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ABSTRACT 

Present study analyses salinity effects on growth and in vivo nitrate reductase (NR) activity 

in bean seedlings to work out the mechanism. Bean seedlings were cultivated in plastic 

pots containing acid washed sand for 4 d and transferred to the test tubes with 10-200 

mM NaCl containing 5 mM NH4NO3 as nitrogen source for 24 hr. Decrease in growth 

parameters, like root weight, shoot weight and total seedling weight, root length and 

shoot length were observed. NR activity was prominently increased at high salt 

concentrations in root as well as in shoot. Biochemical parameters, like protein, RNA and 

proline content in the shoot tissue were enhanced. Nitric oxide (NO) content of the root 

tissue was increased with NaCl treatment. Reduction in growth but increased NR activity 

and NO content suggest the involvement of NR mediated NO stress during high salinity. 

Thus, the study reveals an insight into the formation and function of NO under salinity stress 

in common bean seedlings. 

Keywords: NaCl effects . Phaseolus vulgaris. nitrate reductase . nitrate assimilation . nitric 

oxide  

No: of Tables: 4                                                                                   No: of References: 47 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                                         2018 July Edition |www.jbino.com | Innovative Association 

J.Bio.Innov7 (4), pp: 599- 610, 2018 |ISSN 2277-8330 (Electronic) 

 

   Sonal  & Rekha 

 

Introduction 

Salinity in soil or water is one of the 

major abiotic stresses experienced by 

plants, especially in arid and semi arid 

regions which represent around 40% of 

earth’s area (Qadus, 2011). According to 

FAO (2000), world’s 831 million hectares of 

arable land is affected by salinity. It has 

become a great challenge for 

agriculture as this area is growing very 

rapidly with time. Salinity leads to a 

number of physiological, biochemical 

and molecular changes that adversely 

affect plant growth and productivity 

(Wang et al., 2001). Various processes 

involved at different stages of plant 

development, such as, seed germination, 

seedling growth and vigour, vegetative 

growth, flowering etc. are adversely 

affected by high salt concentrations, 

ultimately reducing quantity and quality 

of crop yield. Salinity effects on seedling 

growth in terms of fresh weight, root 

length, shoot length etc. have been 

reported in various systems (Debouba et 

al., 2007, Hussain et al., 2009; Amirjani, 

2010; Kurum et al., 2013;  Kavas et al., 

2015; Nasri et al., 2015; Amukali et al., 

2015). . 

Nitrate assimilation is one of vital 

process of plant metabolism through 

which nitrogen is utilized as a nutrient by 

plant which is used in synthesis of main 

biomolecules, like nucleic acids, amino 

acids, proteins including enzymes, 

photosynthetic pigments etc. The major 

form of soil nitrogen available to the 

plants is nitrate. Nitrate is assimilated to 

nitrite and ammonia by sequential action 

of the cytosolic nitrate reductase (NR) 

and nitrite reductase (NiR). The study of 

NR is important as it is the first regulatory 

enzyme of nitrate assimilation and it is 

influenced by environmental factors 

including salinity. Salinity has been 

reported to decrease NR activity in 

several plant species like linseed 

genotypes (Khan et al., 2007), tomato 

seedlings (Debouba et al., 2007), 

cucumber seedlings (Sacala et al., 2008) 

and jatropha cotyledons (Gao et al., 

2013). Apart from nitrate assimilatory 

function, NR has been reported to be 

involved in the synthesis of nitric oxide 

(NO) in plants (Rockel et al., 2002). 

Recently, NO production by NR has been 

confirmed in Chlamydomonas reinhardtii 

(Chamizo-Ampudia et al., 2016). Now a 

days, scientists has got  the attention 

towards NO as it is an important bioactive 

signaling molecule which play a 

beneficial role in ameliorating negative 

stress effects (Uchida et al., 2002; 

Salahuddin et al., 2017). In Panax 

notoginseng herb, production of 

endogenous NO by NR is reported under 

cadmium stress (Kan et al., 2016). 

However, studies involving NO effects 

mediated by NR under salinity stress are 

lacking. 

Common bean or Rajmah is a 

major crop with very high nutritional value 

which accounts for high consumption, 

demand and economical importance 

worldwide. It is salt sensitive crop grown 

for green vegetable as well as dry seeds 

(Cokkizgin, 2012). In India, this crop is 

grown mainly in saline regions with poor 

irrigation. Although, a number of studies 

have been carried out related to salinity 

effects in plants, no specific study has 
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been reported in common bean showing 

NR and NO correlation under salinity 

stress. Hence, the present study is 

planned to investigate the effects of 

NaCl on growth and NR activity in 

relation to NO formation with an insight to 

elucidate the possible mechanism for 

adaptation of common bean to salinity 

stress. 

 

Material and methods 

Plant material and treatments: Seeds of 

Phaseolus vulgaris cv. Rajmah purchased 

from Pahuja seeds, New Delhi, were 

surface sterilized with 0.1 % HgCl2 for 5 min 

followed by thorough washing with 

distilled water. The seedlings were raised 

in plastic pots containing acid washed 

sand for 4 d in continuous light of intensity 

30 Wm-2 supplied by fluorescent tubes at 

28 ± 3°C. They were watered with ½ 

strength Hoagland’s solution (pH 6.0) 

containing no nitrogen. Uniformly grown 

seedlings were used for treatment of 

NaCl at concentrations 0, 10, 50, 100 and 

200 mM. For this, the seedlings were 

uprooted and washed with tap water to 

remove excess sand. After rinsing with 

distilled water, seedlings were placed on 

the test tubes (Fig. 1) filled with ¼ strength 

Hoagland’s solution having 5 mM NH4NO3 

in the presence of desired concentration 

of NaCl for 24 hr in continuous light 

supplied by fluorescent tubes. The shoot 

and/or root tissue of the treated seedlings 

were used for various analyses.  

Analytical Procedures:  

Growth measurements: Root, shoot and 

total weight of seedling after 24 hr NaCl 

treatment was taken by using electrical 

balance. Root and shoot length were 

measured by centimeter scale.  

Estimation of protein, RNA and proline 

content: Total soluble protein extracted 

from the treated material was estimated 

according to Lowry’s method (Lowry, 

1951). Total RNA content was extracted 

and estimated according to the method 

of Webb and Levy (1958). The proline 

content of the tissue was estimated by 

the method of Bates et al., (1973).  

Assay of peroxidase activity: The 

peroxidase activity was assayed by the 

method of Putter (1974) with some 

modifications. The enzyme was extracted 

by homogenizing with phosphate buffer 

(0.1 M, pH 7.0), 10 ml for shoot and 5 ml 

for root using mortar and pestle in cold 

room. The extract was centrifuged at 

10,000 rpm for 20 min at 4C in cooling 

centrifuge and the supernatant was used 

for enzyme assay. The assay mixture 

contained 2.5 ml of phosphate buffer (0.1 

M, pH 7.0), 1 ml of freshly prepared 

guaicol (10 mM), 0.1 ml of enzyme 

extract and 0.03 ml of H2O2 (12.3 mM 

having extinction of 0.436 at 240 nm). 

Increase in absorbance was monitored at 

436 nm at the interval of 30 sec for 3 min. 

The enzyme activity was expressed as ∆A 

min-1 g-1 fresh weight. 

Estimation of NO content: NO content 

extracted from the treated tissue was 

determined involving Griess reagent as 

described by the method of Kumar et al., 

(2010). Treated root was ground in a 

mortar and pestle in 2.0 ml of cold 

acetate buffer (0.05 M containing 4 % 

zinc acetate, pH 3.6) in cold room. The 

homogenate was centrifuged at 10,000 

rpm for 15 min at 4C. The supernatant 
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was collected and the pellet was washed 

with 0.5 ml of extraction buffer and both 

the supernatants were pooled. Activated 

charcoal (0.05 g) was added to the 

supernatant. The suspension was 

vortexed and filtered through whatmann 

filter paper and then centrifuged. To 0.5 

ml of supernatant, 0.5 ml of Greiss 

reagent was added and incubated at 

room temperature for 30 min. 

Absorbance of the solution was 

measured at 540 nm.  

Assay of In vivo NR activity: In vivo NR 

activity of the treated material was 

assayed by colorimetric estimation of 

nitrite according to the method of 

Srivastava (1975). Whole shoot or root 

system of the seedling was cut into small 

segments and suspended in 10.0 ml of 

incubation mixture (8.0 ml of 0.1 M 

phosphate buffer, pH 7.4; 1.0 ml of 0.2 M 

KNO3 and 1.0 ml of 25 % isopropanol) 

inside a tightly stoppered dark vial. The 

reaction mixture was incubated in dark 

for 30 min at 30C. After incubation, 2.0 

ml of the incubation medium was added 

with 2.0 ml of acidic sulphanilamide (1 % 

in 1 N HCl) and 2.0 ml 

napthylethylenediamine (NED) (0.02 % in 

distilled water). After 10 min, developed 

color was read for absorbance at 540 

nm. The enzyme activity was expressed 

as nmoles of nitrite formed hr-1g-1 fresh 

weight.  

Statistical analysis: Results expressed are 

the average values of at least six 

independent experiments with ± S.E. 

Difference between means obtained for 

various treatments was tested by 

Student’s t test at level of significance - *p 

< 0.05, **p < 0.01. The compound 

correlation values are determined by 

Graph Pad Prism 5 software. 

 

 

 

Result and Discussion 

Salinity effects on growth and 

biochemical parameters 

 The common response of plants 

towards salinity stress is growth inhibition. 

To evaluate growth effects under salinity 

stress, the parameters, like root fresh 

weight, shoot fresh weight, total seedling 

fresh weight, root length, shoot length, 

total seedling length etc are studied.  In 

this investigation, 10-200 mM NaCl 

treatment in the presence of 5 mM 

NH4NO3 caused reduction in total weight, 

root length and shoot length of the 

seedlings. Amongst these parameters, 

fresh weight was reduced by 10-19 %, 

root length by 8-24 % and shoot length by 

11-21 % in the range of 10-200 mM NaCl. 

Strong negative correlation of NaCl 

treatment with fresh weight and root 

length was observed with R2 values, 0.760 

and 0.824, respectively (Table 1). 

Reduction in root and shoot weight also 

resulted with NaCl treatment exerting 

strong correlation with R2 values of 0.902 

and 0.641, respectively (Table 1). The 

negative effect of NaCl on growth has 

been  reported in several studies 

(Debouba et al., 2007; Hussain et al., 

2009; Amirjani, 2010; Kurum et al., 2013; 

Kavas et al., 2015; Nasri et al., 2015; 

Amukali et al., 2015). Salinity effects on 

growth were found to involve different 

processes, like unbalanced nutrient 

uptake, decreased water absorption, 

reduced turgor pressure, inhibition of 
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cytokinesis and cell expansion etc. In our 

previous study, fresh weight and root 

length of 4 d old common bean seedling 

was not altered by 10-200 mM NaCl when 

10 mM NH4NO3 was used as nitrogenous 

source, whereas the percentage of 

reduction in shoot length at high salinity 

was 14 % as compared to control 

(Dhamgaye & Gadre, 2015). In this study, 

the percentage of reduction with 5 mM 

NH4NO3 at high salinity was found to be in 

the range of 21-24 % being higher than 

that of 10 mM NH4NO3. Thus, the inhibitory 

effect of NaCl on growth of common 

bean seedlings depends upon the tissue 

as well as NH4
+ and NO3

- concentrations. 

Salinity leads to a number of 

physiological, biochemical and 

molecular changes in plants (Wang et al., 

2001). Plants respond to salinity by 

maintaining cell osmotic potential 

through accumulation of ions and 

osmolytes like proline. Proline plays a 

highly beneficial role in plants exposed to 

various stress conditions. The 

accumulation of free proline has been 

reported under various abiotic stresses 

like, drought (Choudhary et al., 2005), low 

temperature (Naidu et al., 1991) and 

heavy metal exposure (Sharma & Dietz, 

2006). Increased proline concentration 

under salt stress has been reported in root 

of common bean (Babu & Devraj, 2008), 

in shoot of peanut (Kavas et al., 2015) 

and in seedling of bean (Kaymakanova 

& Stoeva, 2008). Similarly, in our study, 

proline content significantly increased in 

shoot at 100 mM NaCl (Table 2). 

Increased proline content reflects its 

involvement in osmotic adjustment under 

high salinity. Decrease in peroxidase 

activity with NaCl treatment suggests the 

involvement of oxidative stress. The other 

biochemical parameters in shoot, like, 

protein and RNA content were increased, 

however, in the root, all parameters were 

marginally changed (Table 2). Thus, 

depending upon the organ involved, 

differential effect of NaCl on metabolic 

status of the system is observed showing 

enhancement in shoot tissue whereas no 

alteration in root tissue. 
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Table 1. Effect of supply of NaCl in the presence of 5 mM NH4NO3 on Total weight, Root length, 

Shoot length, Root weight and Shoot Weight of the seedlings 

 

NaCl  

(mM) 

Growth Parameters 

Total 

weight 

(mg) 

Root 

length 

(cm) 

Shoot length 

(cm) 

Root Weight 

(mg) 

Shoot Weight  

(mg) 

0 1053±49 

(100) 

 8.6±0.6  

(100) 

3.8±0.2     

(100) 

153±26  

(100) 

811±112  

(100) 

10 950±33    

(90) 

7.9±0.5    

(92) 

3.2±0.2*    

(84) 

140±15  

(92) 

802±82  

(99) 

50 949±143  

(90) 

7.3±0.6    

(85) 

3.0±0.2*    

(79) 

127±24  

(83) 

868±141  

(107) 

100 926±41*  

(88) 

7.4±0.4    

(86) 

2.9±0.2**  

(76) 

101±10  

(66) 

776±97  

(96) 

200 855±108  

(81) 

6.5±0.4* 

 (76) 

3.0±0.2*    

(79) 

89±8*  

(58) 

696±87  

(86) 

R
2
 

values 

0.760 0.824 0.376 0.902 0.641 

  

Values relative to control are given in parentheses. 

Level of significance, *p value ≤ 0.05, **p ≤ 0.01. 

Table 2. Effect of supply of NaCl in the presence of 5 mM NH4NO3 on Protein, RNA, Proline content 

and Peroxidase activity in root and shoot tissue of the seedlings. 

 

NaCl 

(mM) 

Protein 

content 

(mg g
-1

 fresh 

weight) 

RNA content 

(mg g
-1

 fresh 

weight) 

Proline content 

(mg g
-1

 fresh weight) 

Peroxidase activity 

(∆A min
-1

 g
-1

 fresh 

weight) 

Root Shoot Root Shoot Root Shoot Root Shoot 

0 7.8±1 

(100) 

45±4.5 

(100) 

1.9±0.1 

(100) 

9.2±0.5 

(100) 

0.023±0.003 

(100) 

1.41±0.2 

(100) 

0.161±0.03 

(100) 

0.192±0.03 

(100) 

10 8.8±1 

(112) 

51±2.6 

(113) 

2.1±0.1 

(111) 

9.9±0.6 

(108) 

0.019±0.002 

(83) 

1.63±0.2 

(116) 

0.134±0.02 

(83) 

0.143±0.02 

(74) 

100 8.1±1 

(104) 

54±6.0 

(120) 

1.9±0.1 

(100) 

11.8±0.8* 

(128) 

0.022±0.004 

(96) 

2.44±0.2* 

(173) 

0.163±0.02 

(101) 

0.133±0.02 

(69) 

 

Values relative to control are given in parentheses. Level of significance, *p value ≤ 0.05. 
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Table 3. Effect of supply of NaCl in the presence of 5 mM NH4NO3 on NR activity and NO content in 

the bean seedlings. 

 

NaCl  

(mM) 

NR Activity 

(nmoles NO2
-
 hr 

-1
 g

-1 
fresh weight) 

NO Content 

(nmoles NO2
-
 g

-1 

fresh weight) 

Root Shoot Total  

 0 194 ± 23  

(100) 

40 ± 2  

(100) 

234  

(100) 

29  10  

(100) 

10 196 ± 44  

(101) 

52 ± 11  

(130) 

248  

(106) 

27  10  

(90) 

100 153 ± 11  

(79) 

51 ± 7* 

 (143) 

204  

(87) 

57 ± 19  

(190) 

200 251 ± 43  

(129) 

45 ± 4 

 (113) 

296  

(126) 

182  97  

(628) 

Level of significance, *p value ≤ 0.05. 

 

Table 4. The compound correlation analysed  by using Graphpad Prism 5 software between salt 

treatment and total weight, total NR activity and NO content  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NaCl 

 

Total Weight Total NR activity NO content 

 0.88 0.60 0.95 

  0.57 0.80 

   0.81 
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Salinity effects on NR activity and NO 

content  

NR is regulated by various factors such as 

nitrate, carbon and nitrogen metabolites, 

light etc (Kaiser et al., 1999). Apart from 

these factors, various environmental 

stresses including salinity influence NR 

activity. In the present study, supply of 

NaCl with 5 mM NH4NO3 for 24 hr showed 

no effect on in vivo NR activity at 10 mM, 

but decreased at 100 mM and increased 

substantially at 200 mM in root tissue, 

though the observed effect was not 

significant (Table 3). In the shoot tissue, 

the activity was increased significantly at 

100 mM.  However, various studies report 

inhibitory effect of salt on NR activity 

(Omrav et al., 1998; Maighany, 2004; 

Khan et al., 2007; Garg & Singla, 2005; 

Rathore & Varshney, 2005; Sacala et al., 

2008). The salinity effects on NR may 

involve the processes, like osmotic 

effects, (Meloni et al., 2004), nitrate 

deficiency (Albassam, 2001; Sacala et al., 

2008), reduced nitrate transporter activity 

(Aslam et al., 1984) etc. Other studies 

have reported stimulation of NR activity 

under salinity stress such as in cucumber 

(Reda et al., 2011) and bean, lentil and 

chickpea (Salha & Chabaane, 2016). In 

cucumber, the observed increase in NR 

corresponds to dephosphorylation of NR 

protein (Reda et al., 2011). Increased NR 

activity along with increased shoot fresh 

biomass revealed salt tolerance of bean, 

lentil and cowpea (Salha & Chabaane, 

2016). However, in our previous study, 

with 10 mM NH4NO3 as nitrogenous source 

in vivo NR activity was inhibited in root 

tissue but enhanced in shoot tissue by 10 

and 100 mM NaCl (Dhamgaye & Gadre, 

2015). Thus, the effect of salinity on NR 

activity in root of common bean  

 

seedlings depends upon the 

concentration of NH4
+ and NO3

-.Here, it is 

worth to mention the dual role of NR in 

formation of nitrite as well as synthesis of 

NO in plants (Rockel et al., 2002). Further, 

production of NO by NR has been shown 

to play a central role in controlling 

amount of NO in plant cell (Chamizo-

Ampudia et al., 2016). NO formation by 

NR has been studied in the model system, 

Chlamydomonas (Chamizo-Ampudia et 

al., 2017). The beneficial role of NO has 

also been reported, as Sodium 

nitroprusside, exogenous NO donor, 

ameliorates negative growth effects of 

salinity in mung bean (Salahuddin et al., 

2017) and oxidative stress in tomato 

plants (Manai et al., 2014). In the present 

study, the NO content of the NaCl 

treated root tissue was slightly reduced at 

low NaCl concentration but substantially 

enhanced at high NaCl concentration 

(Table 3). Hence, it seems that increased 

NR activity at high salinity is responsible 

for NO formation. The compound 

correlation analyzed by Graph Pad Prism 

5 software for NaCl with total weight and 

NO content was very strong being 0.88 

and 0.95, respectively (Table 4). Similarly, 

the correlation value for total weight and 

NO content was 0.80. With total NR 

activity, the observed correlation was 

strong for NO content (0.81), lesser for 

NaCl and total weight being 0.60 and 

0.57, respectively (Table 4). Thus, strong 

correlation of NO content for NaCl 

treatment, total weight and total NR 

activity supports NO mediated effect 

under salinity stress through the 

involvement of NR at least partially. 

Further studies related with nitric oxide 
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synthase (NOS), NR and NO are in 

progress to elucidate the involvement of 

the three in common bean under salinity 

stress. 

CONCLUSION  

 NaCl stress negatively affected overall 

growth of common bean seedlings with 

combination of inorganic nitrogenous 

sources, NH4
+ and NO3

-. The differential 

effect of NaCl stress on metabolic status 

was observed through enhancement in 

shoot tissue, but no change in root tissue. 

Further, increased NR activity and NO 

content at high salinity suggest that NR 

has a role in mediating salinity stress 

effects via NO synthesis in common bean 

seedlings.  
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