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Abstract 
 

Effect of five NaCl salinity treatments (0, 50, 100, 200 and 300 mM) given at different growth 
and developmental stages on total N level and in vitro nitrate reductase activity (NRA) in leaves 
and roots of two wheat cultivars viz., Ghods and Boolani was studied in greenhouse conditions. In 
response to salinity treatments, total N concentrations and NO3

- assimilation rates in Ghods, a salt-
sensitive cultivar, were suppressed more than that of Boolani, a salt-resistant cultivar. However, not 
much differences in root N content were found between the cultivars. Our data suggest that NRA is 
affected under the influence of salt stress more than that of N concentration. In addition, there was 
no clear correlation between N levels and the activity of NR, particularly in leaves. The effect of 
salinity stress on N content and NRA depends on the cultivar, organ, developmental stage and 
degree of salt stress.  
 
Introduction 
 

The physiology of plant responses to salinity and their relation to salinity resistance 
have been much studied and frequently reviewed in recent years (Neuman, 1997). Since 
plants vary widely in their nutrient requirements and in their ability to absorb specific 
nutrients, the effect of salinity on plant nutrition differs makedly among species (Hamada 
et al., 1992). Among the many nutrients required for the growth and development of 
plant cells, nitrogen is of special importance (Botella et al., 1993). Nitrogen comprises of 
up to 7% of the total dry matter of higher plants and is a constituent of many fundamental 
cell components such as nucleic acids, amino acids, and hence enzymes, and 
photosynthetic pigments (Bungard et al., 1999). The evidence available suggests that the 
metabolism of nitrogen compounds plays a key role in the ability of plants to tolerate 
salinity (Botella et al., 1993). 

Sodium chloride salinity can cause osmotic stress and specific salt toxicity by 
excessive accumulation of salt in plant tissues, including adverse secondary effects on 
nitrogen metabolism parameters, such as nitrogen uptake and NRA. Nitrogen uptake rates 
in plants have been found to decrease with high concentrations of NaCl salinity (Huang et 
al., 1993). 

Nitrate reductase is considered to be a limiting factor for growth, development and 
protein production in plants, because its activity changes directly and affect plant growth 
(Zornoza & Gonzales, 1998). This first enzyme of nitrate assimilation is well known to 
be influenced by external conditions, such as low temperature, salinity or osmotic stress 
(Botella et al., 1993).  In  higher  plants,  NR  is an oligomeric and NAD (P) H-dependent  
complex containing FAD, heme (cytochrome b557) and Mo-pterin prostetic group 
(Kenjebaeva & Rakova, 1995). The present paper reports the effect of NaCl stress on N 
level and NR activity in two wheat cultivars viz., Ghods and Boolani which were chosen 
for their difference in sensitivity to NaCl salinity. 
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Materials and Methods 
 

Two wheat cultivars viz., Ghods, salt-sensitive and Boolani, salt-resistant were used. 
Uniformly large seeds, free of visible injury or disease, were hand selected and surface-
treated with vitavax to slow down fungal growth (Dell’Aquilla & Spada, 1993). 

Plants were grown in plastic pots containing 3kg mixture of medium textured soil, 
sand and manure in a ratio of 2:1:1, respectively. At tillering and boot swollen, plants 
were irrigated with a nutrient solution containing 200 ppm N, 92 ppm P, and 200 ppm K 
used added as NH4NO3, H3PO4, and KNO3, respectively (Rascio et al., 1992). The pots 
were kept in a completely randomised design in a controlled environment greenhouse (25 
and 20±1°C day and night temperature, respectively; light intensity 400 μmolm-2s-1 with 
16/8 light/dark period, and 40-45% RH). In each pot, 10 seeds were planted but after 16 
days of sowing, plants were thinned to 4 per pot. Plants were irrigated twice a week. Five 
levels of salinity (0, 50, 100, 200 and 300 mM NaCl) were applied (Huang et al., 1993). 
Treatments were given at tillering, boot swollen, emergence of inflorescence (flowering), 
and anthesis (22,45,58,and 69 DAS) according to Zadoks code (Zadoks et al., 1974). 
Plants were grown in saline soil for a week and then harvested (Nicolas et al., 1993). 
Plants without salt addition served as controls. Sampling was performed from roots and 
sixth (22 DAS) seventh (45 DAS) and flag leaves (58 and 69 DAS).  

Roots were washed by tap water, followed by distilled water and then freeze-dried 
(Botella et al., 1993). Leaves and roots were kept at- 20°C (Huang et al., 1993). NR 
extraction and its activity assay were carried out according to the method described by 
Botella et al. (1993). NRA is expressed as μmol NO-

2h-1g-1 Fw. Extraction and 
measurement of total N concentration were done using the method of Podwyszynska & 
Olszewski (1995) and Weatherburn (1967), respectively.  

The activity of NR and N level were analyzed with analysis of variance (ANOVA) 
for factorial design (factor A= salinity treatment, factor B=cultivar, factor C= growth 
stage) with 3 replicates using Anova program of MSTATC version 2 package. The results 
were subjected to a statistical analysis using Duncan’s Multiple Range Test (DMRT). 
 

Results  
 

The influence of various NaCl treatments on total N levels in foliar and root is shown 
in Fig.1 and Table 1. In vitro NRA changes in leaves and roots, as a response to salinity 
are shown in Fig. 2 and Table 2. 
 

Tillering stage: In Ghods, lower NaCl applications (50 and 100 mM) increased foliar N 
content. However, it was decreased by the higher NaCl levels (200 and 300mM) 
(P≤0.01). Thus, the greatest loss of leaf N concentration, 96% of the controls, was found 
at 300 mM NaCl. Root N level was declined under the influence of salinity (P≤0.01). At 
300 mM NaCl, it decreased to 94% of the controls. 50, 100 and 200 mM NaCl treatments 
had statistically similar effects on the loss of root N. Foliar NRA was enhanced by NaCl 
salinity (P≤0.01), except at 300mM NaCl that showed a decline to 44%. In both cultivars, 
root NRA was inversely related to the NaCl concentrations. Thus, Ghods and Boolani 
showed about 50% reduction in the activity of root NR when exposed to 300 mM NaCl.  

In Boolani, foliar N content increased with rise in NaCl concentrations (P≤0.01) and 
at 300 mM NaCl, it was enhanced by 140%. On the contrary, NaCl stress resulted in 
decreased root N level. Maximum reduction of 98%, was observed at 200 mM NaCl 
treatment. 50 and 100 mM NaCl had statistically similar effects on the decrease of root N 
content.As the NaCl level rose, foliar NRA showed an increase (P≤0.01) which was 
enhanced by 150% at 300mM NaCl treatment (Figs. 1, 2 and Tables 1, 2). 
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Leaf NRA 

 
Root NRA 

 
Fig. 1. Effect of 5 levels of NaCl treatments on N contents in leaves and roots of Ghods and 
Boolani. GH, Ghods; BO, Boolani; 0, no NaCl; 50,50 mM NaCl; 100, 100 mM NaCl; 200, 200 
mM NaCl; 300, 300 mM NaCl. 
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Fig. 2. Effect of 5 levels of NaCl treatments on in vitro NRA in leaves and roots of Ghods and 
Boolani (symbols and abbreviations as in Fig. 1).  
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Boot swollen stage: In Ghods, foliar N level was enhanced with 50,100 and 200 mM 
NaCl, but it was decreased at 300 mM NaCl treatment (P≤0.01). There was no statistical 
difference between 50 and 100 mM NaCl treatments. Root N content was increased in the 
presence of 50 and 100 mM NaCl, but it declined with 200 and 300 mM NaCl (P≤0.01). 
In both cultivars, NRA in leaves was negatively altered by salt concentrations. Thus, at 
300 mM NaCl, in Ghods and Boolani, foliar NRA decreased to 41% and 66%, 
respectively. The presence of NaCl at the lower concentrations of 50 and 100 mM 
increased root NRA in both the cultivars. This rise was not observed at 200 and 300 mM 
NaCl treatments. At 300mM NaCl, NRA in roots of Ghods and Boolani decreased to 
about 70%. 

In Boolani, increased levels of NaCl showed an increase in leaf N content (P≤0.01). 
Thus, the greatest foliar N level, 120% of the controls, was observed at 300 mM NaCl. 
Foliar N concentration was statistically unaffected by 50 mM NaCl. Root N level was 
enhanced by 50 and 100 mM NaCl, but it decreased at 200 and 300 mM NaCl (Figs. 1,2 
and Tables 1, 2). 
 
Flowering stage: As shown in Figs. 1 & 2, in both the cultivars, flag leaves N content 
decreased at the lower NaCl applications (50 and 100 mM) but at the higher salinity 
levels (200 and 300 mM), it began to increase (P≤0.01). At 300 mM NaCl, in Ghods and 
Boolani, foliar N levels were enhanced by 110% and 120%, respectively. In Ghods, 
similar to tillering stage, 50 mM NaCl treatment had statistically no effect on foliar N 
level. Root N content was enhanced at 50, 100 and 200 mM NaCl. However, the increase 
at 50 and 100mM NaCl treatments was not significant. At 300 mM NaCl, root N level 
was decreased to 98%. In both the cultivars, the loss of leaf NRA in response to salinity 
was greater than that of boot swollen. At 300 mM NaCl, foliar NO3

- reduction levels in 
Ghods and Boolani, declined to 30% and 57%, respectively. In Ghods, root NRA was 
enhanced at 50 mM NaCl, but it declined at 100, 200 and 300 mM NaCl treatments 
(P≤0.01). At 300 mM NaCl, root NRA decreased to 59%. There was no marked 
difference between 100 and 200 mM NaCl treatments in their effect on the decrease of 
root NRA (Tables 1, 2). 

In Boolani, 50,100 and 200 mM NaCl caused a statistically similar rise in root N 
level, but 300 mM NaCl resulted in loss of its content to 99%. Root NRA was enhanced 
at 50 and 100 mM NaCl, but 200 and 300 mM NaCl caused a decrease in its level 
(P≤0.01). At 300 mM NaCl, root NRA declined to 64% (Figs. 1, 2 and Tables 1, 2). 
 
Anthesis stage: In Ghods, a negative correlation was found between flag leaves N 
content and NaCl concentrations. At 300 mM NaCl, foliar N level decreased to 96%. At 
300 mM NaCl root N content was enhanced by 105%. Both in leaves and roots, 50,100 
and 200 mM NaCl had no significant effect on N content. In both cultivars, the highest 
values of foliar NRA were found in control plants. In Ghods and Boolani, 300 mM NaCl 
treatment inhibited NRA to an extent of 45% and 71%, respectively. In contrast, root 
NRA progressively enhanced with an increase in concentration of NaCl (P≤0.01). Thus, 
at 300 mM NaCl, in Ghods and Boolani, root NRA was stimulated by 240% and 250%, 
respectively. Similar to flowering stage, 100 and 200 mM NaCl had statistically similar 
effects on root NRA in Ghods cultivar. In Boolani, flag leaves N content showed a 
decrease with the addition of NaCl. However, this loss was not statistically significant. 
Furthermore, 50 and 100 mM NaCl treatments did not markedly affect root N content, 
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while at 200 and 300 mM NaCl, it was enhanced (P≤0.01). At 300 mM NaCl, root N 
level was increased by 106% (Figs. 1, 2 and Tables 1, 2). 
 
Discussion  
 

The increase in foliar N level during tillering under the influence of salinity, 
according to Huang et al., (1993) is due to a leaf growth limitation by osmotic stress and 
salt toxicity, and therefore a reduced sink demand. However, in wheat variety Ghods, at 
tillering, the loss of foliar N concentration was observed at 200 and 300mM NaCl. This 
reduction according to Roggate et al., (1999) can lead to a larger decrease in leaf-
elongation rate and a decrease in final leaf size. Similar to our results, Huang et al., 
(1993) have reported the loss of root N (or nitrate) uptake in NaCl-treated plants during 
vegetative growth stage (tillering). Aslam et al., (1984) reported that this decrease was 
caused by antagonistic interaction between Cl- and NO3

- in their uptake processes in root. 
They have also shown that NO3

- uptake is inhibited by salinity through a restriction of the 
NO3

- transporter activity,which is more sensitive to Cl- than Na+. 
During anthesis, the increase in root N concentration and loss of flag leaves N level 

are in good agreement with the experimental results of Huang et al., (1993). They found 
that these changes are due to a decrease in N transport from root to shoot. According to 
Helal et al., (1975) and Cramer et al., (1995), lower accumulation of foliar N correlates 
with lower N uptake rates in salinized than in control plants. Erskine et al., (1996) have 
reported that NO3

- accumulated in roots under salt stress may act as an osmoticum and 
thus facilitate the adjustment to low soil water potentials. The same nitrate pool may then 
function as a quantitatively significant internal source of N for growth. 

Reports in the literature concering the effect of salinity on NRA are conflicting 
(Cramer et al., 1995). Both inhibition and stimulation have been reported (Gouia et al., 
1994). As shown by Kondrat’ev et al., (1995), in control plants, the loss of foliar NRA at 
later growth stages (particularly anthesis) was related to inner (senescence), and not 
external (nitrate presence) factors. 

The physiological comparison carried out in the present work showed that the loss of 
NRA in leaves was accompained by its increase in roots (Fig.2). This finding is 
consistent with those reported by Kondrat’ev and Lebedinskaya (1995). They found that 
a mechanism evidently operates in plants to maintain the required capacity for nitrate 
assimilation. In the present study we observed that in control plants, NRA in leaves was 
more than that of roots. These results are in consistence with the findings of Botella et al., 
(1993) who have reported that in cereals more of NO3

- reduction occurs in leaves. 
NO3

- reduction in leaves was lowered by exogenous NaCl in a higher proportion than 
that of roots (Fig. 2). Gouia et al., (1994) have reported that the main factor that represses 
NRA in leaves may be the effect of decreased xylem transport rate of NO3

- to shoot on 
decreasing availability of NO3

- at the site of reduction. Botella et al., (1993) believed that 
foliar NRA decrease may be due to an excessive Cl- shoot tissue content which affect 
directly nitrate transport from vacuole to cytoplasm, since NO3

- is considered to be stored 
in vacuole, but NR is a cytoplasmic enzyme. The differences in NRA between saline 
treatments were more pronounced than those between the cultivars (Table 2). This infers 
NRA to be trait that is not under straight genetic control, environmental factors being 
more important (Kondrat’ev et al., 1995).  
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Most of the authors did not find a clear relation between N levels in organs and NRA 
(Botella et al., 1993). In the present study, some changes of NRA occurred independently 
of total N concentrations. In roots, NRA was highly correlated with N levels more than 
that of leaves. This was more evident in Boolani than in Ghods. In leaves, a direct 
correlation between N content and NRA was found only at tillering and then an inverse 
relation was observed between them. The results of the present study would suggest that 
under the influence of salinity treatments in general, (1) there were not much differences 
in root N level between the cultivars, (2) NRA was affected more than that of N content, 
(3) NaCl altered the activity of NR and N content in leaves more than that of roots, (4) 
the effect of salt stress on N level and NRA varied with cultivar, organ, developmental 
stage, and degree of salt stress and (5) Compared to Ghods, Boolani has generally more 
ability in maintaining higher NRA and N level. 
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