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ABSTRACT

Responses of Lathyrus sativus L. and Trigonella foenum-graecum L., both belonging to the family
Leguminosae, were compared on the basis of seed germination, different agronomic traits, and leaf
biochemical parameters under three different doses (50, 100 and 150 mM) of NaCl treatments keeping a
control (0 mM added NaCl). A pot experiment was conducted in controlled growth environment, and salt
treatment was commenced on 12 d old seedlings in each set by watering the plants with equal daily
increments of NaCl-supplemented distilled water over three days till 80 d of plant growth. A Petri plate
bioassay was conducted separately for germination test. Compared to control, seed germination reduced
significantly (P < 0.05) in grass pea at 150 mM, while that of fenugreek it occurred at 100 mM. Likewise,
growth traits reduced significantly in grass pea at 150 mM and that in fenugreek declined at 100 mM
NaCl, but the effect was more severe on fenugreek plants. The reduction in plant height, number of
primary branches and delayed onset of flowering in both crops might be attributed to low seed yield
plant’ (g) under NaCl treatment. Interestingly, seed neurotoxin, p-N-Oxalyl, L a, f-diaminopropionic acid
(B-ODAP), increased over control by about 2-fold in grass pea at 100 mM, although it was remained at
control level at 150 mM, showing a reverse relationship with elevated salinity. Among the leaf
biochemical parameters, Na* increased while K", total chlorophyll, carotenoids, ascorbate and proline
content reduced in both crops. However, comparing control, the decrease became significant at 150 mM
for grass pea and at 100 mM for fenugreek. The results revealed that 150 mM NaCl was inhibitory to
germination and seedling growth of grass pea genotype, while 100 mM NaCl was found toxic to
fenugreek plants, suggesting higher sensitivity of fenugreek seedlings than grass pea to long-term salt
treatments.
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INTRODUCTION

NaCl-induced soil salinity is one of the major abiotic stresses that reduce crop productivity (Boyer 1982).
Over 800 million hectares of land throughout the world are salt-affected, and a significant proportion of
agricultural land has become saline because of land clearing or irrigation (FAO 2008). In India, nearly
one million hectares of land have major problems with salinity, hence lying either unutilized or under-
utilized (Hossain et al., 2006). Majority of our present day crops are adversely affected by salinity stress
(Munns 2005; Hossain et al., 2006). Salinity induces oxidative stress through the generation of reactive
oxygen species within the plant cells (Talukdar 2011b). To mitigate and repair damages triggered by
oxidative stress, plants evolved a series of both enzymatic as well as non-enzymatic antioxidant defense
mechanism. Ascorbate and carotenoids are two important non-enzymatic defenses against salinity,
whereas proline is the most debated osmo-regulatory substances under stress (Anup and Gupta 2003).
Lathyrus sativus L. (grass pea or commonly known as ‘khesari’) and Trigonella foenum-graecum L
(fenugreek or commonly as ‘methi’) are cultivated as annual, winter legumes in wide geographical
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regions of India (Pandey et al., 1996; Talukdar and Talukdar 2012). Both the species can be grown easily
in marginal environment, and are promising sources of calories, seed proteins, B-vitamins and minerals.
In India, grass pea is grown for both food and forage in several states particularly Chhatishgarh, Madhya
Pradesh, Eastern UP, Bihar, Maharastra and West Bengal (Pandey et al., 1996). Grown worldwide as a
hardy legume crop showing tolerance to different biotic and abiotic stresses (Vaz Patto et al., 2006;
Talukdar 2008, 2009a) grass pea has been used as an excellent material in diverse aspects of cytogenetic,
mutation genetics and genomic/proteomic research (Talukdar 2008, 2009b, 2010a-d, 2011d, 2012e;
Talukdar and Biswas 2007, 2008). In recent years, a robust stock of diploid mutant lines, showing
desirable agronomic traits have been characterized in this crop (Talukdar 2009a, b, 2011b, e; Talukdar
and Biswas 2005). Significantly, different biochemical mutants exhibiting deficiency in ascorbate,
flavonoids, glutathione and over production of glutathione have been isolated and characterized in grass
pea very recently (Talukdar 2012a-d). The crop reportedly shows high antioxidant properties (Pastor-
Cavada et al., 2009) and activities of different antioxidant enzymes have been elucidated in NaCl-tolerant
lines and in lead-induced stress conditions (Brunet et al., 2008; Talukdar 2011b). Fenugreek, on the other
hand, is extensively used as spices and in medicine as a carminative, analgesic, anti-inflammatory, anti-
diabetic, anti-hypercholesterol, anti-carcinogenic and as an important source of steroidal substance,
diosgenin (Amin et al., 2009). Available reports indicate that both grass pea and fenugreek are moderate
salt-tolerant (Campbell 1997; Asaadi 2009). Good adaptability to salinity stress was reported in the
Mediterranean germplasm (Berger et al., 1999; Patto et al., 2006), while reduction of growth was reported
in Iranian germplasms (Mahdavi and Sanavy 2007). Great variations of salinity tolerance were observed
in different Indian genotypes of grass pea, and four tolerance levels were subsequently identified
(Talukdar 2011f). For fenugreek, the tolerance was reported up to 10 ds m™salinity level, and a decrease
in fresh and dry mass under salinity stress at early growth stage was fond in other cases (Niknam et al.,
2006). NaCl causes extensive oxidative damage in different legumes, resulting in significant reduction of
different growth parameters, seed nutritional quality and nodulation (Ahmad et al., 2008; Hernandez
2000). Preliminary study also pointed out high sensitivity of the seed neurotoxin, B-ODAP in grass pea
under drought stress (Hanbury et al., 2000). Therefore, the possibility of negative impact of salinity on
growth and metabolism of these two legumes cannot be ruled out. The main objective of the present work
was, therefore, to investigate the modulation of plant growth traits along with leaf biochemical
components in grass pea and fenugreek plants in response to different doses (50, 100 and 150 mM) of
NacCl.

MATERIALS AND METHODS

Plant Materials

Grass pea var. IC 24 and fenugreek variety ‘Azad’ were collected from Pulses and Oilseed Research
Stations, Berhampore, Murshidabad and a local farm at Chakdaha block of Nadia district, West Bengal,
respectively.

Seed Germination and Imposition of NaCl Treatment

Fresh and healthy seeds were surface sterilized by 10% (v/v) sodium hypochlorite for 3 min and allowed
to germinate in the dark at 25 °C in two different sets for grass pea and fenugreek with three replications/
treatment. Seeds were considered germinated considering emergence of both plumule and radicle.
(Talukdar 2011f). Percentage of germination was calculated, keeping three replicates / treatment for each
plant type. Germinated seedlings were immediately transferred to twelve inches earthen pots containing a
mixture of soil, vermiculite and farm yard manure (1:1:1). Seedlings were thinned to one per pot (two
pots replication-1) and watered evenly for uniform growth until 7 d after first emergence, as reported
earlier (Talukdar 2011g). The pots were kept under control condition (temperature day 25 °C, night 20
°C, humidity of 75%, 250 umol m™ sec™ and al4h photoperiod). Salt treatment was commenced on 12 d
old seedlings in each set by watering the plants with equal daily increments of NaCl-supplemented
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distilled water over three days till 80 d. This was applied thrice a week for 2-weeks of continuous
treatment. Dry weights of the shoots were obtained after drying the samples at 60 °C for 72 h. Different
growth traits were recorded during plant growth, and post harvest analysis of seed yield components
along with seed neurotoxin was also performed. Seed neurotoxin content was measured by specific
colorimetric method (Rao 1978).

Estimation of Leaf Biochemical Parameters

Fully expanded leaves of control and salt-treated plants were analysed for total Na* and K" contents
following the method of Kumar and Sharma (1989). The oven-dried leaf (0.2 g) was ground to fine
powder and transferred to a digestion flask (50 ml) containing acid mixture (3 ml) of concentrated H,SO,4
and HCIO, in the ratio of 9:1 (v/v). The flask was heated gently over a hot plate for 10 to 12 min until the
solution became colorless. The cooled digest was then diluted by adding double distilled water and
volume was made up as required. The estimation of Na* and K" contents in acid extracts was carried out
using an atomic absorption spectrophotometer (Perkin Elmer, Analyst-300).

Leaf chlorophyll and carotenoid contents were determined by the method of Lichtenthaler (1987). Leaf
tissue (50 mg) was homogenized in 10 ml chilled acetone (80%). The homogenate was centrifuged at
4000 g for 12 min. Absorbance of the supernatant was recorded at 663, 647 and 470 nm for chlorophyll a,
chlorophyll b and carotenoids, respectively. The contents were expressed as mg chlorophyll or
carotenoids g™ FW.

Ascorbic acid content will be estimated following the methods of Mukherjee and Choudhari (1983). Five
hundred milligrams of leaf tissue was homogenized in 10 ml of 6% trichloroacetic acid. Four ml of
extract was mixed with 2 ml of 2% dinitrophenylhydrazine in acidic medium followed by the addition of
1 drop of 10% thiourea in 70% ethanol. The mixture was boiled for 15 min in water bath and after cooling
to room temperature, 5 ml of 80% v/v H,SO, was added in an ice bath (0 °C). The absorbance will be
recorded at 530 nm. Concentration of ascorbate will be determined from a standard curve plotted with
known concentration of ascorbic acid.

Leaf proline content was estimated according to the method of Bates et al., (1973) from fully expanded
leaf samples collected from first formed primary branches.

Statistical Methods

The results are presented as mean + standard errors (s.e.m) of at least three replicates (n=10). Multiple
comparisons among means were performed by ANOVA using SPSS 10 software (SPSS Inc. USA) and
separated by DMRT test at significance level of p < 0.05.

RESULTS AND DISCUSSION

Effects of Salinity on Seed Germination, Plant Growth and Seed Yield

Seed germination decreased as the doses increased. Germination of grass pea seeds declined below 50%
compared to control at 150 mM NacCl, while that of fenugreek occurred at 150 mM (Table 1), indicating
different toxicity levels of NaCl on seed germination two crops and higher sensitivity of fenugreek seeds
to NaCl treatment. Seed germination of both of these crops are highly sensitive to abiotic stress, as
reported earlier in 8 Indian genotypes of grass pea exposed to 50-200.mM NaCl (Talukdar 2011f) and
both grass pea and fenugreek genotypes to arsenic treatments (Talukdar 2011c). But the two crops greatly
differed in responses, as also confirmed in the present study.

Among the growth parameters, plant height and number of primary branches plant-1 reduced significantly
in grass pea at 150 mM and in fenugreek at 100 mM (Table 1). In later case, plant became extremely
stunted after 28 d treatment and then died. Reduction in these two prominent vegetative traits along with
delayed onset of flowering (20 d in grass pea and 37 d for fenugreek comparing control) might be
responsible for significant decrease in pods plant-1, seeds pods-1 and seed yield plant ™ (g) in both crops,
but the effect was more drastic in fenugreek plants exposed to 100 mM NaCl. Shoot dry weight also
decreased markedly, and the reduction was 2-fold for grass pea at 150 mM but about 3.2-fold for
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fenugreek at 100 mM NaCl (Table 1). Dry weight of plants has been considered as one of the realistic
criteria in determining salt responses in plants (Munns 2005). In grass pea, an increase in height, primary
branches and leaf number in association with higher shoot dry weight was reported in NaCl-tolerant
mutant lines, while reverse trend was noticed in NaCl-sensitive lines (Talukdar 2011b). Similar
observation was reported in Clitorea ternatea, a medicinal legume (Talukdar 2011b) and in dwarf mutant
population of grass pea (Talukdar et al., 2011). Reduction in plant dry weight under salt stress was also
reported in grass pea genotypes grown in Iran (Mahdavi and Sanavy 2007) and in India (Talukdar 2011f)
and Phaseolus (Bayuelo-Jime'nez et al., 2002).Therefore, high tolerance was found associated with high
total plant dry weight, which was increased by positive contribution from other components, least affected
by salt induced injury in tolerant lines. In the present case, growth traits and shoot dry weights in both
crops were marginally varied at 50 mM, but differential responses of two crops suggested higher
tolerance of grass pea to salinity than fenugreek plants under the present experimental condition.
Modulation of Leaf Biochemical Parameters

Compared to control, leaf Na* content exhibited a steep hike in grass pea at 150 mM and in fenugreek at
100 mM NaCl. Concomitantly, leaf K* content decreased significantly in both crops but in different
magnitudes (Table 1). Measurable Na* content enhanced by about 1.5-2-fold in grass pea but increased by
nearly 3-5-fold in fenugreek plants across the treatment (Table 1). The decrease in K* content with
concomitant increase in Na* level was primarily responsible for declining ratio of K*/Na" in both crops
under elevated salt treatment, and the effect was more severe on fenugreek plants than that on grass pea.
Higher K*/Na* ratio was attributed to salinity tolerance in grass pea and Clitorea mutants (Talukdar
2011b). Excessive accumulation of Na* and CI in the leaves has been considered highly harmful for
normal metabolism of plants and tolerant genotypes has the capacity of successful salt exclusion (Yeo and
Flowers 1986; Munns 2005). The K*: Na" ratio has been used as a discriminating factor between tolerant
and sensitive genotypes with greater capacity of former to block or reduce the uptake or exclude the
excess amount of Na* and associated increase in K* content (Munns 2005). In the present material, high
accumulation of Na* and decrease in K* content has led to lowest K*/Na" ratio, rendering both crops
highly susceptible to salt treatment. Although decreased, the K*/Na" ratio was close to normal level in
grass pea at 100 mM, presumably, providing better protection to plants as evidenced by normal plant
growth in this concentration.

Salinity has significant effect on the total chlorophyll, carotenoids and ascorbate content of both crops.
All the three traits reduced significantly in grass pea at 150 mM NaCl but in fenugreek plants at 200 mM
(Table 1). Similarly, carotenoids, ascorbate and proline content decreased in both crops but the magnitude
of reduction was far greater in fenugreek than that in grass pea under 100 mM NaCl. In grass pea,
reduction of chlorophyll contents was reported in NaCl-sensitive mutant lines (Talukdar 2011b), which
was attributed to the increased activity of chlorophyllase enzyme or due to the disruption of ultrastructure
of pigment protein complex by ion toxicity (Saha et al., 2010; Talukdar 2012f).

In plants, carotenoids and ascorbate play a primary role as a non-enzymatic antioxidant defense in
combating stress by quenching reactive oxygen species. Reduced levels of these two components in
leaves of present NaCl-treated grass pea and fenugreek seedlings indicated their decreased free radical
scavenging capacity. A positive correlation between ascorbate contents and anti-oxidant defense enzymes
has recently been established in an ascorbate-deficient semi-dwarf mutant line of grass pea (Talukdar
2012b), in Arabidopsis (Huang 2005), and also, in other plants (Hernandez et al., 2000).

Among the parameters responding to salt treatment, rapid reduction of free proline content is one of the
significant events in both crops. Compared with control, endogenous free proline content decreased
significantly in grass pea plants at 150 mM NaCl (Table 1), while it was largely unaffected in lower
concentrations (Table 1). In fenugreek, free proline started to decrease even from 50 mM NaCl, and the
trend became significant in relation to control at 100 mM (Table 1). Proline is an important osmo-
regulatory substance, but the exact role of proline in abiotic stress tolerance is being debated (Anoop and
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Gupta 2003). Increase in proline content under NaCl stress was reported in Pisum sativum (Ahmad et al.,
2008) and Phaseolus aureus (Misra and Gupta 2005) as a symptom of tolerance. In contrast, proline
accumulation was regarded by some workers as a symptom of stress in less-salinity-tolerance species, and
its contribution to osmotic adjustment was found negligible as compared with K* (Wang et al., 2004). In
grass pea, increased proline level might confer protection to mutant lines from salinity-induced growth
inhibition, as the marks of tolerance (Talukdar 2011b). In the present study, lower level of proline was,
presumably, associated with higher sensitivity to salinity.

Table 1: Seed germination (%), growth traits and leaf biochemical parameters of grass pea (L.
sativus cv. IC 24) and fenugreek (T. foenum-graecum L.) under control (0 mM NaCl added) and
three different concentrations (50, 100 and 150 mM) of NaCl. Data are £ s.e.m of three independent
experiments (n=10). Different lowercase letters after s.e.m indicate significant differences at P <
0.05 by DMRT test. DW-dry weight, FW-fresh weight, Nm-could not measure as plants died.

Traits L. sativus L. T. foenum-graecum L.
0 50 100 150 0 50 100 150

Seed
armination 99+0.9a 95+1.1a 89+0.8a 44+1.1b 90+0.8a  88+lla  45:0.7b  20+0.9c
Fc'fr‘]r)‘t Helght 51 014060 52.33+22a  49.73+3.1a  27.88+4.0b 3565:¢2.8a 35.0+41a 11.9+0.8b  3.9+0.1b
Primary
Branches 16.98+2.6a 17.11+33a 15.87+1.6a  7.89+09b  12.0+0.8a 11.8+0.8b 357+0.7c  1.6+1.2d
Plant®
Days to 26.8+6.9c  28.0+7.8c 45.8+10.5a  36.6+8.1b  20.8+55b 21.5+6.1b 58.1+11.6C Nm
Flowering
Pods Plant’  88.6+4.9a  80.9+8.7a 77.67+7.7b 59.22+¢6.0c 13.45+6.9a 13.26+8.5a 8.67+7.8b Nm
Seeds Pod™ 55¢0.9a  5.3+12a  4.9+13a  3.1+08b 15.80+0.9a 15.65+0.4a 6.77 20.5b Nm
ﬁfgﬁtf&d 16.7+6.8a 17.23+8.0a  14.8+2.6a  7.67+42b 36.80+10a 35.90+9.2a 12.70+9.7b Nm
os/ie" Protein 5, 67401a 25.11#0.1a 17.65:02b 11.89+0.1b 18.70+0.8a 18.90#0.9a 10.61+15b Nm
os/ie" ODAP 19+15b 021+23b  0.33%22a  0.12+1.0c Nm Nm Nm Nm
(Sr:goélgr‘ﬁﬁ) 10584552  98.8+4.0a  96.9+5.0a 54.4+36b  56.8+6.1a 61.7465a 18.2+¢55b  1.6+1.2c
?‘rﬁg g?“Ft\‘j\;‘)t 1.83+0.9c  1.91#12c  2.73+08b  3.65:0.7a  1.90+0.8c 2.05+12c  57+08b  9.1+15a
a}gcgo_[‘t:\;‘\}) 415+15a  4.01*12a 395+15a 276+1.3b  3.87+16a 3.71+17a 2.03+09b 0.98+0.9¢
K*/Na* 222436a  2.10#35a  145+2.6b  0.79+1.5c  2.06+2.0a 1.82+0.9b  0.38+0.9c 0.11+0.7d
Total Chl 4.88+1.1a  4.91+05a  4.80+0.9a  3.11+0.8b  3.50+0.8a  3.61+0.9a  1.89+0.7b  1.17+0.6¢
(mg g* FW)
Total
Carotenoids ~ 1.75¢0.2a  1.80#0.7a  1.68+14b  0.95:0.8c  2.12+0.9a 1.98+lla 0.67+13b 0.38+0.7c
(mg g* FW)
Total
'(“:rf%rlt;"’_‘}e 1.92435a  1.85#4.1a  1.88+33a  0.98+4.1b  1.87+1.6a 1.79+20a 1.04+1.7b 0.67+0.6c
FW)
;’_EOF“\;‘VG)(“Q 3.16+6.1a  3.09+7.5a  3.20+7.0a  2.37455b  1.03+5.6a 1.10+6.0a 0.67+0.5b 0.27+0.8c
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Changes in Seed Protein and Neurotoxin Content under NaCl Treatments

Total soluble seed protein content in both crops varied marginally at 50 mM NaCl. However, protein
content decreased in both grass pea and fenugreek plants from 100 mM, and this time the effect was more
severe on grass pea rather than on fenugreek. Seed neurotoxin, B-ODAP, in grass pea increased by about
1.5-fold at 100 mM, but decreased below control level at 150 mM NaCl (Table 1). Declining/variations in
seed protein content suggested negative effect of salinity on nutritional quality of legume edible parts,
although information in this regard is extremely limited in other legumes (Niknam et al., 2006).

Efforts are being initiated in the present study to widen the base information regarding effect of
environmental stress on stability of seed neurotoxin (B-ODAP) in grass pea genotypes. Since ODAP is an
amino acid it may have a role in the stress tolerance that has made the grass pea such a useful species over
the long period of its domestication (Lambein et al., 2000).Variations in seed ODAP content were also
reported in Australian and Chinese accessions of grass pea under water stress (Cocks et al., 2000;
Gengsheng et al., 2001). Remarkably, seed ODAP level in the present grass pea genotype behaved in
three different ways upon imposition of salt treatment; it was largely unchanged at 50 mM, increased at
100 mM, and then decreased below control level at 150 mM. As the NaCl-induced growth inhibition in
grass pea was observed only at 150 mM, it seems likely that ODAP conferred some degree of protection
at 100 mM NaCl, the potential of which decreased with declining level of ODAP accumulation. The
result is in agreement with an earlier report on three dwarf mutants of grass pea which differed from each
other in seed ODAP level under un-stressed condition but exhibited significant variations in response to
salinity towards tolerance (Talukdar 2011a). Furthermore, as ODAP biosynthetic, although not fully
known, pathway share cysteine metabolism and cysteine is an important component of glutathione, a
thiol-antioxidant compound, it is noteworthy that f-ODAP in grass pea may play significant role in thiol-
metabolism for remarkable hardiness of grass pea in diverse climatic conditions (Talukdar 2012b,c).
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