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Abstract Plants are frequently exposed to a variety of

stress conditions such as drought, salinity, heavy metal

toxicity, low temperature, flooding, extremes of soil pH

and heat which causes reduction of plant growth and pro-

ductivity. Such abiotic stresses may cause metabolic

impairment, nutrient imbalance, reduced synthesis of

photosynthetic pigments which are closely related with

biomass production in plant, thus, causing serious loss in

crop productivity. The present experiment was undertaken

to study the biochemical and physiological effects of

salinity, drought and heavy metal (copper and lead) stress

on seed germination in ricebean [Vigna umbellata (Thunb.)

Ohwi and Ohashi] variety Bidhan 1. For studying the effect

of iso-osmotic potential of salinity and drought stress, the

solutions of NaCl and PEG 6000 with - 0.2, - 0.4 and

- 0.8 MPa osmotic potential were used whereas the

solutions of 50, 100 and 200 lM Cu and Pb supplemented

in the form of CuSO4.�5H2O and Pb(NO3)2 respectively

were used to study the effects of equimolar concentrations

of copper and lead. Drought was found to produce more

adverse effects on germination %, as well as speed of

germination, in the seeds of ricebean. The seed protein

content was significantly higher under all the treatments of

salinity, drought stress as well as metal stress. The highest

intensity of copper stress was found to produce more

adverse effects than lead in respect of water uptake % in

germinating seeds and root elongation rates of ricebean

seeds in the present experiment. The presence of copper in

the germinating medium produced more detrimental effects

on activities of antioxidative enzyme ascorbate peroxidase

and guaiacol peroxidase than equimolar concentrations of

lead.

Keywords APX � Drought stress � GPOX � Heavy metal

stress � Ricebean � Salinity stress � Seed protein � Water

uptake %

Introduction

Salinity stress can affect plants initially by creating an

osmotic stress and then it induces ion toxicity leading to

cyto-toxicity, metabolic impairment, nutrient imbalance

and finally death of the plant. The presence of high con-

centration of Na?, Cl-, HCO3
-, K?, Ca2?, Mg2? and

SO4
2- ions usually contribute to the soil salinity. Initially,

the presence of salts in high concentration makes it very

difficult for plants to withdraw water from soil due to very

low osmotic potential. In effect, the plants suffer from a

sort of osmotic stress which restricts plant growth causing

yield reduction. In the later stages of stress, due to the

absorption of sodium and chloride ions in high concen-

tration plants suffer from cyto-toxicity which result in

reduction of growth, leaf burn and plant death.

Drought is a meteorological term and defined as a period

without significant rainfall. The effects are mainly related

to altered metabolic functions, reduced synthesis of pho-

tosynthetic pigments, uptake and translocation of ion,

carbohydrate biosynthesis, nutrient metabolism and syn-

thesis of growth promoters. A common adverse effect of
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moisture deficit stress on crop plants is the reduction in

fresh and dry biomass (Farooq et al. 2009).

A heavy metal is any one of a number of high atomic

weight elements which has the properties of a metallic

substance at room temperature. Among heavy metals,

copper (Cu) is considered as an essential micronutrient for

plants (Gang et al. 2013) and plays important role in CO2

assimilation and ATP synthesis. However excess copper

creates toxicity generating oxidative stress and ROS

accumulation (Stadtman and Oliver 1991). Oxidative stress

causes disturbance of metabolic pathways and damage to

macromolecules (Hegedus et al. 2001). Lead (Pb) is one of

the most abundant toxic elements in the soil, which exerts

adverse effect on morphology, growth and photosynthetic

processes of plants when present in excess amount (Yadav

2010). Inhibition of seed germination under lead toxicity

may result from the interference of lead with important

enzymes.

Ricebean [Vigna umbellata (Thunb.) Ohwi and Ohashi]

is a potential leguminous crop with luxuriant growth habit

and ability to produce huge quantity of nutritive green

fodder as well as high seed yield under limited manage-

ment inputs (Chatterjee et al. 1978). It has gained attention

as a potential under-utilized grain legume owing to its

profuse pod bearing habit, wider adaptability, tolerance to

biotic and abiotic stresses, high seed yield and high con-

tents of protein, calcium, phosphorus, tryptophan as well as

starch in its seeds (Srivastava et al. 2001). It thrives well in

marginal lands, rainfed areas, drought-prone areas and

exhausted soils. Only a limited number of research works

have so far been conducted on abiotic stress responses of

ricebean (Subrahmanyam 1998; Pal et al. 2009; Rai 2013).

However, such information is still a meager. The present

experiment has been designed to study the comparative

effects of different levels of salinity, drought, copper and

lead stress on some physiological and biochemical

parameters of ricebean during seed germination stage. Such

a study might find to be useful in promotion of this under-

utilized leguminous crop for cultivation in marginal as well

as stress-prone areas where other grain legumes may not be

suitable for cultivation.

Materials and methods

Seeds of ricebean [Vigna umbellata (Thunb) Ohwi and

Ohashi] variety Bidhan-1 were used in the experiment. The

seeds were collected from AICRP on Forage Crops,

Kalyani Centre. All together thirteen treatments involving

three doses each of salinity, drought, copper and lead

stress, along with unstressed control were considered for

the experiment. The salinity and drought stress were

imposed by application of 50, 100 and 200 mM of NaCl

and 10, 12 and 18% PEG 6000 solution, thus, creating

osmotic potential of - 0.2, - 0.4 and - 0.8 MPa,

respectively, as per Sosa et al. (2005).The heavy metal

stress was imposed by applying 50, 100 and 200 lM Cu

and Pb supplemented in the form of CuSO4.�5H2O and

Pb(NO3)2, respectively. The seeds were surface sterilized

with 0.1% (w/v) HgCl2 for 3 min followed by thorough

washing in distilled water. After that, the seeds were set to

germinate in petridish of 9 cm diameter lined with What-

man No.1 filter paper at a temperature of 28 ± 1 �C and

relative humidity of 80 ± 1% and moistened with 5 ml

each of treatment solution. A control set containing dis-

tilled water was used for comparison. In each treatment,

there were three replications and each replication had four

sets of petridish each containing 25 seeds.

On the fourth day of germination, final germination

count was taken. From the count of seeds germinated in

each day the speed of germination was calculated as per

Czabator (1962).Observations were recorded on the water

uptake percentage by the germinating seeds at 6 h interval

starting from 12 h of germination following the methods

described by Foti et al. (2018). The root elongation rate

was measured at 24 h interval starting from 24 h of ger-

mination upto 120 h and was expressed in cm h-1. The

soluble protein content of the cotyledon of germinating

seed was measured as per Lowry et al. (1951) at 24 h of

germination. Data were also recorded on the activities of

three important antioxidative enzymes, viz, ascorbate per-

oxidase (APX), guaiacol peroxidase (GPOX) and catalase

enzyme in the cotyledon at 24 h of germination. The

activities of APX and GPOX were measured as per Nakano

and Asada (1981) and Siegel and Galston (1967), respec-

tively, while the method described by Cakmak et al. (1993)

was followed for the activity of catalase enzyme.

The mean data in all the cases were subjected to sta-

tistical analysis following completely randomised design

using INDOSTAT version 7.1 software.

Results and discussion

Analysis of variance indicated that the treatments varied

significantly among themselves in case of all the germi-

nation growth and biochemical parameters under study. All

the treatments scored 100% final germination percentage

except the 12 and 18% PEG treatment where it was 96 and

92%, respectively (Table 1). However, there was signifi-

cant negative effects of salinity and drought stress on the

speed of germination, especially, at higher concentrations

of NaCl and PEG 6000. Thus, the germinating seeds of

ricebean cv. Bidhan 1 recorded 34.95% and 44.27%

reduction in speed of germination at 200 mM NaCl and

18% PEG solution producing an osmotic potential of
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- 0.8 MPa, respectively, over that of control. Such

reduced speed of germination might be attributed for

moisture limitation caused by lower osmotic potential of

germination media as well as reduction in the utilization of

seed reserves as were also reported earlier by Khan (1980),

Promila and Kumar (2000) and Sayar et al. (2010). In

contrast, the presence of copper and lead in the germinating

media did not cause any remarkable change in germination

speed as compared to unstressed control. Thus, copper and

lead at their highest concentrations caused only 2.09% and

6.96%, reduction, respectively.

Water uptake by seed is highly related to metabolic

events during germination process as it involves the acti-

vation of most hydrolytic enzymes that stimulate hydrol-

ysis of starch reserves into sugars for supplying energy

source needed for radical emergence and tissue elongation

(Bewley et al. 2013).Water potential and hydraulic con-

ductivity of the sowing medium as well as the hydraulic

conductivity of the seeds play a major role in water uptake

(Ward and Shaykewich 1972). In the present experiment,

the drought stress at the lowest osmotic potential was found

to produce more adverse effects on water uptake of ger-

minating seeds of ricebean as compared to iso-osmotic

potential of salinity (Table 2). In general, the water uptake

by seeds increased linearly at all hours of germination in all

the cases. The water uptake percentage was found to be

remarkably low under drought stress at all osmotic poten-

tials than salinity stress, thus, attributing for slower ger-

mination speed under drought treatments. Earlier, the

adverse effects of salinity stress (Gamze 2005; Zhang et al.

2010; Fetri et al. 2014) and drought stress (Babu and

Rosaiah 2017; Moliehi et al. 2017; Foti et al. 2018) on

imbibition of seeds of legumes were reported by different

workers. The medium to high concentrations of both the

metals registered slower water uptake for initial 12 and

18 h. It might be noted that the low rate of water uptake

under Cu 200 lM could not be made up even at 24 h.

Thus, at 24 h copper was found to be more drastic than

lead for this variety of ricebean in terms of water uptake as

was also reported by Marques et al. (2007) and Ling and

Jun (2010) in other crops.

The data on the rate of root elongation were recorded at

24-h interval starting from 24 h of germination upto 120 h

and have been presented in Fig. 1A, B. Perusal of the

graphical presentation revealed that the rates exhibited a

sigmoidal pattern of change under control condition with

the rates being almost constant at initial two intervals

followed by a peak in between 72 and 96 h of germination

and then a decline. However, the elongation rate was

higher under unstressed control condition at all the inter-

vals under study in comparison with the stress treatments.

Such a reduction in rate of radicle emergence might be

attributed to a reduced rate of cell division caused by

impairment of reserve mobilization (Foti et al.

2018, 2019).The rate under NaCl 50 mM also showed

sigmoidal curve with the increasing rate upto the interval of

48–72 h of germination followed by gradual decline. The

corresponding rates under PEG 10% (- 0.2 MPa osmotic

potential) treatment increased linearly for the first three

intervals with the rate being maximum at 72–96 h of ger-

mination followed by slight decrease at 96–120 h of ger-

mination. The root elongation under PEG 12% (- 0.4 MPa

Table 1 Effect of salinity, drought and heavy metal stress on final

germination and speed of germination in ricebean cv. Bidhan 1

Treatments Germination (%) Germination speed

Control 100.00 23.83

NaCl 50 mM 100.00 23.67

NaCl 100 mM 100.00 19.17

NaCl 200 mM 100.00 15.50

PEG 10% 100.00 20.50

PEG 12% 96.00 18.00

PEG 18% 92.00 13.28

Cu 50 lM 100.00 23.83

Cu 100 lM 100.00 23.67

Cu 200 lM 100.00 23.33

Pb 50 lM 100.00 23.17

Pb 100 lM 100.00 22.83

Pb 200 lM 100.00 22.17

C.D. (P = 0.05) 1.04 1.13

Table 2 Effect of salinity, drought and heavy metal stress on water

uptake (%) by seeds of ricebean cv. Bidhan 1 during different inter-

vals of germination

Treatments Germination period

12 h 18 h 24 h

Control 88.00 91.00 95.00

NaCl 50 mM 90.00 95.00 97.00

NaCl 100 mM 92.00 93.00 94.00

NaCl 200 mM 84.00 87.00 91.00

PEG 10% 60.00 68.00 78.00

PEG 12% 50.00 62.00 72.00

PEG 18% 36.00 42.00 51.00

Cu 50 lM 93.00 94.00 95.00

Cu 100 lM 55.00 75.00 90.00

Cu 200 lM 34.00 67.00 79.00

Pb 50 lM 76.00 93.00 95.00

Pb 100 lM 59.00 85.00 97.00

Pb 200 lM 32.00 79.00 90.00

C.D. (P = 0.05) 7.17 7.17 6.65
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osmotic potential) treatment exhibited almost constant

rates at different intervals of germination. However, among

all the treatments, the rates of root elongation were found

to be most adversely affected under NaCl 100 and 200 mM

treatments. It might be noted that Cu 50 and 100 lM as

well as Pb 50 and 100 lM treatments registered higher

means for root elongation rate at the very initial interval

(24–48 h) as compared to control condition, but then

declined sharply as the germination interval progressed.

Earlier Peralta et al. (2001) reported stimulatory effects of

low doses of heavy metals on root elongation in alfalfa.

However, the comparative study in the present experiment

indicated more damaging effect of copper on root elonga-

tion rate than lead, especially, under higher molar con-

centration. It might be discussed that although Cu is an

essential micronutrient for plant growth, it was found to be

more inhibitory than lead in affecting radicle growth in the

present experiment. This might be attributed to structural

damage in plants in presence of excessive Cu as was

suggested earlier by Fernandes and Henriques (1991).

The soluble protein content in the cotyledon of germi-

nating seeds significantly increased at - 0.2 and

- 0.4 MPa osmotic potentials under salinity and drought

stress in comparison with unstressed control (Table 3), a

fact which might be attributed for acclimation strategy to

water deficit as was proposed earlier by Nakashima et al.

(2009). However, the protein content decreased consider-

ably under the highest stress intensity of - 0.8 MPa cre-

ated by 200 mM NaCl and 18% PEG solution. The

decrease was more in case of PEG than NaCl indicating

more detrimental effect of drought stress on soluble protein

content of cotyledon during germination. Earlier the

adverse effects of salinity stress and drought stress on seed

protein content in legumes were reported by Verma

et al.(2012) and Bhardwaj and Yadav (2012).The protein

content also decreased under the medium and high con-

centrations of lead, but in different concentrations of cop-

per it significantly increased with the lowest dose

registering the highest increase over control. Singh et al.

(2011) showed that lead (Pb) toxicity retarded the radical

emergence via alteration in protein and carbohydrate
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and lead stress on rate of root

elongation in ricebean during

different intervals of

germination
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contents, affecting the activity of many enzymes. In case of

cotyledon protein content drought was found to produce

more adverse effects, whereas the effects of lead was found

to be more drastic than copper at equimolar concentration.

Different abiotic stresses in plants lead to enhanced

generation of reactive oxygen species (ROS) leading to

oxidative stress. Under this situation, different enzymatic

and non-enzymatic mechanisms are induced to combat

against such oxidative stress. Several antioxidative

enzymes like catalase (CAT), ascorbate peroxidase (APX)

and guaiacol peroxidase (GPOX) contribute to plant

defense and helpin scavenging of ROS. Catalase (CAT) is

tetrameric heme containing enzymes with the potential to

directly dismutate H2O2 into H2O and O2 and is indis-

pensable for ROS detoxification during stressed conditions.

In the present experiment, catalase (CAT) activity in the

cotyledon significantly decreased under most of the salinity

and drought treatments as compared to control (Table 3).

Only in case of 100 mM NaCl and 10% PEG solution the

activity increased over that of control. Thus, mild osmotic

stress might trigger the activity of this scavenging enzyme

which was inhibited as the intensity of stress increased.

Earlier the detrimental effects of salinity stress (Dar et al.

2007) and drought stress (Pratap and Sharma 2010, Jiang-

Jing Long et al. 2013) on CAT activity in legumes were

reported by different workers. Likewise, the cotyledon

CAT activity also decreased under all the concentrations of

lead treatments with the effects being more as the molar

concentration increased. In contrast, the activity increased

at 50 lM of copper followed by significant decrease under

higher concentrations of the metal. However, copper was

found to be more detrimental than lead for CAT activity.

Such negative effects of copper on CAT activity might be

attributed for oxidation of CAT-protein structure (Pena

et al. 2011).

The activity of APX in the cotyledon of germinating

seed of Bidhan-1 significantly increased under salinity and

drought with the exception of PEG 18% (- 0.8 MPa

osmotic potential) treatment (Table 3). In case of salinity

stress the activity registered linear decrease with increase

in stress intensity, while in case of drought the pattern of

change was a sigmoidal one with PEG 12% (- 0.4 MPa

osmotic potential) treatment recording the highest activity.

Earlier the adverse effects of salinity stress (Dar et al.

2007) and drought stress (Bhardwaj and Yadav 2012,

Jiang-Jing Long et al. 2013) on APX in legumes were

reported by different workers. The cotyledon APX activity

decreased linearly under increasing concentrations of lead.

In contrast, it showed sigmoidal pattern of changes in

response to increasing concentrations of copper. However,

the highest concentration of copper was found to be more

detrimental for APX activity in comparison with lead. It

might be further noted that the APX content in ricebean

seed registered more adverse effects of salinity stress in

comparison with drought stress at iso-osmotic potentials.

The GPOX activity in cotyledon showed sigmoidal

pattern of changes under different salinity treatments, while

it consistently decreased under increasing levels of drought

stress. The drought stress had more negative effects on

GPOX activity in the present experiment as compared to

iso-osmotic salinity stress (Table 3). Earlier the adverse

effects of salinity stress (Amirjani 2010; Verma et al. 2012)

Table 3 Effect of salinity,

drought and heavy metal stress

on seed protein and activities of

ascorbate peroxidase (APX),

guaicol peroxidase (GPOX) and

catalase (CAT) enzymes in

cotyledons of ricebean cv.

Bidhan 1

Treatments Protein (mg g-1 fresh weight) CATa APXb GPOXc

Control 80.34 1.43 0.20 70.60

NaCl 50 mM 83.57 1.02 0.39 90.60

NaCl 100 mM 111.44 1.66 0.36 157.00

NaCl 200 mM 62.15 0.73 0.27 58.40

PEG 10% 120.86 1.59 0.21 68.40

PEG 12% 102.67 1.23 0.64 60.00

PEG 18% 58.09 0.85 0.17 58.80

Cu 50 lM 124.55 1.55 0.39 122.40

Cu 100 lM 92.8 1.19 0.50 141.40

Cu 200 lM 84.86 0.73 0.49 52.60

Pb 50 lM 88.83 1.25 0.51 115.60

Pb 100 lM 72.86 1.12 0.56 121.60

Pb 200 lM 53.57 0.88 0.33 66.80

C.D. (P = 0.05) 3.84 0.12 0.14 8.84

aData expressed as unit min-1 g -1 fresh weight
bData expressed as unit min-1 g -1 fresh weight
cData expressed as DA470 min-1 g -1 fresh weight
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and drought stress (Bhardwaj and Yadav 2012) on GPOX

activity in legumes were reported by different workers. The

activity of GPOX of this variety of ricebean showed

increased activities under mild and medium level of metal

stress in the present experiment. This finding corroborated

the early observation of Gao et al. (2008) who proposed the

increased expression of peroxidase enzyme as a biomarker

of sub-lethal dose of metal toxicity. However, the activity

of GPOX in the present experiment decreased significantly

as the metal concentration in the geminating medium

reached the maximum. However, copper was found to be

more detrimental for GPOX activity in comparison with

lead at the highest concentration.

Conclusion

Summarizing the results, it might be concluded that the

drought stress was found to register more drastic effects on

different biochemical and physiological parameters of

germinating seed as compared to iso-osmotic potential of

salinity stress, especially, at highest intensity of stress. Also

the copper toxicity produced more adverse effects than lead

toxicity at equimolar concentration in ricebean cultivar

Bidhan 1 during germination stage.
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