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Abstract: The production of reactive oxygen species (ROS) increases under stress conditions and causes
oxidative damage. In the present study, effects of exogenous sodium nitroprusside (SNP), a nitric oxide (NO)
donor, alleviated  the  damage of salt stress, in during germination and seedling growth of bell-pepper
(Capsicum annuum L.) was investigated. Bell-pepper’s seedlings were treated with 0, 25, 50, 75 mM SNP
stimulated ROS-scavenging enzymes and reduced stress of bell- pepper leaves induced by 0, 4, 6 and 8 ms /cm3

NaCl. The presence of the nitric oxide donor increased the activities of superoxide dismutases (SOD) and
peroxidises (POD). NaCl treatment induced significant stress and led to serious lipid peroxidation in bell- pepper
leaves. However, NO treatment decreased lipid peroxidation content significantly under salt stress. The results
showed, seed germination percent, germination rate decreased under salt stress. However, Seed germination
is promoted at concentrations between 0.2 and 0.8 mM SNP. The promoting effect of NO on seed germination
persisted even in the presence of salt stress. These results suggested that nitric oxide can effectively protect
seedlings from salt stress damage by enhancing activities of antioxidant enzymes to quench the excessive
reactive oxygen species caused by salt stress. Information from this study can be used to improve soil
management practices for sustainable use of salt-affected soils in the future.
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INTRODUCTION (SOD), Peroxidases (POD), catalase (CAT), ascorbate

In many areas of the world, salinity has been as ascorbate and glutathione, which are responsible for
seriously imposed on crops and forms the main constraint scavenging excessively accumulated ROS in plants under
for agriculture [1]. Several physiological and biochemical stress conditions [4]. Accordingly, the regulation of these
processes are affected by salinity in plants. When plants antioxidant constituents by an exogenous substance
are exposed to NaCl, cellular ion homeostasis may be might mediate the plant tolerance to salt stress.
impaired. Under salinity conditions, tolerant plants Nitric oxide (NO), a reactive nitrogen species, is
typically maintain low sodium (Na ) in the cytosol of cells believed to act as a signal molecule mediating responses+

[2]. The control of Na  movement across the plasma- to both biotic and abiotic stresses in plants [5, 6]. The+

membrane and tonoplast to maintain a low Na presence of NO has been shown to induce seed+

concentration in the cytosol is a key factor to the cell germination, to affect growth and development of plant
adaptation to salt stress [3]. Another common biochemical tissue, to increase iron homeostasis, to regulate plant
change occurring when plants are subjected to salt stress maturation and senescence. Recently, a few studies
is the accumulation of ROS, which unbalances the cellular suggested that NO can play a role in protecting plants
redox in favor of oxidized forms, thereby creating oxidative from oxidative stresses and NO-donor treatment protected
stress that can damage DNA, inactivate enzymes and plants from damage by increasing the activity of
cause lipid peroxidation. To control the level of ROS, antioxidative enzymes. In previous studies, it has been
plants have evolved the antioxidant defense system reported that exogenous NO stimulated the germination of
comprising of enzymes such as superoxide dismutase NaCl-treated Suaeda salsa seeds.

peroxidase (APX) and non-enzymatic constituents such
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In this study, bell-pepper, an important horticultural centrifuged at 15000 g for 5 min and 4 ml of 0.5 %
crop, was selected as the test plant because it is highly thiobarbituric acid in 20 % trichloroacetic acid was added
sensitive to salinity, especially during the germination and to a 1 ml aliquot of the supernatant. The mixture was
seedling stage [7]. No major attempts have previously heated at 95 °C for 30 min and cooled rapidly in an ice
been made to improve the salinity tolerance of the bell- bath. After centrifugation at 10000 g for 10 min, the
pepper; therefore, induction of salinity tolerance by the absorbance was recorded at 532 nm. 
application of exogenous SNP continues to be an
objective of great interest. Measurements of SOD Content: Leaf samples (0.5 g) were

MATERIALS AND METHODS buffer (pH 7) on ice. The homogenates were centrifuged

Plant Materials: The experiments were conducted in a recovered for determinations of SOD [9]. For
horticultural laboratory and glass house of the agricultural determination  of  SOD  activity,  the  3ml  reaction
faculty of Guilan University, Rasht, Iran in the spring and solution contained 13 mM methionine,  63  mM  r-nitro
summer of 2011. The bell-pepper (Capsicum annum L.) blue tetrazolium chloride (NBT), 1.3 mM riboflavin, 50 mM
seed were prepared by the Horticulture Department. phosphate buffer (pH 7.8) and 50 ml of the supernatant.

Germination and Seedling Growth: This study was fluorescent light (80 mmolm  s ). Absorbance at 560 nm
conducted in two separate experiments. First step, seed of was determined with a spectrophotometer (Model PG
bell-pepper were geminated in chamber and second step, Instruments Itd T80+ UV/VIS ). One unit of SOD activity
seedling grown in perlite and cocopeat for 90 d at 25/22 °C was defined as the amount of enzyme required for
day/night temperature and 65/75% relative humidity in inhibition of photochemical reduction of NBT by 50%.
glass house. The seedlings were irrigated with 50 ml of
Hoagland’s solution ten once day. Twenty seeds of each Measurements of POD Content: The extraction buffer for
bell-pepper (Capsicum annuum L.) were placed on a filter POD contained 50 mM phosphate, 1 mM EDTA, 1 mM,
paper in a Petri dish. Primary Seeds of bell-pepper with 1% (w/v) PVPP, at pH 7 and the assay mixture 50 mM
five concentrations of 0 (control), 0.2, 0.4, 0.6 and 0.8 mM phosphate, 45 mM guaiacol and 225 mM H O  [10].
sodium  nitroprusside  were  treated for 24 hours. The bell-
paper was imbibed in five NaCl solutions at 0, 2, 4, 6 and Data Analysis: The layout of the factorial experiments
8 ms/cm  and excess solution was drained. The seeds was in a complete randomized design. The data were3

were  incubated  for  12  days  at  26°C  and  90%  R.H. in subjected to ANOVA and least significant difference
a 10 hour light and 14 hour  dark  germination  chamber. (LSD) test to check the significance.
The germinated seeds (appearance of rootlet) and rootlet
elongation were recorded daily. RESULTS

NaCl and Nitric Oxide Seedling Treatment: The A noticeable decrease in pedicle dry weight content
experimental design consisted treatments of SNP includes was observed in 0.8 mM SNP seeds treated. Seeds
0, 25, 50, 75 mM and treatments of salt stress includes 0, submerged in 0.6 mM SNP solution resulted in significant
4, 6, 8 ms/cm  NaCl and was arranged in a randomized increase in pedicle dry weight in all stress levels. There is3

complete design with three replicates. At 12 d after no significant difference between 0, 0.2 and 0.6 mM SNP
initiating treatments, the leaves of uniform pepper concentrations (Table 1).
seedlings were collected  and  immediately  preserved  in Radical fresh weight content decreased considerably
liquid N  and stored at -80°C prior to assays of lipid after  stress  treatment,  But  the   SNP   application  with2

peroxidation and antioxidative enzymes activities. 0.6 mM enhanced the radical fresh weight of treated

Lipid Peroxidation: Lipid peroxidation was measured in was observed in highest SNP treatment. Lower content of
terms of malondialdehyde (MDA) content, a product of RFW related to highest (0.8 mM) and low (0, 0.2 and 0.4)
lipid peroxidation, following the method of Heath and concentrations of SNP. In the non-saline condition, no
Packer [8]. Leaf samples (1 g) were homogenized in 10 ml significant change in RFW was observed unless 0.8 mM
0.1 % trichloroacetic acid. The homogenate was (Table 1).

ground in a mortar with pestle in 1 ml of 50 mM phosphate

at 14,000 g for 15 min at 4°C. The supernatants were

The reaction solution was incubated for 10 min under
2 1

2 2

seeds. Maximum decrease in radical fresh weight of seeds



Am-Euras. J. Agric. & Environ. Sci., 12 (8): 1085-1090, 2012

1087

Table 1: Effect of salt stress and SNP on some morphological trait in capsicum annum L.

Salt stress SNP Pedicle fresh Pedicle dry Radical Pedicle Radical fresh Germination Germination
(ms/cm3) (mM) weight (g) weight (g) length (cm) length (cm) weight (g) percentage rate (n/day)

0 0 0.057 bcdef 0.015 ab 2.040 cd 1.2 cde 0.140 ab 100.0  a 3.67 bc
0.2 0.083 a 0.016 ab 2.502 bc 2.1 a 0.130 abc 96.7 a 4.09 b
0.4 0.068 ab 0.014 ab 2.740 ab 1.2 cd 0.156 a 96.7 a 3.39 bcd
0.6 0.067 abc 0.018 a 3.229 a 1.1 cdef 0.137 ab 96.7 a 6.11 a 
0.8 0.045 cdefg 0.009 cd 1.271 ef 1.0 efgh 0.088 def 95.0 a 1.99 defg

2 0 0.058 bcde 0.008 def 1.740 de 0.9 fgh 0.077 def 90.0 a 3.10 bcde
0.2 0.029 ghi 0.005 defg 1.684 de 1.6 b 0.056 f 85.0 ab 2.79 bcde
0.4 0.013 hij 0.003 efg 2.496 bc 1.1 defg 0.144 a 86.7 ab 1.62 efg
0.6 0.066 abcd 0.013 bc 2.815 ab 1.3 bcd 0.163 a 96.7 a 3.72 bc
0.8 0.057 bcdef 0.008 cde 2.808 ab 1.3 bcd 0.158 a 90.0 a 3.40 bcd

4 0 0.043defgh 0.007 def 1.602 de 0.9 gh 0.067 ef 100.0 a 2.52 cde
0.2 0.034 fgh 0.008 cde 1.369 ef 0.8 gh 0.096 cde 93.3 a 1.77 efg
0.4 0.036 efgh 0.002 fg 1.527 de 0.7 h 0.106 bcd 100.0 a 2.59 cde
0.6 0.033 gh 0.008 cde 1.458 def 0.8 gh 0.144 a 90.0 a 2.39 cdef
0.8 0.008 ij 0.003 efg 0.827 f 0.8 gh 0.082 def 90.0 a 1.72 efg

6 0 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 55.0 b 0.88 gh
0.2 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 80.0 c ab 0.92 gh 
0.4 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.6 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.8 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g

8 0 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.2 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.4 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.6 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g
0.8 0.001 j 0.001 g 0.002 g 0.1 i 0.001 g 10.0 d 0.01 g

Means followed by the same letter within a column for a given measurement were not significantly different at p < 0.01.

Totally, under stress conditions pedicle fresh weight In non-saline condition, increasing SNP significantly
significantly decreased. In non-saline condition, 0.2, 0.4 increased radical length pepper treated  seeds,  however
and 0.6 mM SNP applications dedicated maximum content 0.8  mM  SNP reduced  radical  length.  With  increasing
of pedicle fresh weight. Highest concentration of  SNP salt stress radical length decreased. In 4 mM ms/cm
(0.8 mM) significantly decreased PFW unless 2 m/cm insignificantly difference was observed. Increased radical3

stress level. In the 4 ms/cm  level, no considerable change length in 2 ms/cm3 treated with 0.8 mM related to3

in PFW content was observed (Table 1). stimulation effects of low level salt stress (Table 1). 
The germination rate of pepper seeds was affected There was absolute (100%) inhibition of germination

negatively by NaCl, whereas the SNP treatment stimulated in 6 and 8 ms/cm . The influence of exogenous SNP
this germination rate. Comparison of the mean germination application on the pedicle length grown under varied dose
rates vis-à-vis various NaCl concentrations show that the of salinity is low. Exogenous SNP didn’t influence the
salt effect was raised when NaCl concentrations ranged pedicle length; seed pretreated with lower dose of SNP
from 6 to 8 ms/cm . Pepper seeds treated with 0.8 mM SNP (0.2 mM) was more effective in ameliorating salt stress3

shows decreased germination rate in all stress levels compared to 0.4, 0.6 mM and 0.8 mM (Table 1).
unless in 2 ms/cm  salinity (Table 1). In control seedlings, insignificant difference3

Pepper germination percentage grown under salt observed between different concentrations of  SNP.
stress treated with different concentrations of SNP did not Figure 8 indicates that MDA content under NaCl
show difference from those grown under non-saline treatment increased significantly with dose, whereas
conditions. Increasing NaCl and SNP concentration didn’t application of SNP with 0.25 mM could keep MDA
caused reduction in seed germination percentage (%). content  at  lower  level.  The  content   of  MDA
Maximum retardation was noted at highest salt increased   significantly   in   pretreated   seedlings   with
concentration (8 ms/cm ) (Table 1). 0.5  and  0.75  mM  unless in non-saline condition (Fig. 1).3

3

3
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Fig. 1: Change MDA content leaves in bell- pepper In SNP + NaCl treatment, SOD activity significantly
treated by nitric oxide and control at different increased in stress levels, although decreased gradually
levels of salt stress. Bars with the same letters did in 0.5 and 0.75 mM SNP. Totally, with increasing salinity,
not show significantly different at 1% probability SOD activity noticeably decreased (Fig. 3). 
level.

Fig. 2: Change POD activity leaves in bell- pepper treated seeds under copper stress [13]. In agreement with these,
by nitric oxide and control at different levels of we observed that exogenous NO treatment significantly
salt stress. Bars with the same letters did not stimulated seed germination under salt stress in bell-
show significantly different at 1% probability pepper (Table 1). Germination rate, pedicle dry weights,
level. radical and pedicle fresh weights, radical length and

Fig. 3: Change SOD activity leaves in bell- pepper treated Therefore, exogenous NO treatment could be an effective
by nitric oxide and control at different levels of practice to protect plants/germinating seeds against
salt stress. Bars with the same letters did not oxidative damage caused by salt stress. It is well known
show significantly different at 1% probability that the antioxidant enzymes such as SOD and POD play
level. a significant role in scavenging ROS in salt stressed

SNP treatment alone did not affect the content of MDA.
Seedlings  pretreated  with 0.25 mM SNP presented high
POD activity. In high salinity conditions, plants activate
a number of antioxidant enzymes that protect against
potentially cytotoxic reactive oxygen species (ROS).
Compared to the bell-pepper treated with NaCl alone,
exogenous NO enhanced significantly the activities of
POD enzyme; higher concentrations of SNP decreased
POD activity in stress levels (Fig. 2). Superoxide
dismutase (SOD) is an important antioxidant enzyme and
is the first line defense against oxidative stress in plants.

DISCUSSION

Nitric oxide (NO) is a relatively stable free radical gas
which  may  act  as a  key  signaling  molecule  in  plants
and mediates various physiological, biochemical and
developmental processes including seed germination,
stomatal closure and root development. Exogenous NO
has a strong stimulating effect on seed germination under
stress or no-stress conditions [11]. For instance, NO
induces a rapid increase in amylase activity in germinating
wheat seeds [12] and greatly promotes germination
process by enhancing the activities of amylase in wheat

pedicle length were also significantly increased due to
exogenous NO treatment. 

Mittova et al. [14] reported that salt stress increased
the contents MDA in the tomato and which was probably
due to a salt-induced increase in the rate of O2

-

production [15]. In the present study, we observed that
exogenous NO treatment significantly decreased the
MDA contents in the leaves bell-pepper under salt stress
(Table 1).

A similar anti-oxidative stress function of exogenous
NO was also observed in salt-stressed barley plants [16].
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plants [17-19]; although, SOD activity decreased with 5. Crawford, N.M. and F.Q. Guo, 2005. New insights
higher SNP levels in the salt stress. Earlier studies have into nitric oxide metabolism and regulatory unctions,
demonstrated that exogenous NO protects leaves against Trends Plant Sci., 10: 195-200. 
oxidative damage in reed under heat [20]and in wheat 6. Delledonne, M., 2005. NO news is good news for
under drought [21], ascribes mainly to the increased plants, Curr. Opin. Plant Biol., 8: 1-7. 
activities of SOD and POD. In accordance with these 7. Navarro,   J.M.,     C.   Garrido,     M.     Carvajal    and
findings, we observed that activities of both SOD and V. Martinez, 2002. Yield and fruit quality of pepper
POD in the leaves were significantly increased by plants under sulphate and chloride salinity. J. Hortic.
exogenous NO treatment in the present study (Fig. 2, 3) Sci. Biotechnol., 77: 52-57. 
and which might have contributed to the alleviated 8. Heath, R.L. and L. Packer, 1968. Photoperoxidation in
oxidative  stress  in  the  bell-  pepper. At   low   amounts, isolated chloroplasts. 1. Kinetics and stoichiometry
NO acts as signals for the activation of defense of fatty acid peroxidation. Archives of biochemistry
responses, however, higher concentrations produced by and biophysics., 125: 189-198.
uncontrolled ROS generation cause severe injury. In this 9. Durner, J.D. and F. Klessig, 1999. Nitric oxide as a
study the content of MDA increased significantly in signal in plants, Curr. Opin. Plant Biol., 2: 369-374 .
pretreated seedlings with 0.5 and 0.75 mM and decreased 10. Chance, B. and A.C. Maehly, 1995. Assay of
POD and SOD activity in stress levels unless in non- catalases and peroxidases. Methods in Enzymology,
saline condition (Fig. 1, 2 and 3). 2: 764-817. 

In conclusion, exogenous NO is able to improve the 11. Beligni, M.V. and L. Lamattina, 2000. Nitric oxide
seed germination and seedling growth of bell-pepper induces seed germination and deetiolation and
subjected  to  salt  stress.  Our  study  demonstrated  that inhibits hypocotyls elongation, three light-inducible
NO  can  effectively  protect  bell-pepper  seedlings  from responses in plants. Planta, 210: 215-221. 
salt stress damage by enhancing activities of antioxidant 12. Zhang,  H.,  W.B.  Shen  and  W.  Xu.  L.  2005.
enzymes. Understanding the mechanisms of salt Arapid response of amylase to nitric oxide but not
resistance in bell-pepper will make it possible for plant gibberellin in wheat seeds Zhang, during the early
breeders and plant physiologists to develop specific stage of germination. Planta, 220: 708-716. 
techniques to reduce salinity toxicity in soils. 13. Hu, K.D., L.Y. Hu, Li, Y.H, Zhang and F.Q, Zhang,
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