Bot. Bull. Acad. Sin. (2005) 46: 135-142

Compar ativemor phological and physiological responsesof green
gram genotypesto salinity applied at different growth stages

Shakil AHMAD?, Abdul WAHID?**, Ejaz RASUL?, and Abdul WAHID?*

Department of Botany, Government College University Lahore, Pakistan
2Department of Botany, University of Agriculture, Faisalabad-38040, Pakistan

(Received August 27, 2004; Accepted December 20, 2004)

Abstract. Experiments were conducted to find the difference among green gram (Vigna radiata L. Wilczek) geno-
types for salinity tolerance during germination and during vegetative and reproductive growth stages under NaCl
treatment. Data revealed significent genotypic differences in germination percentage and post-germination survival of
seedlings, symptoms of salt injury, changes in the levels of Na*, Cl- and K* and total chlorophyll at the vegetative
stage, and in pod development, seed yield, and yield components at the reproductive stage. Salinity tolerance in green
gram was related to greater final germination and post-germination seedling survival, low scorching, chlorosis and
necrosis of aerial parts, reduced Na* and Cl-, slightly enhanced K*, and greater chlorophyll content. Appearance of
increased symptoms on the aerial parts was positively related to increased Na* and Cl- and negatively to increased
K*. At maturity, pod weight, seed:hull weight ratio, 100-seed weight, seed yield and harvest index were also greater
in M-6601. Maintenance of a steady seed:hull weight ratio in M-6601 indicated that a higher seed yield in this geno-
type is principally due to a greater partitioning of photoassimilates to seed rather than hull during pod development
under saline conditions. Based on these criteria, M-6601 and 241/11 were declared salt tolerant and sensitive,
respectively. Essentially then, ion-toxicity is the dominant factor modulating the salt tolerance of green gram during

growth periods.

Keywords: Green gram; Harvest index; lon-toxicity; Symptoms; Seed:hull weight ratio; Seedling survival.

I ntroduction

Rapidly increasing soil salinity has multifarious effects
on plant growth and productivity. Salt-affected land com-
prises 19% of the 2.8 billion hectares of arable land on
earth, and an increase in this menace is posing a serious
threat to agriculture globally (Pessarakli and Szabolcs,
1999). Higher amounts of toxic ionsin the root zone cause
damage initially to roots and then to shoots after their
transport. It is believed that greater ion injury at any stage
of plent development is crucial for the maintenance of the
active size of the canopy (Francois and Maas, 1999). Salt
tolerance varies considerably with the developmental
stages in a number of species (Wahid et al., 1997; Wilson
et a., 2000). Tolerance at emergence followed by seedling
survival and establishment are important in the maintenance
of optimal crop stand in the field, and ultimately the eco-
nomic yield (Wahid et al., 1999a; Raptan et al., 2001,
Bayuelo-Jimenez et al., 2002).

The criteria used to gppraise the salt tolerance poten-
tial of any plant species are morphological, physiological,
and biochemical in nature (Rawson et al., 1988; Shannon,
1997; Flowers, 2004; Ashraf and Harris, 2004). The morpho-
logical criteriainclude stunted growth (Srivastava and Jana,
1984; Boyd and Rogers, 2004), leaf scorch (Barroso and
Alvarez, 1997; Karakas et d ., 2000), chlorosis of green parts
(James, 1988; Pentalone et al., 1997; Husain et al., 2003),
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and necrosis of leaves (Volkmar et al., 1998; Chen et al.,
2003). Physiological criteria are tissue ionic contents and
photosynthetic rate (Schachtman and Munns, 1992;
Murillo-Amador et al., 2002; Morant-Manceau et al., 2004)
while biochemical ones include qualitative and quantita-
tive changes in proteins, fats, and carbohydrate patterns
(Dubey, 1999; Khatkar and Kuhad, 2000; Bassil and Kaffka,
2002). Induced nutrient deficiency is one of the most im-
portant aspects of salinity, leading as it does to serious
perturbation of normal cellular activities. The appearance
of signs of salt damage is due to alterations in the nutri-
ent status of tissues, which can be used to diagnose a
stress response. For instance, deficiency of K* leads to
chlorosis followed by necrosis of leaves (James, 1988).
Deficiency of N and Ca?* leads to chlorosis (yellowing),
and one of P results in necrotic spots on the leaf surface
(Taiz end Zeiger, 2002). A mgority of the criteria of salin-
ity tolerance are physiological and biochemical (Ashraf and
Harris, 2004), and only a few are concerned with the mor-
phological changes at different stages (Wahid et al., 1999b;
Husain et al., 2003; Boyd and Rogers, 2004). In addition,
attributes like greater seed yield per plant and harvest in-
dex are adjudged as valid determinants of salinity response
(Lawn and Rebetzke, 1991; Volkmar et al., 1998; Zeng et
al., 2001; Bassil and Kuffka, 2002). Taken together, these
factors can be used to predict the salinity response and
to develop remedial strategies thereafter.

Green gram (Migna radiata L. Wilczek) is an important
traditional crop the world over. It is of short duration, re-
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quires low inputs, yields highly, and serves as an excel-
lent source of protein as seed or sprout. The area under
this crop continues to increase because it can be cultivated
asafallow or rotation crop after rice and groundnut in nor-
mal soils (Srinives, 1990). Major obstacles to the growth
and productivity of green gram in arid and semiarid regions
are the ever-increasing salinity and sodicity of soils and
the scarcity of good quality irrigation water. Green gram
has been categorized as salt-sensitive with a threshold of
<2 dSm? (Minhas et al., 1990) albeit some varieties sus-
tain and give acceptable yields under higher relative sa-
linity levels (Misra and Dwivedi, 2004). Although quite a
few studies are available on the ionic and physiological
relations (Lawn and Rebetzke, 1991; Zayed and Zeid, 1997;
Raptan et al., 2001), no systematic study documents the
interrel ationships of salt-induced symptomatic and physi-
ological changes and their significance in the prediction
of salinity response. The aim of this study was to seek
suitable criteria and to decipher the physiological basis of
salt tolerance by drawing parallels between various
morphological, physiological, and yield attributing
components.

Materials and M ethods

Plant Material and General Experimental Details

The green gram genotypes used in this study included
genetically distinct approved varieties and promising ad-
vanced lines obtained from the Ayub Agricultural Research
Institute, Faisalabad (M-6601), the Nuclear Institute for
Agriculture and Biology, Faisalabad (NM-51), and the Uni-
versity of Agriculture, Faisalabad, Pakisten (245/7 and 241/
11). Germination test of the genotypes was performed in
soil salinized with NaCl to accomplish 4, 8 and 12 dS m'?,
and in a control. Selected healthy seeds were surface ster-
ilized with 0.1% (w/v) HgCl, for 3 min, washed repeatedly
with sterilized distilled water, sown (50 seeds) directly in
pans, and kept in a greenhouse. Data on germination per-
centages was recorded on alternate days, until no further
germination was notable in control pans. The seedlings
were allowed to grow for another five days to test their
post-germination survival. For studies at vegetative and
reproductive stages, ten surface sterilized seeds were di-
rectly sown in pots containing 10 kg of loam and lined with
double layer of polyethylene sheets. After germination and
thinning, four plants of uniform size were maintained in
each pot. Salt solution was gradually added to the pots @
20 mmol NaCl L per day to achieve 4, 8, and 12 dS m*
levels, based on full field capacity of soil. No salt was
added to the control. The physico-chemical characteris-
tics of the soil were: sand 39%, silt 32%, clay 28%, (textural
classloam), organic matter 1.45%, pH 7.3, ECe 1.41 dSm',
cation exchange capacity 14.2 meq 100 g soil, sodium ab-
sorption ratio 0.11. Amounts of someions were as follows
(megq L™): Na® 3.39, Cl 6.13, SO,> 1.43 and Ca+rMg 17.3.
The plants were irrigated with tap water to maintain soil
moisture at field capacity. At the vegetative stage, salin-
ity was gradually applied 55 days after emergence of
seedlings, and plants were harvested on the 70" day. At
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the reproductive stage, pots were salinized at the 80" day
after emergence (at the onset of flowering) and harvested
at maturity to record pod and seed characteristics.

Symptomatic, Growth and Yield Deter minations

Three upper fully expanded trifoliate leaves were visu-
ally recorded and graded on a numeric scale for the inci-
dence of symptoms of salt injury such as scorch, chlorosis
and necrosis at the vegetative and adult stages (Wahid et
al., 1999h). For stems and branches, both chlorosis and ne-
crosis were recorded, and for pods only browning
(chlorosis) was noted. Leaf number on each plant was
recorded, and their areas were determined using a leaf area
meter (Model Li-3000, Licor, Lincoln, USA). To record dry
weight, the plants were harvested at ground level, put in
paper bags, and dried in an oven at 70°C for seven days.
The fresh weight of pods and seeds was recorded, and
100-seed weight and seed yield per plant were taken after
separating the seeds from hulls. Harvest index was com-
puted as [(seed yield/straw yield) x 100].

lon and Chlorophyll Content Deter mination

For the determination of Na* and K* contents from
shoots, the dried powdered material (0.5 g) was digested
inan HNO,:HCIO, mixture (3:1 v/v) at 280°C for 2 h, or un-
til a sample had been digested, cooled, and made up to a
volume of 50 ml using deionized water. Both Na+ and K*
were determined on flame-photometer (Sherwood Model
410, Cambridge, UK). For Cl- contents determination, the
powdered material (0.5 g) was boiled in water in a screw
capped test tube for 1 h, then cooled, filtered, and made
up to avolume of 50 ml for analysis by chloride analyzer
(Model-VC-HI Central Kagaku Corp., Japan). For chloro-
phyll determination, fresh |eaves were enclosed in black
plastic bags, put on ice in a bucket, brought to laboratory,
extracted (0.5 g sample) in 80% acetone (100 ml) using a
blender, and vacuum filtered. The filtrate was immediately
determined for total chlorophyll at 652 nm (Yoshidaet al.,
1976).

Statistical Analysis

All the experiments were conducted in acompletely ran-
domized design with three replicates. Two season’s data
were pooled for statistical analysis. Analysis of variance
(ANOVA) was performed to determine statistically signifi-
cant differences among genotypes, salinity levels, and their
interactions. Duncan’s new multiple range test was applied
to compare the treatment means. Simple linear correlation
coefficients were computed to establish relationships be-
tween graded values of symptomatic and physiological at-
tributes of genotypes under salinity.

Results

Germination and Seedling Survival

Although genotypes indicated a reduction in the final
seed germination under increased salinity, a significant
genotypic difference was evident. NM-51 and M-6601 un-
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der non-saline or saline conditions exhibited similar
germination. Post-germination survival of seedlings of all
genotypes, however, decreased under salinity stress. M-
6601, followed by NM-51, performed better in this regard
(Teblel).

Salt Injury Symptoms

Symptoms of salt injury were recorded on leaves and
stems at vegetative and reproductive stages (Table 2). Vi-
sual evaluation revealed that scorching of trifoliate leaves
was lowest in M-6601, followed by 245/7 at vegetative, and
in M-6601 followed by NM-51 at reproductive stages. Chlo-
rosis of leaves, however, indicated a definitive pattern, be-
ing low in M-6601 and high in 241/11 at vegetative or
reproductive stages. No definitive pattern was evident
among the genotypes for stem chlorosis at the two stages.
Likewise, trifoliate leaf necrosis was low in M-6601 and
245/7 at vegetative or adult stages, respectively, but 241/
11 again showed the highest necrosis. No genotypic dif-
ference was noted for stem necrosis at any stage.

Growth Characteristics and Chlorophyll Content

Applied NaCl salinity significantly affected the shoot
dry weight of all the genotypes, but there was no geno-
type or salinity interaction (Table 3). Shoot dry weight was
the highest in M-6601 under control or high salinity
conditions, but the difference among the genotypes was
noted. The number of green trifoliate |eaves, however, was
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the measurement most affected in al the genotypes, with
241/11 and NM-51 incurring a significent loss (Figure 1).
High magnitude changes among the green trifoliate leaf
numbers revealed significant differences between the
genotypes, salinity levels, and an interaction of these fac-
tors (Table 3). A significant reduction in number of green
leaves resulted in severely curtailed photosynthetic area
as was evident from a significant difference among the
genotypes and salt levels (Table 3). Leaf area per plant was
the highest under either condition in M-6601; this geno-
type incurred the lowest (63%) and 241/11 showed high-
est (82%) reduction in this parameter under NaCl (Figure
1). Although salinity reduced the total chlorophyll content
of leaves, a significant difference among the genotypes
and salt levels was noted (Table 3). However, at 12 dSm*
maximum chlorophyll contents were noted in M-6601, fol-
lowed by 245/7 (Figure 1).

Shoot lonic Relations

Analysis of shoot ion content showed that all the geno-
types had increased levels of Na* and Cl- and concomitantly
decreased K* levels, with increased substrate salinity
(Figure 1). The difference among the genotypes and salin-
ity levels and their interaction was significant (Table 3).
Genotype 241/11 indicated the highest while M-6601
showed the lowest Na* and ClI- content in the shoot. L ow-
est K* content was noted in NM-51, and the highest was
in M-6601 under the highest salt condition (12 dS m?). The

Table 1. Germination and seedling survival of green gram genotypes sown in pots containing soil salinized with sodium chloride.

NaCl levels Germination percentage Post-germination seedling survival (% of germinated seeds)
(dSm™) NM-51  241/11 245/7 M-6601 NM-51 241/11 245/7 M-6601
Control 92+2a 94+3a 93+3a 93+2a 100+0a 100+0a 100+0a 100+0a

4 88+4b 70+3b 83+2b 85+3b 85+5b 78+4b 79+3b 94+2b

8 67+4c 55+5¢ 66+4c 65+3c 76+2c 61+6¢C 67+4c 86+3c
12 54+4d 44+3d 48+4d 53+4d 65+4d 56+5d 64+3d 70+5d

Means within a column sharing different letters represent significant difference (p<0.05).

Table 2. Grading of the green gram genotypes according to signs and degree of salt injury on trifoliate leaves and stem at vegetative

and reproductive growth stage.

i . Trifoliate leaves Stemg/petioles
Sign of saltinjury Degree
Vegetative stage Reproductive stage Vegetativestage  Reproductive stage
Scorch Low M-6601 M-6601 — —
| 245/7 NM-51 — —
2 NM-51 245/7 — —
High 241/11 241711 — —
Chlorosis Low M-6601 M-6601 2457 2457
| NM-51 2457 241/11 M-6601
d 2457 NM-51 M-6601 241711
High 241/11 241711 NM-51 NM-51
Necrosis Low M-6601 2457 241/11 M-6601
| 245/7 M-6601 M-6601 241/11
d NM-51 NM-51 NM-51 245/7
High 241/11 24111 245/7 NM-51
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Table 3. Analysis of variance (mean squares) of some growth, chemical constituent and yield components of green gram genotypes
at vegetative and reproductive stages of plant growth. Degree of freedom for genotypes (G) and salinity levels (S) is 3 each, for GxS

is9 and for error is 32.

Sources of variation

Parameters
Genotypes (G) NaCl levels (S) GxS Error
At vegetative stage
Shoot dry weight 1.61** 24.37%* 0.44ns 0.17
Number of green leaves 57.80** 433.03** 0.86** 0.08
Leaf area 56.38** 1545.52** 12.50ns 5.09
Total chlorophyll 0.66** 6.54** 0.16ns 0.08
Shoot Na* 79.89** 2009.63** 17.66ns 451
Shoot K 14.26** 642.18** 1.89** 0.47
Shoot K:Na 0.08ns 29.56** 0.05ns 0.07
Shoot Cl 169.00** 5292.75** 29.52** 8.99
At reproductive stage
Pod fresh weight 1.97+* 67.21** 0.29** 0.03
Seed yield per plant 1.73** 32.57** 0.18** 0.03
Hull weight 0.02ns 6.09** 0.23ns 0.03
Seed: hull weight ratio 1.61** 1.22** 0.14ns 0.10
100 seed weight 1.32%* 38.25** 0.12** 0.08
Harvest index 761.08** 4110.87** 39.15** 21.58

**P<0.01 and ns, P>0.05. For units see figure 1 and 2.
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Figure 1. Changes in some growth characteristics chlorophyll
and ionic relations of mungbean genotypes under NaCl salinity
at vegetative stage.

K*:Na" ratio, on the other hand, plunged with increased
salinity, and a difference among the genotypes was not
evident (Table 3). Nevertheless M-6601 manifested amini-
mum reduction in thisratio (Figure 1).

Pod and Seed Yield Attributes

Pod fresh weight recorded at maturity was the highest
for 245/7 under control conditions; however, applied NaCl
severely reduced this attribute in all genotypes. M-6601
had the highest pod weight (Figure 2). Thisresulted in sig-
nificant difference among the genotypes, salinity levels
and interaction of genotypes and salinity (Table 3). All
genotypes showed a severe reduction in seed yield as the
salinity levelsincreased; there was an interaction of geno-
types and salinity levels (Table 3). Although the geno-
types did not differ significantly for hull weight, salinity
treatments reduced it significantly. Despite this, low hull
weight was observed in M-6601 and high in 245/7 and NM-
51 under saline conditions (Figure 2). The seed:hull weight
ratio revealed significant difference among the genotypes
and salt levels (Table 3). Thisratio remained steady in M-
6601, fell significantly in the others, and was the lowest in
241/11 (Figure 2). Applied salinity significently reduced the
seed yield per plant; M-6601 incurred the lowest and 241/
11 the highest reduction in both these attributes (Figure
2). Likewise, the 100-seed weight of the genotypes also
fell drastically with increased salinity, indicating a signifi-
cant difference among genotypes and salinity levels (Table
3). NM-51 showed the highest (~71%) and M-6601 the low-
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est (~53%) reduction in this parameter (Figure 2). Harvest
index indicated a significant reduction due to salinity in
al the genotypes, with a significant genotype and salinity
interaction (Table 3). The maximum reduction (77%) in this
attribute was noted in 241/11, and the minimum (57%) oc-
curred in M-6601 (Figure 2).

Correlation Studies

There was a strong negative association of all the
growth parameters and chlorophyll content with the Na*
and ClI- content but a strong positive relationship with K*
and the K*:Na" ratio (Table 4). Greater leaf scorching
showed a strong positive relationship with Na+ and Cl- but
aweak and negative one with K* and the K*:Na* ratio.
Similarly, leaf chlorosis indicated a strong positive asso-
ciation with Na" and Cl- but only a weak correlation with
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Figure 2. Changesin pod and seed yield characteristics green
gram genotypes under NaCl salinity at reproductive stage.

K* and the K*:Na" ratio. Leaf necrosis, on the other hand,
indicated a relatively weaker association with increased
toxic ionic content or K* and the K*:Na* ratio (Table 4).
Total chlorophyll showed a strong negative relationship
with scorching (r=-0.843) and chlorosis (r=-0.811), but a
weak correlation with necrosis (r=-0.624).

Discussion

Manifestation of stress tolerance by plant species at any
growth stage is important because it has implications for
economic yield. In view of the inter- and intra-specific dif-
ferences (Wahid et al., 1997; Boyd and Rogers, 2004,
Flowers, 2004), it is becoming increasingly important to ex-
plore this variation and select materials with desireable
traits. The green gram genotypes in this study revealed
significant difference for germinability and seedling survival
under salinity (Table 1). A greater germination and post-
emergence seedling survival, as shown by M-6601, car-
ries significance in terms of accomplishment of gppropriate
crop stand in the field (Bani-Aameur and Sipple-
Michmerhuizen, 2001; Misra and Dwivedi, 2004). These
findings suggests that, albeit markedly affected with re-
spect to germinability and post-germination survival of
seedlings, green gram is capable of maintaining a requi-
site plant population in low to moderate saline soils.

Plant salt tolerance is modulated by the genetic poten-
tial and prevailing environmental conditions (Asch et al.,
1999; Mauromicale and Licandro, 2002). Tissue ionic con-
tents of salt grown plants depict the stand health, which
can be noted from different morphological symptoms ap-
pearing on various parts (Barroso and Alvarez, 1997; Wehid
et al., 1999b; Karakas et al., 2002). These symptoms are
quite often observed due to ion-induced toxicity/injury and
nutrient deficiency, as reported for various plant species
including green gram (Wahid et al., 1999b; Fostad and
Pederson, 2000; Chartzoulakis et al., 2002; Misra and
Dwivedi, 2004). Symptoms of interest were scorching, chlo-
rosis and necrosis of leaves, and chlorosis and necrosis
of stems as noted visually or from the reductions in total
leaf chlorophyll contents (Figure 1). These signs were in-
tensified with increased salinity levels but with remarkable
genotypic differences at both developmental stages (Table
2). Moreover, there were differences in reduction of the
dry matter yield and photosynthetic area of the genotypes

Table 4. Correlation coefficients of symptomatic and growth attributes of NaCl grown green gram genotypes with shoot ionic

content (n=10).

Characters Na* K* K*:Na' ratio Cl-
Shoot dry weight -0.828*** 0.903*** 0.880* ** -0.798**
No. of leaves -0.886*** 0.951*** 0.945* ** -0.882%**
Leaf area -0.920%** 0.817*** 0.921*** -0.893**
Total chlorophyll -0.914%** 0.875*** 0.881*** -0.916**
Leaf scorching 0.867*** -0.780** -0.729** 0.847***
Leaf chlorosis 0.901*** -0.766** -0.712* 0.895* **
Leaf necrosis 0.754** -0.650* -0.642* 0.732**

***P < (0.001; **P<0.01 and *P < 0.05. For units see figure 1.



140

(Figure 1). The genotypes showed an enhanced content
of Na* and Cl- in their shoots and a concomitant decrease
in K* content, as has been observed in green gram (Misra
and Dwivedi, 2004; Wahid et al., 2004) and other crops
(Shannon, 1997; Asch et al., 1999; Wahid, 2004). Increased
tissue ionic contents indicated a negative association with
the growth of salt-grown plents (Table 4). Increased shoot
Na" and Cl- revealed a strong positive correlation with in-
creased scorch and with the chlorosis and necrosis of tri-
foliate leaves. The deficiency of K* initially leads to
chlorosis and then necrosis (Gopal and Dube, 2003). Ex-
cessNa" and Cl- also leads to the appearance of symptoms
like thosein K* deficiency. It is, however, noteworthy that
M-6601 had the highest K* and lowest Na" and Cl- contents,
together with increased chlorophyll content, of all the
genotypes. It also manifested the fewest visual symptoms
and possessed the greatest dry matter yield and photo-
synthetic area under salinity stress (Figure 2). From these
associations, it is evident that chlorosis and the scorch-
ing of leaves, rather than necrosis, are the plausible rea-
sons for the hampered growth of green gram genotypes
(Tabled).

Salt tolerance at the reproductive stage is the most im-
portant in terms of economic yield. The development of
reproductive organs, which is under the control of
photoassimilate production and partitioning by the source
tissues, is at this stage the most critical (Taiz and Zeiger,
2002; Wahid and Rasul, 2004). Increased salinity has apro-
nounced effect on this phenomenon, resulting in hampered
fruit development and yield (Ho and Adams, 1994;
Poljakoff-Mayber and Lerner, 1999; Araki et al., 2001).
Many reports document the changes in seed yield and har-
vest index as religble yardsticks to appraise salinity toler-
ance (Volkmar et al., 1998; Asch et al., 1999; Zeng et d .,
2001). This study revealed a remarkable reduction in the
pod weight, 100-seed weight, and seed yield per plant in
green gram in response to NaCl. Genotype M-6601 dis-
played the greatest 100-seed weight, seed yield per plant,
and harvest index. Thisindicates that salinity affected the
seed filling and its yield by curtailing the supply of pho-
tosynthates to the developing pods. Thisis more assign-
able to the reduced photosynthetic efficiency of the leaves
in asalt grown plant. Since the trifoliate leaves of atoler-
ant genotype indicated fewer symptoms of salt injury, it
islikely that this genotype, by virtue of greater photosyn-
thetic rates, directed the supply of available photosyn-
thates to the devel oping pods, resulting in a comparatively
greater seed yield. Another important factor may be the
significant (up to 20%) contribution from the pod’s own
photosynthesis to the carbon budget while green (Wahid
and Rasul, 2004). In the presence of genotypic difference,
the pod chlorosis (data not shown) also appeared to partly
affect the final seed yield.

There was a great difference among genotypes in the
seed:hull weight ratio although not much differencein the
hull weight (Figure 2). Pod hull as a protective sterile tis-
sue has few implications for economic yield although it
may have importance in the storage of toxic ions, minimiz-
ing their supply to the developing seed during filling

Botenical Bulletin of Academia Sinica, Vol. 46, 2005

(Sharmaand Gill, 1995; Araki et d., 2001). Although no dif-
ference existed for hull weight, substantial genotypic dif-
ference for the seed:hull weight ratio appeared (Figure 2),
presumably as a function of assimilate partitioning. This
implies that the pattern of partitioning of the available
photoassimilates to seed rather than hull during pod de-
velopment is one of the crucial factorsin determining the
seed yield and harvest index of green gram under saline
conditions.

It emerges from this study that salinity tolerancein green
gram is related to better seedling survival at the initial
stage, low scorching, chlorosis and necrosis of leaves, re-
duced levels of shoot-Na* and Cl-, and increased K* lev-
els during vegetative growth. More efficient
photoassimilates partitioned to seed, rather than hull, dur-
ing pod growth isimportant for accruing higher seed yield
and yield components under saline conditions. These cri-
teria may be used as yardsticks in selecting salt tolerant
materials of green gram, in particular, and other cropsin
general.
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