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Abstract

Soil salinity adversely affects majority of biochemi-
cal processes in plants. In the present study, the en-
zymatic activity at different levels of electrical conduc-
tivity in soil was studied in Chickpea (Cicer arietinum),
in order to understand the mechanism of salt toler-
ance and evaluate the effects on the yield. Salinity
was found to inhibit the activity of both Nitrate reduc-
tase as well as total nitrogen. Whereas nitrite reduc-
tase and nitrogenase were observed to be incensed in
their activity. The study with sodium chloride salin-
ity was chosen as the North belt of Uttar Pradesh (In-
dia) was found saline. Saline ground water and soils
are dominated by either chloride or sulphate salts. The
chemical analysis of soil and plant samples collected
from a range of sites at Rohilkhand, India indicated
that the enzyme activity in Chickpea was more sensitive
to chloride-dominated saline water irrigation as com-
pared with sulphate-dominated.
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1 Introduction

Chickpea (Cicer arietinum) is the most important
pulse crop of the arid and semi-arid areas. In India, it
is cultivated during winter, depending on soil moisture
stored from the preceding summer rain, which is often
inadequate to ensure a satisfactory crop. Among agri-
cultural practices, cultivation of crops is the most com-
mon and practiced worldwide. During their growth,
crop plants are usually exposed to different environ-
mental stresses which limit their growth and produc-
tivity. Among these, salinity and drought are the most
sever once especially in arid and semi arid agro ecol-
ogy (Moud and Maghsoudi, 2008). Several Researchers
indicated that salinity is one of the major stresses, es-
pecially in arid and semi-arid regions, which severely
limit crop production (Shannon, 1998; Greenway and
Munns, 1980; Mano and Takeda, 1997; Shannon, 1985).
Furthermore, salinity impairs seed germination, re-
duces nodule formation, retards plant development and
reduces crop yield (Greenway and Munns, 1980). The
effect of salinity on germination of seeds can be either
by creating osmotic potential which prevent water up-
take or by toxic effects of ion on embryo viability of the
seeds (Houle et al., 2001). In addition to these, shoot

growth is also reduced by salinity due to the inhibitory
effect of salt on cell division and enlargement in the
growing point (Kaymakanova, 2009). Since crop plants
are affected by the concentration of salt in the soil or wa-
ter, their productivity is also affected with severe reduc-
tion in the expected yield. Farmers all over the world
face salinity problems. Worldwide, salinity affects 100
million hectares of arable lands and this area is expand-
ing (Ghassemi et al.,1995). The investigation was based
on the response of NaCl salinity on chickpea to deter-
mine interacts and influence salt tolerance. This infor-
mation will be important when deciding fertilizer ap-
plications in saline areas or in areas where wastewater
(containing high salinity levels) are used for irrigation.

2 Materials and methods
Seeds of chickpea of two varieties Pragati, DPC92-

3 and Jyoti,BR17 were procured from Genetic Re-
source Unit, International Crop Research Institute for
the Semi-Arid Tropics (ICRITSAT), Patancheru (AP) and
G.B. Pant University of agriculture and technology,
Pantnagar (UA) India. 16 soils samples were analyzed
for following physical and chemical parameters viz.,
electrical conductivity, sodium (Richards 1954), potas-
sium Williams (1941), calcium and magnesium Cheng
and Brey (1951) by using spectrophotometer, and chlo-
ride Reitemeier (1943) by silver nitrate titration using
an ion selective electrode. The enzymes nitrate reduc-
tase activity was determine by followed the method of
Wallace and Pate (1965), nitrite reductase activity, nitro-
genase Hardy et al., 1968 and total nitrogen Snell and
Snell, 1955 of plant material was analyzed at three stages
germinating, flowering and maturity.

3 Results and discussion
The analysis of soil analysis showed that pH of soil

samples ranged from 4.0-5.8; the electrical conductiv-
ity of soil saturation extract was found to be about 4.1
mS cm–1 at 25 ◦ C. As is obvious from the results among
different cations investigated the maximum was con-
tributed by sodium ions i.e., some of the samples ex-
ceeded 60 meq/l, followed by calcium and magnesium
displaying between 33.25 and 53.05 meq/l. However,
potassium ions were recorded to be in least concentra-
tions i.e. between 0.33 and 2.37 meq/l (Fig. 1). On the
other hand, the maximum was contributed to the ex-
tensively accumulated soluble salts by chloride anions
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Figure 1: Parameters affecting soil of Uttar Pradesh. (Values are in soil saturation extract)

Figure 2: Nitrate and Nitrite Reductase Activity (Jyoti,BR17/ Pragati,Dpc92-3)
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measuring 13.5- 29.3 meq/l (Fig.1).

3.1 Nitrate Reductase Activity (NRA)

NaCl salinity is introverted at the three stages of
growth studied. NRA was recorded maximum at ger-
minating stage followed by flowering and minimum in
mature plants. Var. Jyoti,BR17 demonstrated NRA rela-
tively higher than salt susceptible Var. PRAGATI,DPC92-
3 in mature plants only. Under 4 mS cm–1 Ece treat-
ment NRA decreased by 14% at germinating over con-
trol were recorded 25.2 % and 21.9% at both germinat-
ing and flowering, respectively. Similarly 8 mS cm–1 Ece
the percentage reduction over control were recorded
40.9% and 40.7% at two growth stages respectively. On
the other hand, in variety PRAGATI,DPC92-3 the NRA
reduced by 23.7%, 16.2% and 6.27% under 4 mS cm–1

Ece; 28.8%, 41.0% and 31.2% under 6 mS cm–1 Ece and
by 44.2%, 46.3% and 43.7% under 8 mS cm–1 Ece at their
growth stage respectively (Fig.2). Nitrate Reductase is
the key enzyme in the process of nitrate utilization, a
significant step in plant growth, protein metabolism
and yield is often correlated with nitrogen status of
plant (Mishra and Srivastav, 1983).

3.2 Nitrite reductase activity (NiRA)

The activity of nitrite reductase (NiRA) was observed
more in Var. Jyoti,BR17 than in Var. IGFRI-S-54. How-
ever, the suppression took place more in later under
4 mS cm–1 the enzyme activity was reduced by 8.6%,
15.4% and 16.4% over control in plants of Var. Jyoti,BR17
at leafy, flowering and maturity stage. Under 6 mS cm–1

it is 20%, 19.7% and 26.5% over control; and under the
influence of 8 mS cm–1 Ece the activity went down by
42%, 40.9% and 39.7 % over control at three stages stud-
ied (Fig.2). In Var. PRAGATI,DPC92-3 the activity of
NiRA hampered by 6.2%, 13.0% and 9.06% over control
under 4 mS cm–1 Ece at the selected stages. As regards
the treatment of 6 mS cm–1 Ece, the activity of NiRA re-
duced by 20%, 31.1% and 28.4% and under 8 mS cm–1

Ece was recorded 41.6%, 49.3% and 46.1% over control
at three growth stages respectively.

3.3 Nitrogenase activity

The nitrogenase activity was observed in increasing
under increasing Ece levels of NaCl salinity. It was
recorded in more Var. Jyoti,BR17 than Var. IGFRI-S-
54. It was exhumed from the results portrayed in Fig.
2. That nitrogenase activity enhanced by 10.8% under
4 Ece; 56.5% under 6 Ece and 82.6 over control under 8
mS cm–1 Ece in Var. Anand II. In case of salt suscepti-
ble Var. PRAGATI,DPC92-3 values were observed 4.3%,
20.2% and 81.1% over control (Fig.3).

As regards the role of nitrogenase activity it enhanced
the increasing soil salinity. Similar finding was made
earlier Rigaud (1981) and Sawhney et al.(1998).

3.4 Total nitrogen

Alfalfa plant found good source of proteinaceous fod-
der for milch cattle. Therefore, the effect of NaCl salin-
ity was examined on total nitrogen contents. It was ob-
served that salinity brought about a mark decreation in

Figure 3: Nitrogenase activity (5 increase over control)

total nitrogen in both the varieties. The adverse effect of
salinity on total nitrogen was recorded more in suscep-
tible Var. PRAGATI,DPC92-3 than in tolerant Var. Anand
II. Except in mature plant matured by 8 mS cm–1 Ece
solution. The depleted percentage of total nitrogen in
Var. Jyoti,BR17 was found 73.4%, 86.2% over in control
in Var. PRAGATI,DPC92-3 under 8 mS cm–1 Ece at ger-
minating; 49.6% against 83.8% over control at flowering
stage; and 78.7% against 69.2% over control in mature
plant under same level of salinity (Fig. 4).

Salinity induced flowering nitrogen contents might
be due to hydrolysis of proteins into amino acids and
locking up of nitrogen into some amino acids which
act as osmolytes in the tissues. Our findings are in
agreement with lots of workers Singh and Jain (1982)
Gill and Dutt (1987). Seeman and Critchley (1985) have
reported rapid stomatal closure leading into reduced
rate of photosynthesis under saline conditions. Thus, it
may be proposed that short supply of carbohydrates to
root nodules enhance the rate of N2 fixation by bacteri-
oids via increased nitrogenase activity. Safaraliev,1984
hass correlated reduced activity of nitrogenase reduc-
tase and NiRA with dissociation of FAD. According to the
work Trogish et al., 1989 reduction in NAR and NiRA is
due to reduced supply of substrate to active site of en-
zymes resulting from inhibition of nitrate uptake i.e. de-
pletion of endogenous nitrate pool.

4 Conclusion
From the results of this study, it can be concluded that

for this particular condition, application of full water re-
quirement of plants is economical. A perusal of results
disinterred that both nitrate and nitrite reductase activ-
ity in green leaves declined in relation to NaCl salinity.
The antagonistic effect of salinity was recorded more in
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Figure 4: Total Nitrogen

case of NRA than NiRA. Activity of key enzyme nitroge-
nase of nitrate and nitrite reduction in the nodules of
plants was found increasing due to salinity.
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