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Abstract
In the present study, the salinity tolerance of 10 grape varieties, including Khalili, Rasheh,

Bidaneh Sefid, Yaqouti, Siah-Qarabagh, Cardinal, Torkaman#4, Perlette, Flame Seedless, and
Thompson Seedless, was evaluated using physiological and biochemical parameters under
greenhouse conditions. After the rooted cuttings of the grape cultivars reached the fifteen-leaf
stage, sodium chloride salinity treatments at two levels, including 0 and 100 mM, along with
irrigation water, were given to the pots twice a week. The results showed that with increasing
salinity levels, ionic leakage in leaves increased in all grape cultivars, and their relative water
content decreased. The highest ion leakage and lipid peroxidation were observed in Bidaneh
Sefid and the lowest in Rasheh and Crimson Seedless. In salinity of 100 mM sodium chloride,
the highest relative water content of leaves was related to the Rasheh grape cultivar, and the
least amount was associated with the Bidaneh Sefid grapevine. Under salinity stress, the
amount of photosynthetic pigments decreased. The chlorophyll stability was higher in Rasheh
and Flame Seedless cultivars compared to other cultivars. The accumulation rate of acclimation
osmolytes, including proline and soluble carbohydrates, as well as the activity of antioxidant
enzymes catalase, guaiacol peroxidase, and ascorbate peroxidase was higher in Rasheh and
Flame Seedless cultivars in compared to other cultivars. Based on the measured indices, the
cultivars were grouped into three groups: tolerant (Rasheh, Flame Seedless, and Yaqouti), semi-
tolerant (Torkaman#4, Khalili, Siah-Qarabagh, Cardinal), and low-tolerant (Bidaneh Sefid,
Perlette, and Thompson Seedless).
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Introduction
Environmental stresses often affect the yield and quality of grapevines. Plants are equipped with a series of

reactive oxygen species scavenging systems (enzymes and non-enzymatic antioxidants) to reduce or
eliminate the damaging effects of salinity on cellular structures, especially biological membranes, which can
significantly enhance adaptation to salinity through the removal of reactive oxygen species. In grapevines,
increased salinity increases ion leakage and leaf membrane lipid peroxidation. Symptoms of salt stress in
grapevines include reduced growth, leaf tip burn, leaf curling, flower wilting, branch loss, and leaf drop. The
degree of necrosis develops first at the leaf tip and then spreads to the rest of the leaf. Tip burn appears
earlier in mature leaves than in young leaves. Salinity stress decreases fruit growth, yield and quality in fruit
trees, including grapes, through the decrease in water content and membrane elements and the accumulation
of sodium and chlorine in leaves. Identifying the mechanisms involved in salt tolerance of cultivars and
plant species is one of the first breeding strategies to select salinity-tolerant cultivars and genotypes in fruit
trees. So far, the salt tolerance of some grape cultivars has been studied. However, the salt tolerance of the
selected grape cultivars in this study has not been comprehensively investigated. Therefore, the present study
aimed to screen the salt tolerance of ten commercial grape cultivars using morphophysiological indices and
to identify the mechanisms involved in the salt tolerance of tolerant and salt-sensitive cultivars.

Material and Methods

This research was conducted in 2014 factorially (10x2) based on a completely randomized design with three
replications (two pots per replication) under greenhouse conditions. The first factor included 10 grape
varieties (Khalili, Rasheh, Bidaneh Sefid, Yaqouti, Siah-Qarabagh, Cardinal, Torkaman#4, Perlette, Flame
Seedless, and Thompson Seedless), and the second factor was two salinity levels (NaCl; 0 and 100 mM).
After the plants reached the 10-leaf stage, salinity treatments were applied along with irrigation water, and
the pots were irrigated twice a week with Hoagland nutrient solution containing different salinity
concentrations (including 0 and 100 mM (7.31 ds/m3) sodium chloride). Six weeks after the start of salinity
treatment, samples of fully developed leaves from the middle nodes of the secondary branches were
harvested. Indices such as chlorophyll and carotenoid content, ion leakage, membrane lipid peroxidation,
hydrogen peroxide, relative proline water content, total soluble and insoluble sugars, total phenols and
flavonoids, and antioxidant enzymes were measured. The extraction of sodium, chlorine, nitrogen,
phosphorus, and potassium nutrients from leaves was evaluated using the wet digestion method and
concentration measurement of each nutrient separately with different devices. Statistical analysis was
performed with SAS software (9.1.3) using Duncan's multiple range test.

Results and Discussion

According to the results, 100 mM salinity stress caused a decrease in morphological indices in all grape
cultivars under salinity stress. Under 100 mM salinity stress, among the studied cultivars, the highest root
length, root volume, and fresh and dry root weight were related to Rasheh and Flame Seedless cultivars, and
the lowest root length and volume were associated with Siah-Qarabagh, Bidaneh Sefid, and Perlette
cultivars, which indicates a greater sensitivity of the root cells of these cultivars to salinity stress and a
decrease in growth under stress conditions. Among the cultivars studied, at 100 mM salinity, the content of
chlorophylls a and b, as well as total leaf chlorophyll, in the Yaqouti cultivar showed more stability
compared to other cultivars. According to the results, as the salinity level increased, the amount of ion
leakage in leaves of all grape cultivars also increased, while their relative water content decreased. The
highest amount of ion leakage and membrane lipid peroxidation was observed in the Bidaneh Sefid cultivar
and the lowest in the Rasheh and Flame Seedless cultivars. At 100 mM sodium chloride salinity, the highest
relative leaf water content was for the Rasheh grape variety and the lowest for the Bidaneh-Sefid variety.
Under salinity stress, the amount of photosynthetic pigments decreased. Chlorophyll stability was higher in
Rasheh and Flame Seedless varieties than in other varieties. The accumulation of compatible osmolytes,
including proline and soluble carbohydrates, as well as the activities of antioxidant enzymes catalase,
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guaiacol peroxidase, and ascorbate peroxidase, was higher in Rasheh and Flame Seedless cultivars than in
other cultivars. Increasing the enzymatic and non-enzymatic antioxidant system and the accumulation of
compatible osmolytes while protecting macromolecules and cell membranes neutralizes the damage caused
by oxygen free radicals caused by the increase in sodium ions and increases salt tolerance in grape varieties.

Conclusion

In general, it was found that there are differences between different grape cultivars in terms of salt tolerance,
and cultivars with greater salt tolerance were able to show better salt tolerance by creating morphological
and physiological changes compared to cultivars with less salt tolerance. Based on the measured indices, the
cultivars were grouped into three groups: tolerant (Rasheh, Flame Seedless, and Yaqouti), semi-tolerant
(Torkaman#4, Khalili, Siah-Qarabagh, Cardinal), and low-tolerant (Bidaneh Sefid, Perlette, and Thompson
Seedless).

Suggested for Conclusion: The findings reveal significant variation in salinity tolerance among the
studied grapevine cultivars. Tolerant cultivars exhibited better growth and biochemical responses under salt
stress, likely due to enhanced antioxidant defense and osmolyte accumulation. Based on physiological and
biochemical indicators, cultivars were classified as tolerant (Rasheh, Flame Seedless, Yaqouti), moderately
tolerant (Torkaman#4, Khalili, Siah-Qarabagh, Cardinal), and sensitive (Bidaneh Sefid, Perlette, Thompson
Seedless). These results provide valuable information for breeding programs targeting salinity-resilient grape
cultivars.
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Table 1- Results of analysis of variance of the effect of cultivar, salinity and their interaction on morphological
characteristics of 10 grape cultivars

Mean of Squares

Source of
Variation bf : :

Main root Root Root fresh Root dry Vine Leaf arca

length volume weight weight height

Cultivar (C) 9 69.75%* 12259.8** 18723.1** 2745 .4** 34421** 1053.63%*
Salt stress (S) 1 47.63%* 1189.15%* 1689.40%* 305.10%* 1445.7** 133.05%*
CxS 9 22.94%* 465.21%* 502.12%* 93.77** 498.65%** 12.07*
Error 40 4.89 174.32 154.09 45.34 201.12 5.14
C.V - 15.20 17.16 12.66 14.47 12.54 11.19

IREE W P Y =T RS VRS P Y SII SEPR [ < WINSI - PV PR
** and * indicate a significant effect at the one and five percent statistical levels, respectively.
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Table 2- Results of mean comparison of the effect of cultivar, salinity and their interaction on morphological
characteristics of 10 grape cultivars
Treatments Main root Root Root fresh Root dry Vine
length volume weight weight height Leaf azrea
Grape cultivars NaCl (cm) (cm?) (2) (2) (cm) (em?)
(mM)

Bidanch Sefid 0 425¢ 392 cd 56.12 g 1438 ¢ 63.26 ¢ 66.45 a
100 3413 h 325¢g 48.39 1 11.17 g 58.39¢ 62.31Db

Cardinal 0 38.6 fg 354¢ 63.09 f 15.38 ¢ 61.43 cd 5743 ¢
100 3423 ¢ 303 h 54.16 h 1243 ef 56.74 ef 51.66 ¢

Flame Seedless 0 53.5b 4240b 88.54 a 2278 a 68.59 a 63.96 b
100 4345¢ 37.8 de 7833 ¢ 18.15 cd 64.23 be 59.14 be

Khalili 0 4333 ¢ 394 cd 62.40 f 12.60 ef 5697 f 54.07d
100 36.78 g 34.1f 5570 h 12.21 ef 54.12 g 50.28 ¢

Perlette 0 46.17d 37.6 de 75.42d 18.35a 58.57¢ 59.37 be
100 39.88 f 325¢g 67.55¢ 14.67 ¢ 54.60 g 54.87d

Rasheh 0 5833 a 449 a 92.66 a 23.65a 67.87 a 50.56 ¢
100 48.98 ¢ 38.2d 81.10b 19.80 ¢ 64.11 ¢ 4712 f

Siah-Qarabagh 0 36.67¢g 37.7 de 68.67 ¢ 17.42d 61.91 cd 62.44 b
100 30.251 31.8 gh 52.52¢ 11.38 g 56.88 f 57.69 ¢

Thompson 0 42.65¢ 38.3d 79.64 be 20.83b 66.17 ab 60.62 be

Seedless 100 35.69 gh 348 f 71.97d 17.67 ¢ 63.48 ¢ 55.21d

Torkaman#4 0 46.2d 40.6 ¢ 83.65b 20.95b 60.00 d 48.55 f
100 38.50 fg 353 ef 74.12d 17.67d 56.14 ¢ 44.67 g

Yaqouti 0 493 ¢ 42.6 b 71.24d 17.77d 64.33 ¢ 55.42d
100 4247 ¢ 37.3 de 62.77 f 14.67 ¢ 5490 g 5121 ¢

51 (6l e Bkt (o 53 0 peba) (65T Blond 31 05t 58 55 857 20 oy m sl,ls (sla  Silese
*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 3- Results of analysis of variance of the effect of cultivar, salinity and their interaction on the content of
photosynthetic pigments in leaves of 10 grape cultivars

Mean of Squares

Source of Variation Df

Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
Cultivar (C) 9 0.0695** 0.03798** 0.1918** 0.0747**
Salt stress (S) 1 1.0065%* 0.25034%*%* 2.2608* 0.9817**
CxS 9 0.0556** 0.01460** 0.1135%* 0.0592**
Error 40 0.0029 0.00008 0.0031 0.0006
CV - 6.6800 2.39142 4.7056 3.2474

A QoS gy 9o ()bl zolaw jo o me 1 Sily o3 ag kg ¥k
** and * indicate a significant effect at the one and five percent statistical levels, respectively.
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Table 4 - Results of the mean comparison of the effect of cultivar, salinity and their interaction on the content of
photosynthetic pigments in leaves of 10 grape cultivars

Treatments Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
-1 % -1 -1 -1

Grape cultivars NaCl (mM) (mg g FW) (mgg” FW) (mg g” FW) (mgg” FW)
Bidanch Sefid 0 1.56d 0.35d 1.92¢ 1.16 ab
100 0.76 i 024¢g 0.97h 0.83 de
Cardinal 0 1.75 be 0.43 be 2.24 be 1.06 be
100 111 f 0.34d 1.45 ef 0.89 cd
Flame Seedless 0 1.81b 0.47 ab 2.19¢ 1.10b
100 1.13 f 0.27f 1.40 ef 0.89 cd
Khalili 0 1.71¢ 0.44 b 2.14cd 098 ¢
100 1.00 gh 0.33 de 1.34 fg 0.73 ef
Perlette 0 1.64d 042c¢ 2.05¢ 1.08 be
100 0.89 h 0.27f 1.18 g 0.77 e
Rashch 0 1.82b 0.49 a 2.29b 1.22a
100 1.06 fg 0.36d 1.42 ef 0.87 cd
. 0 1.63d 0.38 cd 2.00d 1.08 be
Siah-Qarabagh 100 0.99 gh 029 1.30 fe 0.69 f
Thompson Seedless 0 142e 0.35d 1.78 de 1.12b
100 0.90 h 0.27f 1.1l1g 0.82 de
Torkaman#4 0 1.70 ¢ 043¢ 2.15¢ 1.08 be
100 1.15f 028 f 1.44 ef 0.88 cd
Yagouti 0 1.94 a. 0.50 a 244 a 1.20a
100 1.16 hi 0.39 cd 1.55 ef 0.89 cd

.Jd)l.\}‘;)bs:ngjmw.&p);écla...:)L;)LeT.BbJ)"Q}Lwﬁ)séfj:;»québl:&h@ﬁpek

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 5 - Results of analysis of variance of the effect of cultivar, salinity and their interaction on the amount of
proline, soluble carbohydrates and insoluble sugar in leaves of 10 grape cultivars

Mean of Squares

Source of Variation Df
Proline Soluble sugars Insoluble Total phenol Total flavonoids
sugars

k%
Cultivar (C) 9 4.3]1%* 0.00561** 0.035%* 0.11858%** 0.00561
Salt stress (S) 1 19.00%* 0.03343** 0.017** 0.42096** 0.03343**
CxS 9 0.372%* 0.00278** 0.001** 0.04427** 0.00278**
Error 40 0.016 0.00001 0.003 0.00002 0.00001
[OAY - 2.38 1.91 2.84 0.38736 1.90807

e )0 iy 5 S )lo] Zsh ) o 1 il i g kg
** and * indicate a significant effect at the one and five percent statistical levels, respectively.
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Table 6- Results of mean comparison of the effect of cultivar, salinity and their interaction on the content
of some physiological indices of leaves of five grape cultivars

Treatments . Soluble Insoluble Total
(,umIZ)rIOIT;W) sugars sugars ;l;;l)tal Rli:e\r}i/o)l flavonoids
Grape cultivars (I\Inisll) & (mg g' FW) (mg g FW) £ (mg g FW)
Bidaneh Sefid 0 4 2193 ¢ 485¢ 344 gh 12e
100 378b 31.85 f 3.69 gh 429 de 1.87d
Cardinal 0 1.15 fg 13.26 h 584 cd 3.67 fe 1.67 ef
100 3.55 be 28.68 f 4.67 ef 592b 2.18b
Flame Seedless 0 1.34 ef 19.76 ¢ 5.90 be 3.99 f 171e
100 4592 49.60 ¢ 3.89¢g 6.43 ab 2.43 ab
Khalil 0 132 ef 17.10 gh 8.69 a 3.08h 123 ¢
100 338¢ 53.45 be 6.54 b 419¢ 1.90 d
Perlettc 0 122f 14.15h 533d 3.12h 1.35 fg
100 328 cd 3922d 3.60 gh 4.04 1.87d
Rashel 0 141e 20.11g 6.22b 4.44d 1.83 de
100 488a 59.27a 447f 6.96 a 2.66a
Siah-Qarabagh 0 1.19 be 14.44 h 6.43b 4.12 de 1.65 ef
100 3.69b 36.95 de 559 cd 508¢ 2.30 be
Thompson Seedless 0 119 f 15.63 h 575¢cd 325h 1.40
100 3.17d 3543 ¢ 443 f 4.13 ef 1.74 ¢
0 120 f 17.49 gh 533d 3.77 1 1.90 d
Torkamanf#4 100 3.47 be 39.39gd 442 f 5.15 f 2.13¢
) 0 lldg 16.37 gh 420 fg 3.65 fg 1.29 cd
Yagouti 100 3.16d 49.70 ¢ 334h 5.31 be 2.10 ¢

Al (51 gme C3Mastl (Ao y3 B CL»)G)LAT.BBJ)‘QFJAJJJJL&»JJf6‘)\;‘5Lﬂs&:§.§l¢%

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 7- Results of analysis of variance of the effect of cultivar, salinity and their interaction on the rate of ion
leakage, malondialdehyde, and relative leaf water content of 10 grape cultivars

Mean of Squares

Source of Variation Df Electrolyte leakage Malondialdehyde Relative water content
(%) (umol g' FW) (%)

Cultivar (C) 9 42.76%* 184.02%** 0.173**

Salt stress (S) 1 1707.9%* 1659.67** 1.370%**

CxS 9 14.64%** 19.02** 0.0762%*

Error 40 1.66 1.70 0.024

C.V - 1.81 3.48 21.12

ROV IRV ST TS P et - ISR NS PO | I ¢ IO Ik PV P L

** and * indicate a significant effect at the one and five percent statistical levels, respectively.

P S
S i s T 2San 5 6 el ST
s s e 1) ezl o 53 5 S5 il 51 5
N ea Ve (558 55 2,1 alas 55 (Y sis)
e At 0 & S S o3 e IS
S (N oo Voo) (gt S B ol ) it
Loadl oS spm ady o8, 4 b e 5 G i llde
Gl re Ml (gl Bloed 51t N
NP PUURC GUNP PRGN RN RGN
Aiwadly 055 b (5T Bl 51487 55l O gusls
o9 53 A Jadz) 10 OLES (6l e OS]
(ST e Rl o ()58 A5 lesl ol
65 53 S ol b alia s S 61 aled 53 S5
451 5 (Chartzoulakis et al., 2002) o5 sla
131 L -5 (Bybordi, 2012; Karimi et al., 2021)
(o R S el Bl BB S e SR () 58
ol oml sl LS i e 4 e Sl
ol oLl (g dudsi 53 S1puis sloul e
—r AT Sl 5o i 5 Sk il Il ge ki ¢ S
Olsed (Sl oplply b dal o clis 4 Joats la
oks 3,15 i laST T Ol 6,8 051l (5 st Ls
Campos et al., 2003; Karimi et ) &l J shu 5 Lis &
S cble 4y olS s o) p8 i LET al., 2022

< on . P . < - e
olS 555 cGust AT B e 53 65 L) 5 Ol Dok

o AL S0l gl J g s ol

L awlie )3 pByl aled 53 OT (i (lgmms (655
Chle s Sl golspme SRl (5 0d) als
(s Sl gme b s LIS Y g e Ve (50
e Ml 4l oS 5 g el 055 4 by e OT
o Slsoms SR o ST LI 4 ) L ol
e Sl goen (A ) 55 Ja ) 085 4 by e OT
B el 0k 30> O & g 53 2Byl ple T
Os4) S p odd bl Gl iagy L Sl
Ranjbar et al., ) 4wy y (Chartzoulakis et al., 2002)
Ol n )l Sl e )58 AT e (2017
SLeSTT s OT Gl Ol 4ty iy 2alS e o
ol (Karimi & Noori, 2022) =l sl , Sl
SRS s a8 LS eSTs s NRWINT
a4 T Jeily 5 48 OIS OT Gl 2ol 4 s
CEL Al osh e R L s b
Jeilty 28 4 e (6,55 (Ebrahimi et al., 2019)
L s ST dor Ol (2l ply 5 odd S8 2w OT
sl 03 5 esls 13 a s Sl o 15 80 (slaaty
s o Sl 0l ST o (gl gen 2BST Cr 50
Ab o ST el J ST o S iy, O
5039 Sglate Calises byl 5 (Karimi et al., 2021)
g i o Ll 5 o &S Sl plaan S 51 S

B osh S Lo 6 e OT



VY prad ol 5yl o 5l e alE o pske

AD

5T o b a8 ol S (YL gl
St B3 Ly o8 ol SiS St Slapl (2338
S S (St el ol 035 Jlas 55 353 el
U155 bl S o8 55 03 2l S by gl 3
,;,_lfjﬁmt_;ﬁ!b_‘_;ucﬁ.mbcﬁﬁuﬁvj)al

5 JS5S 15 00 Lo s onl s ise Jod Sl o sladshe

Chartzoulakis ) 15,15 St Jaswe sla, 556 Lo
(oS Sosb SRS pe ladaly I (S (et al., 2002
L oS b me 53 0LLE Sob 53 IS 5 e sl
Cots . (Walker, 1994) ol ol IS (6L il
Gosh RS S 0y 9an awdilly 035 )3 e S
Sl 51 S cgilibal b3 51 N e Jua Ve

bH}\}A)JVJ)w|L§uJJLAJJMJL§LAAL&&

5 oLt Sl O gl oSy (G o e T S 5 (6055 ¢ 2T o Sils gl b5 A U

/. - g T .
)J&l(.e)h S5 5 DT o (S g
Table 8- Results of mean comparison of the effect cultivar, salinity and their interaction on the rate of ion
leakage, membrane lipid peroxidation, and relative leaf water content of 10 grape cultivars

Treatments Electrolyte Malondialdehyde Relative water content
leakage (%)* mol g FW %
Grape cultivars NaCl (mM) ge (%0) w & ) )
16344

Bidanch Sefid 0 0.525¢ 84.32 ab
100 5444 a 1.645a 7530 ¢
Cardinal 0 16.03 d 0.609 ¢ 80.23 be
100 49.45 ¢ 1410 b 69.98 ¢
Flame Sead] 0 15.63 de 0444 f 82.10 b
ame Seediess 100 44.67d 1230¢ 77.92 cd
Khalili 0 14.85 de 0.493 f 86.00 a
100 45.45 be 125¢ 74534
Perlette 0 16.62d 0.566 ¢ 83.65b
100 52770 1.404 b 78.44 cd
Rashel 0 13.60 ¢ 0.489 £ 83.60 ab
100 43.56d 1.123d 77.43 cd
. 0 14.33 de 0.690 ¢ 79.33 be
Siah-Qarabagh 100 48.67 ¢d 1.430 b 68.43 ¢
0 15.96d 0.531¢ 84.61 ab
Thompson Seedless 100 55.60 a 1.552 ab 7734 cd
0 13.80 ¢ 0512¢ 79.17 be
Torkaman##4 100 44.58d 1276 ¢ 74.58 d
Vacouti 0 13.46 ¢ 0.520 ef 84.70 ab
q 100 49.12 ¢ 1.241 ¢ 76.58 od

L (gl sre \_'}M‘(-W)ﬁbcld—w>6)hTLl?dj. Ot 55 S e oy - (slyls 6“;&‘9*

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 9 - Results of analysis of variance of the effect of cultivar, salinity and their interaction on the activity
of antioxidant enzymes in leaves of 10 grape cultivars

Mean of Squares

Source of Variation Df
Catalase Gual?ml Ascorbate peroxidase
peroxidase

Cultivar (C) 9 6.73%%* 4.25%%* 15.04%*

Salt stress (S) 1 133.6%* 430.8%* 231.3%*

CxS 9 1.43%%* 4.28%%* 2.167%*

Error 40 0.285 0.228 0.200

CV - 9.13 5.93 6.04

A doyd 7y 9 S0 (5,bel ol jo o sime S Sily Cu 5 4y g ek
** and * indicate a significant effect at the one and five percent statistical levels, respectively.
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Table 10- Results of mean comparision of the effect of cultivar, salinity and their interaction on activity of
catalase, guaiacol peroxidase and ascorbate peroxidase antioxidant enzymes of 10 grapevine cultivars

Treatments Catalase p(jrl:;i?;;le Ascorbate peroxidase
Grape cultivars NaCl (mM) (Unit mg™' leaf protein)
Bidaneh Sefid 0 1.50¢ 2241 254¢
100 5.64f 9.65 de 532f
Cardinl 100 24 d 10.46 v
Flame Seedless 180 1]4.7154ga 12330352 12'.(2)?) ib
Khalili 180 1 ?.g? gﬁc 1 12:?13 éc 125.2138%3
R v e
Rasheh 180 1;.32 §b 125.561()2 124,3552ga
& oabe g 2o
i 2
Torkamanii4 180 1]0'.512 2gc 15.& :b 12 ! .2312gc
Yagouti 180 81.511851 §f2§ Z 8213 3l de

..J.Jj.\j&):@m;})&::‘-l(.l‘p):&Cls.»)ng.»TJébleQ}uﬁ)bgffj&n;}jfél)bsuaiﬂtﬁk

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 11- Results of analysis of variance of the effect of cultivar, salinity and their interaction on the content of some
nutrient elements in the leaves of 10 grape cultivars

Mean of Squares

Source of Variation Df

Na Cl N K P
Cultivar (C) 9 0.018** 0.042** 0.208** 1.25%%* 0.013**
Salt stress (S) 1 0.195%* 0.311** 0.018** 0.603** 0.062**
CxS 9 0.004** 0.009** 0.020** 0.168** 0.002**
Error 40 0.0008 0.0003 0.018 0.0007 0.0003
C.V - 4.36 2.1 6.11 3.2 7.05

e )3 iy 5 S )bl sh ) oo 1 il iy kg
** and * indicate a significant effect at the one and five percent statistical levels, respectively.

= - = .. - T . - a5 Z. -
DRI B g ol e 5 6T Sa 55 6055 08) ST 5Rbe 4=V Y g
Table 12 — Results of comparing the average effect of cultivar, salinity and their interaction on the leaf nutrient
content of 10 grape cultivars

Treatments Na cl N K ®)
. NaCl (%) (%) (%) (%) (%)
Grape cultivars (mM)

Bidaneh Sefid 0 0.82 fgh 114 fg 2.00¢ 2.53a 0312
100 135a 1.60 a 131h 1.65 hi 0.18 de
Cardinal 0 0.80 fgh 1.01 h 1.99 cd 1.95 ef 0.26 ab
100 1.28 ab 148 b 1.30h 149 0.15¢
Flame Scedless 0 0.72 gh 1.08f gh 2.12 ab 2.47 ab 032a
100 1.18 de 1.42 od 1.86 de 1.86 fg 0.25 ab
Khalili 0 0.92 ef 117 ef 2.10 be 2.13d 0282
100 1.23 od 1.43 cd 1.55 gh 1.57 hi 0.20 cd
Perletic 0 0.80 fgh 112 fg 2.13 ab 2.09 de 0282
100 1342 1470 1.58 fg 1.56 hi 0.17 de
Rashel 0 0.70 h 1.09 fgh 2.14 ab 2.44 ab 030a
100 llde 143 cd 1.74 of 1.85 fg 0.23 be
4 0 0.93 ef 1.06 gh 1.93 de 2.00 ¢ 0.28a
Siah-Qarabagh 100 1.25 be 1.60 a 145¢g 1451 0.15¢
Thompson Seodloss 0 0.86 fg 1.16 ef 2.16 ab 234¢ 03la
100 133a 1.45 be 1.39 gh 1.65h 0.19 ¢d
0 0.83 fg 1.09 fg 220a 2.37¢ 029a
Torkamanf#4 100 122 ¢d 1.44 be 1.56 fe 1.90 f 0.22 be
Yaqoud 0 0.84 fg 1.10 fgh 2.04 ¢ 2.40 be 030a
100 1204 1.48b 1.65 ef 1.82¢g 021 cd

A1 (51 gme C3Mastl (Ao y3 B clw)quJauJ;to,u,a,asj—..:ﬁ@,f@)\wuwigw

*Means with common letters in each column do not have a statistically significant difference (5% level).
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