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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.
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Treatments Jelaal Vitamin C Total Total Total phenol LS Tz
Jobroscledlse & mg/100gr flavonoid anthocyanin (mg GA/100gr 6‘“ .M
TSS Total TA s Antioxidant
(mg/ (FW) (mg O/ (mg P-3 FW) capacity (%)
100gr 100gr FW)  G/100gr FW)
FW)
Ih 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
| kk sk k% sk k% kk *%
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; 14, 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, T, Ts)

Different growth stages
e o Jolpe

T T2 T3 T Ts T3 T Ts T3 T1 T2 T3
EI ol Jolme slailyo.ng: S Jolme Gloinsis aSllgopglle
Treatments Proline soluble carbohydrates soluble proteins MDA
(mg/g FW) (mg/g FW) (mg/g FW) (nmol/g FW)
Ih 0.16a 0.15c 0.15¢c 16.8a 169b 179a 0.73a 0.74a 0.69a 579a 60.7b 61.0b
I2 0.31a 0.28b 0.25b 189a 19.1ab 189a 0.68a 0.64b 0.63b 589a 63.2b 62.9b
I3 0.31a 0.39%9a 0.36a 206a 215a 205a 0.56b 050c 049c 695a 735a 71.8a
Paros 0.28a 0.27a 0.23b 178a 180a 179a 0.64a 0.62a 058a 64.6a 66.6a 66.1a
Queen 0.24a 0.28a 0.27a 19.7a 203a 20.3a 0.68a 0.63a 0.63a 595a 65.0a 64.3a
Eliza
Y1 0.21a 0.28a 0.25a 19.2a 19.3a 194a 0.67a 0.6la 0.6la 60.l1a 66.3a 65.1a
Y2 0.31la 0.26a 0.26a 18.3a 19.1a 18.7a 0.65a 0.64a 0.60a 64.1a 653a 65.3a
I ns *% **% ns *% ns *% *% *% ns *% *%x
Cc 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; 11, I2, 13), cultivar (C; Paros, Queen Eliza) and year (Y; Y1, Y2)
effects on Ascorbate, glutathione, Phenolic acid, and H,O; in leaf sample of strawberry at different growth stages
(T; T1, Tz, Tg).

Different growth stages
calize gady Jol e
T1 T T3 Ty T T3 T: T T3 Ty T T3

Treat SlgS] O9bls Sl S i RSTIEVERR I

ments  Ascorbate (m. mole/g  Glutat. (m. mole/g DW)  Phenolic acid (mg/lg ~ H.02 (m. mole/g fw)
DW) DW)

I1 50.0b 46.5b 44.8b 26.4b 28.8c 30.6b 2.81c 3.04c 3.16b 58.7b 61.4b 61.2b

P! 52.6b 49.1b 485b 30.0b 346b 339b 348b 4.29b 355b 61.1b 62.8b 63.5b

I3 65.1a 73.5a 65.3a 35.5a 46.1a 42.0a 49la 5.16a 4.87a 82.2a 86.3a 84.5a

paros  52.4b 51.6b 476b 34.6a 379a 355a 3.46b 3.84b 3.75a 69.6a 71.9a 70.5a
Queen 59.4a 61.1a 581l1la 26.9a 351a 354a 4.02a 4.49a 397a 65.1a 68.5a 68.9a
Eliza

Y1 542a 59.7a 51.8a 30.0a 43.2a 352a 3.46a 4.19a 3.80a 67.6a 71.la 70.4a
Y, 57.6a 53.1a 539a 31.2a 299a 358a 4.0la 4.14a 392a 67.1la 69.2a 69.1a
| ** ** ** ** ** ** ** ** ** ** ** **
C *x ** ** ** ns ns ** ** ns ns ns ns
Y ns kel ns ns *k ns kel ns ns ns ns ns
IxC ns ns ns ns ns ns ns ns ns ns ns ns
IXY ns kel ns ns * ns kel * ns ns ns ns
YxC ns * ns ns ns ns *x kel ns ns ns ns
IxCx 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; Iy, 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
i o) Sl

o )los T T2 T3 T, T, Ts
Treatments W gigel ¥ i ST s Ly
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 0.3% 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 ** ** ** ** * **
C ns * ns ns ns *x
Y ns ns ns ns * *
IxC ns ns ns ns ns ns
IxY ns ns ns ns ns *x
YxC ns ns *x ns ns ns
IxCxY ns ns ns ns ns ns

pie osimd olis iy 4 FF 3 F NS el LSD ke i (9051 ool p b uSileo oy I dime BB 393 g oaimd U5 (ygim p 4D cglite Cig >

Gl Qo )d V5 0 aw jd HId xe MBS (jl> e OS] 3554
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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(Zahedi et al., 2023) ol oss i3 St 5 o Ko jdigs o SI0p il Jslme o jLlligal YT Lsd
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Table 5. Mean comparison of cultivar (Paros, Queen Eliza) and year (Y; Y1, Y2) interaction effects on PAL and
phenolic acid contents in leaf sample of strawberry at different growth seasons (T; T2, Ts).

gigel oVl Jotd Sl S Jgi
PAL (U/mg protein) Phenolic acid (mg/g FW)
Tos Ts T>
PRGN R Y1 Y, Y1 Y, Y1 Y,
Strawberry cultivars
Paros 33.00b 36.00b 29.89c 37.33ab 3.58¢ 4.09b
Queen Eliza 41.67a 3520b 38.33a 33.78bc 4.80a 4.18b

Jsad 1 Slio ke dunlie Laid # .ol LSD (155ke duglio (yg05 (olul p b Sl oy o ime BB 3639 ot (Ui (gt b 50 Coglisia by >
A5 03] g 0k I3 gxe Jlo b bl jiiSan p 45 o,

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.
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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).

8 oyl g, Ju Y2 ¢y dle
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el 8 55 0 e
mg/g FW
N

11-27 sby adss 12-¥ g sb s adss 13- 207, sk, adss

Slade p o lastiw] Glyoul ala>de b (Y; Y2 & Y1) Jlo g (1 11, 12 & 13) (6, LoloS jloss iaSian o pnSiles sl - S

I ge ST 355 oaiws (L e e Silee 5l 6w 1 )3 ailie B9y 3925 ()8 g8 S Sl sl S5

(N=VY) ol 8 lasbint Gl ool saims ) Lis (9w ,o oYU 88l bghas . el LSD (9031 b oo yo V Jlosis! lans 5o

Fig. 2. Mean comparison of interaction effects of deficit irrigation (I; I, 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
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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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