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Introduction

Various methods of stress directly affected the growth and production yield of numerous plants. For example,
environmental stress reduces the tomato manufacturing by the disrupting its natural metabolism, or, salinity
stresses affect the it is growth and development from the germination stage to the fruit ripening stage. Salinity in
tomatoes by stimulating the biosynthesis of growth regulators such as ethylene and abscisic acid leads to the
acceleration of the aging of the leaves. Therefore, development of different methods to induce salinity stress
tolerance in plants is necessary. Some approaches were studied to develop the salinity tolerant plants such as
genetic breeding, environmental improvements and usage of phytohormones and signal molecules. Salicylic acid
or orthohydroxybenzoic acid plays an important role in regulating the physiological and biochemical responses
of plants to stress conditions, which improves the plant's resistance to adverse environmental conditions. For
instance, salicylic acid is a facile and effective way to increase plant productivity under salt stress conditions.
Considering the positive effects of salicylic acid in modulating the effects of salinity, this study was conducted
with the aim of investigating the effects of salicylic acid’s usage in modulating the harmful effects of salinity on
some vegetative, physiological, quantitative and qualitative characteristics of two tomato cultivars of Baneh local
mass and Semi Dwarf line.

Materials and Methods

To investigate the effect of salicylic acid in modulating the effects of salinity stress in tomato, a factorial
experiment was conducted in the form of a randomized complete block design, with 12 treatments, in 3
replications and with a total of 36 experimental units in the hydroponic greenhouse of the Department of
Horticulture, Faculty of Agriculture, and university of Tabriz. The treatments included two levels of salicylic
acid (0 and 1 mM) and salinity levels (0, 35 and 70 mM NaCl) on two tomato cultivars of Baneh and Semi
Dwarf .

Results and Discussion

The results showed that in Baneh and Semi Dwarf cultivars, the increase in salinity levels caused a decrease
in vegetative indices, meanwhile the treatment of salicylic acid along with salt stress increased same indices.
Also, salt stress caused yield reduction in both Baneh and Semi Dwarf cultivars. By examining the qualitative
indicators, it was observed that titratable acidity and vitamin C increased with salt stress and salicylic acid
treatment in both cultivars. In terms of physiological indicators, the amount of proline increased at different
salinity levels with salicylic acid treatment, but the amount of leaf chlorophyll index decreased with the increase
of same condition.

Conclusion
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The results of testing the effect of salicylic acid and the effects of salinity stress on vegetative, quantitative,
qualitative and physiological indicators in Baneh and Semi Dwarf tomatoes showed a remarkable difference in
terms of significance. In terms of vegetative traits; Plant height, leaf area index, shoot wet in Baneh and Semi
Dwarf cultivars decreased with increasing salinity levels of vegetative indices, but salicylic acid treatment along
with salinity stress increased same indices. Indicators such as yield, fresh weight of fruit, and percentage of dry
matter of fruit showed different responses to different levels of salinity and salicylic acid treatment. The fresh
weight of fruit increased with the application of salicylic acid. Also, salt stress caused an increase in the
percentage of dry matter of the fruit. But salt stress caused yield reduction in both Baneh and Semi Dwarf
cultivars. In terms of quality indicators; the amount of titratable acidity and vitamin C increased with salt stress
and salicylic acid treatment in both cultivars. In terms of physiological indicators, the level of proline increased
across various salinity levels with salicylic acid treatment. However, the leaf chlorophyll index decreased with
rising salinity levels, even in the presence of salicylic acid treatment. Overall, salinity stress caused a decrease in
most analyzed traits in the Baneh and Semi Dwarf cultivars. Nevertheless, it led to improvements in certain
quality traits. Additionally, salicylic acid treatment enhanced the mentioned indices in most of the examined
traits in both cultivars. Therefore, considering the positive effects of salicylic acid treatment on Baneh and Semi
Dwarf cultivars under salinity stress conditions, its use is recommended.
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KNO3
Ca(NOs)2
MgS04.7H20
KH2PO4
Fe-EDDHA
MnCl..4H20
H3BO3
ZnS04.7H20
CuS04.5H20
H2M004.H20
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24
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The index above each column indicates the standard error.

Syl A el sid 5155 oyl 1) 5g5 slacdl o Ol Las
9 JS siwgid (I3l g Sy pdaw 55 il el dpnl Slowlo
S9,m6 lySl e e olS 40 Siid odlo oot sl doriyd
Ol ial38l S le (YD d Wlgh o Ay el Sl
OBl g 45 Bl ok 135 g (cetn po Bblie )3 prnds
Sl Sileadlo 15U ol Son 5 o] 5505 s 9 35,5 o0 A5
Piri et al., ) l)Led g gy 2l &L sloys0y0n plu p
LS )5 5 5 el 58 ol mgs, 5 (2018
» sials (Kiani & Mirlatifi, 2012) cowl olS > S o
Sy e (2L Jgeme by (6)58 a3 alsa plul A3,
tow asli jials Db e 00l guusgs dBle Wby I ulejl o
Sy ol ot J1 oy Sl o (6998 S5 1> Sy
S i A8l Jsbo dogs o Site 8IS ol e
e plaslas ady) jl S Jlawl cas s LS 3 &S sy oo
UMJJU.CLJMLUA&N‘_;‘):LQ&)JQP)M)E)]W

mie Sy s el el e Colg 3 g Sy ady Sal

(V Jgiz) ooy uilyly o 5l Jools mlss s 4295 L

9 o559 o559 )15l )b e pebodn S aw a3 ls
X (659 X i} g ol Sl X (6508 Lilate il il yiron
Sl el s lie soy SO el pa 3 sl Sianndlo
X 9 9 S9=b X e Jlite Syl g dl Skl
OSbe dunlie a8 HI dxe Sy pdaw (23ld el Sdowdls
S ob (L sl Sl 5 (5393 5 G Slosd Sy
9] 4 boiye Sy o (a3lS e (368 g (il o
Semi 5 (6)5-5 i 9 dewl Slwdlw b o )lows Baneh
s ei NaCl Yo o LoVe (gy5b o > Dwarf
Y J52) 103,85 S s a3 1 (698 I3l o sl
OB plp 3 Sjelshiee slagel sl | (o S gdaw ials
2 el (b olS o ey iz g ASb e (6598



VFeX oyl oF oylods ¥V aler (6559l @abo g pole) SLEL pole 4y ,is  AYA

Safari ) sgd o Sy e w jial S el godly jial S

.(Mohamadieh et al., 2014

16000
514000 a
512000

LV

abc

i

8000

Leaf

6000
4000
2000

0 b

2 £10000 bcde  bed

(e yole i ials 5k il (g)ad (il Cpioren D)

ab BSAOmM) BSA L{mM]

bed
bed

] dl

NaCl O(mM)  NaCl 35(mM) NaCl 70(mM)  NaCl 0O(mM) NaCl 35(mM) NaCl 70(mM)

Baneh

oy

T dan - s
NipdasoT eln LTl

Semi Dwarf

Tomato genotype

SNydda oS olS S (AL 1 (MM) sl Syl x (MM) NaCl' g ygu5 < (Semi Dwarf g Baneh) caisis ails auw J1-Y JSS
Figure 2- The triple effect ofcultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) xsalicylic acid (mM) on the leaf area index of

tomato plants (DMRT, p<0.05)
The index above each column indicates the standard error.
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Figure 3- The interaction effect of cultivar (Baneh and Semi Dwarf) xsalicylic acid (mM) on the fresh weight of tomato aerial

parts (DMRT, p<0.05)
The index above each column indicates the standard error.
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The index above each column indicates the standard error.
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Figure 6- The interaction of cultivar (Baneh and Semi Dwarf) xsalicylic acid (mM) on the dry weight of tomato aerial parts

(DMRT, p=<0.05)
The index above each column indicates the standard error.
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Table 3- ANOVA for the effect of salicylic acid application on the quantitaive traits of two tomato cultivars under salinity

stress
©la e a0be
e 1 @y’ Mean squares
et b <351 ) 09m0 3 Oy
s.oVv 7 o Sles Dm0 S 3le oy 900X
df Yield Fruit dry matter percentage Frmt_ fresh
weight
% 1 183 0.813" 445.95%*
Genotype
70 2 15505* \Y/sas*x 17.83"
Salinity
'\"“’_‘ L“ 1 1668™ 0.376"™ 15.75M
Salicylic acid
S9N 555 2 80869** 3.201* 6.2
Genotype x Salinity
Aol Sl X o35 1 5621 0.169" 90.37*
(Cultivar x Salicylic acid)
Sl Sl X 590 2 18880 0.948™ 11.88™
Salinityx Salicylic acid
Al bl (59 i 2 20981 0.626" 25.35
Genotype x Salinity x Salicylic acid
e - 12329 0.886 24.417
Error
o3 B g ) Jlein] o )3 (610 me (g3 xe pie i Ay T g #H S

ns **and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 7- The interaction effect of cultivar (Baneh and Semi Dwarf) xsalicylic acid (mM) on the fresh weight of the tomato

fruit (ODMRT, p<0.05)
The index above each column indicates the standard error.
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Figure 8- The interaction effect of cultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) on the percentage of fruit dry

matter in tomato (DMRT, p<0.05)
The index above each column indicates the standard error.
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Figure 9- The interaction effect of cultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) on the yield of tomamto (DMRT,
p=0.05)
The index above each column indicates the standard error.
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Table 4- ANOVA for the effect of salicylic acid application on the qualitative traits of two tomato cultivars under salinity

stress
©lapo (a0ke
S palio RS Mean squares
S.0.vV df IR0V P Y vovt) Jodk g FI VR VW)
Vitamin C Titratable acidity
55 1 173.7%% 50.62*
Genotype
S5 2 32.8%* 245.8%*
Salinity
el Sl 1 41.8%* 40.46™
Salicylic acid
GopdX o8l 2 7.9% 23,57
Genotype x Salinity
Al Sl X 35 1 3.2 30.31"
Cultivar x Salicylic acid
el Sl X 593 2 12.8* 35.8
Salinityx Salicylic acid
Genotype x Salinity x Salicylic acid
> - 4.8 13.15
Error
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Figure 10- The triple effect of cultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) xsalicylic acid (mM) on the titratable

acidity of tomato fruit (DMRT, p<0.05)
The index above each column indicates the standard error.
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Figure 11- The triple effect of cultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) xsalicylic acid (mM) on the vitamin C
content of tomato fruit (DMRT, p<0.05)
The index above each column indicates the standard error.
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Table 5- ANOVA for the effect of salicylic acid application on the physiological traits of two tomato cultivars under salinity

stress
Olaspo (uilo
QU It «d31 4> ,5  Mean squares
S.0.Vv df RRITY Judg IS ol
Proline Chlorophyll index
%) 1 669™ 0.817"
Genotype
‘5”“ 2 11650** 170.57**
Salinity
el Sl 1 29.6" 5.464"
Salicylic acid
S9N 58 2 1208 10.495%*
Genotype x Salinity
Sl Selgello X g 1 31391 17.810%*
Cultivar x Salicylic acid
Sl Sl X (55045 2 88.54* 2.362"

Salinityx Salicylic acid
Sl Sbndlos X (6548 X i)

. A 278.8™ 8.779*
Genotype x Salinity x Salicylic acid
s - 2005 1.647
Error

# #w NS
¢

Baopd B gV Jloxs] e 10 (61 gme (g )b re pie i g
ms **and *: non-significant, significant at p<0.01 and p<0.035, respectively.
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Figure 12- The triple effect of cultivar (Baneh and Semi Dwarf) xNaCl salinity (mM) xsalicylic acid (mM) on the leaf
chlorophyll index of tomato (DMRT, p<0.05)

The index above each column indicates the standard error.
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Figure 13- The interaction effect of NaCl salinity (mM) xsalicylic acid (mM) on the leaf proline content of tomato (DMRT,
p=0.05)
The index above each column indicates the standard error.
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