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Table 1- ANOVA of some growth charectristics of Lycopersicum esculentum under salinity stress using Azealic acid

application
Ol o (Sle
Mean squares
a
Ol i 2be 833 5 0 Sid ST el
PSS }) PO (533} XE ol XP XE
Source of Degree b LuALS S aday p 39 " Ol 1 | Ol ol
. . ) - %) S .3 .
variation of o,lsls  Root fresh PR . Jyé o995
freedom Shoot weight Root dry Sodium Antioxidant Phenol  Proline
cedo fresh Shoot weight activity
weight d.ry
weight
3T
Salinity 3 0.45266™  0.30760°  0.40395" 020396 41.7517° 0.03687" 356795  4.2113"
(S
STl
Azaleic acid 3 0.55251™  0.64935"  0.29450° 0.02581™  19.3076" 0.09309" 16.1407°  12.8300°
(A)
MI)TM‘XJ)W * * * * * * * *
SxA 9 1.47647 0.35318 0.36186 0.04339 62.2026 0.06837 9.87294"  19.0494
s - -
30 0.76582 0.15593 0.12142 0.03019 1.094E 1.094E-08 1.094E 0.3625
Error 08 08

2oy O Jlain] gdaw )3 5 gxe BT i > gme BMA] 354 pas S
ns: no significant , *: significant at 5%
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Table 2- ANOVA of some photosynthetic charectristics of Lycopersicum esculentum under salinity stress using Azealic acid

application
Sl o (Sl
i e s Mean squares
o l‘..".'."s & - st,}i . 1,5
Sy R ) R L X .
Source of Degree b5 o3 55 ol 1 b e dedg ls Wil dge Cylas
variation of - Photosynthesis . irati o ol Stomata Mesophyll
freedom  SPAD rate ranspIration - g jwy conductance Conductance
value PWUE
5)9‘:) * * * * * * *
Salinity 3 5.1704 25.6235 3.90410 52705.5 0.61127 0.00196 0.02430
)
A.{.SJ])]A.:“JI * * * * * * *
N 3 12.4330 3.13019 6.81392 9190.27  0.39303 0.00196 0.01959
Azaleic acid (A)
Sl alX W * * * * * * *
- )S-‘::A <oz 9 3.9524 43.4831 3.23599 82445.2°  0.32359 0.00122 0.02730
s * 1.131E- * * *
30 2.2098 1.094E-08 1.094E-08 * 0.02746 1.094E-08 1.094E-08
Error 08
o pd B Jleis] o )3 o me G i )by sxe MBS 2459 pas MS
ns: no significant , *: significant at 5%
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Table3- Effect of salnity levels on shoot, root fresh and dry weight, sodium, proline, antioxidant activity and phenol in
tomato plant

o5
X i o T e e
8, lwi L SS9 piy oy Sk gy o) e o .ij Jed olie odan ol
TR ) ) esls (o) (ef)am,  onres RIS )
‘5’9‘“’ Shoot Shoot dry Root fresh Root dry (s (2 Phenol Proline
Salinity fresh weight weight weight Sodium  Antioxida (ppm) (ppm)
levels weight ) ) ) (mg/g nt activity
@) dry (%)
weight)
SO 5.96a 1.07b 0.81b 0.18b 4.12¢ 0.79b 1.78d 6.92a
S1 3.33a 1.18ab 0.82b 0.21b 1.21d 0.75d 2.73¢ 5.85b
S2 3.07a 1.07b 0.83b 0.28b 5.01b 0.78¢ 3.67b 5.8b
S3 3.35a 1.41a 1.19a 0.47a 5.29a 0.88a 5.79a 5.61b
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In each column means followed with similar letters are not different at 5% level of probability based on LSD test. (control: SO,
Salinity 100: S1, salinity150: S2, salinity200: S3)

34055 LS Joid (yl5me 9 oS T 55T Cdlad cpian () jue cduiis g 0yl Wi Ui g 35 (39 39 Sl Sl zobw il —£ Jgus
Table4- Effect of azelaic acid on shoot fresh and dry weight, root, sodium, antioxidant activity, proline, phenol in tomato

plant
. X
PR3 o I
| RSl Sop wdngon  Sabgy  Gele "’;’ s ol ol ol
.w: (#55) (055) o)L (#55) (p5) aia,  Cigpes Pl (el2es) (#22s?)
- Shoot Shoot dry Root fresh Root dry (s (3o Phenol Proline
azelaic fresh weight weight weight Sodium  Antioxida (ppm) (ppm)
acid weight () () ) (mg/g nt activity
®) dry (%)
weight)
Az0 2.96a 1.14b 0.96ab 0.25a 5.11a 0.67d 6.94a 5.54d
Azl 3.33a 1.52a 1.11a 0.25a 4.28b 0.83¢c 4.74c 3.48b
Az2 3.07a 1.04b 0.78b 0.25a 4.15¢ 0.87a 5.68b 2.79¢
Az3 3.35a 1.03b 0.8b 0.29a 2.09d 0.84b 6.81a 5.17a
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In each column means followed with similar letters are not different at 5% level of probability based on LSD
test.(control: Az0, 8: Azl, 16: Az2, 24: Az3 mgr/lit azelaic acid)
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(0 Jga2) cudlis (5o sine yueis AZ ilee 9l olie i Bl il 8l 5,85 5 g plalS
Oy 450 Lt dl SN 30 o0 (5ttngtd Ol i 2 S5tog O Bras 255 S1)> Jdo)lS (lsime 5 puias 5lo
Colin cgtiwg Ol Byme LS gt o kS (slsie (¥ Jgiz) 45 osnlia S,
5 Ay > (sinyslh Judo)lS 5 AZy > (dgie 5 s, Ol ($3tgtd 5 gy Oloxiuo Syl Sl ol
Joiz) 8 o Jlade iy AZy ) 5 cusly Sl AZs AZy > aiy § 0js 5 o)ldl iS5 5 (s ke &S 30

(g 2 ooy Ol ooyidn 9 AZO 1 g e oline cp S g



Y4\

S P giS g (i gy Dlogad y1 (5 )gib (i byl pd 50 Al SLIGT 8 ) gy

BSOS (Gimgd S adld 1 (55940 Tobw #U -0 o>
Table 5-Effect of salinity levels on Photosynthesis characteristics of tomato plant

Sl B o )5

Colaa
oy Jw:s-:o)}?éwsﬁ o)y ol $0955w) S gl ke isa) ““:‘“ Jge (o) kg o
) k995 Sl &0 3COy ) J o REP e P& Fe
sl S (sl 535 (e TETST osmesiss oslenli byl (a6 e
azelaic acid SPAD Photosynthesi T, ol (Fv/Fm) Stomata N
value 0 o:g; ests (Transpu:?tlf)l? (- P‘{;QU&EWJ. conductance C%?gﬁlc)tl;):lce
(pmolm’s™) (mmolm ™ s (1molCO,mol (mmols™) (mmol?Ozm'zs'
H,0™) )
SO 4.42ab 14.46b 1.59¢ 20.56b 0.09¢ 0.47a 0.02b
S1 5.01a 12.37b 1.64b 17.67c 0.63a 0.27c 0.01c
S2 3.45b 14.66a 1.03d 20.94a 0.35b 0.2d 0.1a
S3 0.42b 14.04ab 2.42a 16.82d 0.27b 0.42b 0.01d
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In each column means followed with similar letters are not different at 5% level of probability based on LSD test.(control: SO,
Salinity 100 mM: S1, salinityl 50 mM: S2, salinity200 mM: S3)
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Table 6- Effect of azelaic acid on characteristics of tomato plant

Ol B o )5

JgoasSue)fhawgd 1) s 5 e $095e) gl cho)diie Calan oy 1) dgse
_ Judg IS glyione Erie €0 e e J R ey A& R
Sl S (sbw! 2a¢) (a4 o (s . RS weSigd o9l Judg 5 (4l (s
azelaic acid SPAD Photosynthesis (ancoiation (91 Jgs o (Fv/Fm) Stomata Mesophyll
value rate P 1 PWUE conduc}al{ce Conductance
(umolm™s™) (mmolm™s (nmolCO,mol (mmol” ™) (mmolCO,m’s
H,0™) )
Az0 5.32a 12.75d 1.55b 18.22d 0.11c 0.32b 0.09a
Azl 4.79ab 13.34b 2.72a 19.06b 0.28b 0.52a 0.01d
Az2 3.77bc 13.18¢c 0.93d 18.83¢ 0.44a 0.22d 0.02¢
Az3 3.05¢ 13.98a 1.48¢c 19.98a 0.52a 0.3¢c 0.03b

P eSS e cutn AZ] wals Az0) susb o0 LSD (yge5l wlol yr 2o p> & grdaws )3 55 ime glis (gl sitann oglisto ygiar o 50 By 5 p3 &S olapSSle
(sl ST 2 53 258 ol 9 Comy AZ3 (2 3 25 o 035l AZ2 (2]

In each column means followed with similar letters are not different at 5% level of probability based on LSD test. (control: Az0, 8
mg/l: Azl, 16mg/l: Az2, 24 mg/l: Az3 azelaic acid)
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Figure 1- Interaction effect of salinity x azelaic acid levels on Shoot fresh weight(a), shoot dry weight (b)(control: Az0, 8 mg/l:
Az1, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM: S3)
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Figure 2- Interaction effect of salinity x azelaic acid levels on root fresh weight(a), root dry weight (b)(control: Az0, 8mg/l:
Az1, 16 mg/l: Az2, 24 mg/l: Az3 mgr/lit azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM:
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Figure 3- Interaction effect of salinity x azelaic acid levels on stomata conductance (a), mesophyll conductance (b) of tomato
(control: Az0, 8 mg/l: Azl, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, Salinity 100 mM: S1, salinity150 mM: S2,
salinity200 mM: S3)
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Figure 4-Interaction effect of salinity x azelaic acid levels on Proline (a), antioxidant activity (b) of tomato (control: Az0, 8
mg/l: Az1, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM:
S3)
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Figure 5- Interaction effect of salinity x azelaic acid levels on spad value (a), Fv/Fm (b) of tomato. (Control: Az0, 8 mg/l: Azl,
16 mg/1: Az2, 24 mg/l: Az3 azelaic acid, control: S0, Salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM: S3)
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Figure 6- Interaction effect of salinity x azelaic acid levels on photosynthesis rate (a), transpiration (b) of tomato. (Control:
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Introduction: Soil salinity is a global problem that affects approx. 20 % of irrigated land and reduces crop
yields significantly. Since, salinity is one of the most important abiotic stress and limiting factor for plant growth
all around the world. It is necessary to find some way to ameliorate these damages. The physiological responses
of a plant to salinity are often complex and multi-faceted, which makes experiments difficult to design and
interpret. At basic level, the response of plants to salinity can be described in two main phases: the shoot ion-
independent response occurs first, within minutes to days, and is thought to be related to Na'sensing and
signaling. Tomato is one the most popular crop in open door and greenhouse cultivation which could face with
salinity stresses. Salinity with inducing osmotic stress could have irreversible damages on plant growth and
function. Three main salinity tolerance mechanisms have been proposed: on exclusion — the net exclusion of
toxic ions from the shoot; tissue tolerance — the compartmentalization of toxic ions into specific tissues, cells and
subcellular organelles; and shoot ion-independent tolerance — the maintenance of growth and water uptake
independent of the extent of Na'accumulation in the shoot. In order to face with stresses plant make some
internal signals which cause producing different compound and inducing stress resistance. Salicylic acid is one
these resistances induced agent. Azealic acid is an organic compound which could increase salicylic acid
accumulation in plants.

Materials and Methods: So that, the present experiment was conducted to evaluate the effect of azealic acid
and saline irrigation on tomato vegetative and photosynthetic parameters in factorial design based on CRD with
three replications. The treatments were salinity level (0, 100, 150 and 200 mM) and azealic acid (0, 8, 10, and 24
mg I""). The experiment was conducted in pot and in the greenhouse. Gradually in a week salinity treatments
applied for plants after that each week once azelaic treatments also applied in each plant. Two weeks later each
gas exchange parameters and all parameters needed fresh plant were measured and at the end all parameters with
dry matter measured. The photosynthesis traits like transpiration, photosynthesis rate, mesophyll conductance,
stomata conductance some stress indices like proline and antioxidant phenol were measured.

Results and Discussion: Results indicated that with increasing salinity level biomass production reduced. It
seems that with azealic supplement especially in AZ, treatment with improving photosynthetic water use
efficiency, stomatal and mesophyll conductance has positive effect on photosynthesis. Under low salinity level
azealic acid was an effective treatment in photosynthetic parameters although when salinity exceeds more than
100 mM photosynthetic parameters even with azealic acid application reduced. Azealic acid causes a kind of
osmotic balance following that the proline content of these treatment reduced. In all salinity levels when azaleic
acid applied the phenolic compound increased significantly and the highest was in AZ3. Azaleic acid reduced the
Na concentration of leaves it causing the most tolerate reason against salinity when the azaleic acid applied.
Although the photosynthetic rate increased with azaleic acid it is not because of chlorophyll content, because the
chlorophyll content decreased with azaleic acid. The increase of photosynthesis could be due to decreasing Na
concentration of leaves and increasing defense system of plants. Chlorophyll florescence decreased even with
azaleic acid in salinity, it means that azaleic acid cannot completely compensate the stress harmful effect. The
growth was improved with azaleic acid in salinity; the improvement was greater in root weight compare with
shoot weight. Azaleic acid not only prevent decreasing the weight but also improved them in salinity. In defense
system of tomato it seems that antioxidant and phenol content were more effective than proline because they are
increased with azaleic acid in saline condition effectively compare with proline.

Conclusions: Finally, it seems that until 100mM salinity level azealic acid with maintaining gas exchange
capacity in optimum level and inducing osmotic balance could reduce salinity damages. Conclusively, when
azaleic acid was applied in 8mg/l that it improved photosynthetic traits like stomata conductance, mesophyll
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conductance, and photosynthetic water use efficiency compare with control. Azaleic acid can improve the
photosynthetic traits when salinity was in low level like 100mM. Proline which is amino acid role as a defense
system of plants increased the osmotic adjustment in plant in response to azaleic acid

Keywords: Azealicacid, Organic acid, Salicylic acid, Saline water



