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Introduction

Plants are sometimes exposed to several stresses during their growth and development. Salinity stress is one
of the most common abiotic stresses that significantly reduces the growth and yield of most plant species. A
large part of the soils and a significant volume of all water resources in Iran are affected by salinity to varying
degrees. Due to the rapid population growth and the need for more food and the water crisis, the use of
unconventional water such as salt water or wells and treated wastewater in agriculture has received more
attention. Soil and water salinity is one of the integrative problems in agriculture and is one of the most
important barriers to crop production in the world. Salinity stress reduces the ratio of carbon dioxide to oxygen
in the leaves by closing the leaves stomata and prevents the stabilization of carbon dioxide. Under these
conditions, the formation rate of reactive oxygen species in chloroplasts and mitochondria increases, the
electrons produced react with oxygen by photosynthesis and lead to the production of oxygen free radicals.
These affects the growth, yield and quality of agricultural products. The use of antioxidant compounds can
moderate the effects of this stress. Many compounds have been used to reduce the harmful effects of salinity
stress. Ascorbic acid is a water soluble antioxidant and has some effects on plant resistance against
environmental stresses by neutralizing free radicals. Researches showed that ascorbic acid increased plant
resistance on various stresses such as salinity and drought. It has been widely used to control the effects of
salinity stress. The aim of this study was to investigate the effect of ascorbic acid on resistance to salinity stress
in bell pepper seedlings.

Materials and Methods

This study was done as a factorial experiment in a completely randomized design including ascorbic acid
treatment (0, 1, 3 and 5 mM) and salinity stress of sodium chloride (0 and 100 mM) in 3 replications. The seeds
of bell pepper Cv. California Wonder were planted in a seedling tray containing cocopeat. After emergence of
cotyledons, they were fertilized with complete fertilizer (N20, P20, K20). At the stage of three true leaves the
salinity treatment were started. One week before the beginning of salinity treatment, ascorbic acid was sprayed
on plants and repeated two more times by seven days interval. Salinity treatment was applied by irigation for
three weeks. After producing 5 leaves, a few growth properties (plant fresh and dry weight, root fresh and dry
weight, leaf number and leaf area), biochemical characteristics (amounts of total chlorophyll, proline, soluble
proteins, ion leakage and malondialdehyde and activity of Catalase an Proxidase enzymes) and amounts of some
elements (K, P, Na, Fe, Zn and Cu) were measured.
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Results and Discussion

Based on the results, the simple effect of salinity stress, ascorbic acid and the combined effect of them on ion
leakage and amounts of malondialdehyde were significant at the level of 1% probability. Salinity stress increased
the amounts of ion leakage and malondialdehyde and application of 5 mM ascorbic acid reduced the amount of
these traits to 41.01% and 46.58% compared to the control respectively. The effect of salinity stress, ascorbic
acid and the combined effect of them on the concentration of proline and chlorophyll in the leaves of bell pepper
were significant at the level of 1% probability. Salinity stress increased the amount of proline but decreased
chlorophyll and leaf protein of pepper seedlings and application of 5 mM ascorbic acid increased them to
79.42% and 46.57% compare to control respectively. Under salinity stress the uptake of iron, zinc, copper and
phosphorus decreased; using of 5 mM ascorbic acid increasing accumulation of these elements in leaves .On the
other hand ascorbic asid could decrease the amounts of sodium accumulation in seedling's leaves. The results
showed that, salinity decreased growth indices (number of leaves, leaf surface, fresh weight of roots and plants)
and ascorbic acid reduced the effect of salinity stress on growth parameters. Under salinity stress, 5 mM ascorbic
acid treatment increased the leaf surface to 36.30% compared to salinity without ascorbic acid tretment. The
effects of salinity stress and the combined effect of salinity stress and ascorbic acid on the amount of catalase
and peroxidase enzymes were significant at the level of 1% probability. The effect of ascorbic acid was
significant for catalase at 5% probability level and peroxidase at 1% probability level. Although salinity
increased the amounts of the antioxidant catalase and peroxidase enzymes but ascorbic acid could increased the
activity of them in saline condition.

Conclusion

It seems that application of ascorbic acid as an antioxidant could reduce the effects of salinity stress by
increasing the activity of catalase and peroxidase enzymes, reducing sodium uptake and increasing the uptake of
phosphorus, potassium, iron, zinc and copper. These could have positive effects on the growth parameters of bell
pepper seedlings in salinity conditions. Generally, on based of obtained results, spraying 5 mM Ascorbic acid on
bell pepper seedlings modified the resistance of them in salinity stress conditions.
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Capsicum annuum cv. ‘California Wonder’ seedlings
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Table 3- ANOVA (mean squares) for the effects of salinity and ascorbic acid treatments on physiological characteristics of

Capsicum annuum cv. ‘California Wonder’ seedlings
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SOV &33! Total Proline =Y Catalase Peroxidase malondialdehyde
~ DE chlorophyll Soluble EC enzyme enzyme
protein
Saliﬁi)ti ©) 1 25.51** 2.76** 75.19** 406.25** 0.017** 0.007** 25.63**
Syl Aol
Ascorbic acid 3 3.03** 0.86** 11.70* 51.78** 0.002* 0.004** 1.91**
(A
SxA 3 5.26** 0.91** 16.00** 80.89** 0.003** 0.003** 451%*
Elf:or 16 0.01 0.02 253 6.51 0.001 0.001 0.05
ué,;(;;a - 7.37 16.18 12.49 23.98 42.84 20.14 16.02
. 0

*:

o B9 Jlsl daw 3 g dre e 5 ®
*and ™ significant at p<0.01 and p<0.05, respectively.
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Table 4- The simple and interaction effects of salinity and ascorbic acid on physiological characteristics of Capsicum annuum
cv. ‘California Wonder’ seedlings

Joss i oax Jolome (9 . L w5l Py w3l il 65 e

Treatr;lent chlorophyll Proline Soluble protein &P Catalase enzyme Peroxidase enzyme MAD
(mg.g Fw) (mg.g* Fw) (mg.g* Fw) (E/C) (umol.g™* FW) (umol.g™* FW) (h9.g™ FW)
0

SO 2.802 0.60° 14.522 6.52° 0.02° 0.02° 0.41°
S1 0.73° 1.282 10.98° 14.752 0.662 0.062 2.482
A0 0.83 0.64¢ 10.83° 14.162 0.03° 0.014 2.232
Al 1.67¢ 0.74b 12.902 11.68 0.052 0.03¢ 1.45b
A2 2.04b 0.88° 13.122 9.35b% 0.062 0.05° 1.17%¢
A3 2.522 1.492 14.162 7.36°¢ 0.072 0.062 0.93¢
A0%S0 1.144 0.42f 13.05vabe 9.28¢cde 0.02b 0.01¢ 1.09¢
A1xS0 2.62¢ 0.56¢f 14,542 7.820f 0.03° 0.034 0.35¢
A2xS0 3.16° 0.61%f 14,802 5.50¢f 0.040 0.034 0.15¢
A3xS0 3.96° 0.79cde 15.712 3.49f 0.072 0.04¢d 0.06¢
A0xS1 0.229 0.86« 8.61¢ 19.042 0.04° 0.01¢ 3.372
AlxS1 0.73f 0.92%¢ 11.26% 15.54® 0.082 0.04¢ 2.56°
A2xS1 0.91¢f 1.15° 11.44cd 13.20% 0.092 0.08° 2.20b¢
A3xS1 1.07¢ 2.182 12.62¢ 11.23bcd 0.112 0.102 1.80°
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The same letters in each treatment and combination indicate no significant difference at the 5% probability level based on Duncan’s
multiple range test. SO and S1 are 0 and 100 mM salinity and A0,A1,A2 and A3 are 0, 1, 3 and 5 mM ascorbic acid respectively.
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Table 3- ANOVA (mean squares) for the effects of salinity and ascorbic acid treatments on minerals content of Capsicum

annuum cv. ‘California Wonder’ seedlings

O S galoo NESETSE oy Sond R o2l 89 o
S.0.V DF K P Na Fe Zn Cu
S8 1 0.07™ 0.003* 0.08** 32.90%* 216.60%* 26.04"

Salinity (S)
Li:.%)aswj )
49%* 007** O1%* 5% 29.14%* 1264.37%
Ascorbic acid (A) 3 049 0.00 0.0 35 o 64.3
SxA 3 0.37** 0.006%* 0.02** 6.65%* 43.46%* 646.99"
b 16 0.03 0.001 0.002 0.13 498 349.12
Error
Ol s o pd
- 4.82 74 . 2.1 481 7
C.V (%) 8 6 9.63 9 8 6.79

## NS
¢

SaryoSanl dwl 1A (675528 203 B gV Jloi] o ;3 (615 dxe (555 gxe pre i * g
ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively. S: Salinity, A: Ascorbic acid
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Table 4- The simple and interaction effects of salinity and ascorbic acid on minerals content of Capsicum annuum cv.
‘California Wonder’ seedlings

)Lw; K P Na Fe Zn Cu
Treatment (%) (%) (%) (ppm) (ppm) (ppm)

) 3.882 0.362 0.200 17.842 49.36 273.91°
s1 3.99 0.34b 0.322 15.500 43.35 276.00°
A0 3.54¢ 0.31° 0.19¢ 15.83¢ 48.90° 258.83"
Al 3.92b 0.35P 0.25b 16.33¢ 47.06¢ 267.33%
A2 4.07® 0.37% 0.392 16.900 45,832 282.83¢
A3 4212 0.382 0.322 17.682 43.65 290.83¢
A0XS0 3.69% 0.31¢ 0.26% 15.86¢ 44.06¢ 259.00P
A1xS0 4.04 0.34¢ 0.24¢ 15.76¢ 43.93¢ 274.33b
A2xS0 3.920 0.37% 0.20.¢ 16.56% 45,930 279.33%®
A3xS0 3.86° 0.33% 0.11f 19.362 51.862 283.00%
A0xS1 3.40¢ 0.30¢ 0.372 14.80¢ 40.50¢ 258.67"
Al1xS1 3.79¢ 0.32d 0.33% 16.03% 45,930 260.33"
A2xS1 4.21¢b 0.41% 0.20% 17.10¢ 46.80% 286.33%®
A3xS1 457 0.432 0.28% 18.86" 50.062 298.67¢
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The same letters in each treatment and combination indicate no significant difference at the 5% probability level based on Duncan’s
multiple range test. SO and S1 are 0 and 100 mM salinity and A0,A1,A2 and A3 are 0, 1, 3 and 5 mM ascorbic acid respectively.
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