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Table 1- Elements used for preparing of nutrition solution for bell pepper

Le Sy Le Sye
EI:r:ents Content (g) Elgents Content (g)
2500 litter nutrient 2500 litter nutrient
e i Al
o 650-2400 ol o 125-300
Magnesium sulfate (MgSO?% FeEDTA
yie 38 15-48 9 < 20-54
Manganese EDTA Zn EDTA
o 3-10 oo 2K 2-6
Born Cu ETDA
e Sl 051 el s 0-25
Sodium molybdate (Na2MoO4) Ammonium nitrate (NHa)(NOs)
s .. ol ol s
DAond el 750-1800 R 900-1000
Monopotassium phosphate (KH2POa) Potassium nitrate (KNO3)
ety Sl 250-600 el Sl 1140-1500

Potassium sulfate (K2SO4)

Calcium nitrate (Ca(NOs)2)
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Figure 1- The effect of salinity on leaf No. per plant of bell pepper (Tukey, p<0.05)
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Table 2- ANOVA (means of squares) for the effect of salicylic acid and humic acid on vegetative and reproductive
charactrictics of bell pepper under salt stress

43 039
53] "
o 5 o SIS 50 )
Oy polio o M 1:’9 ol sy S5 o9 des ol olaxs olas el e
) =) » Js 55 ° S & <.
150 ! Fresh 90 90 Pd ¥ .
Source of ¢ d f) Dry Fr_esr?t “g » weight of Fruit Total Flower Fruit Leaf Plant Q;UZADM
variations weight gﬁ%ot 'n;u whole Weight yeild No. No. No. hight
of welg! plant
root of arial
parts
)I’SQ . 2 0.08 0.26 0.034 0.155 0.005 0.22 0.082 0.114 0.696 0.241 2.89
Replication
M‘ s L‘) ns ns ns
T 2 091™ 0.05™ . 0.45% 051™ 1.44% 0.09™ 70.13* 1157 ™
Salicylic Acid (A) 0.04 0.24ield4 1.591
KWRPE WS ns ns
- i 1 058"™  1.32** 235"™ 0.04 " 6% 0.02™ 048™ 09m™ 41.43™
Humic Acid (B) 0.16 0.001
XSl Sild o
Sl Ko 2 02™ 055™ 0.3* 1.54 ™ 0.16 ™ 438" 1.29% 0.74" 3.05* 3.24 " 415"
AxB
S5 2 0.86*  4.18* 0.7* 3.55* 0.05"™ 9.96* 032™ 1.03™ 2.59* 17.81™
Salt (C) 29.46
d)}wx“\f'm‘ WL‘) " ns ns ns £ ns ns ns ns e ns
AXC 4 017 1.04 0.02 1.12 0.32 0.43 041 0.44 0.4 18.85 9.92
a ns
a9l Sz 2 02™ 001™ 001" 0.30"™ 0.04" 2.05™ 038"™ 1.78™ 279"™ 10.82 ™
BxC 0.085
ol Slpudlis N
(89X dmol Spoga 4 011 0.93"™  0.05"™ 09" 0.09"™ 17 0.28™ 012" 077"  46.46° 20.08 ™
AxBxC
Elb 34 0.17 0.88 0.05 0.66 0.08 1.68 0.37 0.28 0.56 16.77 10.73
rror
u";} ;’w 18.02 19.97 10.11 11.6 11.26 22.92 17.84 22.62 12.24 10.54 11.64
0

", *and **: Non significant, Significant at the 5% and 1% probability levels using Tukey test, respectively.
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Table 3- Effect of salicylic acid and humic acid on Number of leaf in pepper

Lo Seogh o .
Treatments H”gm Acid (3' )
0 42.66° 40.11°

Sl Sl 1 35669 34.44¢

Salicylic Acid (mMm) 2 32.22°  46.88°
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Figure 2- Effect of salinity on fresh (a) and dry weight (b) of arial parts of bell pepper (Tukey, p<0.05)
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Figure 3- Effect of salinity on root fresh (a) and dry weight (b) of bell pepper (Tukey, p<0.05)
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Table 4- The effect of salicylic acid and humic acid on humber of flower and fruit in bell pepper under salt stress

Sopd
Salinity (mM)
0 50 100
Seogad Sy Soged o] Seogad S
Ly loud Humic Acid (gl Humic Acid (glh) Humic Acid (glt)
Treatments 0 5 5 0 5
FKeY) FIKeY) KeY) FIKeY) Sy Key) FKeY] KeY) KeY) LKeY] FKeY) FKeY)
ﬁ 59.30 J? b%.o J’f b”n J’f 09.3.9 J’f 59.30 ﬁ b%.o
Flower Fruit Flower Fruit Flower Fruit Flower Fruit Flower Fruit Flower Fruit
No. No. No. No. No. No. No. No. No. No. No. No.
Swdlo 0 106bd  O°  116bd  9a  7.3d ¥ 96cd 23d 1203bd O 103bd &3
' ad ad ad ac
S
=1 11bd >0 143ac %0 13bd %% 17 %% gecd P 163a0  4cd
Salicylic ad ab ac ac bd
Acid 6.6 53 4.1 6.3
(mM) 2 86cd ac 226a 5ad 8.3cd 4cd 146ac ad 9cd cd 15 ac ac
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20yd 0 i) grdaw )3 (S5 9051 (bl o ze MBI pas S5l gt yb 53 dlie gy
S0 s o5 (g1add Jal oS (Wge/0,5) 2,500 1 enslSpo g 9 Sl Sl Ls 535 -0 Jou
Table 5- The effect of salicylic acid and humic acid on yield of bell pepper (gplant?) under salt stress
S
. Salinity (mM)
(F
ses 0 50 100
Treatments Humic Swogad sl Humic Swogad sl Humic Sogad S|
Acid (gl Acid (glh) Acid (gIh)
0 5 0 5 0 5
ol Sdedlws O 41.6ad 52.8 ad 33.6ad 22.1d 23.9d 38.6 ad
T 1 25.7 bd 544 a 30.7 ad 29.1 ad 25.4cd 245d
Salicylic Acid
bac 4 al . 7 a . 9s
(mM) 2 50.6 38.4 ad 19.5d 37.7 ad 26.9 bd 33.9sd

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 6- ANOVA of the effect of salicylic acid and humic acid on minerals absorption in bell pepper under salt stress

a4 . L ) p s
Oyt galio - FECRIRNY L ds 85 oy AL o
Source of varuations 3! Fe (arial parts) Ca (arial K (arial parts) Na (arial
df parts) parts)
’I’S“ . 2 1450.17 ™ 630.18 ** 2003.93 980.82 ™
Replication
_Aﬁ“"_ N _L“ 2 2384.02 1578.96 ** 749.65™ 52790.63 ™
Salicylic Acid (A)
"\”fl &“"& 1 2384.02 1578.96 ™ 749.65 ™ 52790.63 ™
Humic Acid (B)
AxB 2 5293.26 ™ 2934.05 ™ 29767.33 ™ 35717.68 ™
9 2 44367.07 ™ 11763.47 ™ 29767.33 ™ 35717.68 ™
Salt (C)
AxC 4 8599.37 ™ 2885.24 ™ 323232 5699.44 ™
BxC 2 18510.63 ™ 661.69™ 9962.65™ 1759.02™
AxBxC 4 16714.08 ™ 4185.25™ 197.99™ 1167.44 ™
> 34 31.55 18.55 51.97 22.03
Error
S s 1.69 2.27 2.7 153
CV %

s *and **: Non significant, Significant at the 5% and 1% probability levels using Tukey test, respectively.
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Continue of Table 6- ANOVA of the effect of salicylic acid and humic acid on minerals absorption in bell pepper under salt
stress
. @y’ .
Oyt @lio 1 ady ) o2l Ay ) omlS Ay ) ey Akl ) o2
Source of varuations ddaf) Fe (root) Ca(root) K (root) Na ( root)
S5 o o - -
T 2 1746.68 5357.57 1127.11 1713.96
Replication
_’\*”‘_ o L 2 84793.7" 22969.93™ 56652.93" 41678.86™
Salicylic Acid (A)
’\"“_”l 6‘“”‘“ 1 48984.75™ 59826.77"" 208718.39™ 42830.21™
Humic Acid (B)
AxB 2 21050.71* 96212.43" 347746.57™ 11851.18™
S5 2 168770.05™ 27880.24™ 41323.07" 161110.21™
Salt (C)
AxC 4 14101.81™ 55106.59 ™ 41726.22™ 35701.03"
BxC 2 3094.93™ 23957.95™ 46583.81" 51763.14™
AxBxC 4 34731.73™ 18320.82"™ 20430.43™ 34018.93™
s 34 18.9 28.41 18.32 19.96
Error
St s 0.78 0.65 0.59 0.62
CV %

ns,* and **: Non significant, Significant at the 5% and 1% of probability levels, respectively
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Table 7- Interaction effect of salicylic acid xhumic acid on Fe concentration (mg kg* DM) in leaf of bell pepper under salt

stress
S 9
Salinity (mM)
P, 0 50 100
Treatments Seogad dua] Humic Acid Suoga sww! Seogad dua]
Humic Acid (g I') (gh Humic Acid (g I'Y)
0 5 0 5 0 5
0 2702i] 2705i 3804 ¢ 394.7 cd 502.1a 258.9]k
sl Sbedbo 0 Toggh 2568jk  246.3k 3126 402.1bc  384.3d
Salicylic Acid (mM) 2 264ij 32219 4105b 268.4 ¢ 354.7f 3589 ef

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20 O Jlais] pdaw )3 (S5 9051 wllp o me BMB] pae Silo ygiw b 5> dolidie gy
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Table 8- Interaction effect of salicylic acid x humic acid on Fe concentration (mg kg™ DM) in root of bell pepper under salt
stress
T
Salinity (mM)
Ly, Lous 0 50 100
Treatments Swogd ] Seogad ._xﬁ.wl _ Sngud s
Humic Acid (g I) H“r&"’l_ﬁc'd Humic Acid (gI%)
0 5 0 5 0 5

Sl 0 4747kl 47051 5147i 6084e 7084e 622.1d
M' i L 1 4806 262.1n 4484m 4821k 604.2e 574.7f
Salicylic Acid (MM) 2 486ih  526.3h 804.2a 572.6f 738.9b 5526
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.

ol 20yd 0 i) prdaws )3 (S5 905l (bl o dime BMB] pae Sily (giw ya 1> bt g y>
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Table 9- Interaction effect of salicylic acid x humic acid on Ca concentration (% DM) in leaf of bell pepper under salt stress

S
Salinity (mM)
Loy 0 50 100
Treatments LOVIVE V) Humic AcidSwogud sl Seogad duas!
Humic Acid (g I'Y) (g Humic Acid (g I')
0 5 0 5 0 5

0 19de 122k 1.68 gh 1.72fg 208e 242D

3l Sl Lo 1561  2.18b 1.82 ef 1.94d 204c  1.72fg
Salicylic Acid (mM) o 142 1.9d 1.62 hi 2.06 ¢ 244b  9.38a

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 10- Interaction effect of salicylic acid x humic acid on Ca concentration (% DM) in root of bell pepper under salt stress

Sy
Salinity (mM)
o 0 50 100
Treatments Seogud dus! Humic Acid Siogmd sww! S0 S|
Humic Acid (g IY) (gh Humic Acid (g I
0 5 0 5 0 5
0 424m  7.34j) 9.22¢ 9.86b 834g 1034a
Sl Selenndlus 81h  73i 8.56 f 8.04 h 10.34a 884e
SalicylicAcid (mM) 5 6121  7.42i 9.16¢ 8.58 f 664k  9.02d

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20 O il pdaw )3 (S5 g0l (bl > sime BM] pae Sily gtw yo )3 wlie gy
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Table 11- Interaction effect of salicylic acid x humic acid on K concentration (% DM) in leaf of bell pepper under salt stress

S 9
Salinity (mM)
Lo 0 50 100
Treatments S0 g dan] Humic ACid Syegad suw! Seogud ]
Humic Acid (g I'Y) (gh Humic Acid (g I'Y)
0 5 0 5 0 5
0 292d 2.04 ij 2.58¢e 2.22 gh 3.32a 2.32fh
(¥ _J‘f’)“ﬁ”_‘ Sebedbor 2.02j  2.06ij 2.3th 3.08 cd 33a  3.1hc
Salicylic Acid(MM) > 236fg  242f 2.18 hi 3.14 be 23a  3.26ab

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
Gl 3o p3 B Jloss] o 13 (S5 (905 Lol o ixe GMEB] pae ks (gt y2 50 alie g >

g i G glaodd Jal8 LS dulyy 5o (Suid dle o yd) pawly CAALE ] Saogad X ] Sl luw Joliie 51 -9Y Jou>
Table 12- Interaction effect of salicylic acid x humic acid on K concentration (% DM) in root of bell pepper under salt stress

&9
Salinity (mM)
o 0 50 100
Treatments Seogad S Humic Acid g sww! S0 S|
Humic Acid (g I'Y) (g Humic Acid (g I'Y)
0 5 0 5 0 5
0 7.82h 4.94m 8.22f 6.22 k 8.42e 4.88m
3l Sl Lo 9.82b  4.48n 7.96 g 6.02 1001a 8.72¢c
SalicylicAcid(MM) 5 63j  7.32i 6.04 i 8.62d 5981  8.28f

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 13- Interaction effect of salicylic acid x humic acid on Na concentration (mg/kg DM) in leaf of bell pepper under salt
stress
Different levels of Salinity Sy A gl
o 0 50 mM 100 mM
2 Soro 1 Humic Acid Swogu swwe! Snognd dws!
Treatments - 9"5 "*"" B i 9‘& il
Humic Acid (g/l) (g/l Humic Acid ( g/l
0 5 0 5 0 5
) 0 2389jk 3126f 242.11j 286.3h 314.7ef 362.1cd
(’Y"’_‘-A‘f’)"w.‘ el 1 22421 2505i 302.1¢g 378.9d 3589d 394.7a
Salicylic Acid (mM) > 2284kl 3221e  2505i 370.5bc  322.1ef 362.1cd

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 303 0 Jlain! gl 53 (S5 cy905] bl yls gixe BM] pas [ Silo yoiw p 40 liie g
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Table 14- Interaction effect of salicylic acid x humic acid on Na concentration (mg kg DM) in root of bell pepper under salt
stress
T
Salinity
L, los 0 50 100
Treatments Seogad dua! Humic Acid Sogud suww! LV IVERK V)
Humic Acid (gl (g Humic Acid (gl)
0 5 5 0 5
) 0 9147b 614.7ij 572.6 k 7989 e 796.8e 864.2c
’“‘" = Lo 554.71 578.9k 604.2 ij 766.3 g 7326h 7789f
SalicylicAcid (MM) 5 5305m  622.1i 738.9h 794.7 ¢ 818.9d 952.6a

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Introduction: Bell pepper (Capsicum annuum) belongs to solanaceae family, which is cultivated and
consumed in the world due to its high economic value. Bell peppers also have valuable nutritional and medicinal
compounds, including natural colors, antioxidants and vitamins A, B and E. Salinity stress is one of the most
important environmental factors limiting growth, which has very adverse effects on plant growth and yield.
Salinity stress reduced the yield of agricultural products due to the effect on the competitive absorption and
transfer of nutrients in the plant. Nowadays, the increased tolerance of plants to environmental stresses from
different pathways involve breeding programs and the use of plant growth regulators and organic substances. In
comparison to breeding methods that are often long-term and cost-intensive, it is easy and inexpensive to use
plant growth regulators such as Salicylic Acid (SA) and humic acid (HA).

Material and Methods: To investigate the effect of Salicylic Acid (SA) and Humic Acid (HA) on the
improvement of tolerance to salinity and absorption of mineral elements under salinity stress in greenhouse
culture, a factorial experiment based on Randomized Complete Block Design (RCBD) was conducted in Yasooj.
The first factor was SA in three levels (0, 1, and 2 mM), the second factors HA in two levels (0 and 5 g I'%), and
the third factors salinity in three levels (0, 50, and 100 mM). The bell pepper seedlings cv. California were
obtained from a commercial producer and planted in 4-liter plastic pots containing perlite and cocopeat (1:1) in
2015. Plants were grown in a hydroponic greenhouse with day/night temperature (24.3 and 15.4 °C) and 60 to
80% RH in the village of Nahrgah in Yasouj. After the plants were established (having about 4-5 leaves),
sodium chloride salt was used in the concentrations of 0, 50, and 100 mmol in the nutrient solution for salinity
stress. To prevent a sudden shock, the first one week all the pots were irrigated with a 10 mM-food solution and
in the second week with a 25 mM salt solution. After that, the plants irrigated 50 and finally 100 mg of sodium
chloride. Traits such as plant height, number of leaves, number of flowers, number of fruits, and average fruit
weight, and yield, fresh and dry weight of leaf were measured. The content of K, Ca, Fe and Na elements in the
leaves and roots of treated and untreated plants were measured by an atomic absorption device equipped with a
graphite furnace system. Data analysis (ANOVA) was performed using MSTAT-C statistical software. The
means were compared with the Tukey test (P< 0.05) and the graphs were plotted with Excel.

Results and Discussion: Results showed that the salinity has negative effects on growth factors. The
application of HA and SA reduced the negative effects of salinity and increased growth parameters. The
application of HA and Salicylic acid increased the number of pepper fruits under salt stress conditions. The
highest number of fruits was obtained in the plants treated with 5 g I'* HA and 2 mM salicylic acid compared to
the other treatments. The results of this experiment showed that the application of HA and Salicylic acid had a
significant effect on the content of mineral elements in the leaves and roots of sweet peppers under salt stress.
The highest amount of Fe was observed in the leaves of pepper plants treated with 100 mM and the lowest in
untreated plants. The highest amount of leaf calcium was obtained in peppers treated with SA 2 mM and HA 5 g
I* in comparison to other treatments. Application of SA 1 and 2 mM increased the concentration of calcium of
the leaves and roots of the pepper plant. The highest root potassium were obtained in plants treated with 5 g I*
HA and 1mM SA at salinity level of 100 mM in comparison to the other treatments.

Conclusion: Salinity is an environmental factor limiting the production of crops in plants. According to the
results of present study, it can be concluded that salinity reduced the growth parameters of the bell pepper plant.
The use of SA and HA increased bell pepper tolerance to salinity and improved the vegetative and reproductive
characteristics and absorption of mineral elements. Therefore, the application of HA 5 g It and 2 mM SA is
suggested to reduce the negative effects of salinity stress on bell pepper.
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