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Abstract

Salinity hampers stand establishment of legumes at early growth stages that affect their
yield. Seed pretreatment is an indispensable method for boosting tolerance to abiotic
stresses and raising seed performance under salinity. Present study was aimed to
evaluate whether seed pretreatment with mild dose of NaCl (sodium chloride) triggers
ameliorative effects on growth and respiratory cycle of Cajanus cajan and Vigna mungo
under salinity. Seedlings were raised hydroponically from non-pretreated and pretreated
seeds under NaCl stress for three weeks. Non-pretreated Cajanus and Vigna seedlings
exhibited reduction in root and shoot growth under salinity. Salt stress affected activities
of enzymes associated with respiratory cycle specifically dehydrogenases, increased
organic acid accumulation which played a versatile role to maintain cellular functions by
balancing excess ions. Regardless of NaCl dose, the efficacy of seed pretreatment proved
substantially beneficial to modulate the toxic effects of NaCl in both the test varieties.
Lower perturbations of Krebs’ cycle in pretreated seedlings caused lower accumulation
of organic acids due to prior seed acclimation conferring improved defence to thrive
under salinity. Conclusively, since seed pretreatment contributes to minimize salt stress
in both the test varieties, present study could be extended to legumes grown on soil to
confirm the eco-friendly, cost-effective and ameliorative role of seed pretreatment to
combat salt stress in saline prone agricultural fields.
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Introduction

Amongst the various abiotic stresses, salt stress predominantly affects crop productivity
in arid and semi-arid regions. Arable lands of these regions are increasingly burdened by
ions of various salts which affect growth of plants, especially glycophytes (1). Thus,
enhancing crop tolerance to salinity is crucial to combat environmental adversities,
sustain food productivity and feed increasing population (2).

Early developmental phases in legumes are salt-sensitive and therefore their yield
is highly compromised under salinity (3). Growth of important dietary proteinaceous
legumes like Cajanus cajan and Vigna mungo are also affected under salinity (4-6).

Various techniques are being employed at present to ameliorate detrimental
effects of salt stress on plants. Seed pretreatment has emerged as a pragmatic and eco-
friendly approach to invoke stress tolerance in plants. Very few studies to date have
attempted to study the influence of seed pretreatment on respiratory cycle in legumes
under salinity. Considering the high dietary value of Cajanus and Vigna and its
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productivity loss in saline prone agricultural fields,
understanding their physio-biochemical responses were
considered important for development of partial salt tolerant
legumes adopting seed pretreatment technology. Present
study was designed to investigate the NaCl-induced damage
on mitochondrial respiratory pathway and simultaneously
determine the ability of seed pretreatment in alleviating such
damage in the chosen legume seedlings. The supposition was
whether seed pretreatment might modulate NaCl-induced
stress by altering activities of key enzymes and levels of
respiratory cycle intermediates, and if so, to probe the
mechanisms by which pretreated Cajanus and Vigna seedlings
adapt to high salt stress. Such study will help to grow legumes
implementing seed pretreatment technique to combat the
retarded growth of legumes in saline prone agricultural fields.

Materials and Methods
Plant materials and treatments

Seeds of Cajanus cajan L. and Vigna mungo (L.) Hepper were
collected from Pulse and Oil Seed Research Institute
Beherampore, West Bengal, India. The seeds were surface
sterilized with 5% sodium hypochlorite solution for 15 mins
followed by thorough washing in distilled water.

For preparation on non-pretreated sets, seeds were
lined on sterilized glass plates containing moist blotting
papers followed by their insertion into transparent packets
containing suitable concentrations of NaCl (50 mM, 100 mM
and 150 mM) supplemented to hydroponic solution where,
only hydroponic solution served as control (7). The
concentration of NaCl chosen for pretreatment was
standardized by trial-and-error method for individual legume
variety. It was determined that soaking seeds of chosen
legumes in 50 mM NacCl for two hours followed by re-drying
them to restore normal moisture content in the acclimatised
seeds. Thus, for preparation of pretreated sets, seeds of each
variety were soaked in 50 mM NaCl for two hours prior to their
lining on glass plates covered with moist blotting papers.
Pretreated sets were then exposed to different NaCl
concentrations (50 mM, 100 mM and 150 mM) supplemented
to hydroponic solution as done for the non-pretreated sets.
Three replicates were prepared for each treatment and kept
under controlled laboratory conditions (16/8h day/night
photoperiod, temperature of 24+2°C, light of 200 pmol of
photons m?s? and a relative humidity of 55-65%) for three
weeks. After 21 days, root and shoot samples were sampled,
weighed and stored at -20°C for biochemical studies.

Evaluation of seedling growth

10 seedlings from each variety were randomly harvested from
each of non-pretreated and pretreated sets after 21 days of
growth, to determine influence of NaCl stress on root and
shoot growth (8).

Estimation of TCA cycle intermediates

1g each of root and shoot sample from non-pretreated and
pretreated seedlings were homogenized in 5 mL of 0.2 M
phosphate buffer (pH 7.4) and centrifuged at 10,000g for 15
min at 4°C. The supernatant was deproteinized with 5% TCA
(trichloro acetic acid) and filtered. The filtrate was used for

estimation of organic acid contents.
Pyruvic acid content

For quantification of pyruvic acid, reaction mixture consisted
of 1 mL deproteinized supernatant, 2 mL of 0.2 M phosphate
buffer, 0.5 mL of 0.02% DNPH (2,4-dinitrophenylhydrazine)
and incubated for 30 min at 37°C. Then 5 mL of 0.8 N sodium
hydroxide was added followed by another incubation of 10
min at room temperature. Reaction mixture without plant
sample served as blank. The absorbance of brown coloured
product developed was measured in a Hitachi U-2000
spectrophotometer at 510 nm (9). Pyruvic acid contents were
estimated from standard curve prepared using known
concentrations of sodium pyruvate. Quantity of total pyruvic
acid present was expressed as mg g fresh weight.

Citric acid content

For determination of the amount of citric acid present, assay
mixture consisted of 1 mL filtrate, 5 mL acetic anhydride
(analytical grade) and 1.3 mL of pyridine (analytical grade) and
kept in a water bath for 30 min at 32+0.5°C. Blank set was
prepared usng 1 mL distilled water instead of the sample. The
absorbance was measured spectrophotometrically at 405 nm
(10). A standard curve was prepared using known
concentrations of citric acid. Citric acid contents were expressed
as mg g fresh weight.

Succinic acid content

1g root and shoot samples each from non-pretreated and
pretreated sets were cryocrushed and homogenized in a
buffer containing 0.4 M mannitol, 1 mM EDTA (ethylene
diamine tetraacetic acid) and 50 mM Tris (pH 8.2).
Homogenate was fractionated by centrifugation at 0°C for 10
min at 2000 g. The supernatant obtained was centrifuged at
20,000g for 20 min. Obtained pellet was washed and re-
suspended in homogenizing buffer containing mitochondrial
fraction. The suspension was re-centrifuged for 20 min at
20,000g. The washed pellet was re suspended in potassium
phosphate buffer (pH 7.6). The reaction mixture was
composed of 0.5 mL buffer containing 0.1 M KH:PO,4
(potassium dihydrogen phosphate), 0.05 mL of 5 mM EDTA,
0.05 mL of 5 mM sucrose, (pH 7.6), 0.2 mL of 0.5% INT (2-(p-
iodophenyl)-3-{p-nitrophenyl}-5-{phenyltetrazoliumchloride}),
different concentrations of standard succinate solution or 0.1
mL of experimental sample containing succinate and distilled
water to get a final volume of 1 mL. The tubes were placed in
ice and 0.2 mL mitochondrial suspension was added followed
by the unknown or standard succinate solutions to make a
final volume of 2 mL. The tubes were kept further in ice for 15
min followed by incubation at 37°C for 60 min. The reaction
was terminated by addition of 1 mL of 10% (w/v) TCA. The red
formazan obtained was cooled in ice and extracted in 4 mL
ethyl acetate. Absorbance was recorded at 490 nm (11).
Amount of succinate present was calculated from the
standard curve and was expressed as mg g* fresh weight.

Malic acid content

For estimation of malic acid contents, assay mixture contained
0.5 mL of filtrate, 1.0 mL of 1 N HCI (hydrochloric acid), 0.1 mL
of 0.1% DNPH (2,4-dinitrophenylhydrazine) and 0.5 mL of 10%
calcium chloride. Assay mixture was incubated at room
temperature for 30 min, followed by addition of 0.3 mL of 5 N
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ammonium hydroxide and 6 mL of absolute alcohol. Samples
were kept at room temperature for 12h for precipitation
followed by centrifugation at 5000g for 15 min and
supernatants were poured off. The tubes were oven-dried at
105°C for 15 min to remove moisture. To the dried pellets, 3
mL of 0.08% orcinol sulfuric acid mixture was added,
thoroughly mixed and heated at 100°C for 10 min. The
mixtures were cooled and diluted to 10 mL with concentrated
sulphuric acid. The fluorescence was measured using a Hitachi
-650-40 spectrofluorometer against blank (12). Malic acid
contents were estimated from standard curve and expressed
as mg g fresh weight.

Assay of activity of Krebs’cycle enzymes

Pyruvate dehydrogenase activity (PDH; EC 1.2.4.1): For
determination of PDH activity, 1 g each of plant root and shoot
tissues were first homogenized in 1.5 mL of 50 mM Tris HCl buffer
(pH 7.8) containing 0.7 M sucrose, 57 mM (-mercaptoethanol, 2
mM EDTA and 0.5% (w/v) BSA (bovine serum albumin). The
extract was centrifuged at 10,000 g at 4°C for 20 min. The reaction
mixture contained 0.2 mL of supernatant, 0.2 mL of 50 mM Tris-
HCl (pH 8.0) and 0.1 ml of 5 mM MgCl,(magnesium chloride), 0.1
mL of 0.12 mM CoA (coenzyme A), 0.1 mL of 2.6 mM cysteine HC|
and 0.1 mL of 1.5 mM pyruvate. Absorbance of assay mixtures
was recorded spectrophotometrically against a blank at 340 nm.
Further, absorbance of assay mixtures was recorded for every
60s for 2 min after addition of 0.2 mL of 1.4 mM NAD. Increase in
optical density of mixture showed the amount of NADH
produced per min (13). A standard curve prepared with known
concentrations of NADH helped to calculate pyruvate
dehydrogenase activity which was expressed as umol NADH
formed mg? protein min™.

Citrate synthase activity (CS; EC 2.3.3.1): Activity was
determined following the method of Srere (14). 1 g each of root
and shoot samples were crushed in a buffer containing 0.1molL*
Tris-HCl buffer (pH 8.0), 0.1% (v/v) Triton X-100, 2% (w/v) PVP
(polyvinylpyrrolidone) and 10 mmolL? iso-ascorbic acid.
Extracts were centrifuged at 15,000 g for 5 min at 4°C and
supernatants were collected. Each reaction mixture consisted of
0.1 mL of 1mM DTNB (5'-dithiobis-2-nitrobenzoic acid), 0.03 mL
of 10 mM acetyl CoA (coenzyme A) and 0.05 mL supernatant.
Absorbance of the mixture was measured after the addition of
0.05 mL 10 mM oxaloacetate. Final absorbance was recorded at
412 nm spectrophotometrically. Enzyme activity was expressed
as pg citric acid formed mg* protein min™.

Isocitrate dehydrogenase activity (IDH; EC 1.1.1.41): For
determination of IDH activity, 1g each of test samples of were
initially cryocrushed and homogenized in 1.5 mL of 50 mM
HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid)
buffer (pH 7.5) containing 10mM B-mercaptoethanol and 5%
PVP. The extracts were centrifuged at 14,500g for 20 min at 4°C.
The reaction mixture contained 0.1 mL of 40 mM HEPES buffer
(pH 8.2), 0.1 mL of 2 mM sodium isocitrate, 0.1 mL of 800 mM
NAD, 0.1 mL of 200 mM manganese sulphate and 0.1 mL
supernatant. Initial absorbance and the increase in absorbance
of each reaction mixture was measured spectrophotometrically
for 2 min at 340 nm and the enzyme activity was expressed as
pmol NADH formed mg* protein min™(15).
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a-ketoglutarate dehydrogenase activity (a-KGDH; EC 1.2.4.2):
Root and shoot samples weighing 1 g from each treatment were
cryocrushed and homogenized in 5 mL 50 mM MOPS (3-{N-
morpholino} propanesulfonic acid) buffer (pH 7.5). Homogenates
were centrifuged at 10,000g for 20 min at 4°C. The reaction
mixture was composed of 0.6 mL 75 mM TES-KOH (n-tris
hydroxymethyl methyl-2-aminoethanesulfonic acid) (pH 7.5), 0.3
mL 0.05% (w/v) Triton-X-100, 0.25 mL 0.5 mM MgCl,, 0.2 mL 0.12
mM lithium Co-A, 0.14 mL 0.2 mM TPP (thiamine pyrophosphate) ,
0.25 mLof 2.5 mM cysteine HCl, 0.2 mL 1 mM AMP, 0.25 mL 1 mM
sodium 2-oxoglutarate, 3 units lipoamide dehydrogenase and 0.5
mL supernatant. The initial absorbance was recorded at 340 nm.
Then 0.3 mL 2 mM NAD was added to it and the absorbance was
measured at 340 nm for every 5 min after every 60s interval (16). a
-KGDH activity was calculated using a standard curve with known
concentrations of NADH and expressed as umole NADH formed
mg* protein min™.

Succinate dehydrogenase activity (SDH; EC 1.3.5.1): Assay
of SDH activity was done according to Green and Narahara (17). 1
g each of root and shoot samples from each treatment were
grounded in liquid nitrogen and homogenized in 1.5 mL of 4 mM
Tris-HCl (pH 7.5) buffer containing 0.19 M sucrose. Homogenates
were centrifuged at 10,000g for 15 min at 4°C. The assay mixture
comprised 0.05 mL each of 0.19 M sucrose, 0.1 M Tris-HCl (pH 7.5),
10 mM sodium azide, 8 MM INT, 0.1 mL of 0.5 M sodium succinate,
0.1 mL of distilled water and 0.1 mL supernatant and incubated in
a water bath at 30°C for 10 min. This was followed by mixing with
95% alcohol. The tubes were kept in an ice bath for 15 min and
centrifuged at 8000g for 10 min. Absorbance was recorded at 458
nm spectrophotometrically. Basal reduction of INT was
determined in control tubes where succinate was absent. The
enzyme activity was expressed as ymol INT reduced mg? protein
min,

Fumarase activity (Fumarase; EC 4.2.1.2): For assay of
fumarase activity, 1 g each of root and shoot samples were
crushed in liquid nitrogen and homogenized in 100 mM
potassium phosphate buffer (pH 7.6). The homogenates were
centrifuged at 10,000g for 20 min at 4°C. Conversion of malate to
fumarate by fumarase was determined by change in
absorbance at 240 nm. The reaction mixture was comprised of
0.5 mL of 70 mM phosphate buffer (pH 7.4), 0.5 mL of enzyme
extract and 50 mM malate. Increase in absorbance at 240 nm
was noted at 10s interval for 60s and the said enzyme activity
was expressed as pg* protein min(18).

Malate dehydrogenase activity (MDH; E.C. 1.1.1.37): For
determination of MDH activity, 1 g each of root and shoot
samples from each set were homogenized in 3 ml of 50mM Tris-
HCl (pH 8.0) buffer containing 50 mM magnesium chloride, 5mM
B-mercaptoethanol and 1mM EDTA followed by centrifugation
at 10,000g for 20 min at 4°C. The reaction mixture was
composed of 0.5 mL of 5 mM oxaloacetate, 0.5mL of 10 mM
magnesium chloride, 1.3 mL of 0.1 M Tris-HCl buffer (pH 7.8) and
0.2 mL of enzyme extract. Initial absorbance of the assay
mixture was recorded spectrophotometrically at 340 nm
followed by addition of 0.5 mL 0.4 mM NADH. The final
absorbance was recorded at 60s interval for 2 mins (19). Enzyme
activity was expressed as pmol NADH oxidized mg* protein min™.
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Statistical analyses

All the experiments were carried out in completely
randomized design (CRD), in three replicates and presented as
mean = SE (standard error) of three replicates. One-way
ANOVA (analysis of variance) followed by Dunnett’s multiple
comparison test was carried out in Sigma Plot 14.0 software to
examine whether difference between different NaCl doses
were significant or not at p<0.05 with respect to control.
Pearson’s bivariate correlation analysis was performed to
determine correlation coefficient (r) using SPSS (Statistical
Package for Social Science) software version 16.0.

Results and Discussion

NaCl administration reduced root and shoot lengths of both
the test seedlings (Figs. 1, 2). Non-pretreated Cajanus recorded
a reduction of about 31% and 27% respectively in root lengths

Nonpretreated sets

and shoot lengths, whereas non-pretreated Vigna,
documented a reduction of about 16% and 17% respectively in
root and shoot lengths over control. Retarded growth of
seedlings under salinity could be ascribed to probable
deviation of energy destined for growth and development, to
exclude excess ions from cellular absorption and accumulation
of other compatible solutes during hypertonic saline
conditions. Present results are consistent with previous reports
showing retarded plant growth associated with salt-induced
toxicity in Lathyrus (20). A plethora of related physiological and
biochemical adaptive responses coordinate to lessen
hyperosmolarity and prompt stress tolerance in plants.
Therefore, pretreatment of Cajanus and Vigna seeds with
50mM NaCl for two hours prior to germination under salinity
was found to be variably efficient in abrogating the injurious
effect of NaCl on both root and shoot growth of test seedlings.
In pretreated Cajanus and Vigna, inhibitions were decreased to
about 7% and 5% respectively, for root lengths and to about

Pretreated sets

Fig. 1. Influence of NaCl on root lengths and shoot lengths of non-pretreated and pretreated seedlings of Cajanus cajan L.

Nonpreitreated sets

Pretreated sets

Fig. 2. Influence of NaCl on root lengths and shoot lengths of non-pretreated and pretreated seedlings of Vigna mungo L.
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14% and 11% respectively for shoot lengths under salinity
indicating stress release.

The Krebs’ cycle produces more organic acids under
stressful conditions to regulate cellular pH and osmotic
potential (21). In present study, similar augmented production
of organic acids in non-pretreated seedlings of Cajanus and
Vigna likely specify their prerequisite to shield the
biomolecules and cellular structures and simultaneously
increase amount of energy probably needed to advance cell
division for growth under stressful influence of NaCl. Similar
increase in Krebs’ cycle intermediates was observed in root
elongation zone of barley cultivars under salinity (22).

Mitochondrial multi-enzyme complex, PDH connects
glycolysis to Krebs’ cycle. Salinity induced inactivation of PDH
complex has been reported earlier (23). In line with such
findings, our study showed linear decrease in PDH activity (to
about 57% in root and 41% in shoot of Cajanus; 74% in root
and 65% in shoot of Vigna) that invoked higher pyruvate
accumulation (Cajanus: 74% in root and 21% in shoot; Vigna:
57% in root and 35% in shoot) under salinity in non-pretreated
seedlings probably to support growth (Fig. 3a, 3b). Pretreated
seedlings recorded lower pyruvate accumulation (to about
20% in root and 11% in shoot of Cajanus; 27% in root and 19%
in shoot of Vigna) due to improved PDH activity (Cajanus: 19%
in root and 49% in shoot; Vigna: 71% in root and 58% in shoot)

Cajanus cajan L.

0.14
0.12

0.1
0.08
0.06
0.04

0.02

Pyruvicacid contents (mg g ! f.w.)

Control 50 100 150

sels
NacCl (mM)

Pretreated 50 100 150
Control

<« Nonpretreated —>» <«— Pretreatedsets —> <«— Nunpretreated e £— Pretreated sets —>
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conferring partial tolerance of both varieties under salt stress
due to prior seed acclimation (Fig. 3a, 3b). It can also be
argued that depletion in pyruvate production in salt stressed
pretreated seedlings inhibited pyruvate transport to
mitochondria or its conversion to acetyl-CoA resulting in
decreased accumulation of downstream signalling organic
acids like citrate, succinate and malate. Scatterplot matrices
deduced from Pearson’s correlation coefficient illustrate
significant  negative  correlation  between  pyruvate
accumulation and PDH activity under salt stress (= -0.367,
p<0.05) (Fig. 3c).

Citrate is the first organic acid synthesised from Krebs’
cycle catalysed by CS. In the study, increase in CS activity
(Cajanus: 105% in root and 45% in shoot; Vigna: 44% in root
and 36% in shoot) along with decline in mitochondrial IDH
activity (Cajanus: 73% in root and 50% in shoot; Vigna: 22% in
root and 35% in shoot) was evident in NaCl-treated non-
pretreated seedlings which corresponded to increased citrate
accumulation meant to combat cellular toxicity. Greater
inhibition of IDH activity and increased CS activity under NaCl
stress resulted in higher citrate accumulation in non-
pretreated seedlings (overall to about 17% in Cajanus and 21%
in Vigna). Increased citrate production helped to combat ionic
stress and sustain seedling growth under salinity (Figs. 4a, 4b,
4c). In contrast, seed pretreatment narrowed citrate
accumulation in test seedlings (overall to about 10% in

Vigna mungo L.
¥

OShoot BERoot

Pretreated 50 100 150
Control

Control 50 100 150

sets
NaCl (mM})

Fig. 3a. Influence of NaCl on pyruvic acid contents of non-pretreated and pretreated seedlings of Cajanus cajan L. and Vigna mungo L.

Cajanus cajan L.

Vigna mungo L.

= 140
2 £ =+—Nonpretreated root
= £ 120 A 1 =@—Pretreatedroot
E E =—w—Nonpretreated shoot
; ‘é 100 - g =@—Fretreated shoot
g -
§% 801 1
£ -
-E. o 60 - 4
sf
o E 40 A 4
R
S =
; = 20 4 4 "

— *

c
k E - *

=1 1] T T T Y
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e
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Fig. 3b. Influence of NaCl on PDH activity of non-pretreated and pretreated seedlings of Cajanus cajan L. and Vigna mungo L.
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Fig. 3c. Influence of NaCl on PDH activity and pyruvate content of non-pretreated and pretreated seedlings of Cajanus cajan L. and Vigna mungo L.

Cajanus and 6% in Vigna) compared to their controls.
Decrease in CS activity (Cajanus: 71% in root and 12% in shoot;
Vigna: 30% in root and 25% in shoot) and improved IDH
activity (Cajanus: 61% in root and 43% in shoot; Vigna: 15% in
root and 31% in shoot) in pretreated seedlings triggered lower
citrate accumulation indicating stress release (Figs. 4a, 4b, 4c).
Since, IDH activity is known to unite carbon and nitrogen
metabolism by supplying carbon skeletons for primary
assimilation in plants, improved IDH activity in pretreated
seedlings helped both the test seedlings to meet requirement
for carbon skeleton favouring improved growth. Scatterplot
matrices based on Pearson’s correlation illustrate significant
negative correlation between activities of CS and IDH (r= -
0.863, p<0.01) and non-significant negative correlation
between IDH activity and citric acid synthesis (r=-0.262, p<0.1).
On the other hand, a strong positive correlation was obtained
between CS activity and citrate synthesis (r=0.456, p<0.01)

Cajanus cajan L.
140 -

Citricacid contents (mgg ! f.w.)

Control 50

100 150  Pretreated 50

Control
<—— Nonpretreated —> <— Pretreated sets
sets

l

NaCl (mM)

(Figs. 4d).

o-ketoglutarate dehydrogenase (0-KGDH) is a prime
target of ROS (reactive oxygen species) in abiotically stressed
cells (24). In the present study, NaCl stress decreased the
activities of a-KGDH (Cajanus: 69% in root and 63% in shoot;
Vigna: 60% in root and 51% in shoot) and succinate
dehydrogenase (SDH) (Cajanus: 15% in root and 20% in shoot;
Vigna: 15% both in root and 37% in shoot) in non-pretreated
seedlings (Figs. 5a, 5b). SDH is a salt-sensitive enzyme which
plays a crucial role in mitochondrial metabolism (25). NaCl
induced decline in SDH activity corresponded to increased
succinate accumulation (Cajanus: 60% in root and 53% in
shoot; Vigna: 37% in root and 33% in shoot) in non-pretreated
seedlings (Figs. 5b 5c). Also, in Cajanus, the magnitude of
decrease in SDH activity was higher under salinity as
compared to Vigna seedlings suggesting that salinity stress

Vigna mungo L.

O Shoot BRoot

Contrel 50 100 150  Pretreated 50

Control

<€— Nonpretreated —>  <—— Pretreated sets —>
sets

100 150

NaCl (mM)

Fig. 4a. Influence of NaCl on citric acid contents of non-pretreated and pretreated seedlings of Cajanus cajan L. and Vigna mungo L.
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Fig. 4b.
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exerted a greater toxic effect on growth of Cajanus seedlings.
Pretreated seedlings of Cajanus and Vigna documented
improved activities of a-KGDH (to about 34% in root and 31%
in shoot of Cajanus; 23% in both root and shoot of Vigna) and
SDH (Cajanus: 12% in root and 1% in shoot; Vigna: 27% in root
and 1% in shoot) which corresponded to lower succinate
accumulation (Cajanus: 23% in root and 25% in shoot; Vigna:
14% in root and 11% in shoot) (Figs. 5a, 5b, 5c).

Probable improvements in metabolic flux of pretreated
seedlings due to enhanced a-KGDH activity helped to grant
more NADH for respiratory chain enabling better energy
balance and seedling growth. Pearson’s correlation matrix
depicts significant negative correlation between a-KGDH
activity and succinate production (= -0.752, p<0.01), SDH
activity and succinate production (r= -0.625, p<0.01) whilst a
strong positive correlation was obtained between activities of
0-KGDH and SDH (r=0.536, p<0.01) (Fig. 5d).

Malate generation is crucial for plant nourishment,
nitrogen fixation and phosphorus accretion (26). Its formation
is catalysed from fumarate by fumarase enzyme. Activity of
malate dehydrogenase (MDH), a key enzyme of Krebs’ cycle
was decreased (Cajanus: 15% in root and 11% in shoot; Vigna:
19% in root and 13% in shoot) along with increase in fumarase
activity (Cajanus: 73% in root and 57% in shoot; Vigna: 67% in
root and 15% in shoot) under salinity that caused higher
accumulation of malate (to about 67% in root and 247% in
shoot of Cajanus; to about 10% in root and 16% in shoot of

Cajanus cajan L.

Vigna) in non-pretreated seedlings of Cajanus and Vigna (Figs.
6a, 6b, 6¢c). Malate generation does not follow any unique way
for its formation as MDH can act in opposite direction in Krebs’
cycle generating malate. So, in present work, malate
registered highest concentration after citrate among all four
organic acids estimated in both the non-pretreated seedlings.
Similar increase of malate in corn has been reported to confer
salinity tolerance (27). Low-key activity of malate
dehydrogenase (MDH) impairs several physio-biochemical
processes in plants (28). On the contrary, in pretreated
seedlings of Cajanus and Vigna, improved MDH activity
narrowed levels of malate accumulation that favoured
physiological processes to confer better seedling growth.
Improved MDH activity (Cajanus: 6% in root and 5% in shoot;
Vigna: 7% in root and 7% in shoot) along with decline in
fumarase activity (Cajanus: 46% in root and 23% in shoot;
Vigna: 27% in root and 74% in shoot) in pretreated seedlings
could thus be correlated with reduced malate accumulation
(Cajanus: 7% in root and 137% in shoot; Vigna: 12% in root and
8% in shoot) in pretreated seedlings indicating stress release.
Pearson’s correlation matrix depict insignificant negative
correlation between MDH activity and malate production (r= -
0.204, p<0.2) and MDH activity and fumarase activity (r=-0.066,
p<0.7) under salt stress. Also, an insignificant positive
correlation between activities of fumarase and malate
production was noted (r=0.160, p<0.4) (Fig. 6d).

Striking increase in organic acid production in non-
pretreated seedlings of Cajanus and Vigna under salt stress
was
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outright mechanism to sustain intracellular ion balance aiding
seedling survival under salinity. Amongst all crucial enzymes
of Krebs’ cycle, the dehydrogenases demand substantial
consideration in generation of reducing power. Subdued
functioning of dehydrogenase enzymes are known to affect
plant growth (29). Concomitant with above view, depreciation
in activity of all dehydrogenases must have been one of the
possible reasons for growth retardation of non-pretreated
seedlings under salinity. However, seed pretreatment with
50mM NaCl, documented improved activities of
dehydrogenases in both Cajanus and Vigna seedlings
attributing to improved seedling growth under salinity (Fig. 7).
Thus, seed pretreatment with 50mM NaCl invoked alterations
in enzymatic activities favourably helping to ameliorate the
detrimental consequences imposed by NaCl.

Conclusion

Salt stress imposed notable reductions in root and shoot
growth of non-pretreated Cajanus cajan and Vigna mungo
seedlings. Present study focuses on the defence strategies
overtaken by NaCl pretreated seedlings to curb the hazard of
salinity by modulating respiratory cycle. From the responses of
Cajanus and Vigna, we hypothesize that both varieties
promisingly responded to seed pretreatment showing
considerably higher salinity tolerance as compared to their non
-pretreated seedlings. Thus, both varieties can be utilized in
breeding program of legumes to enhance salinity tolerance.
Lower perturbations of Krebs’ cycle prompted defence in
pretreated seedlings to thrive under salinity. Decreased organic
acid accumulation and improved activities of dehydrogenases
due to prior seed acclimation favoured growth of pretreated
seedlings under salt stress. Further analyses is still required to
explicate the participating genes and mechanisms of salinity
tolerance observed in the two studied legumes. Overall current

Non-pretreated seedlings -

21

findings suggest that seed pretreatment with NaCl appeared as
a suitable eco-friendly and cost-effective option to ameliorate
growth of Cajanus cajan and Vigna mungo to salt stress. So, the
present study could be extended to said legumes grown in salt
laden agricultural fields to confirm the efficacy of seed
pretreatment in abrogating salt stress.
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