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ABSTRACT

Objectives: To analyze differences in sensitivity to saline stress among kabuli and desi cultivars of
chickpea.

Methodology and results: From ten genotypes of chickpea, three cultivars were screened in saline soils;
two of them are kabuli (PUSA-1053, PUSA-939) and one desi types (BG-256). The seeds of the different
cultivars were inoculated with Rhizobium sp. strain G-118 and the plants were grown in the greenhouse.
After 12 days when symbiosis establishes, saline water of varying concentrations (0, 4, 8, 12, 16 dSm-)
NaCl, Na2SO4, CaCl, were supplied to the seedlings. Plants were harvested at 30, 60 and 90 days after
sowing (DAS) for analysis. Data were subjected to statistical analysis of variance, and the means
compared by the LSD test (p<0.05). Results showed that plant growth, nodulation and nitrogenase activity
were more severely affected in cultivar BG-256 under salinity treatments than cultivars PUSA-1053 and
PUSA-939. Nodule mass and number was enhanced under salt stress in PUSA-1053 and PUSA-939.
Phosphoenolpyruvate carboxylase (PEPCase) activity increased significantly in the nodules of tolerant
cultivars under salt stress at all harvests, and this was clearly related to the salt treatments. Salinity
reduced leaf chlorophyll and Rubisco activities in all the three cultivars.

Conclusions: Salt stress limits photosynthetic efficiency, nitrogen fixation and carbon metabolism. Alteration
in the nodular metabolism seemed to be directly responsible for nitrogen fixation by the salt tolerant
cultivars. The present study reveals that under saline stress tolerant cultivars are more capable of
nodulation which helps to attain higher nitrogen fixation by symbiosis than the sensitive ones.
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INTRODUCTION

Symbiotic nitrogen fixation by legumes is sensitive
to environmental stresses particularly salinity
(Serraj, 2002), which can limit plant growth due to
both specific ion and osmotic stress, and reduced
symbiosis with bacteria (Rout & Shaw, 2001; Rao
et al, 2002). Salt stress limits photosynthetic

efficiency, nitrogen fixation and carbon metabolism
(Soussi et al., 1999; Ferri et al., 2000; Mudgal,
2004). The C4 dicarboxylic acids (particularly
malate and succinate) that are required for
symbiotic nitrogen fixation are derived from nodule
cytosolic PEPCase activity and they provide the
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source of carbon and energy to the bacteroid
nitrogenase for the conversion of nitrogen into
ammonia. Due to reduction in the carbohydrate
supply to bacteroids salinity reduces the nitrogen
fixation capacity of bacteria.

Chickpea (Cicer arietinum L.) is one of the most
important grain legumes cultivated in arid and
semiarid regions of the world. The agronomical
importance of chickpea is based on its high protein
concentration and symbiotically fixed nitrogen with
Rhizobia. Among pulse crops, Bengal gram ranks
first in terms of area and production in India; it
provides high quality protein to the people of
developing countries. The protein contentin C.
arietinum L. is around 20% thereby the average
productivity of protein is almost 125 kg/ ha. Two
main types of chickpea are recognized, i.e. (a)
Desi type with small and brown seed, which
accounts for nearly 90%; and (b) Kabuli type with
bold and cream-colored seed, which is grown in

MATERIALS AND METHODS

Seeds of C. arietinum L were obtained from the Govind
Ballabh Pant University of Agriculture and Technology,
Pantnagar, Uttranchal, India; Chandra Shekhar Azad
University of Agriculture Technology, Kanpur, India and
Indian Agriculture Research Institute, Delhi, India.
Seeds were inoculated with Rhizobium G-118 obtained
from RBDC, Hissar, India. Inoculation was done by
thoroughly mixing of soil and 5mL of 1% (w/v) gum
arabic solution with 1.5 kg of seeds. To evaluate the
effect of irrigating with saline water on chickpea, field
experiments were conducted between years 2006-
2008. The seeds were surface sterilized with 0.1%
HgCl,, followed by washing them 5-6 times with water
to remove traces of HgCl,. Plots of 1x1 m? area were
prepared and separated from each other by polythene
sheets of 0.2 mm thickness, up to depth of 30 ¢cm to
stop leaching of salts between two adjacent plots. Plant
to plant distance was fixed at 15 cm and a distance of
45 cm separated the plots. The experiment was laid out
in randomized block design with three replicates per
treatment. Tube well water of 1 dsm-' EC was used to
irrigate the control plants.

Saline solutions of 4, 8, 12, 16 and 20 EC were
prepared by mixing the salts NaCl, Na;SO4, NaHCO3
and CaCly. Preliminary experiments were conducted on
the effects of salt stress on growth, and salt tolerance
index was calculated for ten different cultivars of

around 10% area of world production. Nearly 90% of
the crop is cultivated in rain-fed lands. The
average vyield of chick pea in the major growing
regions is around 0.5-0.7 t/ha. The realized seed
yield of 850 kg/ha is a result of several abiotic and
biotic stresses.

Generally the crop produces excessive vegetative
growth under high input conditions and is unable to
convert the biomass into high seed yield. The
major abiotic constraints to production include
drought, heat, cold and salinity while Dbiotic
constraints are Fusarium wilt, Ascochyta blight,
Rhizoctonia dry root rot, Botrytis gray mold (BGM),
chickpea stunt and Helicoverpa pod borer (HPB).
Since Bengal gram is grown mostly in semi-arid
regions and it is sensitive to NaCl, Na,SO 4and
NaHCO3 its growth is affected severely. The
present study was undertaken to determine the
impact of biotic and abiotic stress in C. arietinum L.

chickpea. On the basis of the above screening, three
cultivars, one of desi (BG-256) and two kabuli type
(PUSA-1053 and PUSA-939) with differing salt
sensitivities (the former being salt sensitive and latter
two salts tolerant) were selected for a comprehensive
study. The selected varieties of chick pea [PUSA-1053,
PUSA-939 and BG-256] were grown in experimental
plots. Weeding was done at 15 day intervals on a
regular basis. Before sowing, the seeds were surface
sterilized and followed by treatment with fungicide
(chlorothalonil and mancozeb).

The first irrigation was done 20 days after sowing
(DAS). For this purpose saline water of each EC level
was prepared with tube well water and 50 liter of saline
water was used to irrigate each plot. The quantity of
water (controlled and saline) was determined by
estimating the water holding capacity of the soil.
Sowing was carried out in October. The second and
third irrigation was carried out after 50 and 70 DAS.
The control plots were irrigated on the same day with
available tube well water. All recommended agronomic
and cultural practices were followed to raise the crop.
The first plants were sampled 30 DAS for studying
various growth parameters. Before uprooting the plants,
soil was irrigated properly so that the root could be
taken out fully without any damage. The saline
solutions of different electrical conductivities were
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prepared by mixing the salts NaCl, Na;SOs, NaHCOs,
CaCl, as described by USSL staff (1954). The electrical
conductivity of different salinity levels was adjusted by
direct measurements with a conductivity meter.

Salt Tolerance Index (STI) was calculated by
comparing total plant (shoot + root) dry mass at
different salt concentrations to the total plant dry mass
obtained for the controls, as below:

STl =(TDW at S/ TDW at S;) x 100
Where: TDW (total dry weight); Sx (x treatment); Si
(control treatment)

Dry mass (DM) was determined after drying the plant
parts in an oven at 65°C for 72 h. Growth analysis was
evaluated according to Benincasa (1988).

Relative growth rate (RGR) was calculated as: RGR =
(In DM2 - In DM1) (t2 - t1)-1 (g.g-1.d-1)

Where: DM1 is the initial total (shoot + root) dry mass,
DM2 is the final total dry mass, and (2 - t1) the
difference in time interval between the two samplings
(30 d).

Nitrogenase (EC 1.7.99.2) activity (ARA) was
measured by acetylene reduction with nodulated roots
of plants according to the method of Herdina and
Silsbury (1990). Ethylene produced in gas samples
during the reaction was analyzed using a Perkin Elmer
8600 gas chromatograph with a Porapak R column
(Ligero et al., 1986).

Nitrogen content was estimated by the
colorimetric method of Snell and Snell (1955). Oven dry
matter (powdered) was used for the analysis. A sample
weighing (50mg) was digested with nitrogen free
concentrated sulphuric acid (5mL) in a kjeldhal flask on
sand bath for 30 minutes. The digested material was
made carbon free by adding suitable quantity of

RESULTS
Screening at seed level: STI and TDM: First
experiment showed variability in total dry mass of the
ten chickpea cultivars (Table1) in cooradination with
salt tolerance index (Fig. 1). On the basis of STI and
TDM, three cultivars were selected for a detailed study.
Out of three, cultivarsPUSA-1053 and PUSA-939 were
salt tolerant (Kabuli) while BG256 (Desi) is salt
sensitive.

Growth parameters:

Relative growth rate was

hydrogen peroxide (H0z). A colorless liquid was
obtained. The digested material was neutralized using
20% NaOH, using methyl orange as indicator. The
volume of neutralized extract was made up to 100 mL
(w/v). An aliquot of this solution was developed with 3.5
ml of Nessler's reagent.

Extraction of chlorophyll was carried out in
dimethyl sulphoxide (DMSO) using leaf discs, following
the method of Hiscox and Israelstam (1979). The
absorbance of chlorophyll in DMSO was measured at
two wavelengths, 645 and 663 nm, in a
spectrophotometer against DMSO.

Rubisco assay was done in the leaves
according to the procedure of Keys and Parry (1990).
The samples were ground in 3 mL of 100 mM Bicine,
pH 7.8 containing 10mM MgCl, 1mM EDTA, 5 mM
DTT, and 2 % (w/v) PVP. The homogenate was filtered
and centrifuged at 35,000 rpm for 10 min at 0°C.
Rubisco activity was assayed by determining the
incorporation of “CQ- into the acid stable product by
liquid scintillation counting.

Phosphoenol Pyruvate  Carboxylase
(PEPCase EC 4.1.1.31) activity was assayed by the
method of Christellar et al. (1977). The nodule extract
was prepared in ice-cold medium containing 50mM Tris
HCI, 10mM MgCl; and 5mM DTT with the pH adjusted
to 8.0.The homogenate was centrifuged at 35,000 rpm
for 20 min and the supernatant assayed according to
the procedure of Maruyama et al. (1966). For the
determination of in vivo PEPCase activity nodules were
exposed to “CO; in a plexiglass chamber according to
the method of Kar et al. (1990).

All experimental data were subjected to
statistical analysis of variance, and the means
compared by the LSD test (p<0.05). All values are
means * SD of three sets of experiments with
triplicates in each set.

maximum in cultivar PUSA-1053 (Kabuli tolerant),
medium for cv. PUSA-939 (Kabuli sensitive) and
minimum for cv. BG-256 (Desi sensitive) (Table 2).
Nodule number ; Salt treatments significantly reduced
nodule number per plant (NN) and nodule dry mass at
all stages of growth in the three cultivars BG 256,
PUSA-939 and PUSA-1053 but the reduction
percentage was higher in the sensitive cultivar (Fig. 2
and 3)

Table 1: Effect of salt stress on dry mass of seedlings in ten chickpea cultivars at 12 days after sowing

S.No. | Varieties |

Dry mass of seedlings
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Control 4EC 8 EC 12EC 16 EC

1 PUSA-1053 | 40.2+045 30.5+0.53 21.0+0.52 18.1 £ 0.47 16.7 £ 0.44
2 PUSA-939 37.1+0.51 25.2 +0.48 19.0+0.45 18.0+0.44 14.3 £0.57
3 PUSA-372 16.7 £ 0.46 10.3+0.54 8.1+047 7.3 +0.66 5.6 £0.62
4 BG-256 21.0+0.55 7.3%0.55 3.5+ 0.56) 20+0.33 ND*

5 KPG-59 14.1£0.53 72+0.34 6.6 £0.58 41+0.37 4.3 £0.63

6 BGD-72 17.3+£048 12.1£0.52 8.3 +0.36 20+0.22 0.5+0.02

7 PG-186 6.3 +0.53 3.7+0.65 21021 0.7+0.41 0.3 +0.01

8 AVRODHI 3.0+£021 1.0+0.06 0.7+0.05 0.3 £0.04) ND*

9 RADHA 25%0.28 1.3+£0.35 0.8+0.05 0.7+042 0.3 +0.02

10 HC1 1.7+£0.35 0.9+0.04 0.3+0.02 0.2+0.02 ND*

Values are shown as mean + SD of three sets of experiments with triplicates in each set. ND*= Not detected.

Table 2: Effect of salt stress on relative growth rate (RGR) assessed in chickpea using dry weight of root (DWR) and
dry weight of shoot (DWS) at 30 and 60 days after sowing (DAS).

Variety EC of saline water | DWR (mg) DWS (mg)
(dsm-!) 30DAS B60DAS 30DAS 60DAS
PUSA-1053 Control 63.1£1.56 75+ 1.64 430.1 £ 6.44 535.2 £ 5.97
4 60.0 +1.32 65.6 + 1.45 300.0 £4.24 350.4 £4.33
8 55.0 £1.13 58.0 £1.18 2751+ 2.39 320.0 £ 3.22
12 40.1+£0.95 50.0 + 1.06 2104 £ 1.94 240.3£2.39
16 35.0£0.72 45.1+0.83 195.1 £ 1.83 220.4 +2.30
PUSA-939 Control 52.1£1.04 72.0 £1.37 300.4 +4.38 400.4 £ 5.45
4 50.0 £ 0.93 60.1 +1.36 260.2 £2.29 310.3 £ 3.31
8 35.1+0.62 40.3+£0.84 240.5+2.34 280.3 £ 2.38
12 274 £0.45 30.2 £ 0.46 180.7 £1.33 21561 +£2.24
16 27.0+0.35 35.0+0.42 1304 £1.13 160.2 £ 1.27
BG-256 Control 50.1 £ 0.94 68.4 £1.23 258.6 + 2.24 320.0 + 3.27
4 36.3 £ 0.57 40.5+0.93 2421+ 233 278.0 £ 2.39
8 28.2+0.38 45.6 £0.98 180.4 £ 1.25 280.0 £2.34
12 20.2+0.23 38.7 £ 0.68 150.0 £ 1.14 250.0 £ 2.23
16 18.3+0.21 251+0.35 100.0 £ 1.34 220.0 £2.34

Values are shown as mean + SD of three sets of experiments with triplicates in each set.
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Figure 2: Effect of salinity on number of nodules/plant in three gram genotypes (DAS-days after sowing).
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Nodule nitrogenase activity (ARA): Nodule
nitrogenase activity (ARA) was reduced in all cultivars
under different levels of salinity (Table 3) and the
adverse effects increased as the duration of stress
increased. Cultivars PUSA-1053 and PUSA-939
showed significantly higher nitrogenase activity
compared to BG 256. The higher nitrogen fixation in the
salt tolerant Desi and Kabuli chickpea cultivars resulted

in higher total nitrogen content in leaves of chickpea
(Table 4).

Chlorophyll contents: Leaf chlorophyll contents
(chlorophyll a and b) were reduced significantly in all
the chickpea cultivars as salinity increased (Fig. 4A,
4B), the decrease being greater in cultivar BG-256
(sensitive genotype).

Table 3: Effect of salt stress on nitrogenase activity (ARA) p mole ethylene/mg nodule dry wt. /hr.) in three cultivars

of chickpea.
Variety EC of saline water (dsm') | 30-DAS 60-DAS 90-DAS
PUSA-1053 | Control 0.104.+ 0.004 0.125 + 0.003 0.083 + 0.005
(Kabuli 4 0.103 £ 0.003 0.122 + 0.004 0.075 + 0.005
tolerant) 8 0.098 + 0.005 0.112 £ 0.005 0.073 £ 0.003
12 0.093 + 0.004 0.109 + 0.004 0.067 + 0.005
16 0.081 + 0.005 0.103 + 0.005 0.060 + 0.003
PUSA-939 | Control 0.075 + 0.005 0.088 + 0.004 0.060 + 0.003
(Kabuli 4 0.063 + 0.003 0.069 + 0.005 0.045 + 0.003
sensitive) | 8 0.058 + 0.003 0.065 + 0.004 0.035 + 0.002
12 0.054 + 0.005 0.058 + 0.005 0.030 + 0.002
16 0.051 + 0.003 0.053 + 0.005 0.027 + 0.002
BG-256 Control 0.051 + 0.004 0.066 + 0.003 0.043 + 0.003
(Desi 4 0.047 + 0.002 0.057 £ 0.004 0.040 + 0.003
sensitive) | 8 0.035 £+ 0.003 0.048 + 0.003 0.030 £ 0.002
12 0.032 £ 0.004 0.040 + 0.002 0.025 + 0.002
16 0.030 + 0.003 0.038 + 0.002 0.022 + 0.003

Values are shown as mean + SD of three sets of experiments with triplicates in each set.

Table 4: Effect of salt stress on total nitrogen (mg/100 mg dry weight) in leaves of three chickpea cultivars.

Variety EC of saline water (dsm-) Days after sowing
30-DAS 60-DAS 90-DAS
PUSA-1053 Control 11.3+0.24 13.0+0.29 15.3+0.34
(Kabuli tolerant) 4 10.2+0.20 12.2+0.25 14.0 £0.30
8 9.0+0.19 11.0+£0.23 13.31£0.31
12 8.5+0.18 10.5+0.21 12.0+£0.26
16 55+0.14 75+0.16 10.5+0.23
PUSA-939 Control 9.5+0.19 11.7+£0.25 13.0£0.29
(Kabuli sensitive) 4 7.31£0.16 9.3+£0.20 12.0£0.27
8 55+0.15 75+0.17 10.5+0.24
12 4.0+0.13 6.5+0.15 9.3+0.18
16 35+0.12 52+0.14 70+0.16
BG-256 Control 754043 10.0 £ 0.21 12.0+0.25
(Desi sensitive) 4 5.3+0.14 8.0+0.17 11.5+£0.23
8 42+0.13 72+0.15 9.0+0.18
12 3.4 +0.11 6.3+0.15 8.5+0.17
16 2.1+0.09 50+0.13 6.0+0.13

Values are shown as mean + SD of three sets of experiments with triplicates in each set.
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Figure 4: Variation in Chlorophyll a [4A] and Chlorophyll b [4B] content in three cultivars of chickpea at various
growth stages under salt stress (DAS-days after sowing).

Table 5: Effect of salt stress on Rubisco activity (ARA u mole CO2/mg nodule dry wt. / hr.) in Kabuli and desi
cultivars of chickpea.

Variety EC of saline water (dsm-') Days after sowing
30-DAS 60-DAS 90-DAS
PUSA-1053 | control 4.25+0.04 4.55+0.05 4.00 £0.03
(Kabuli 4 4.16 £ 0.05 4.39+0.04 3.87 £0.03
tolerant) 8 4.00 £0.03 4.25+0.03 3.65 £ 0.04
12 3.85 £ 0.04 418 £0.04 3.49 £ 0.04
16 3.82+0.05 4,08 £0.05 3.35+0.03
PUSA-939 | control 2.75+0.02 3.25+0.03 2.25+0.02
(Kabuli 4 243 £0.02 3.15+0.03 2.00 £0.02
sensitive) | 8 2.00 +0.01 2.55+0.04 1.36 £0.03
12 1.82£0.03 2.00 £0.04 1.00 £ 0.02
16 1.40 £ 0.02 1.45+0.03 0.75 £ 0.002
BG-256 control 2.65 £ 0.04 2.88£0.05 1.97 £0.03
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(Desi 4 2.13+0.02
sensitive) | 8 1.91£0.02
12 1.63 £0.02
16 1.44 £ 0.02

2.22+0.03 1.32 £0.04
1.85+0.04 1.01+£0.03
1.45+0.03 0.77 £0.003
1.35+0.03 0.43 +0.002

Values are shown as mean + SD of three sets of experiments with triplicates in each set.

Rubisco activity: In the leaves of chickpea the
Rubisco activity was also reduced by saline stress
(Table 5). The magnitude of Rubisco suppression
varied with salt concentration and cultivar.

PEPCase activity: Nodular carbon dioxide fixation was
closely related to its nitrogen fixation capacity. The

present study showed that PEPCase activity was
increased in response to salt stress, the degree of
stimulus being concentration dependent. However, in
the sensitive cultivar BG-256 the PEPCase activity
increased under lower saline concentrations but
declined with higher salt dosages (Fig. 5A, 5B).
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Figure 5: Variation in PEPCase activity In Vivo (A) and In Vitro (B) in three cultivars of chickpea at various growth

stages under salt stress (DAS-days after sowing).

DISCUSSION
There was a significant decline in the overall growth of
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evident from the decline in relative growth rate with
increasing salt stress. Decreases in root and shoot
mass have been reported earlier for desi chickpea
(Elsheikh & Wood, 1990). A decline in root dry mass
may be caused by the reduced nutrients transportation
from the soil to the growing shoots. Therefore, a
decrease in shoot dry matter accompanied by a decline
in root dry matter is a normal growth phenomenon
under salt stress.

Sensitive cultivar BG-256) showed lower ARA values
than the tolerant ones after salt treatment. Ability of
nodules to reduce CoH, under salinity stress declines
and it has been well studied for other legumes (Serra;
et al., 1998; Ferri et al., 2000; Ashraf and Harris, 2003;
Sheokand, 1995).

The reduction of ARA under salt stress may be due to a
restriction of oxygen diffusion in nodules or due to
poisonous effects of Na or Cl accumulation (Serraj,
1998). The reasons for reduction in ARA from 60 to 90
days after sowing may have been due to the effect of
salt reducing the activity of pre-formed nodules and
partly due to the reduced differentiation of new pink
nodules.

Disturbance in the accumulation patterns of
nitrogenous fractions under salt stress might be
responsible for decreased nitrogen content in the
sensitive cultivars. Due to the saline stress the leaves
became yellow, which ultimately resulted in significant
damage to the chlorophyll pigments. Similar results
have been reported for other legumes (Soussi et al.,
1998). The inhibitory effects on chlorophyll pigments
could be due to suppression of specific enzymes
responsible for the synthesis of the green pigments.
This effect depends on the different biological
processes and growth stages of the plant and also on
the type and concentration of the salts. The decrease in
chlorophyll may be attributed to increased
chlorophyllase activity (Mishra and Sanwal, 1994, Fang
et al, 1998; Soussi et.al, 1999, Kiani et al., 2005;
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