaaidl b 3l 50 (FJgu2) 3,5 oy |) (%68 Jgamo
(Terry et al., 2008; Terry et al., 2007) s oo ;1,3 56 cov (5 ls s
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Table 6. Mean comparison interaction of deficit irrigation (I; I1, 12 and 13) and year (Y; Y1 and Y2) effects on

leaf area, leaf numbers, Fruit numbers and Yield of strawberry at different growth stages of two strawberry
cultivars. (T; T1, T2, T3)

“\”)Mu}")“ cQ:.AAgJo%)AQLu
Different growth stages
T2 T3 Ti T2 Ts
b Lo O b (e o o) oy ol o5 Slass (05 s Skee
Treatments Leaf area (mm2) Leaf numbers Fruit number Yield (gr)
Jls Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2
I 520c  638a 544bc 676a 42a 45a 48a 49a S50a 53a 333a 34.0a 292a 292a
I 469c 585b  498c 599b 40a 43a 36b 45a 38b 46b 18.8c 27.5b 133¢ 200b
I3 232d 260d 298d 282d  33b 27b 23¢ 22b 30c 25¢c 182c 14.0c 74.6d 6l.6d
Analysis of variance
I*Y Sig * sksk sksk kK sksk sksk %
V*Y sig ns ns ns ns ns ns ns

e g ¥ o ns el LSD (1Sl dunlin fyge3] Lolol p locnSilee oo o dme WS 8429 oaimaylis Ggiw ;o 50 Sglite g,

Cal 0oy3 ) 9 0 s (o o sixe B ls e BB 5925 pac odimsjLis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, "**' = significant at 1% probability
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Table 7. Mean comparison of deficit irrigation (I; I;, I and I3) and year (Y; Y and Y>») effects on fructose,
sucrose, glucose, and ascorbic at different growth stages of two strawberry cultivars.
Different growth stages o, cilises >,

T T> T3 T T> T3 T T2 T3 Ti T> T3
liw 595558 55 Sl SS9l
fructose sucrose Glucose ascorbic
mg/g dw (mg/g dw) (mg/g dw) (mg/g dw)
I 35.6a 36.7a 37.2a 77.4a 73.8a 74.2a 54.1a 57.0a 53.0a 1.35b 1.32a 1.34b
I 25.3b 18.5b 24.1b 63.7b 66.3b 64.8b 42.8b 36.4b 42.0b 1.58ab 1.60a 1.57a
I3 28.3b 14.3b 17.0¢ 67.3b 68.2b 69.6ab 38.9b 32.2b 31.0c 1.76a 1.73a 1.71a
Vi 30.0a 23.6a 26.7a 64.1a 65.3b 64.9b 41.8a 43.2a 42.1a 1.68a 1.72a 1.62a
V2 29.4a 22.7a 25.5a 74.8a 73.6a 74.2a 48.8a 40.5a 41.8a 1.43a 1.39b 1.45a
Y1 28.7a 22.2a 23.1a 67.5a 67.4a 70.2a 45 8a 44 .1a 40.8a 1.54a 1.54a 1.62a
Y2 30.4a 24.3a 29.2a 71.4a 71.4a 68.9b 44 .8a 39.7a 432a 1.58a 1.56a 1.46a
Analysis of variance
I k sksk sk * skok sksk skok ek skok % ns skok
CxV ns ns ns ns * *ok ns ns ns ns *ok ns
Y ns ns ns ns ns *k ns ns ns ns ns ns

i g ¥ 5 F NS .l LSD 1 SKile auslin 5031 bl o nuSileo oyl e NS 0925 s0imo)Lid (w12 50 gl g,

ol 2o y3 ) 50 maw ;o o gue DS lo sixe BB 0429 pac oaims Ll

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.
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Table 7. Mean comparison of deficit irrigation (I; 11, I, and I3) and year (Y; Y and Y>) effects on ascorbic, citric
and malic acid at different growth stages of two strawberry cultivars.
Different growth stages o, calizew J>! 5

Ti T> T3 Ti T> T3 T T2 T3
b Sl Sy g S s ! Lo
ascorbic sitric malic
(mg/g dw) (mg/g dw) (mg/g dw)
I 1.35b 1.32a 1.34b 8.53a 9.00a 8.68a 26.32¢ 27.15b 25.9b
Iz 1.58ab 1.60a 1.57a 885a 10.7a 9.13a 36.40a 38.27a 36.7a
I3 1.76a 1.73a  1.71a  10.5a 119a 10.5a 31.08b 35.17ab 32.8a
Vi 1.68a 1.72a 1.62a 9.26a 10.7a 9.5la 31.20a 32.85a 30.8a
V2 1.43a 1.39b 1.45a 9.37a 104a 933a 31.32a 34.19a 32.9a
Y1 1.54a 1.54a 1.62a 830a 8.76a 839a 30.22a 31.43a 30.8a
Y2 1.58a 1.56a 146a 103a 124a 10.5a 32.18a 35.63a 32.9a
Analysis of variance
I * ns *ok ns ns *ok * *k
CxV ns ** ns ns ** ** ns ns ns

ol g FH o F ns il LSD 1 Silie aslie fyg03] wlol p o nSiloe oo o sme DS 592 caimoylid (gt ,2 10 Cglite g,
ol 2o )3V 50 e ;o o goe BT lo jiee B 5429 pac odimslis

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability
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Effect of Deficit Irrigation on Some Vegetative Characteristics and
Quality Traits of Strawberry Fruits
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The current study aimed to investigate the impact of water deficit treatment on some
vegetative characteristics, quality and biochemical traits of the fruits and leaves of two
strawberry cultivars, namely Fragaria x ananassa Duch. 'Paros' and 'Queen Eliza'. The study
was conducted over two consecutive years (2019-2020) and across different growing seasons,
including spring, summer, and autumn, to gain a comprehensive understanding of the plant's
response to water stress. The experiment was carried out in a split-plot design in a completely
randomized block layout at the agricultural research station in Graze, Sanandaj city. The study
included three levels of irrigation: 0%, 30%, and 65% soil moisture depletion, applied in a
hilling planting system with drip irrigation in a soil bed. The results showed that the mild
water stress did not have a significant effect on some traits such as dry weight of shoot and
root, number of crowns, dry weight of crown, volume of root, surface of leaves, and number
of leaves, but it caused a decrease in vegetative growth. With increasing stress intensity,
vegetative and reproductive growth of strawberry plant was strongly affected and decreased.
The lowest amount of leaf area (322mm?), number of leaves (27.2n), dry weight of shoots
(17.7g) and roots (4.38g), as well as the number of fruits (16.1n) and fruit yield (68g) were
observed at 65% stress intensity. The content of sugars glucose, fructose and sucrose also
decreased with the application of water stress, citric acid did not show any particular changes,
and the changes of ascorbic acid and malic acid did not have any particular order. Comparison
of the average between two cultivars showed that the amount of yield and the number of fruits
decreased significantly. In general, the Queen Eliza variety showed more resistance than the
Paros variety under stress conditions and showed the highest amount of shoot dry weight,
crown dry weight, root volume and leaf surface. It seems that mild irrigation in strawberry
cultivation can be considered as an effective solution for less consumption of irrigation water
and acceptable maintenance of vegetative and reproductive performance.

Keywords: deficit irrigation, strawberry, sugars, organic acid, yield.
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