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' ABSTRACT

sve s

It has been revealed in, the present study that the rate of germmatwn oot
~ length and shoot length and percentage of normal seedlings of Vigna

urgbellata T. were mversely proportxonal to the magmtude of heavy metal '

" stress caused by Cd, Pb and Zn. Theré wasa progressive reduction in the
level of protein, insoluble carbohydrate, a-amylase and protease activities.
However, the studies showed an jncréase in’ the levels of soluble carbohy-

. - drate and free amino adids in the seed leachate ‘indicating impairment of

biosynthetic activities and membrane damage,

The cv, Haday of V. umbe-

llata was found to be more to]erant to heavy metal stress than the cv.

Thangray.

L]

£egumes are one of the richest
sources of vegetable protem and form an
1mportant component.of stable diet all over

the world. Rice bean (Vigna umbellata T.)-

is a less known legume and has recently
been ldentlﬁed as a sultab]e addition' to the

- is'used all over the temperate Hnmalayas as «.

an important crop offering hlgh quality of
protem and incréasing the input of combined
N, into the soil. These crops have tradi- *
tionally been. used for rotation with .cereal .
crops in ordet to mc’rease the soil fcrtlhty ’

Heavy metal toxxcxty causes multxple
dxrect and mdxrect effects on plant growth: -
and alters many physlologlcal functions?8.

Heavy metal plays a vital role in the growth .

and development of plants and may act as
cofactors of some enzymes. of help in the

formation of inteimediate metabolites?. Rise
in the levels of heavy metals in-the soil

could be, attributed -to many factors like
agricultural practices, soil properties; waste

disposal and industrial sewage to agricultural =
land etc?,

In view of the present. ‘global
gcenario’ a complete eradication of “heavy’

metal pollution has become an ulirealistitc - "-

goal. Understanding the reSpénses@%f*plants

- to, their external envxronment is an. at,,tractlve
‘targer, for 1mprov1ng stress tolegmce21

P

Héavy metals cause many deleterious effects -,

o

to plants such as. inhibition of see& germi-
~ nation?’, reduction in plant growth“ ande

L e
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Zinc is an essential plant nutrient and

‘is involved in a myltitude of functions. Zn

.o ébrfespo‘nding author E-mail: jﬁmanjee@sify.cbm :
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M

catalyses diverse chemical reactions affecting -

’

.metabollc dnsturbances by altermg -essentlal -
" biachemical reacuons”
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varied aspects of metabolism!®. Cadmium is were taken. Each seed lots were. irrigated
a non essential toxic element that enters the with the pretreatmg solution after each 36
environment through variéus industrial | hrs till the experxment was over. During the
processés?. Cadmium' is a wide spread . entire period of the experiment the environ-

. ..trace pollutant of high toxicity with a long mental ' conditions were' 88 + 2%, relative
biological halflife!. - Lead, with its increa- humidity (RH), 18+2°C temp'c'rat'ure and a -
sing concentrations causes reduction in the photoperiod of “10 hrs at .an alhtude of
levels of RNA, DNA and protein with 2268 M amsl. During the experiment” the
concomitant increase in amino acid content - physiological, biochemical and growth ana-
in rice embryo!®. o * lysis were made after 3,7 and 10 days.

Systematic studies on the role of heavy
metals -on ph&siological and biochemical
responses on Vigna umbellata under stress
is lacking. An understanding of the physio- -
logical mechanisms and identification .of
~specific physnologxcal traits confcrnng heavy
metal tolerance coiild ‘play a- ma;or role in
development of new varieties for such stress
tolerance. Therefore, the present investiga-
tion was aimed at understanding the physio-
logical and biochemical responses of two
promising rice bean cultivars, Vigna umbel-

. lata T. cv. Haday and “cv. Thangray in
" order to assess their heavy metal tolerance
potentials. ‘

" For the analysis of germination data the ,
seed-lots (50 each) were allowed to germi-
nate for 7 days as per the international rules
of seed testing'?. Growth behaviours of the
two cultivars of rice bean were analyzed in
terms of the percentage normal seedlings as
- well ;as root length and shoot length was
calculated from twenty seedlings' of each,
treatment and the data were recorded from
10 day old uniformly grown seedlings®.

Samples of protein estimated were take:

from dehusked seeds.” Extraction of protei

" . was made following the method of Kar an
N Mishra!? and the estimation was done usir

Freshly harvested seeds of Vz"gna umbel. ~ Folin-ciocalteau reagent!*,24,

.Iata T. cv. Haday and, cv. Thangray were

obtaiaed from the Department ¢ of Horticul: | . The seed leachate’obtajned by immi -
ture, Government of Sxkktm., Garfgtok, sing 5 g of seed lots of ‘each treatment
Sikkim. ‘The seeds were surfacé sterilized 25ml of deionised dxstxlled water foj 16°

: '-',_"wmr 0.1% HgCl, for-2 minutes and washed at room temperature were used for mea .

for 10 miniites: mdd«tsml‘ed;%m L&timgs)._ _‘- ring the levels of soluble carbohydrate :
The washed seeds were allowed to perminate " free amino acids. For'the analysis of soh
- in " Pefri_plates on ﬁlter papers soaked carbohydrate 1 ml of the seed leachate -
o ,separately in the aqueous solution of Pbe added to 3 ml of anthrone reagent in
~( Pb. 10,100, 500 and $000.4M ), CdCl, (€Cd - condition and kept in hot water batt
10,100,560 and 1000 #M)-and ZnCl, (Zn 5 minutes, cooled down to reom tem;
. 10,100,500 and 1000 pm) A control sét was  ~ ture and the estimation w#s done at
- ‘prepmed by seakmg the ﬁdten “paper in " McCready et al.20, ~°For,'analyzing the .

; ,dxstnlled water, For eac—Tx t“e*atmentSOsecds . amind aci'd“cbnt'em;'; 2 ml of seed l?'

: ,_-.g.- i
N
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Fig. 1. Effect.of heavy metal treatment
with CdCL,(Cd 10, 100, 500 and 1000
uM), PbCL(Pb 10, 100, 500-and 1000

 iM) and Zn€L(Zn 10, 100, 500 and 1000

1M) on the protease activity (units/min./ * |’

- g of -fresh tissue) of ¥Vigna umbellatacv. . -.:

Haday (HY) and cv. Thangray (TY)A et
under laboratory condmons S

Flg 2. Effect of heavy métal treatment with - -
CdCl (Cd 10, 100, 500 and 1000 pM),
PbClz(Pb 10, 100, 500 and 1000 pM) and
ZnCl,(Zn 10, 100, 500 and 1000 pM) on the

o~ amylase activity (units/min./g of fresh tis-
sue) of Vigna umbellata cv. Haday (HY) and

cv. Thangray (TY) under laboratory condi-

" tiorfs.

wnth CdClz(Cd 10 100 500 and 1000 - -
pM), PbCl(Pb 10, 100, 500 and. 1000 -

| 1M)and ZnCL(Zi 10, 100, 500'and 1600~ .-

pM) on the seed germination percentage’

- of Vigna umbellata cv. Haday (HY) and -
cv. Thangray (TY) under laboratory con- L

ditions.

.t o . ,_.‘.;-";‘"f""' .uL



Treatments " . Days after treatment Days after treatment
3 7 - 10 3. 1 10

“Control | 80.01£1:8 6924150 44.5£0.15 84.0+1.20 782+ 1.50. 49.0£0.20°
G410 80.040.20 . 99.0£2.70 26.55£0.05 87.9+0.85 98.4+2.40 152+0.15
Cd100 89.25+0.75- 98.9240.60 25.55£0.25 ~95.7+2.70 ~98.0£0.29 19.05+0.10
CdS00 . 72.5£0.20 - 89.4+0.90 23.6+0.50 .. 92.6£3.20 99.05+0.89 27.21+1.05
-Cd 1000 80.01£2.70. 83.7%2.10° 165£018 9424190 96.3£0.30 | 2.31£0,90
“Pb 10 77.0£0.20  99.05£0.55 21,030.10 * ~99.0+0.01 " 97.0£0.13  18.8+0.80
Pb100  77.5£230 96.00%5.1p 19.8+0.80  86.2+0.60 98.040.12 16.5:+0.25
Pb500  95.2842.70 99.05£0.55 18.1£0.10  89.0720.75 90.084+0.20 18.2+0.20
Pb1000- 87.00£3.1 9554370 1821020 = 91.5£0.50 92.0£0.60. 1714029
Zn10 8221060 9394050 21.8+£070 97.640.4 99.0£020 2124030
Zn100 95114510 98.0£2.10 20.74£0.40 92.9:0.5 98.0£2.10 18.240.30

. .Zn500 - 7624060 99.26+£2.50 17.3:0.15  89.443.00 99.9+370 17.240.05
Zn 1000 199.9240.80 20.5£0.45  97.24+3.60 99, " 13.440.10

'
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Table 1. Effect of heavy metal treatment with CACl, (Cd 10, 100, 500 and 1000 M), PbCi,
(Pb 10, 100, 500 and 1000 xM) and ZnCl, (Zn 10, 100, 500 and 1000 #M) on the protein
(mg'g) of Vigna umbellata cv. Haday and cv. Thangray seeds under laborafory conditions.

Vigna umbellata cv. Haday

Vigna umbellata cv. - Thangray

77.440.60

99.9+4.10

was added with 2 ml of 19 nmhydnn solu-

tion and boiled for 20 minutes in a water
" bath placing glass marbles at the top. of
the test tubes and the absorbance was mea-

sured at 570 nm??. S TS
B . | The extracuon for protease activity*was
done by homogemzmg 200mg of tissue in -

v 3‘Na,,-phe§phate buﬁer

) '(pH 6. 5) and centnfuga‘hon of the homege_

nate for 10 minutes at 10000 rpm The

The assay mlxture contamed Iml of the ,

.enizyme extract 0.1 ml of MgSO,. 7[—1 (o}

Rk R,

(ﬂ l M) and i ml ofBSA (0 5 mg]ml)’-" Tt ol

'e‘stima;tué ‘the a- aingll_eée activity 300 mg of - -
seed tissue was homogenized with 10 ml. of -
pre-chilled Na- -phosphate . buffer (0 IM).
The supernatant .was taken as the enzyme
source afier centnfugatlon at 5000 rpm for

colour developed was measured at 6?0 nm'4, .
. The. activity of - these- -enzymes was. determi- .
ned accordmg to F’ck and Qualset7
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Table 2 Eﬁ'cct of heavy metal treatment with CdCl, (Cd 10 100, 500 and 1'000 pM), PbCl,

(Pb 10, 100, 500 and 1000 M) and ZnCl, (Zn 10, 100, 500 and 1000 pN) on the leaching of

soluble carbohydrate (mg/g/25 mi) of Vigna umbellata cv. Haday and cv. Thangray seeds
under laboratory conditions.

Vi'grga umbellata cv. Haday .

Vigna umbellata cv. Thangray

.Treatrrients . Days after tfeatme_nt Days after treatment
- ' 7 . 10 SR ea - 10
" Control 27403 8.0810.4 4.640.3 9.7£1.00 |
cd10 . 415015 10.9540.15 5.3540.05 11.040.1
Ccd100 7254015 ., - 14.95%0.75 7.6£1.00 . 14.025£0.075°
Cd 500 8.05£0.05 177405 9.640.1 152404
© C41000- . 123301 - 20.5540.5 | 13.3541.05 19.55£0.65 -
Pb 10 . 13.35£0.05 9.1+0.4 5.4540.05 ' 10.3£0.3
Pb 100 4.2540.15 15411 8.475£0025  14.7+0.4
Pb 500 6:740.15 13.35£0.45 11654005  183%18
Pb 1000 9.4£0.7 14354095 . ©  12.55+0.45 220402
Zn 10 2.9£0.1 9.25£0.85 4.9%.1 9.940.1
Zn 100 4.6£0.1 10.441.00 6.4540.35 12.9540.25
‘Zasw 66525 126404 7.00%:0.1 146306
Zn 1000 8.0540.15 13.240.1 16.340.2

10.5+£0.45

Of the three chemacals PbClg and CdCl,

caused gradual reductlon in the. percentage

+

ratmn

of germination with its mcreasmg concent-

Th’e‘rat'e of decljne was pa_rtlcularly

met'al’s was increased from 10 pM to. 500 pM

‘the decreasmg trend |n the rat,p of germma- o

metals - at hxgher concentratlon mhlbxted'
. seed germination'. Ion toxicity which is
imlizated in the inhibition of protéin acti-
‘vity, changes in cellular permeability and

: tratlons

. direct tox1c1ty to the embryo and seedlxng is
most probably responsible for the reductlon ‘
" in the rate of germination®. However, the

toxic eﬁ“ects of Zn were not visible at. the

(F!g 3. ) May be Zn being an essential- _
' mlcronutnent the deletenous eﬁ'ects are not S

to heavy metal toxicity. Seedlings abnor-
mality . occurred as a- r!Lsult of treatmernts"
wl_th the heavy metals, The abnormality

. &

g -

‘concentrations, used in thls experlment exc;pto o

. Of the two cultwars of the nce,h o
bean the cv. Thangray is more - vulnerable»
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Table 3. Effect of heavy metal treatment with CdCl, (Cd 10, 100, 500 and 1000 sM), PbCl,
(Pb 10, 100, 500 and 1000 «M) and ZnCl, (Zn 10, 100, 500 and 1000 M) on the leaching
of free amino acids (mg/g/25 ml) of Vigna umbellata cv. Thangray seeds utider laboratory

conditions. (Values are mean + SE of 3 replicates).

Vigna umbellata cv. Hadaj: ]

Vigna umbelllata cv. Thangray

- Treatments Days after treatment . Days after treatment
ST .10 I AT ()

Control 30404 . 843090 5.15+0.85 8.2541.05
Cd 10 3154005 | 10354135 11.740.10 119.25+0.75
Cd 100 6.15+1.75 . 11.2540.45 12.6540.15 21.9640.915

© Cd 500 1125585 16.8540.65 14.140.40 - 2894125
Cd 1000 14754025 | 23.4%1.50 18.054£0.75 37.2540.75
Pb 10 9.340.1 14.3£1.30 - 10.1£0.20 16.441.50
Pb 100 1005£0.15  16.242.75 1224081 17.021.00
Pb 500 14.841.20 © 24:4£0.30 15.25+0.45 19.75 £2.05
Pb 1000 1544030, . 26.2+1.50 17.1£1.70 . . ' 26.540.90
Zn 10 8.85+0.15 11.942.90 7.940.10 15.940.90
Zn 100 9.6+ 0.30 15.840.70. 8.540.70 16.240.09
Zn 500 ° 11.740.30 1624095  ~  10.85£0.15 17.240.21°
Za 1000 12.740.10 20.2541.25. 14.75 £0.05 24.214£2.25

was rnost pronounced in the Pb treated
seeds than w1th those treated w1th Cd and

Zn (Table 4). »

‘ Cons:derable mcrease in* the leachmg of *
soluble carbohydrate was seen in ‘all. the

seed lots. Following the trend of the elect

1

rical conductivity a shert exposure to low

. doses of heavy metals checked the .leaching - . 3}

of these compounds to a large extent. Only
the data after 7 and 10 days of exposure to -

heavy metal treatinent is presented in this -

study since in a shorter exposure the varia-
tion of data was insignificant to that of the
‘control (Table 2) Data presented in th;s

study revealed that cotinuous treatment with.
heavy metal caused significant membrane

. damage as evidenced by increaced amount
- of free- amino, acxd (Table 3) and soluble

chrbohydrate in both-the cultivars of rice
beans However, ‘each . cultrvar showeéd a .

" related to membrane hpld peroxrdatlon
"ca_used by free radicals?’”. The membrane
‘deterioration ‘was directly proportional to -
-the  extent of heavy metal stress imposed in

terms of both increasing concentration of
: o : S
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Table 4. Effect of heavy metal treatment with. CdCl, (Cd 10, 100, 500 apd 1000:»M), PhClg
(Pb 10, 100, 500 and 1000 M) and ZnCl, (Zn 10, 100, 500 and 1000 pM) on the root length,
shoot length and percentage of normal seedlings of Vigna umbellata cv. Haday and cv.

. Thangray under laboratory conditions.
(Values dre mean of 10 seedlings aftgr"lO days of germination)

Treatments - ‘_ Vigna umbellata cv. Haday 'Vigna umbellata cv. Thangray

L - Root " 'Sho.ot %'Nprm_al Root - Shoot “-»,%_Normal -
" length length = seedlings length length . seedlings -

Control 297 BRI 100 257 313 - 100

calo . 241 24.5 90 21.5 28.6 90

Cd100 * - 113 © 208 30 ER 243 - 90
cds0 59 4.4 40 7.9 76 .10
catoo0 - 30 1.2 40 4.1 T4 60

Pb 10 27.2 21.9 80 24.8 30.4 - 100

Pb 100 262 . 26.6 " 80 21.4 25.7 90

Pb 500 20.8 21.8. 80 19.8 » .19.0 90

Pb 1000 6.0 5.8 50 6.6 4.6 30

Zn 10° 29.3 30.6 90 - 25.1 28.2 100
 Zn 100 25.2 '24.4 90 245 24.0 9%

Zn 500 24.0 21.1 90 22.5" 22.8 80
Zn1000 - 20.6 19.8 90 18.% 17.7 10

- treatment.

the heavy metals and increased duration ‘of

.

treatment. Subse’quently the protem Ievel'
" declined drastically in the seeds - treated for -

<. 10.days with heayy metal (Iablc 1). Thq gAto reduced. mcorporatwn of free - ammo acxds

cultiver Thangray seemed more prone: to -

protein -depletion. over the 10 day. penod
" At first the increase in the level of proteid
may be explained by assuming the fact_ that

the protéin levels rose initially because the

tissue produced various types of protein to

fight against the odds of stress conditions. -

Subsequently, when the heavy metal toxicity
-crossed the threshold the protein level was
brought down. It might be due to fhebreak
down of protein synthesis’ mechadism at -
_toxxc concentratlons of heavy metals due to

-mto protem”

The activity o‘f‘ protease steadily decreased
with the concentrdtion and duration of
B heavy metal treatment,

expected that the activity of protease will be’

Though it may be

. .

é
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higher for degrading the protein, however,
at an increasing magnitude of heavy metal
stress most possibly ‘the disruption of the
enzyme nature of protease takes place cau-
sing the decline in its activity. The rate of

protease decline was found to be slower in-

" . cv. Haday than the cv. Thangray. (Fig. 1).

The activity of x-amylase showed a gradual
Up 10.7 days
of the heavy metal treatment the increasing -

increase at the 1mt1al phases

activity was.consistent, which was probably

' respons:ble for increase in'the soluble sugar

_level. However, beyond 7 days the enzyme
activity ‘showed a sharp decline ‘as the-
toxicity disrupted its activity (Fig. 2).

The growth pattern of heavy metal
treated seedlings showed a reduction in the
root length and shoot length. The growth of

- -the'root and shoot -length-'was - inversely- -

proportional to the concentration of the
“heavy metals used. A. concentration of
1000 M. solution of heavy metals had the
most devastating effects on the growth of
the legume. Cd was found to be the most
inhibitory and Zn the least inhibitory to the
. growth .of the rice bean Vigna umbellaia
plants (Table 4).

-

“The study presented here showed that
heavy metal treatment of V:gna umbellata

seeds raptdly caused the dlsruptton of the

- in the mcmbrane structure and consequently o

resulted in the drsruptxon of “all’ physico-
chemical activities probably -by the toxic
" effects to the functional proteins.. The data
presented also revealed that the risé in the

contents of soluble carbohydrates and: free -
-amino acids was caused by the disruption of

- i o895,

biological membrane. Similarly, the reduc-
tion in the rate of «-amylase~and protease
activities proved that the.enzyme nature was
lost by the toxic effects .of the heavy metals
Cd, Pb and Zn. Of these Cd had the most
drastic and Zn bhad the least damagmg
effects to the biological parameters 'studied.

Both the cultivars Haday .and . Thangray. ..

showed similar type of responses, however,

‘it differed in magnitude with cv. Haday
’bemg more tolerant to the heavy metal

stress
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