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Abstract

Introduction

Salt stress is one of the most important factors limiting the growth, development and the yield of plants that
cause structural changes in important plant organs such as stems, roots, leaves and petioles. In salinity
conditions, the pomegranate tree cannot produce an economic product. Therefore, identification and use of
selected pomegranate cultivars tolerant to salinity stress are necessary for breeding programs, introducing
better cultivars and developing the pomegranate industry. Morphological and physicochemical changes can
be used as indicators for selecting tolerant cultivars.

Materials and Methods

This study was conducted in 2019 in a factorial design based on a completely randomized block design in
four replications in the laboratory of the department of horticultural sciences at Gorgan University of
Agricultural Sciences and Natural Resources. The first factor was pomegranate genotypes in 15 levels,
including four wild genotypes (Vahshi Inchehbrun, Vahshi Aliabad and Vahshi Kordkoi from Golestan
province, and Miankaleh from Mazandaran province), eight local genotypes (Qand and Torsh Galoogah,
Shirin, Torsh, and Gol Anar Behshahr, Fereshteh qermez Sari, Shirin and Torsh Shivand of Khuzestan), two
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commercial export genotypes (Yosefkhani and Malas momtaz Saveh) and one foreign genotype (Wonderful)
and the second factor was the salinity at three levels including control, 2.5 and 6.4 grams per liter of sodium
chloride (EC 1.4, 4 and 8 dS/m, respectively). After rooting of the cuttings and growing the new pot plants,
salinity stress was applied for 10 weeks. Then, the morphological, physicochemical and phytochemical traits
were measured.

Results and Discussion

The results showed that after applying salinity stress in all genotypes and cultivars, morphological and
physicochemical traits such as stem length, stem diameter, the number of branches, the total number of
leaves, root length, root diameter, leaf surface and leaf fresh weight, leaf dry weight, the relative water content
of leaf, chlorophyll, total phenol and anthocyanin decreased in comparison with the control. Some of the
other physicochemical and phytochemical traits such as electrolyte leakage, the percentage of abscised leaves
and the percentage of necrotic leaves, cell membrane damage, salinity damage index and proline increased in
comparison with the control. Also, the responses of genotypes were different in terms of tolerance to salinity
stress and growth traits. Some of the cultivars were introduced as tolerant cultivars, some as semi-tolerant
and some others as sensitive. With increasing the salinity stress, the amount of morphological,
physicochemical and phytochemical traits changed significantly in sensitive cultivars. Moreover, the results
of the analysis of variance showed that the effect of salinity on all measured traits was significant except the
root dry weight.

Conclusion

Based on the obtained results, and after ranking and standardization, the Wonderful cultivar was recognized
as the most tolerant cultivar. It was able to tolerate the salinity of 6.4 grams per liter of sodium chloride (8 dS
m™’) well; followed by Fereshteh qermez and Malas Saveh. Torsh Galoogah, Torsh Shivand, Vahshi
Inchehbrun, Shirin Shivand, Qand Galoogah, and Vahshi Miankaleh were identified as semi-tolerant
cultivars and Vahshi Aliabad, Torsh Behshahr, Gol Anar behshahr, Vahshi Kordkoy and Shirin Behshahr
were identified as sensitive cultivars to salt stress.
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Table 1. The interaction effect of genotype and salinity on morphological traits of pomegranate genotypes
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Shirin Behshahr (ShBe) Control 15.25™°  5.50° 3.25°% 85.93  22.35% 198"  3225°  3.50° 2096
2.5 15.00™°  <4.75 3.00°  71.219  2537°¢  15.09° 26.50  2.75°  19.26™M

6.4 11.250  *2.75 2254 64.73"  37.74>  2534° 127597 1.000  9.687F

Torsh Behshahr (ToBe) Control 16.25™  5.00®  2.25¢ 85247 427™ 112"  30.50%  3.00°  21.85*
2.5 1650  4.00' 275> 80.11™ 12.75¢7  15.95¢  25.00  2.00¢ 13.71%

6.4  14.00™  2.75 275> 79.13"  23.72¢  16.75% 19.50°  1.25" 878

Gol Anar Behshahr Control 15.00™° 4.50%¢  2.75" 86.000  6.27" 1.73"  30.008 2,504 13.220

(GoBe) 25 13.75° 3.758 2.254 84.00¢  16.25¢7  14.63"  29.50 1.75¢  10.28 7"
6.4 11.50° 3.25! 2.254 84.00¢  28.75*¢ 17.73¢  17.254 1.25%  9.40 ™
Fereshteh qermez Control 29.50*¢  3.75%¢ 0.758 105.75 0.75° 0.00¢  46.75° 1.75¢ 19.28"°
(FeQr) 25 2825 4,00 0.50"  104.50*<  0.80" 0.32%  46.50°  2.00¢ 1624
6.4 2750  3.75¢ 0.75¢  103.51*°  1.12° 1.16"  46.50° 1.75¢ 17.10¢
Wonderful (Wo) Control 30.75*  3.50*" 0.00¢ 105.25° 0.15¥ 0.00¢  48.25° 1.50¢ 21.23°

2.5 30.50% 4.25¢ 0.75¢ 103.75* 0.50 0.20" 47.75* 2.25b¢ 21.19*
6.4 30.50% 4.00 0.75¢ 102.00¢ 1.724 0.33% 47.50* 2.00¢  21.35%®
Yousefkhani Saveh Control 21.508  3.75%¢ 0.75% 93.008 1.47° 3.259  39.75P 1.75¢ 17.22°¢
(YoSa) 2.5 19.00M 4.75°¢ 0.75¢ 90.00" 7.05¢7 9.50% 36.50°¢ 2.75¢ 16.09 <
6.4 14.25™  2.75M 0.25 91.00%7  31.82* 11.75M  31.25f 1.00" 11.87hm
Malas Saveh (MaSa) Control 21.50¢  3.75¢ 0.251 66.79" 1.53 1.06" 33.25¢ 1.75¢ 13.71fh
2.5 22.251 4.25¢ 0.50" 71.524 3.45° 8.52! 26.25 2.254 12.66 &)
6.4 21.75! 4.00" 0.25 67.00 3.45° 9.62¢ 29.00" 2.00¢ 10.45 +°
Qand Galoogah (QaGa) Control 28.50*¢  5.50° 0.758 70.51" 2.60° 1.10*  39.00>  3.50° 13.92%h
2.5 17.00¢ 3.75¢ 1.50" 70.75™* 7.074 5.33¢ 30.758 1.75¢ 641 "™
6.4 17.00¢ 3.0087 2.00¢ 70.25""  19.32¢¢  7.14™» 24.75' 1.00°1 3.63"
Torsh Galoogah (ToGa) Control 24.50¢" 4.00 2.75P 67.25 3.27° 2.15™ 32.50¢ 2.00¢ 9.58 I
2.5 19.00M 3.50" 2.50¢ 66.25" 5.80™ 9.13k 20.50" 1.508 9.80 7
6.4 16.25"" 3.50" 2.50¢ 63.56" 30.15b 9.08% 21.00™ 1.508 10.69
Vahshi Miankaleh Control 18.00"  4.00° 2.00°  104.54*c 6.65™ 3.259  24.5087  2.00¢F  8.65%*
(VaMi) 2.5 19.00M 3.251 2.50¢ 102.53¢  28.25™4 4245 17.504 1.25" 8.44 ks
6.4 17.00"¢ 3.50" 2.75P 102.00¢ 56.77° 44.05* 16.00" 1.508 7.14 1t
Vahshi Inchehborun Control 26.75% 3.00 2.00¢ 73.55° 1.754 0.45" 28.00 1.001 13.04
(Valn) 25 25504 3000 275 6975 525" 1750 2075"  1.00° 13.67
6.4 16.75"" 2.75% 3.25% 64.54" 8.35K 5.23¢ 14.50" 1.001 13.93 th
Vahshi Aliabad (VaAl) Control 19.00M" 3.00 3.00% 79.51"P 3.45° 2.20" 16.25 1.001 10.50 P
2.5 16.75' 2.75% 3.00% 74.00°P 4.64% 6.13° 13.75¥ 1.001 10.20 4
6.4 13.25°4 3.00 2.75P 67.00 10.79¢7 8.16' 11.25° 1.001 10.86
Vahshi Kordkoy Control 21.508  3.75% 3.00® 74.50°  3.15M 2.85"%  24.00' 1.75¢  10.11%*"
(VaKo) 2.5 17.00¢ 3.251 3.25% 73.54° 6.65™" 7.19mn 18.50° 1.25" 15.78 ©
6.4 13.50°° 3.00 3.00% 62.51* 14.35M  11.65"  12.00 1.001 12.40 &k
Shirin Shivand (ShSh) Control 28.25%¢ 3.25! 3.00% 84.25k 0.47" 1.76" 30.75% 1.25" 13.21 4
2.5 24.75% 2.75% 3.25% 83.25! 1.86¢ 11.34h  20.25" 1.001 9.18 it
6.4 14.50™° 2.50" 3.00% 83.50' 6.65™ 12.17¢ 16.00" 1.001 7311
Torsh Shivand (ToSh) Control 21.008 3.25! 3.00% 94.00¢ 11.37¢ 1.53 25.757 1.25" 14.32 ¢¢
2.5 18.009 2.25™ 3.00% 90.75" 17.88f 8.53! 19.00°° 1.001 15.02 ¢f
6.4 14.75™°  2.25™ 3.25¢ 84.00% 23.35¢ 10.14 13.25" 1.001 15.64 ¢¢

Different letters in each column indicate a significant difference at the 1% probability level (LSD).
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Table 2. The interaction effect of genotype and salinity on physicochemical traits of pomegranate genotypes
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P<0.001 P<0.001 P<0.001 P<0.001 P<0.00l P<0.001 P<0.00l P<0.001 P<0.00l P<0.001
ShBe Control  0.1204™  0.0610°  11.36*  5540°  27.90™ 6104  1.39%  0.0450" 1.2025¢% 1.0213™
25 0I310° 005200 93¢ 7411 192777 30.05'  L61™  0.0480" 116205 1.030U™
64 01109 00415  7.36" 8336 1579 4035  239° 004507 1.1314"  1.0414!
ToBe Control 0.1206"  0.0515°  1581"  59.56®  2723™ 374 153"  0.0450" 12250  1.0911
25 0I311° 00517 1620 67.35™  19.01™  2670¢  2.09°  0.0451" 117757  L.1621°
64 01421 00611  16.62"* 8074  1549"*  31.29%  2.69"  0.0460" 11606 12703
GoBe Control 01421  0.0810° 27.69%  5655' 2538  310°  14I'* 01330 12175"" 0.8152"
25 0.0514°  0.0702°  2272% 69357 2797 26.61¢ 1720 0.1450° 1177570 09175
64 01421 00513 1779 84.05%  34.88"  3428'  259°  01650° 11525  0.9815
FeQr  Control 01705  0.0812°  3324¢ 4585 3065  1.92° 102" 08150 11905 1.1801'
25 01705 0.0812°  3421°  4555°  3049° 194 102"  0.8650° 12304° L1011
64 01706  0.0810°  35.88' 4885  29.67%  1.94° 102"  0.8830° 1.2304°  1.0608*
Wo Control  0.1612°  0.0704°  3155° 4398  2977% 185 102"  0.8710°" 122759  16701°
25 01612° 00704 3327 4805 2918 194 102"  0.8760 12423% 15102
64 01611 00908  3472°  4355° 2868 194 102"  08790¢ 12423° 17515
YoSa Control ~ 0.1421¢  0.0415°  32.74° 6565  88.52°  199° 126"  0.5050' 11550  0.6715
25 0.1514°  0.0416° 3149 7LOIM  64.96° 355 144 05061 116095 0.7425"
64 01515  00416° 28147 7566  60.99°  7.52™ 192  0.5094° 1170179  0.8415°
MaSa Control ~ 0.1109¢  0.03115% 3145  62.83" 2868"  3.14" 146 05552 116255 09525
25 01108 00415 3176 6530"  30.50° 436  L70f 05780 1172579 0.9651'
64 01109  0.0612° 3301 70127 2740 656 1.96'  0.6201"™ 1172579  0.9825¢
QaGa  Control 01109 00415  19.63°"  6846*" 19.02™"  4.04°  122™  0.0880" 1.2325%  0.6551°
25 00108  0.0516°  18.88°° 7671 1723 312" 145 0.0950% 12325  0.7675%
64 01205 003125 19.12°°  8453% 15247 2481"  157%  01110° 1.2423° 09275
ToGa  Control 01612° 00105  21.50™"  6216%"  19.63™  1.93°  1.39%  0.1931' 12450  0.9925°
25 01514 00105 2165 66.65™°  46.13¢  670°%  L.60%  0.5081" 12350 L1113
64 01515 0.0415° 2263 6897 6376  894¢  188%  0.1143™ 12350  1.1502¢
VaMi  Control  0.0810'  0.0415' 2281 71807  5410° 855  161%  05580'™ 1.1875'"  1.1502¢
25 00715 004160 2008™  77.99°0  7659°  31.06% 195  0.6030™ 12075¢ 11506
64 01014" 00515 1818  86.92°  60.27°  4362° 296"  0.6731# 122759 11687
Valn Control  0.1013"  0.0514° 25017  67.68"™  22.67'  4.04° 125" 09072 117757  1.1403"
25 00715 00417 25637 7283  19.99™  7.81™ 153" 09541 11825° 10911
64 01014  0.0414'  2633" 74567 21367 937% L1710 09732 11975™  0.9651'
VaAl Control ~ 0.1421%  0.0313*"  24.05™  58.80°* 2218 290 138"  0.1980° 12506° 1.0313"
25 0513 0.0313% 23447 67.59"  19.98™ 805  165%  0.5081° 12101  0.9815°
64 0.1514° 003145 2093  7682¢  15.86"* 1236  1.84'  0.5280™ 1.1850°°  0.9525
VaKo  Control 01109  0.0206"  22.65  7836™"  21.84'  9.39%  144' 01971 12422  1210°
25 03115 0031258 20507 8632°  17.50"Y  3LI2% 158" 050530 12204 1.110°
64 0I311° 003125 18457  89.11°  1544"*  4750°  1.94% 05180 11825 1211
shsh Control  0.1205%  0.0207" 2462  67.54'"  2044™ 329" 131* 019710 12225  0.9651'
25 012047 0.0206"  23.34%"  68.89%  18.88™Y 5720 152"  0.1960% 1.1225°  1.1403"
64 011085 003135 24731 7258 1695  9.55%  166%  0.5041° 1.0505° 123201
ToSh Control  0.0810°  0.0313¢%  24.827  5891"  20.94™ 305" 124" 05850 12203°"  1.1700¢
25 00811 003145  26.685"  67.66™ 2929" 513 145 06050 1.1450™  12701°
64 01108  0.0416'  26.88=" 74520 2932" 441" L60®  0.6131' 11225%  1.3500°

Different letters in each column indicate a significant difference at the 1% probability level (LSD).
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Fig 1. The independent effect of the pomegranate
genotypes on root fresh weight
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Fig 2. The independent effect of the salinity on
pomegranate root fresh weight
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