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EFFECT OF NaCI SALIMTY ON CARBOIIYDRATE METABOLISM IN
GBRMINATING SOYBBAN SEEDS

MJ|IUTIILTKUMARASAMY and R PANNEERSELVAM
DivisionofPlant Physiology, DepartrnentofBotany, Annamalai University,AnnamalaiNagar-6080O2, Tamil
Nadu, India.
Ttre seeds of nvo varieties of soybean (Glycine max L. Menill cv. Co-l and cv. ADT-I) were soaked and
germinated fir 20, &,60 mM NaCl solutions. The germination perc€ntage, sugar cont€nt, o and p amylase
activity werc studied during germination and seedling growth undcr NaCI stress at different tinp intervals. The
increasing NaCI concentration had an increasing inhibitory effect on germination and carbohydrate nretabolism
of tlre seedlings.

f,eywords:a and p amylase; NaCl strees; Seedlings, Soybean; Sugan.

Introduction

Salt stress is one of the major global issue in
agricultural sector appaxently is due to the

salts of sodium. Soil salinity profoundly
influence negatively the germination, the

$owth the yield and even very existence of
crop plants.r'2 Salinity mediated effects are

further known to vary with the stage of plant
growth at which the stress treatnent is given.3

According to Epstein et al.a bsides an

engineering approach, development of crops
tolerant to salinity, is a better strategy for
meeting the challenge of this problem. To
achieve this a better understanding of
physiology and mechanism of salt tolerance
in plants is highly essential. In this present

work it is proposed to study the changes in
germination percentage, soluble sugars and

the activity of hydrolytic enzymes like cr and
p amylase during seed germination and

seedling growth in two varieties of soybean
(Glycine max L. Menill cv. Co.l and cv.
ADT-I) under different NaCl stess.

Materials and Methods

The seeds of Glycine nwxL. Menill cv. Co-
I and cv. ADT-I were obtained from

Tamilnadu Agricultural University,
Coimbatore. The seeds were surface sterilized
with 0.l%o HgCl, for two minutes, washed
thoroughly with distilled water and soaked in
24, N and 60 mM NaCI solution for 12

hours. Distilled water was used for soaking
control. After 12 hours the soaked seeds were
sown on distilled water washed whatrnan
No. 1 filter paper in 15 x 25 cm rrays. Seven
replicate were maintained for each
concentration and iiligated with 100 ml
respective solution daily. This setup was
maintained upto 96 hours under 3.8 X lO lux
light for 12 hours a day. The seedlings were
randomly selected and used for analysis at
12,24,36, 48, 60,72 and 96 hours after
sowing.

The germination prcentage was
calculated upto 96 hours, later no germination
occured. Total sugars were hydrolysed with
6N sulphuric acid into reducing sugars and
estimated using Nelson'ss arsenomolybdate
method. clamylase (EC 3.2.1.1) activity was
assayed following the modified merhod of
Tarrago and Nicolas6 after heating the enyme
extract at 7OC for 5 minutes in the presence
of 3 mM CaCl, to inactivare B amylase. The
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p amylase (EC 3.2.1.2) rctrity was estimated

at pH 3.4 and with 0.1 M EDTA to inactivate

0, amylase6T

Results and Discussion

The germination percentage decreased with
increasing NaCl concentration anditwas 94,

76, A and 52 per cent in cv. CGI and 84,

76,56,48 per cent in cv. ADT-I in control,

20, 40 and 60 mM NaCl treatments

respectively (Table l). NaCl salinity delayed

the germination in both the varieties.

The total sugar content was 0.61

and 0.5 mg perseeds at0 hours of germination

in Co-l and ADT-I varieties of soybean

respectively (Table 2). [t increased rapidly

till 12 hours of germination later it declined

gradually till the 96th hour of germination in
both the varieties of soybean. At 96 hours it
was less by 2.59, 13.73 and 37.95 per cent

over confiol in all the Eeatrnents in Co-l
variety. Similarly in the ADT-I variety, the

total sugar content was less by 17.25, 43.22

and 55.65 per cent over control. The total

sugar content decreased with the increase of
NaCl concentration in both the varieties of
soybean.

a-amylase activity increased very

rapidly upto 12 hours of germination later it
declined gradually in both the varieties. This

enzyme activity was less in NaCl treated

seeds when compared to control (Table 3) In

the Co-1 variety the amylase activity was less

by 3.70,8.88 and 21. 48 per centover confiol

in all NaCl concentrations at 72 hours of
germination. The cr amylase activity was

also less by 4.90, 10.94 and 24.15 per cent

over control in the ADT-I variety. The loss

of activity of cr amylase due to increase in

salinity was less in ADT-I variety when

comparcd to CO-l varietf of,soybean.

The p amylase activrtY incressed

very rapidly upto 12 hours.later it declined

gradually in both the varieties in control and

treatrnents (Table 4). The reduction in P

amylase activity was 2.ffi,30.00 and 43.33

per cent over control in all the Eeaftnents at

72 hours of germination in Co.l variety of
soybean. In the ADT-I variety also, the

reduction in the activity of p amylase was

12.90, 54.83 and 64.52 per cent over the

control.

In the present investigation both the

varieties showed a reduction in germination

percentage and delayed germination. When
seeds were sown in saline environment, there

was a significant decrease in the rate of
germination and also delay in completion of
germination which inturn fluctuated the
germination percentage.s-tr Many authors

observed inhibition in germination and delay

in germination due to sodiumchloride salinity,
in Sorghum bicoloy'2 and mung beanr3

The total sugar content was less in
treatments when compared to cor\trol from
the initial to final stages of germination in
both the varieties of soybean. lyengar and

Pandyara observed a reduction in total sugars

under saline conditions in ten varieties of
sugarbeet. Downtonts observed adecrease in
sugar content at 75 mM NaCI concentration

in grapevines. The sugar content increased in
3 rice varieties which are salt tolerant but in
the other six varieties of rice which are

susceptible, it decreased.r6 Soybean was a

salt susceptible species and our results
coincides with some earlier reports.rar6
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Table 1. Effect of NaCl on the germination percent of soybean seeds.

(Values are rnean + SD of 7 samples expressed in percentage of germinated seeds)
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cv. co-l
Germination NaCl concentration

Period in

Flours Control 20mM ,t0 mM 60mM Control

CV. ADT.I
NaCl concentration

60mM

0

t2
24

36

48

60

72

96

0.00

o.00
42,.OO

t1.05
60.00
r1.46
72.W
12.44
94.00
t2.35
94.00
t2.35
94.00

1235

0.00

0.00
24.N
xt.20
36.00
r1.52
54.00
rt.36
66.00
+1.65

76.00
11.90
76.00

r1.90

0.00

0.00
18.00

to.70
28.00
tI.02
38.00
+1.24

58.00
r0.96
62.00
t1.58
62.00

r1.58

0.00

0.00
14.00

to.4t)
22.00
fl.68
34.00
+1.46

48.00
fl.73
52.00
r0.87
52.00

t().87

0.00

0.00
44.00
tt.M
56.00
rJ.94
70.00
t2.24
84.00
t2.10
84_00

12.10
84.00

t2.lo

0.00

0.00
30.00
fr.16
48.00
*1.24
60.00
iI.66
68.00
r1.70
76.00
t1.96
76.00

r1.96

0.00

0.00
16.00
Lo.62
24.N
1{).88
38.00
lt.27
45.00
rl.l3
56.00
r1.46
s6.00

*1.4

0.00

0.00
10.00

fr.47
18.00

fr.42
30.00
fl.75
40.00
+1.33
48.00
*1.28
48.00

r1.28

Table 2. Effect of NaCl on the total sugar content of the germinating soybean seeds.

(values are mean t SD of 3 samples expressed in mg/seed)

cv. co-l
NaCl concentration

20mM 40mM

CV. ADT.I
NaCl concentrationGermination

Period in
Hours Control 60mM Control 2OmM 40mM 60mM

t2

0.610 0.610

10.018 10.018
r.333 r.272

i0.046 100.038

t.279 1.226

10.021 10.041

t.t12 1.139

10.039 10.043

1.100 1.052

10.026 t0.otE
0.979 0952
10.035 10.040

0.879 0.846

10.@l 10.028

0.772 0.752

i0.019 fo.020

0.610 0.610

1{).018 io.0l8
1.200. 1.100

fl.027 10.028

1.100 1.013

fl.026 10.033

1.019 0.9ffi
f0.028 i0.033
0.946 0.800

ro.037 *0.020
0.E39 0.672

L4.022 t0.031
0.752 0.579

lo.olE lo.0l4
0.666 0.479

i0.0r6 10.007

0.500 0.500 0.500

10.013 10.013 io.0l3
1.300 1.200 1.059

i0.033 10.020 10.026

r.146 1.000 0.839

lo.0l9 io.066 10.017

0.973 0.846 0)700

fr.M4 t0.014 lo.0l2
0.800 0.700 0.s73
+0.013 n0.012 10.028

0.692 0.554 0.473
i0.023 fr.u)2 10.012

0.566 0.426 0.339

i0.021 l0.0lE 10.016
0.u6 0.36 0.239

ro.0l8 10.007 10.006

0.500

ro.0l3
t.346

fr.021
1.200

fl.u24
1.736

lo.0lE
o.946

fr.u24
0.833

1o.036

0.666

rs.o16
0.539

rfl.009

36

60

11

96
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Table 3. Effect of NaCl on the cr -amylase activity in the germinating soybean seeds.

_A"t* *" *", t sD:$3#pt". 
"^p

Germination
Period in
Hours Control

NaCl concentration

20mM 4OmM 60mM

NaCl concentration

Control 20mM 40mM 60mM
L2 t.329

fl.o22
24 0.850

r0.017

36 0.688

r0.017

48 0.588

r0.013

60 0.494

io.0l6
72 0.210

1o.006

96 0.265

10.01I

1.145 t.014

ta.o22 10.020

0.8t0 0.785

10.016 10.014

0.594 0.532

10.012 1{).01 l
0.459 0.406

n0.015 f).008
0.370 0.297

10.009 t0.010

0.246 0.212

i0.003 t0.002

0.232 0.198

10.005 10.003

1.?54

{4.024

0.832

f).016
0.653

i0.021

o.542

r0.014

o.464

io.Ol5
o.260

r0.005

o.252

r0.010

1.936 t.743 1.555 t.Ms
10.(x8 lo.ot4 10.03E 1s.036

1.550 1.350 1.222 1.130

10.051 10.045 r0.04r 10.038

1.159 0.374 0.8E8 0.786

fr.u2 rs.038 10.033 r0.D9
0.410 0.382 0.342 0.305

10.014 10.016 10.015 fl.o12
0.376 0.3M 0.301 0.280

10.016. ro.0l3 lo.0l0 r0.oo7

0.26s 0.252 0.236 0.20t
10.009 10,006 10.005 10.008

0.180 0.242 0.226 0.176

ro.005 lo.0l2 10.007 1o.008

Table 4. Effect of Nacl on the p-amylase activity in the germinating soybean seeds.
(values are mean I SD of 3_samples expressed in pg of maltose released./min./mg. Protein)

cv. co-l cv. AD--l 

-

Germination NaCl concentration
Period in

Hours Control 20mM 40mM 60mM

NaCl concentration

Control 20mM 40mM 60mM
l2 1.057

r0.026

0.902

fl.023
0.625

io.ol5
0.550

t().014

0.475

r0.018

0.300

ro.007

0.265

10.005

0.990

r0.025

0.890

r0.030

0.580

10.019

0.5t0

ro.0l3
o.420

fo.Ol5

0.292

ro.0l0
0.250

ro.003

09M
r0.023

0.865

r0.028

0.537

ro.0l0
0.460

t0.017

0.350

10.009

0.210

t0.012

0.190

to.m6

0.865

fl.022
0.849

*0.028

0.500

r0.001

0.425

10.014

0.285

10.006

0.170

1f.004

0.t46
10.004

t.23s

i0,052

1.030

r0.048

0.770

r0.029

0.620

10.021

0.477

10.016

0.310

1{.010

0.290

:1f.003

l.198

r0.049

0.974

1{$3{
0.645

fr.022
0.550

t{.022
0.410

r0.014

0.270

t0.012

0.246

r0.006

l.178

rs.ot6
0.900

10.035

0.575

ro.0l8
0.460

10.017

0.340

ro.009

0.1,r0

10.003

0.122

i0.004

1.t45

10.044

0.834

1{.031

0.522

r{.016

0.,100

l{.013
0.250

1il.005

0.1 l0
rs.006

0.096

is.005

24

36

60

72

96



The a and p amylase activity
increased upto 12 hours after sowing later it
declined in the control and treaEnents ofboth
the varieties. The reduction in the activity of
c and B amylase due to increase in salinity
was less in ADT-I variety when compared
to CO-l variety of soybean. There were
reports on inhibition of hydrolytic eRzymes

like c amylase and protease in various parts

of germinating susceptible rice seeds.rT-r8

Sheoranre reported a decrease'in amylase

activity in the cotyledons of germinating
mung bean seeds under salt stress. A decrease

in amylase activity in the maize endosperm

under stress during early period of germination
was reported.2o Sarin and Narayanan 2r

reported that salinization decreased the
amylase activity by inhibition. A reduction in
the soluble sugar content and cr and p amylase

activity with increase of sodium salt stress

can be well correlated in both the varieties
of soybean.

The higher germination percentage

can be well correlated with higher sugar

content a and p amylase activity in CO-l
variety. The ADT-I variety showed a lesser
germination percentage with lower sugar

content and lower activity of cr and p amylase
during germination under NaCl stress when
compared with the CO-l variety of soybean.

Based on this results both the
varieties of soybean seems to be saline
susceptible. When these two verieties are

compared the CO-l variety seems to be more
stable in its metabolism by having higher
germination percentage cr and B amylase
activity under NaCl stress.
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