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Introduction

One of the most common abiotic stresses is salinity stress, and according to available reports, about 20% of the irrigated
lands and 57% of the land around the world are affected by severe salinity. Studies have proven that salinity stress is
harmful to the growth and development of existing crops through physiological and biochemical processes, including
chlorophyll synthesis, photosynthesis, respiration, and ion homeostasis. On the other hand, salicylic acid is an
endogenous messenger responsible for inducing tolerance in plants under biotic and abiotic stresses. It also increases the
production of antioxidant enzymes such as peroxidase in stressed plants. Considering that Iran is one of the arid and
semi-arid regions of the world, and agricultural lands are always facing an increase in salinity, it seems that by
strengthening the mechanisms of resistance to salinity stress in plants, it is possible to sustainably produce horticultural
products. took action The general purpose of this research was to select a grape variety resistant to salt stress from the
varieties of Bidane Sefid, Lal, Shirazi, and Sahebi and to reduce the damage caused by salt stress by using salicylic
acid.

Materials and Methods

To investigate some morphological, physiological and biochemical changes of grape cultivars under salinity and salicylic
acid stress, an experiment was conducted in the greenhouse of the Agricultural and Natural Resources Research Center
of Arak city in the form of a split split plot (the main plot includes salinity at 4 levels (0, 30, 60 and 90 mM NacCl salt),
sub-plot including foliar spraying of salicylic acid at 3 levels (0, 150 and 300 mg L) and sub-plot including 4 grape
varieties (Bidane Sefid, Black Lal, Shirazi and Sahebi) It was implemented in the form of randomized complete block
design in 3 replications. 30 cm long grape cuttings were obtained from a commercial garden in Khandab city, 20 km
from Arak city. At the end of December, the uniform and disease-free cuttings, after being prepared and transferred to the
laboratory and treated with the growth regulator indole-butyric acid (at a concentration of 1000 ppm), were cultivated in
culture boxes containing airy sand. After the establishment of the cuttings (June), salt stress was applied. for this
purpose, it started from low concentrations and reached the final concentration at each level, and continued until the end
of the test period (6 weeks). Simultaneously with the onset of salinity stress, salicylic acid treatment was carried out as a
foliar spray in four stages. To prevent salt accumulation in the cultivation beds, once a week, the bed was completely
washed with distilled water and before applying the salinity stress, the electrical conductivity of the used salts was also
measured.

Results and Discussion

To investigate some morphological, physiological and biochemical changes in grape cultivars under salinity and salicylic
acid stress, an experiment was conducted in the greenhouse of the Arak Agricultural and Natural Resources Research
Center in the form of a split plot (the main plot included salinity at 4 levels (0, 30, 60 and 90 mM sodium chloride), A
subplot including foliar spraying of salicylic acid at 3 levels (0, 150, and 300 mg L) and a subplot including 4 grape
cultivars (Bidane Sefid, Lal, Shirazi, and Sahebi) were implemented in a randomized complete block design with 3
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replications. The results showed that photosynthetic pigments and stomatal density in leaves decreased significantly with
increasing salinity stress, leaf area, and number. Also, at the 90 mM stress level in the Bidaneh cultivar, the lowest
relative water content (23%) and potassium element in the leaf (23.6%) were observed. The ion leakage rate (35.1%),
sodium element content (20.2%), and sodium/potassium ratio in the leaf (22.12%) increased in this treatment. In
contrast, the application of salicylic acid at salinity stress levels reduced the effects of stress, such that salicylic acid
treatment at 300 mg/L caused a 33.5% reduction in leaf sodium content in the pomegranate cultivar under salinity stress,
and the highest levels of chlorophyll a and total pigments were also recorded at the same concentration in the
pomegranate cultivar. In general, it was observed that a concentration of 300 mg L of salicylic acid under salt stress
conditions improved conditions and increased growth in grape cultivars. In terms of cultivar resistance, among the
studied cultivars, Lal cultivar had the highest and Bidaneh cultivar had the lowest resistance to salt stress. Potential
mechanisms of salinity effects in plants include: (1) salinity-induced disturbances in growth and development through
water stress and (2) cytotoxicity due to excessive uptake of ions such as sodium and chloride. An increase in soil salinity
can cause direct competition between ions in different transporters in the root plasma membrane (such as potassium-
selective ion channels) or decrease the mass solution of mineral nutrients in the root by reducing the osmotic potential. In
addition, reducing sodium levels in salicylic acid treatments leads to less membrane damage, higher water content, and
dry matter formation. In addition, salicylic acid counteracts the damage caused by salt stress by regulating osmolyte
absorption and ion homeostasis by reducing the production of chlorogenic acid.

Conclusions

In general, it was observed that the concentration of 300 mg L™ of salicylic acid in salt stress conditions improved the
conditions and increased the growth of grape cultivars. In terms of cultivar resistance, among the studied cultivars, the
Lal cultivar had the highest resistance to salt stress, and the Bidane cultivar had the least resistance.
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Table 2: The interaction effect of the salinity stress x salicylic acid on Grap cultivars traits

S5 g S et ls Dk e g 0 5 S

Treatments Traits
Salinity stress (mM) Salicylic acid (mg L) Leaf number Chl. b (mg gr FW1) RWC (%) Electrolyte leakage (%) K (mg/gr DW)
0 22.33%¢ 2.46° 69.18° 29.9" 25.76°
0 150 25 2.602 74.152 24 51 34.66°
300 27.66° 2.49¢ 75.312 23.75! 37.28
0 18 1.924 55.73¢ 39.23¢ 16.6¢
30 150 19.66% 2.34b¢ 56.73¢ 27.36" 17.93¢
300 21° 2.47° 53.33% 28.13% 15.66°
0 15¢f 1.08f 42.989 39.65¢ 9.26
60 150 17¢ 1.28° 48.78f 28.76" 10.28°
300 17.66% 1.14¢ 51.33¢f 30.98¢f 10.03¢
0 12.669 0.44" 21.08! 73.43% 5.369
90 150 14.66 0.608 231 70.33° 6.23%"
300 16°f 0.66¢ 25.63" 67.12° 6.52"
*In each column, means followed by the same letters have not significant different based on Tukey test at 5% of probability level.
Table 3: The interaction effect of the salinity stress x salicylic acid x Cultivar on Grap cultivars traits
Treatments Traits
Salinity Salicylic  acid
stress 1 Leaf area (Cm?) Chl. a (mg gr FW1) Total Chl. (mg gr FW1)
() (mg L)
C1l C2 C3 C4 Cl C2 C3 C4 C1l C2 C3 C4
0 62.1%4  64.2¢ 65.6% 66.9% 5.319 4.60" 491" 5.73 7.779 7.11km 7.25" 8.50%
0 150 62.7¢  64.7¢ 66.0° 67.8% 5.33f 6.28 6.43%® 6.15 7.93f 9.03 9.35% 9.43°
300 62.0  64.5° 66.5° 68.1% 4.96" 6.08f 6.03% 6.91° 7.46" 9,15 8.70° 10.62%
0 54.1f 63.1% 61.4¢ 65.6° 3.35% 4,501 4.21'" 5.234 5.27M 6.82k" 6.42'° 7.88f
30 150 54.6f 64.6° 61.4° 66.1° 3.77” 5.52dn 5.319 5.39¢ 6.11M 8.16° 7.991 8.20¢"
300 56.9¢ 65.4° 61.9° 66.7% 4.34% 5.03% 5.264 5.59¢ 6.81%" 7.861 7.961 8.39%
0 41.7 53.5f 56.2¢ 59.3% 2.07% 3.35% 3.61" 4.24' 3.16Y 5.10" 5.40" 6.49""
60 150 42.1 54.6f 56.9¢ 59.6¢ 2.25Y 3.24" 4.02™ 4.69'm 3.54% 5.10 6.04"d 7.16im
300 41.2 53.2f 57.1¢ 60.4% 2.38v 2.64% 3.76% 3.98M 3.52% 4.16° 5.55% 6.28™°
0 27.6' 453 55.09" 56.19" 1.1%Y 1.45W 1.37% 1.35% 1.64% 2,13 2.09Wx 2.37W
90 150 30.7k 457 52.6l 56.69" 1.19Y 1.92% 1.514 2.15™ 1.75% 2.87W 3.83% 3.47
300 31.1% 455 52.3" 55.29 1.42% 2.06% 2.51v 2.01% 2.08Wx 3.15Y 3.86% 3.44%

*In each column, means followed by the same letters have not significant different based on Tukey test at 5% of probability level. (C1: Bidane, C2: Shirazi, C3: Sahibi, C4: Lal)
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Table 4: The interaction effect of the salinity stress x cultivar on Grap cultivars traits

Treatments Traits
. Electrolyte
Salinity . K (mg/gr o 1 Stomate number
stress (mM) Cultivar DW) I(g/f;ll)(age RWC (%) Chl. b (mg gr FW1) (mm2)
Cl 25.76° 29.99 69.18° 2.52¢ 13.33"
0 Cc2 25.56° 22.73M 73.71%¢ 2.77° 20.66
C3 27.6¢ 25.43! 78.19° 2.64%¢ 34.66°
C4 33.06° 15.43 83.82 3.252 34.33%®
Cl 16.69 39.23¢ 55.73" 2.24¢ 18.669
20 C2 23.96¢ 27.5% 63.93f 2.59b¢ 20¢
C3 32.7° 28.469" 66.93¢ 2.53¢ 29°
C4 31.3% 18.03i 70.12¢ 2.75° 29°
C1 9.26' 39.65° 42.98 1.17° 13.33
60 C2 21° 27.53f 56.89¢ 1.70¢ 15h
C3 30.73P 32.96f 64.49 1.86¢ 25.66%
C4 27.7° 23.36' 67.19¢% 2.33¢ 27.33¢
Cl 6.231 70.33? 23m 0.57" 9.66!
% Cc2 10.26" 63.53P 30.27' 0.90¢ 14.66M
C3 16.3¢ 58.20°¢ 36.5% 1.13f 21.33M
C4 23.15° 38.43¢ 51.86' 1.18f 24.33¢%

*In each column, means followed by the same letters have not significant different based on Tukey test at 5% of

probability level. (C1: Bidane, C2: Shirazi, C3: Sahibi, C4: Lal)

23 ol Sl (o ph Y s N 5Tl sk
33 Eleb s bl b sl 0L b s JS Ol
SF o D Jed s IS Ol 25 Vel Yo 5 ho - o
mE on ) sl pmlo o3, wlens )
(s X Sadlodind x 6558 Sl Sl Slaslis
O sl 5 s (GRS 0sd) dals jlad ps as sl 0L
03 U5 U8 SRl o se Shedladind s )8 555
LS oS Ol (i A andllas 5)5e pU)1 aen
Aol Sles o Shedloand 2 rjfuL“ Vor 5l
2 eSSk VY Ul ) ) 35 55 (ot 25 L)
S G G Ao YAV L il &S 5 055 8
(36 035 5 2 pSSke V) Olse (0 FpS 5 A3 S
N A SR
1 S5 VAS ialS 8 3 iy o5 5 Sl

S8 O Sogs s

) sls plas
X Sedlodad x (5558 Sl ke Dlaglie
A p e S e Yo Shedlosnd 5,08 (o5d S

\FAY

Sheedlodonl 5 (5552 25 S 580k alio mls

2t E ket YYD i IS Sl e 5 S s
A e S ke Voo Sedlond Sl 5o (036 055 p 5
23 Sk 3 VAT Ll 58D 55 (A5 05 als Hles 5o s
Clle L (W esls 0L (ALd slowe Oy Ll 15 L i
DL ol e ol ) oS e Tr e Sl
05 R eSSk DD Las IS Sl Olge (n F0S ol
3208 Os ¥ se s A0 (o585 alane 5 (36 O
4 Cad Gheos AVAY ZalS L) s Shedlaal
A5 Shadladand 58 ramen (5 05k kil s
3 Ao 84 Ol ar il (Ve ke 40) st
mbk ) il il Osds sled boanslie
SRl A8 3l OLES (35 5 (65 il S0l sl
B8 Slymme JalS o e ald 4 Cod () 55 s
YIYO) D by IS 5 i A adlas 3,40 EBIREN b
F o N R DR EIL €S - P S A L o
Glde 035 55 (036 035 p 5 2 p S ke 1/0V) Olss 0 50
MY a5 L) Vaeke &0 6558 55 les o

DL J:J L;?'Lﬂ 9 6‘)‘& ru‘)‘ S L.Ej.‘.§°)“b‘ L(LSM‘)J



Jals b s 1) f.)gg_;l“ﬂ oo Shedlodad 5,8
AU Sl amglie s ) (7 J0) A (5, Sell
Y0 e 4 (555 T 534S 5b 0L (3, 5 ()5 A5
BYVYURPRN VI IRCVI VIS JURCIN- S TIPR W VLV Bt
S e Al S (5553 ke Sl (S
Ol e 5 43S o p 2050 pB)) 02 G S
B e O s AT C S EIR AVA N D PR
s ald sles 5s el o3, ol sty Vg Ls Q0 (5552
oolatl ot 4 1y (Ao VO/EY) S Sl Ol s F0S
AL RV:vS lea.ﬂ 23 5 Soled s smle el sl

(Z JJc,\;_-) Lol LS)"’@M Q}Lb ‘LS)}"Z )Y}A‘jL:A

o s o 3 ol s oo (5l sime Y
DS 055 sl S s el 5 e olie palie e
Slyome oS 5 Sl ekias DL o (o) 20 0
Sedlodond 508 Jcpl b S o pely 5 e
Olsen Rl 5 e 3lie RS cor g ()l ome 5 sbey
Bl Al 5 ) el 4l e 5 A3 S ely
X Skl X (5555 Slaslog S S0k Syl
o s (G5 0sd) el les 5o oS ol 0L (o
YA falS Co e Shedloal 5,8 (g5 oS
R e b 5l B S s s glgtee 53 (s
o553 (S 0is o8 e S ke 04 e Ol
o2 0 Sheedloanl 5,08 O Ve e A0 (658
0S5 e St V) Ol 56 5 Ad edalis Gl
53 Schedlossl 2 e S L Yo 58 L (i 055
Lo o8 e 6B e (osd A5 0sd) el les

(0 i) 558 slspme sl 2) 5 S Le Voo chale
ol aglie
A 4 31 BLAS S el lyme Sy Sl
Sl 3 (K 035 08 2 p S ke YVIT) skt Ol
A Sk T o8 L (GRS o) el
Aoys YEOA Ol 4 & ity 3pms Sohodlodind
033 05 » pSGke O Ui iS5 25 LRI
208 Osk s Vs ke A gsd AT e (S

doys 04/A0 2alS L ol a5 el st Slanladnd

ERNCEY S~ B

VEA

S5 P800 S e Ol S w0 Ken 5 S

oS 2 e S e Y0) a3 s5lS Ulis oo St oS (6 sba
22 Sehdladanl 2 0 S oo Wee 58 L (36 055
Oliee e ieS 5 o o3 0o (o 5 0s) el e
A o A5 s (36 055 p S p S ke 0NY)
Al o3, Shedledl sl Ol Ve e
Ll 5 b anslis 53 sdo 3 AY/A4 alS oS a5, S5l

(0 Jsas) sl LS B RCERY

S Ol s (gl goen £-F
5ot o ol oSl i ml el
SRS e st ke R (Sl
oo A

DS 3 S sha s S uTW &l g
Sl Gl e LSkl E sl (Shs
A e S e Yoo Shedladad Jlas s (s VO/TY)
RSk V0 Shadlsnd Sl L &S ad (8051l
3,8 Oy SY g0 oo A (o5 S a4 et 50 (W)
Sl amlie ol s (F J50) 3 Sl
EEP™ C)Ja.w oIl aS s Ol 0l 5 osd A Dl
35 S Ol o Gl S Cxpe cals 4
AYIA) S gt O omd (Sl mn Olpoo (2 St A 501 66
YY) Ol eSS 5 ald Sl 5o e 035 5o (s
OV e A0 o2 S5 led o w5 5 (Ao
Glges 3 Gheoys N/OF alS bl &S el s
e Slsme g emle B rmes 2 S ol e
sl yelastl st 4 (gl s B e L&

(8 J(q,\}_-)

S oS 0¥
Shdlodonl 5 555 S5 D 50l anlis 0
308 5 RIB e (o gt e SRl S sl Ol
S i ey WWED ralS Com e Shlaa
W) S onl Slr O seishe Seosbe A4S
S8 Ok s Y dee A0 gosd A5 e s (A



VErE Ol 5 Sl / VOVNYR Slomis /5l 65ked /02y 5 Gy A / AL Sl 5 Soss

Table 5: The interaction effect of the salinity stress x salicylic acid x Cultivar on Grap cultivars traits

Treatments Traits
Salinity Salicylic acid . 9 9
stress (MM)  (mg LY) Carotenoid (mg gr FW™) Leaf Na content (mg gr FW™) Na/K
C1 C2 C3 C4 Cl Cc2 C3 C4 Cl C2 C3 C4
0 1.12F 1.42m  1.42m 1,659 1.09M 0.71% 0.74% 0.41% 0.042" 0.028%° 0.027% 0.012me
0 150 1.669 1.77%9  1.88%F 2.20° 1.10Mm 0.63% 0.65° 0.35" 0.031% 0.016™° 0.014me 0.007m™
300 1.79% 2139  2.39° 2,657 1.00M 0.54" 0.63° 0.33 0.027% 0.012% 0.012me 0.006°
0 1.09% 1.30% 137k 159N 1.28% 0.79% 0.83Md 0.44% 0.078" 0.032" 0.025'° 0.014me
30 150 1.25ma 1.35° 154k 172M 1.20Mk 0.761 0.771 0.37" 0.067m 0.029%° 0.021k° 0.011m°
300 1.81% 1.649 173 1.96% 1.259 0.67* 0.69% 0.35% 0.082' 0.024" 0.019m° 0.009™
0 0.59" 0.98 1.2319 1570 2.12¢f 1.279 0.89" 0.37" 0.232¢% 0.0610" 0.029%° 0.013me
60 150 0.81° 1.35° 135" 1459 1.707 1.22N 0.83Md 0.35% 0.166™ 0.055%° 0.027%° 0.011"
300 1.63™ 1249  1.70% 1,799 1.74¢ 1.12n 0.81" 0.37" 0.176% 0.045" 0.025%° 0.012m™
0 0.19* 0.48"  0.37vV  0.45Y 5.06? 2.46¢ 1.98¢f 0.43" 0.9662 0.2381 0.122¢ 0.018m°
90 150 0.22%x 0.54%  0.49v  0.50" 4.56° 2.18% 1.98¢°f 0.55% 0.710° 0.180¢°f 0.12M 0.022me
300 0.37"W 1.69 0.51v 0.58 3.50° 2.10° 1.90°f 0.50% 0.564° 0.1879 0.104" 0.019m°

*In each column, means followed by the same letters have not significant different based on Tukey test at 5% of probability level. (C1: Bidane, C2: Shirazi, C3: Sahibi, C4: Lal)
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