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Abstract

The experiment was conducted during the period from December 13, 2010 to
May 13, 2011 at the Crop Physiology Lab, Agronomy Division, Bangladesh
Agricultural Research Institute (BARI). In Hoagland culture solution, 70
(Seventy) genotypes of chickpea were tested during germination and seedling
stage at 0, 5, 10 and 15 dS/m salinity levels. Distilled water (0 dS/m) was used
as a control. Germination percentage (GP), relative germination percentage
(RGP), germination rate (GR), relative germination rate (RGR), root length
(RL), relative root length (RRL), shoot length (SL), relative shoot length (RSL),
vigor index, total dry matter (TDM) and relative total dry matter (RTDM) were
found to be affected by salinity. Genotypes BD-6061, BD-6066 BD-6071, BD-
6060, BD-6067 and BD 6078 performed better at 10 dS/m and survived up to 15
days after germination as evaluated on the basis of germination percentage (GP),
relative germination percentage (RGP), total dry matter (TDM) and relative total
dry matter (RTDM). These genotypes could be selected for further investigation
under pot culture and field evaluation in the saline area.
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Introduction

Out of 2.85 million hectares of the coastal and offshore areas about 1.06 million
hectares are saline with various magnitudes, which cover over 30% of the total
cultivable lands of Bangladesh. Agricultural land use in these areas is very poor,
which is roughly 50% of the country’s average (Petersen and Shireen, 2001).
Salinity causes unfavorable environment and hydrological situation that restrict
normal crop production during the dry season. In general, soil salinity is
believed to be mainly responsible for low land use as well as cropping intensity
in the area (Rahman and Ahsan, 2001). Soil salinity problem in the country
received very little attention in the past. Increased pressure of growing
population demand more food. Thus it has become increasingly important to
explore the possibilities of increasing the potential of these (saline) lands for
increased production of crops.

Chickpea (Cicer arietinum L.) is the fifth most extensively planted grain
legume (D'amorea et al., 1996). Besides being an important source of human and
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animal food, the crop also plays an important role in the maintenance of soil
fertility, particularly in southern regions (Saxena, 1990). A major constraint on
chickpea production in coastal area is soil salinity, predominately due to chloride
and sulphate accumulation in saline area. Although some soils are naturally
saline, the secondary salinization is largely brought about by the use of irrigation
systems, that is the greatest threat to legume sustainability in southeast regions,
where water supplies are limited and irrigation is essential to improve poor crop
yields. As with many other pulses, chickpea is a salt-sensitive crop and yields are
seriously reduced particularly by chloride salinity (Manchanda and Sharma,
1990.) The effects of salinity on chickpea are wide ranging. Seed germination is
delayed and reduced and vegetative plant growth is suppressed under saline
conditions (Sharma et al., 1982; Yadav et al., 1989). Recent strategies of
Bangladesh Agricultural Research Institute is to develop salt tolerant genotype of
Chickpea to cope with the need of the country for better utilization of salt
affected areas by fitting salt tolerant genotypes. The objective of this experiment
was to evaluate genotypes of Chickpea for their salt tolerance.

Materials and Method

The experiment was conducted during the period from December 13, 2010 to
May 13, 2011 at the Crop Physiology Lab, Agronomy Division, Bangladesh
Agricultural Research Institute (BARI). Seeds of seventy genotypes of chickpea
were collected from Plant Genetics Resource Center (PGRC), BARI, Joydebpur,
Gazipur and subjected to attain different salinity levels. The experiment assessed
the germination and seedling growth of chickpea genotypes at different NaCl
salinity levels. The NaCl concentrations used were 0 (control), 5, 10, and 15
dS/m and 70 genotypes were used as treatment variables. The salt solution was
prepared by calculating amount of normal NaCl in distilled water. Hongland
solution was used as nutrient media with the salt solution. The P" of Hongland
solution was maintained 6-7. Plastic pots were used in the experiment with a
diameter of 10 cm and arranged in a completely randomized design with three
replications. Each pot was supplied with 500 ml of the respective treatment
solution. Seeds were sown on the plastic pots having bolting paper. The
germination count was started after 72 hours of sowing and continued till the 13"
day. A seed was considered to have germinated when both the plumule and the
radicle emerged > 0.5cm. After 15 days, the shoot and the root length of ten
randomly selected seedlings from each replicate were measured following a
draftsman ruler (Azhar and McNeilly, 1987).
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Germination rate (GR): the average number of days needed for plumule or
radicle emergence was calculated as (Lemma Desalegne, 1996):

NTn3+ NTn6+ NTn9+ NTn12
Total number of seeds germinated

Germination Rate =

Where: Tn = number of seeds germinated at day 3, 6, 9, 12
N =days (3, 6, 9, 12)

The plants were then collected from the pots and the following measurements
were done

I. Root height (cm).

ii. Shoot height (cm)

iii. Shoot to root ratio

iv. Vigor index

2 Oven dry-weight of plant ().
Relative indices were calculated as follows:

CGermination of stressed seedlings x100
Seedling height of control seedlings

Relative Germination Percentage (RGP) =

CGermination of stressed seedlings x100
Seedling height of control seedlings

Relative Germination Percentage (RGP) =

Dry - matterof stressedseedlings x100
Dry - matterof controlkeedlings

RelativeT otalDry Matter=

Statistical Analysis

Data analysis was carried out by SAS package where two way analysis of
variance (ANOVA) and correlation analysis were employed. Prior to data
analysis, shoot-to-root ratio (SRR) was log transformed. At 15 dS/m, almost all
genotypes of chickpea were collapsed after germination. Consequently, the
incomplete data obtained from these salinity levels had been excluded from the
data. Analysis of germination percentage (GP), relative germination percentage
(RGP), germination rate (GR), relative germination rate (RGR), root length (RL),
relative root length (RRL), shoot length (SL), relative shoot length (RSL), total
dry matter (TDM) and relative total dry matter (RTDM) were measured.
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Results and Discussion
Germination Percentage

At different salinity levels, the germination percentage (GP) and the relative
germination percentage (RGP) were shown in Fig.1 and Fig 2. A variation in the
germination of chickpea genotypes under salinity was observed. NaCl salinity
stress decreased the rate of germination percentage at higher salinity level (15
dS/m). It was observed from Fig. 1 and Fig. 2 that at salinity level (10 dS/m), the
genotypes BD-6060, BD-6071, BD-6078, BD-6080, BD-6084, BD-6089, BD-
6093, BD-6094, BD-6095, BD-6184, BD-6296 and BD-6309 showed higher (50-
60 %) germination percentage. On the other hand, the genotypes BARI Chola-3,
BARI Chola-4, BARI Chola-6, BARI Chola-7, BD-6035, BD-6040, BD-6041,
BD-6046 and  BD-6045 gave lower germination percentage. The genotypes
BD-6089, BD-6093, BD-6094, BD-6095, BD-6108, BD-6208, BD-6284, BD-
6289, BD-6295 and BD-6296 gave 30-50 % germination and lower RGP (%) at
15 dS/m. Salinity level resulted in reduced germination percentage in all most all
genotypes. Similar results were reported in Mungbean (Mahajan andTuteja,
2005; Mahadavi and Sanavy, 2007), Pea (Shahid et al., 2012), rice (Lee et al.,
1998), durum wheat and tef (Tekalign Mamo et al., 1996). Salt stress delayed the
rate of germination. The effect being more pronounced at higher salinity levels.
This is in agreement with reports in intermediate wheat grass (Hunt, 1965),
spring wheat (Ashraf and McNeilly, 1988), pearl millet (Singh et al., 1999),
perennial rye grass (Horst and Dunning, 1989), and sorghum (Marambe and
Ando, 1995).
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Fig. 1. Effect of salinity levels on germination percentage of chickpea genotypes.
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Fig. 2. Relative germination percentage of chickpea genotypes as affected by salinity
stress.

Germination Rate (GR)

The highest germination rate (7.8) was found in genotype BD-6040 followed by
BARI Chola-1 (7.5), BARI Chola-2 (7.54), BARI Chola-3 (7.51), BD-6041(7.66),
BD-6044 (7.52) and BD-6048 (7.58) at higher level of salinity (10 dS/m). The
lowest germination rate was found in genotype BD-6068 (6.48) followed by BD-
6117 (6.66), BD-6126 (6.70), BD-6093 (6.70), BD-6129 (6.70) and BD-6122
(6.74) at same level of salinity on the basis of germination rate (Fig. 4) and relative
germination rate (RGR) was reduced at (15 dS/m) of salinity (Fig. 5).

The rate of germination was decreased with increasing salinity levels. The
results agreed with those of Kumar et al. (1981), Abel and Macenzle (1964),
Paliwal and Maliwal (1972), Al-Moaikal (2006), Varshney and Baijal (1977) and
Basalah (1991) who reported that salinity decreased the rate of germination and
emergence.
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Fig. 3. Effect of different salinity levels on germination rate of chickpea geotypes.
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Fig. 4. Effect of salinity on relative germination rate of chickpea genotypes.

Seedling Root Length

The highest seedling root length (SRL) was found in genotype BD-6284 (12.52
cm) followed by BD-6078 (10.50 cm), BARI Chola-7, BD-6042, BD-6045, BD-
6060, BD-6084, BD-6117, BD-6130 and BD-6245 at 10 dS/m (Fig. 5).
Increasing salinity levels decreased the plant relative root length (Fig. 6) as
observed in the study.
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Fig. 5. Effect of salinity levels on root length (cm) of chickpea genotypes.
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Fig. 6. Relative root length of Chickpea genotypes as affected by salinity stress.

Seedling Shoot Length

The highest seedling shoot length (SSL) was found in genotype BD-6208 (15.50
cm) followed by BD-6295, BD-6303, BD-6060, BD-6066, BD-6067, BD-6071,
BD-6078, BD-6080, BD-6084, BD-6284, BD-6292, BD-6295, BD-6226 and BD-
6297 at 10 dS/m. The lowest seedling shoot length was found in genotype BARI
Chola-4 followed by BARI Chola-3, BD-6035, BD-6216 and BD-6094 (Fig. 8).
At 15 dS/m salinity level, most of the genotypes were failed to survive up to 15
days except BD-6060, BD-6061, BD-6066, BD-6068, BD-6071, BD-6078, BD-
6080, BD-6084, BD-6089, BD-6093, BD-6284, BD-6289, BD-6302, BD-6303,
BD-6309, and BD-6310. The relative shoot length (RSSL) was reduced with
increasing salinity levels (Fig. 8).

The root and shoot lengths are the most important parameters for salt stress
because roots are in direct contact with soil and absorb water from soil and shoot
supply it to the rest of the plant. For this reason, root and shoot length provides
an important clue to the response of plants to salt stress (Jamil and Rha, 2004).
Salt stress inhibited the seedling growth (root and shoot length) but root length
was more affected than shoots length .Inhibition of plant growth by salinity
might be due to the inhibitory effect of ions. The reduction in root and shoot
development may be due to toxic effects of the Na* and CI  used as well as
unbalanced nutrient uptake by the seedlings. Higher salinity may inhibit root and
shoot elongation due to slowing down the water uptake by the plant (Werner and
Finkelstein, 1995) and might be another reason for this decrease. Neumann
(1995) indicated that salinity can rapidly inhibit root growth and hence capacity
of water uptake and essential mineral nutrition from soil. From the study, it was
found that salt stress inhibited the growth of root more than shoot in all chickpea
genotypes. The findings of the present study are in accord with findings of Demir
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and Arif (2003) who reported that the root growth was more adversely affected
compared to shoot growth by salinity. Hussain and Rehman (1997) also reported
that the roots of seedling were more sensitive than the shoots.
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Fig. 7. Effect of salinity levels on seedling shoot length (cm) of chickpea genotypes.
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Fig. 8. Effect of salinity levels (5,10 &15) on relative shoot lenght of chickpea
genotypes.

Seedling Shoot-to-Root Ratio (SRR)

The highest SRR was found in genotype BD-6248 (150.80) followed by BD-
6066, BD-6297, BD-6123 and BD-6078 (Fig. 9). The lowest SRR were found in
genotypes BD-6048 (48.97) followed by BD-6049 (48.83), BD-6059 (49.36),
BD-6041 (56.26), BARI Chola-5 (58.89) and BD-6047 (60.58) and relative
shoot-to-root ratio (RSRR) was reduced with increasing salinity levels (Fig.10).
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Fig. 9. Effect of salinity levels on shoot to root ratio of chickpea genotypes.
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Fig. 10. Effect of salinity levels (5, 10 &15 ds/m) on the relatives SRR of chickpea
genotypes.

Vigor Index

From Fig.11, It was observed that at lower level (5 ds/m) of salinity, vigor index
was influenced in some of chickpea genotypes but with increasing salinity levels,
vigor index was decreased. The higher vigor index was observed in genotypes
BD-6060, BD-6061, BD-6078, BD-6066, BD-6067, BD-6301 and BD-6218 at 10
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ds/m which were grater than 500 but less than 1000. Vigor index was decreased
in some genotypes of chickpea at 15 dS/m. So it indicates that chickpea was very
much sensitive to salinity. Lauter and Munns (1986) reported that chickpea is
susceptible to salinity, especially during germination. The results are agreement
with them.
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Fig. 12. Effect of salinity levels on total dry matter of chickpea genotypes.
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Fig.13. Effect of salinity levels on relative TDM of chickpea genotypes.

Total Dry Matter

The higher total dry matter and RTDM (Fig.13 & Fig. 14) was observed in
genotype BD-6061, BD-6066 and BD-6071 at all levels of salinity. All the
genotypes were then categorized as tolerant (0-3), moderately (4 &5), susceptible
(6-7) and highly susceptible (8-9) based on 0-9 scale. The scales measured from
RTDM of genotypes were as follows:

Table 1. Salinity types.

Scale RDM (%) Tolerance Group
0 > 120 Tolerant
1 110-120
2 100-110
3 90-100
4 80-90 Moderately Tolerant
5 70-80
6 60-70 Susceptible
7 50-60
8 40-50 Highly Susceptible
9 <40

Source: Ashraf and Waheed, 1990.

All the genotypes examined in this study were classified into ten groups based
on 0-9 scale (Table.1), on the basis of their performance in relative total dry matter
(RTDM). At 10 dS/m NaCl there were 3 genotypes that produced greater than 90 %
RTDM, 3 genotypes that had 70-90 %, 6 genotypes had 50-70 % and 58 genotypes
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had < 50 % RTDM. Among the 70 genotypes, at 10 dS/m the tolerant was 4 %,
moderately tolerant 4 %, susceptible 9 % and highly susceptible 73 % (Fig. 14).
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Fig. 14. Percentage of salinity tolerance of 70 chickpea genotypes.

It is now evident that the existence of genetic variation in salt tolerance is a
prerequisite for development of salt tolerant cultivars through selection/ or
breeding. To explore such variation in chickpea 70 genotypes were screened at
the early stages, as salt tolerance throughout these stages is crucial for
establishment of a crop in saline environment.

The result presented in this study deal with the salt tolerance of the genotypes
at the vegetative growth stage. The tolerance observed in the 3 genotypes at 10
dS/m NaCl may or may not be conferred at the adult stage. Nevertheless,
tolerance observed at the vegetative stage is of great important because it has
been emphasized by many workers that the assessment of salt tolerance at
vegetative stage of a plant species has considerable value in determining the
ultimate tolerance of the species (Akber and Yabuno, 1974; Ashraf and
McNeilly, 1987). Therefore, knowing the tolerance which was observed at
vegetative stage of some genotypes would be of considerable economic value for
crop establishment on salt affected soil.

Conclusion

The salt tolerant genotypes found in the diverse germplasm of chickpea could
have considerable economic value in increasing yield on saline areas with
moderate salinity, provided the genotypes are still tolerant when adult and also
have adaptability to other factor counted in salt affected soils. The genotypes



SCREENING OF CHICKPEA GENOTYPES AGAINST SALINITY STRESS 617

BD-6061, BD-6066 BD-6071, BD-6060, BD-6067 and BD 6078 should be tested
in pot experiment for confirmation in the next season.
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