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Evaluation of some physiological and biochemical responses of seven commercial
grape cultivars to cold stress during the growing season
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ABSTRACT

In this research, cold tolerance of seven commercial grape cultivars including ‘Khalili’, ‘Bidaneh Qermez’, ‘Fakhri’,
‘Rishbaba’, ‘Thompson seedless’, “Yaghuti’ and ‘Ruby seedless” was evaluated. Likewise, the relationships between
biochemical and physiological responses of these cultivars with their cold tolerance were studied. For this reason, one-year
potted vines were exposed to different temperatures: 25, 4, 0 and -4 °C. The highest cold tolerance at -4 °C was seen in
“Khalili> followed by ‘Fakhri’ and ‘Bidaneh Qermez’, while the lowest tolerance was observed in ‘Ruby seedless’ and
‘Thompson Seedless’. There were strong correlations between, previously reported, freezing tolerance of these cultivars
during the winter and their cold tolerance at -4 °C; however, weaker relationships with cold tolerance at 4 °C were observed.
Low-temperature treatments resulted in higher concentrations of soluble carbohydrates, proline, soluble proteins and
hydrogen peroxide, but lower total chlorophyll and relative water content in all cultivars. Cold tolerant cultivars: ‘Khalili’,
‘Fakhri’ and ‘Bidaneh Qermez’ contained the highest relative water content, soluble carbohydrates, soluble proteins and
total chlorophyll, but the least proline and hydrogen peroxide content. However, the highest proline and hydrogen peroxide
was seen in cold-sensitive cultivars, ‘Ruby seedless’, “Thompson seedless’ and “Yaghuti’. The highest correlations between
cell membrane stability of cultivars and their biochemical and physiological responses were observed at -4 and zero °C
showing that plants activate their protective systems following temperature decrement down to a critical limit.

Keywords: Cold stress, grape, hydrogen peroxide, ion leakage, osmoregulants.
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Table 1. Results of variance analysis effect of cold stress and cultivar on ion leakage (EC), relative water content
(RWC), total chlorophyll (Total Chl), hydrogen peroxide (H,O,), proline (Pro), soluble carbohydrates (SC) and
soluble proteins (SP) of grape during growing season.

Mean of squares

Source of variation df —¢¢ RWC __ Total Chi H.0; Pro sC P
Cultivar 6 3927 385" 0.366" 631197 9.282™ 55.29™ 0.0296™
Temperature 3 2196" 21357 7.163" 7703117 52.028" 61150"  0.1617"
Cultivar x temperature 18 44 1577 0.058" 98151* 1.183" 7.54™ 0.0006™
Error 56 17 54 0.029 43570 0.654 7.63 0.0018
C.V. (%) 1451 9.53 7.93 9.32 10.82 9.68 13.61

Dldsme Golas 3g g as,3 ) 90 Jleisl mdaw )8 ls g Dglis o 5 4 s g
*, ** ns: Significantly difference at the 5% and 1% levels of probability and non-significantly difference, respectively.

oo (59 STy (S 89 1S o oo O (Slgtme « or St 08y 5 Loy (25 3 Sl aglie ¥ Jgon
by ad (bS5 S egn g Joloe Slyaimg S

Table 2. Mean comparison effect of cold stress and cultivar on ion leakage (EC), relative water content (RWC), total
chlorophyll (Total Chl), hydrogen peroxide (H,0,), proline (Pro), soluble carbohydrates (SC) and soluble proteins
(SP) of grape during growing season.

EC RWC Total Chl H,0, Pro SC SP
Treatment (%) (%) (Mglg)  (umolig) (umollg)  (mglg) (mglg)
Rish Baba 28.81 ¢t 77.07b 2.17 bc 2246 be 7.64 bc 27.85 be 0.300 ¢
Khalili 19.26 e 80.15 ab 241a 1902 e 6.17¢€ 3145a 0.399 a
Red Bidaneh 28.24 ¢ 82.87 ab 2.24b 2174 cd 7.01cd 29.59 ab 0.351b
Cultivar Fakhri 24.03d 84.62a 2.28 ab 2006 de 6.74 de 29.72 ab 0.349b
Rubi 37.11a 69.91c 1.98d 2542 a 8.72a 2581c 0.274c
Thompson 32.62b 77.17b 204cd  2376ab  7.80b 26.29 ¢ 0.275¢
seedless
Yaghuti 28.40 ¢ 70.48 ¢ 1.93d 2420 ab 8.19 ab 26.37 C 0.273 ¢
25 16.47d 86.49 a 2.84a 1434 d 5.75d 22.01d 0.205d
Temperature 4 2469 c 82.65a 235b 2160 ¢ 6.77 ¢ 2554 ¢ 0.29% c
°c) 0 31.76 b 77.22b 193¢ 2504b 7.94b 31.04b 0.365b
-4 40.50 a 63.44 ¢ 1.47d 2853 a 941a 34.02 a 0.404 a

W55 a0 0 Jleis | e 10 (6518 pme Golas oS i By S Blas b ole 1Sk et 0 0
In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Table 3. Mean comparison interaction effect of cold stress and cultivar ion leakage (EC), relative water content
(RWC), total chlorophyll (Total Chl), hydrogen peroxide (H,0,), proline (Pro), soluble carbohydrates (SC) and
soluble proteins (SP) of grape during growing season.

Cultivar Tem%erature EC RWC Total Chl H,0, Pro SC SP
Q) (%) (%) (mg/g) (umol/g)  (umol/g) (mg/g) (mg/g)
25 14.94 mn 92.52 ab 2.79ab 1505 k-m 5.69 k 21.36 | 0.186 mn
Rish Baba 4 23.49 h-l 89.88 a-c 2.43 c-e 2069 h-j 6.76 g-k 24.42 h-l 0.288i-h
0 30.72e-h  64.33 h-j 2.00g-i 2501d-g 8.26d-g  31.40 c-f  0.352d-g
-4 46.10 a-c 61.65 ij 1.45k 2909 bc 9.86 bc 34.23a-d  0.374 c-e
25 1091 n 90.00 a-c 2.93a 1474 Im 5.26 k 22.92 J- 0.270i-h
Khalili 4 18.30j-n  83.22a-g 2.56 b-d 1868 jk 5.63 k 29.03e-h 0.368 c-f
0 2253i-m  77.62c-f 2.35d-f 1974 ij 6.39h-k  34.86a-d 0.446 a-c
-4 25.32 g-k 69.72 f-i 1.82h-j 2289 e-i 742 e-i 39.00 a 0.514a
25 16.52 I-n 95.44 a 2.93a 1443 Im 6.05i-k 22.23 Kkl 0.235j-n
Red Bidaneh 4 27.01 f-i 87.54 a-d 2.33d-f 2127 g-j 6.55 h-k 26.05 g-1 0.324 d-i
0 33.95 ef 84.33 a-e 2.07f-h 2429 d-h 7.30 f-j 33.46 b-e  0.404b-d
-4 35.47 de 63.77 h+j 1.62 jk 2699 cd 8.15d-g 36.62ab 0.440a-c
25 18.03 k-n 95.74 a 2.83ab 1364 m 5.66 k 21.341 0.230k-n
Fakhri 4 20.55i-m 94.08 ab 2.39d-f 1811 ]I 6.11i-k 28.02 f-j 0.319 e-i
0 23.42h-1 8433 a-e 2.18e-g 2281 e-i 6.53h-k 3324 b-e  0.385b-e
-4 34.15 ef 64.33 h-j 1.73i-k 2568 c-f 8.66 c-f 36.30a-c 0.460 ab
25 22.51i-m 83.22 a-f 291a 1543 k-m 5.78 jk 21.651 0.156 n
Rubi 4 33.67 ef 75.28 d-i 2.29d-g 2416d-h  7.69e-h  23.30 J- 0.260 i-h
0 43.10 be 67.94 g-i 1.62 jk 2909 be 9.79 be 27.16 f-k 0.331 d-i
-4 49.15 ab 53.22 1111 3299 a 11.63a 3112 d-g 0.346 d-g
25 17.10 I-n 84.33 a-e 2.78 ab 1378 m 5.86 i-k 22.53 kI 0.179 mn
4 2598¢9-j 84.33a¢e 2.24d-g 2250 f-i 7.26 f-j 24,15 h-l ~ 0.252i-m
Thompson Seedless 0 3588de  7052ei  17li-k  2279b-d  864cf  2864ei  0.315e]
-4 51.54a 69.51 f-i 1.43 k 3098 ab 9.63b-d 29.84d-g  0.353d-g
25 15.28 mn 80.04 b-g 2.71a-c 1336 m 5.93i-k 22.08 ki 0.176 mn
Yaghuti 4 23.83 h-l 72.10 e-i 2.25d-g 2580 c-f 7.42 e-i 23.79 i-l 0.249i-m
0 32.71e-g 68.77¢-i 1.61 jk 2652 c-e 8.90c-e  28.56 e-i 0.324 d-i
-4 41.78 cd 61.00 ij 1.14 | 3113 ab 10.50ab  31.06d-g  0.342d-h

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.

W5l a0 0 Jleixl e 10 (6518 pme Golas oS i By S Blas b ole 1Sl gt 0 0
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Table 4. Correlatiosn between ion leakage (EC) and some biochemical and physiological characteristics in grapevine

cultivars under different temperature treatments during growing season.

Temperature (°C) SP (mg/g) SC (mg/g) Total Chl (mg/g) Pro (umol/g) RWC (%) H,0," (umol/g)
25 0.42_ 0.07™ 0.10™ 0.03™ 0.15™ 0.05™
4 -0.58 -0.41 -0.37™ 0.707 -0.39 ™ 0.44
0 -0.32™ -0.62” -0.727 0.677 0.17™ 0.737
-4 -0.76" 7.0.67 -0.68" 059" -0.57" 0.76"

OIS g Dglds 098 g w0 Y O Jleisl mhaw 1o lo Soe Dgldl oS 5 a4y NS g s e
*, ** ns: Significantly difference at the 5% and 1% levels of probability and non-significantly difference, respectively.
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