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Table 1. Mean comparison of deficit irrigation (I; 11, 12 and I3), cultivar (C; Paros & Queen Eliza) and year (Y
Y1 and Y) effects on biochemical traits of strawberry fruit.

Lo 2,0 ELTRW & Gealiyg IS asgds S bl J5 J4 bbb
Treatments ol Vitamin C Total Total Total phenol ol
Jsbroselele . mg/100gr flavonoid anthocyanin (mg GA/100gr ‘sw _M
TSS Total TA o Antioxidant
(mg/ (FW) (mg Q/ (mg P-3 FW) capacity (%)
100gr 100gr FW)  G/100gr FW)
FW)
I 9.03a 831la 78.60b 36.60b 46.8a 102.84b 25.6b
I2 9.50a 730a 89.40b 42.45b 31.2b 105.98b 27.0b
I3 6.93b 584b 136.80a 72.7a 26.4b 153.63a 34.7a
Paros 7.54b 742 92.52b 54.40 34.8 120.74 28.3b
Queen 9.44a 686 110.82a 48.43 33.6 120.89 29.8a
Eliza
Y1 8.5 680 116.40 54.19 34.8 152.71 30.11
Y2 8.3 740 88.98 48.64 33.6 108.92 28.09
| sk skk ks sk ks sk *%
C * ns * ns ns ns *
Y ns ns ns ns ns ns ns
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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, I2, 13), cultivar (C; Paros, Queen Eliza) and year (Y; Y1, Y2)
effects on biochemical traits in strawberry leaf tissue at different growth stages (T; T1, T2, Ts)

Different growth stages
iz ol Joye

T T2 Ts T T2 Ts T T2 Ts T1 T2 T3
EI OHlan Jolxe slal,oimg S Jole Glocnssn Slgslle
Treatments Proline soluble carbohydrates soluble proteins MDA
(mg/g FW) (mg/g FW) (mg/g FW) (nmol/g FW)
I 0.16a 0.15¢ 0.15c 16.8a 169b 179a 0.73a 0.74a 0.69a 57.9a 60.7b 61.0b
I2 0.3l1a 0.28b 0.25b 189a 19.1ab 189a 0.68a 0.64b 0.63b 58.9a 63.2b 62.9b
I3 0.3la 0.39a 0.36a 20.6a 215a 205a 056b 050c 0.49c 695a 735a 71.8a
Paros 0.28a 0.27a 0.23b 178a 180a 179a 0.64a 0.62a 0.58a 64.6a 66.6a 66.1a
Queen 0.24a 0.28a 0.27a 19.7a 203a 20.3a 0.68a 0.63a 0.63a 59.5a 65.0a 64.3a
Eliza
Y1 0.2l1a 0.28a 0.25a 19.2a 19.3a 19.4a 0.67a 0.6la 0.6la 60.l1a 66.3a 65.1a
Y2 0.3l1a 0.26a 0.26a 18.3a 19.1a 187a 0.65a 0.64a 0.60a 64.1a 65.3a 653a
I I’]S ** **k ns ** ns ** ** ** ns ** **
C ns ns ns ns * ns ns ns ns ns ns ns
Y ns ns ns ns ns ns ns ns ns ns ns ns
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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; Iy, I2, 1), cultivar (C; Paros, Queen Eliza) and year (Y; Y1, Y2)
effects on Ascorbate, glutathione, Phenoalic acid, and H,O; in leaf sample of strawberry at different growth stages
(T; Ty, T2, Ta).

Different growth stages
alize oy Jol e
T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 Ts

Treat Sl St 5365i5 NIERE i renieSy

Ments  Ascorbate (m. mole/g  Glutat. (m. mole/g DW)  Phenolic acid (mg/g  H202 (m. mole/g fw)
DW) DW)

I1 50.0b 46.5b 44.8b 26.4b 28.8c 30.6b 2.8lc 3.04c 3.16b 58.7b 61.4b 61.2b

P 52.6b 49.1b 485b 30.0b 34.6b 33.9b 3.48b 4.29b 355b 61.1b 62.8b 63.5b

I3 65.1a 73.5a 65.3a 355a 46.1a 42.0a 4.9l1a 5.16a 4.87a 82.2a 86.3a 84.5a

paros 524b 51.6b 47.6b 34.6a 379a 355a 3.46b 3.84b 3.75a 69.6a 71.9a 70.5a
Queen 59.4a 61.1a 581l1a 26.9a 35l1a 354a 4.02a 4.49a 397a 65.1a 68.5a 68.9a
Eliza

Y: 542a 59.7a 51.8a 30.0a 43.2a 35.2a 3.46a 4.19a 3.80a 67.6a 71.1a 70.4a
Y2 57.6a 53.1a 539a 31.2a 299a 35.8a 4.0la 4.14a 392a 67.1a 69.2a 69.1a
I ** ** ** ** ** **% ** **% *%* *%* ** **
C el *x *x *x ns ns *x *x ns ns ns ns
Y ns ** ns ns *x ns ** ns ns ns ns ns
IxC ns ns ns ns ns ns ns ns ns ns ns ns
IxY ns ** ns ns * ns ** * ns ns ns ns
YxC ns * ns ns ns ns ** ** ns ns ns ns
IXxCx ns ns ns ns ns ns * ns ns ns ns ns
Y
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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 4. Mean comparison of deficit irrigation (I; 11, I2, 13), cultivar (C; Paros, Queen Eliza) and year (Y; Y1, Y2)
effects on PAL and leaf PPO enzymes activity in leaf sample of strawberry in different growth seasons (T; Ty, Tz,
Ts).

Different growth stages
clie gad; Jole

Lo T1 T Ts T1 T2 T3
Treatments W gigal sV s SlanST s L
PAL (U/mg protein) PPO (U/mg Protein)

I 28.0b 29.8¢c 31.4b 0.34c 0.36b 0.34b
I2 31.2b 36.3b 31.9b 0.40b 0.42b 0.33b
I3 41.5a 43.3a 41.2a 0.47a 0.58a 0.47a
Paros 32.5a 34.5b 33.6a 0.39a 0.39a 0.35a
Queen Eliza 34.6a 38.4a 36.1a 0.41a 0.52a 0.41a
Y1 32.8a 37.3a 34.1a 0.40a 0.50a 0.37a
Y2 34.3a 35.6a 35.6a 0.41a 0.40b 0.40a
I ** ** **k *% * *%k
C ns * ns ns ns *x
Y ns ns ns ns * *
IxC ns ns ns ns ns ns
IxY ns ns ns ns ns *k
YxC ns ns *x ns ns ns
IXCxY ns ns ns ns ns ns

pas oximd s iy 4 FF g NS el LSD (1K5ke dunlin 0] il 1 b pSlio (o sime BB 363 okitd LS iy 40 oglisie LBy >

Gl doyd V9 O lans )0 HId Gixe BB l> gime S 3954
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, *' = significant
at 5% probability, **' = significant at 1% probability.

S E0g (205 Al pe y0 ol juate (B pana ol 50 w3l Gl Clled oo )3 YAIY (3315l e liS
ST Ol ! cdled ioli8l yua oo (Rezaed et al, 2019) o,1s 5429 0900 (6,5 ) g o) & —d g
(Zahedi et al., 2023) coul ooy (5,155 S s Cod  S,8045 50 SI02 0L Jeloe cow LG gel 3] a8
oga-ay 2ol Sgid (B Jgoz) SLlbgel iVl i w31 (slgiomo Sl 5 o) (o a8 ol Loy Silis e
VINe 5 p S hes 2 oeiS9n 92y FAPY) s s Slio (nl jlade (i 9 0l Jlo e 5l 5 Ol Jo—ad )0
Oley 5o S (Jlws 5 08 (iSed el Sl g8 Cho )90 50l omline 3JloySsS 08, 50 (5 (39 55 2 o5 ke
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Table 5. Mean comparison of cultivar (Paros, Queen Eliza) and year (Y; Y1, Y>) interaction effects on PAL and
phenalic acid contents in leaf sample of strawberry at different growth seasons (T; Tz, Ts).

Sedsigel oVl s Sl S g3
PAL (U/mg protein) Phenolic acid (mg/g FW)
TZ-?E% T3 T2
Gi,)sg_,y EN Y1 Y, Y1 Y, Y1 Y2
Strawberry cultivars
Paros 33.00b 36.00b 29.89c 37.33ab 3.58¢c 4.09b
Queen Eliza 41.67a 3520b 38.33a 33.78bc 4.80a 4.18b

Jgad > Slio 1Sibe duglio Laid % .Conl LD uSko duslio (9051 (wll p b pSlio cpm jl xe BMS] 3939 oimd (Lis i s 4> oglite Lig >

A5 009l g 03d I gime Jloo b sl iiSenp &S g,
Different letters in each column indicate significant differences by LSD analysis. Only parameters with significant interaction
effects with the year in specific growth seasons are included.

OParos .54 Queen Eliza 13l o 55

6
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Yl J}‘JL»I Y2 r}bdl.w

o lsliwl Bl youl ala>de L« (Y Y2 & Y1) L o (C; Paros, Queen Eliza) o3, (iiSen p (XNl dunlio -V S

b 30 lo pre BN 895 oaips Hlid a1 Sls 51 (6w ;2 10 alie By > 092 éﬁuy RGN PR VW] ' WU PST IR V-
MNEVY) ol 3 lasbon] Bl ol oaims yLis ogiw ;o YU 88l bglas .ol LSD 5051 b so s ¥ Jlos|
Figure 1. Mean comparison of interaction effects of cultivar (Paros & Queen Eliza) and year (Y1 &Y2) considering the
standard deviation on leaf phenolic acid content in strawberry plant. The presence of different letters in each series

of averages indicates a significant difference at 1% probability level based on LSD (Least Significant Difference)
test. The horizontal lines above each column indicate the standard deviation (n=12).

OYL gydl EIY2 55 Jl

6 a aI aI
4 hlf b[ 1 tI

o) S 55 O e
mg/g FW
N

11-+7 ssby adss 12-¥+/ by adss 13- 207, ssby adss

Sladie o lasbiw] Gl ol aba>do b (Y; Y2 & Y1) Jlo 5 (1 1, 12 & 13) (6,LaToS jloss iiSad o uSilos dunslie =Y S

S EVRE ) LESICOVEIPRCT X WA TSN ¥ W pp-S OV S A LR FRCSRPEP I S LI SR [P VW A W ST

(N=VY) Sl 5 lasbint Gl ol saims ) Lis (g yo oYU 88l bglas . el LSD (5031 b auoyo V Jleii>! zlaws 4o

Fig. 2. Mean comparison of interaction effects of deficit irrigation (I; 11, 1. & 13) and year (Y1 &Y3) considering
the standard deviation on leaf phenolic acid content in strawberry plant. The presence of different letters
in each series of averages indicates a significant difference at 1% probability level based on LSD (Least

Significant Difference) test. The horizontal lines above each column indicate the standard deviation
(n=12).
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Evaluation of Biochemical and Antioxidant Changes of Two Strawberries
(Paros and Queen Eliza) Cultivars under Deficit Irrigation Conditions
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The current study aimed to investigate the impact of water deficit treatment on the antioxidant
and biochemical properties 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-spring, summer, and
autumn-to gain a comprehensive understanding of the plants' responses to water stress. The
experiment was carried out in a split-plot design with 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 of the study revealed that the lowest amount of ascorbate
(44.8 mmol/g DW) was observed in the control treatment, while the highest amount (73.5
mmol/g DW) was observed in the severe water stress treatment. Similarly, the amount of
glutathione (in mmol/g DW) in the severe water stress treatment showed an increase of
approximately 74% compared to the control treatment. Furthermore, our findings indicated that
the contents of polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL)
significantly increased with the increase in water stress treatment in strawberry leaves. The
highest amounts of PAL (43.3 protein units per mg) and PPO (0.58 protein units per mg) were
observed in the severe water stress treatment during the summer season. The antioxidant
capacity, as well as the total phenol and flavonoid content, exhibited an increase with rising
water stress levels. Under severe water stress conditions, the amounts of these parameters
increased by 35%, 48%, and 92%, respectively, compared to the control. The interaction effect
of cultivar and year on PAL enzyme and phenolic acid content was significant, particularly in
the summer and autumn seasons. The mean comparison test showed that the highest amounts
of these characteristics were observed in '‘Queen Eliza', with 41.67 units per mg of protein and
4.80 mg/g FW, respectively. Overall, the biochemical characteristics of the fruit were
maintained and improved under low-stress deficit irrigation treatment. The changes in
characteristics in leaves and fruits also indicated that 'Queen Eliza' had higher tolerance
compared to the other cultivar.

Keywords: Antioxidant properties, Drought stress, Polyphenols, Strawberry, Proline.
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