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Table 1. Mean comparison of deficit irrigation (I; I, I, and I3), effects on leaf shoot, root and crown dry weight,
and leaf numbers of two strawberry cultivars at different growth stages (T; T, T2, T3).
Different growth stages o, calize Jo,0

T T2 T T Tz Ts T, Tz Ts T T2 T
3 3
Treatme PS5 oyluslls S Sas 5 (p5) ddyy Sz (3 (p5) s Sz 5 Sy olaws
nts Total shoot dry weight Root dry weight (g) Crown dry weight (g) Leaf number
(g)
I 36. 38.2 424 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 4.3 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; 11, Iz, Is) Analysis of variance
L1, L, oo o o o *k o *k *k *k *k *% *k
I)
Vi,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 8.6la 11.6 12.2 14.8 38. 37.3 40.3
Eliza 4a a a a 6a a a a 3a a a
(V; V1, V2)Analysis of variance
(V; Vi, ns * * ns ns ns ns * ns ns ns ns
V2)

ey 4 ¥ g * NS cll LSD (1Sl duslio (yg03] wlol o b pnSileo (o lo s M 392 00ids yLis gt 4 40 Siglite g >

ol doy0 ) 5 0 e (o o e BT Gl gime BT 5929 pac oims jLis
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 2. Mean comparison of deficit irrigation (I; 11, 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, cilises >,
Ti T2 T3 Ti T Ts T T2 T3 T T2 T3 T

i NI, s olass TENRE 5 b ls o
Root volume Crown number Crown Diameter Total chlorophyll Sy
(cm?) (cm) mg/g DW (mm2
)

It 276 339 38.1 443 435 483 149 146 155 155 144 146 589
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 5S74a
a a a b b b a b b a a b

I 158 182 185 1.85 1.53 1.73 0.75 044 054 137 105 1.04 322b
b b b c c c b c c b b c

Analysis of variance
(I;I]I3)Si kk k3k k3k k3k kk k3k 3k k3 3k k3 k3 kk k3
g

b i B o 08wl LSD Sl aulin fygel (wlel p b nSils om0 cme M 0929 0aids s cygiu 0 50 glite gy

ol doy3 ) 5 0 e (o o gue BT ls gime BT 5929 pac oims jLis
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 3. Mean comparison of deficit irrigation (I; I, I» and I3) effects on, Fruit number, yield and Fruit firmness,
of strawberry fruit.

d)L',.J Slows g0 Slas >, Slos ogae (Sbw
Irrgation Fruit number Yield Fruit
(n) ) firmness
(Kg/cm?
I 33.7a 292a 3.70a
I 23.2b 167b 3.95a
Iz 16.1c 68c 4.52a
Analysis of variance
(I; Ii, I2 and 13) s ksl ns

ey o F NSl LSD Sl avslio fygel wlel p o nSiloo cya ylo me NS 0929 o0imaylis (gt ,o 50 Siglite g,
ol o)V 50 e (o o goe DS lo sime BB 5429 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.
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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.

(SSRDE 08 93 0gea (i 5 S Judg IS (S mhas (59, (Y2 5 Y1) Jlo jled SIS S0ke anslion ¥ 5o
Table 4. Mean comparison of year (Y; Y and Y») effects on, leaf area, total chlorophyll and fruit firmness in
two cultivars of two strawberry cultivars.

Ju S 5 Jebs is ogee stk
Leaf area (mm?)  Total chlorophyll Fruit firmness
Y 469b 1.20b 3.67a
Y> 497a 1.34a 5.45a
Analysis of variance
SYD * ok ns
Y2

i g ¥ 5 ¥ s el LSD  Silis aglin 03] (bl loorSiloo oy o sime BS99 soims ) Lis oygim ,0 48 Siglite g >
ol doy0 ) g 0 e (o o gme OS] o cme BT 5929 pas caims 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, cilize J>l 0

Ti T2 T3 T T2 T T2 T3
) ol J§' Sis 35 Ay ) p> agb S22 59 (p)5)
cultivar Foliage dry weight Root volume Root dry weight
(8 (cm3) (8)
Paros 32.2a 28.0 31.7 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 * * ok ns * * ns

oo ¥ g NS el LSD nSike ol (y903T bl p oSl (s lo cme OS] 0929 saimd yLis (gt o 10 Sglise g >
ol 0o y3 ) 50 e ;o o gae DS o jixe DS 0529 pac saims Ll
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' =
significant at 5% probability, '**' = significant at 1% probability

Slass o5y o aiile Slho (po (5,0 gire glas aS ol las Jle 5 sle] jlewd (iSen p slanKiloe dlio
Al oo 2lepg! Olass 13U Cou Caday 6 LleS e Slas sle lid g 5)ls 5929 0900 o, Sles 5 0gue Slaxd (I
Slaplis aaliay Cond ) (58 (2ol pgd Jlo plinli ;0 qedle (15 b (55leleS Jled jo (Spos sladiy ad)
5o Jaws 8 Jlods Cod olS wuad g lulnS jo Ll all b e pes Jlo jo el S Lyl iy wlgs oo 4
s 1y s o3l (gLl Conlonds (3,135 (Guizs cpl slaaidl b 38ly 50 (P Jga2) 0,5 oy |) (5568 Jpame
(Terry et al., 2008; Terry et al., 2007) 325 o ;I 3 ).,.,L, St (5l siae

9 09x0 O‘J.x.}' “5]: é‘da.':‘ “5)) G’a....» » (Yz 9Y1) JL—AA’ 9 (I, I], 12, 13) 6)L~.)T‘»g.§ N}: w.i:l.o..a 4._.m.)Lﬂ.a —? Js&?-
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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)

il e ogen & by pe Slio
Different growth stages
T2 Ts Ti T2 Ts
o loss 5 g (e sinses) 5 olass oge ol (p5) 55k
Treatments Leaf area (mm2) Leaf numbers Fruit number Yield (gr)
Jls Yi Y2 Yi Y2 Y1 Y2 Yir Y2 Y Y2 Y1 Y2 Yi Y2
Ii 520c  638a 544bc  676a  42a 45a 48a 49a 50a 53a 333a 34.0a 292a 292a
I 469c 585b  498c 599b  40a 43a 36b 45a 38b 46b 18.8c 27.5b  133c  200b
I 232d  260d 298d 282d  33b 27b 23¢ 22b 30c 25¢ 182c 14.0c 74.6d 61.6d
Analysis of variance
I*Y sig * H *% *% ok *% *
V*Y sig ns ns ns ns ns ns ns

ol 2o )3V 50 e ;o o goe DS lo jiae B 5429 pac oimslis
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, calisw Joy0

T T2 T3 T T> T3 T T> T3 T T2 T3
— 5855,8 5L S5 RVONE WYL oM
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
Iz 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 31.0¢ 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
Yi 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 % sk ke % sksk sksk sk Kk sk £ ns kk
CxV ns ns ns ns * *k ns ns ns ns *k ns
Y ns ns ns ns ns *k ns ns ns ns ns ns

ol 2o y0 ) 50 e (o o goe DS o sixe BB 5429 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.
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Hde (59) 08, S0, T el YVIA @y e g Gl 381 Sl (459 p,57 50 05 (b YPIV 4 YOI Sl o s o]
Gy jlaie gyl 18, LS 5 50 g 0 bl Jxe (T2) (ool jo (6,10 pdigad pgo > o 10 Ko jsS—ul ol
A J392) 4 x50l [l 08, 40 o gl S5

QL Gy I3 S 5 B j0 a5 GalS o Sy jsSlanl glize Sl sy a5 Wl lis L8 laases
S5l slgie 4o oby S (ol 5 odle (Giné-Bordonaba & Terry, 2010) & ,.5 cos 5,8 15U Cov ol
(Gin¢-Bordonaba & Terry, 2009) Cuwl 0als onys (S 305 calizee a8l oyn )0

oadplol Gldllas b g, ol 51 90,55 ol ogas 10 4295 BB Ol ss Slganla i Hlans Cond Koy g8l sl clale
CS 19SS A1 s 50 o2 SO e Sl Ol o5 (Pérez-Balibrea er al., 2011) ol cayllas L SYgame plo (s, 5
P el Sy ah 5 13 (S 25 Co a5 GlalS 235 18 o)L TeS il o e LB sl Lol o,
Giné-) wiog: n S piams doml oliso ogi o ilike slowaissy oS STy 5 o8, 55 isls ol 55l b
Slgoml> Jin (0,92 Hlowd b baaigy il ok o 35 b ablie gly (6,500 Slisles! o (Bordonaba & Terry, 2011
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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, calize Joly0

T T2 T3 T T2 T3 T T2 T3
Glia Sl S35l Sl S s el S o
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
I 1.58ab 1.60a 1.57a 8.85a 10.7a 9.13a 36.40a 38.27a 36.7a
I 1.76a 1.73a  1.71a 10.5a 11.9a 10.5a 31.08b 35.17ab 32.8a
Vi 1.68a 1.72a 1.62a 926a 10.7a 9.51a 31.20a 32.85a 30.8a
V2 1.43a 1.39b 145a 937a 104a 9.33a 31.32a 34.19a 32.9a
Y 1.54a 1.54a 1.62a 8.30a 8.76a 8.39a 30.22a 31.43a 30.8a
Y2 1.58a 1.56a 1.46a 103a 12.4a 10.5a 32.18a 35.63a 32.9a
Analysis of variance
I * ns Kk ns ns Kk % ek
CxV ns Hok ns ns Hok Hok ns ns ns

el ¥ o F s el LSD (Sl avslin fyg05] (olol o o nSilo (o lo sme BB 0929 s0idoylid (ygim o 10 Ciglite b >
el 0oy3 V9 0 s (o o sixe B s e BB 5929 pac odims LS
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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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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