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EFFECT OF CERTAIN HEAVY METALS ON PIGMENT CONTENTS OF

SEEDLINGS OF CYAMOPS$ TETRAGONOLOBA (L) TAUB. CV. RGC 936
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Cyamopsis tetragonoloba(L.) Taub. is known as "guar". Total chlorophylls and carotenoids were

calculaied from seedlings treated with fiv€heavy metals. It was obsbrved that Cd and Pb in comparison

to Zn, Cu and Ni drastically reduced the total chlorophyll content at 1000 ppm concentration. The

relative toxicity of heavy metals could be expressed as Cd> Pb> Ni> Zn> Cu.
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Introduction
Heavy metals can be defined as one that has a density

greater than 4.0 g per cubic centimeterr. Some heavy metals

at low doses are essential micronutrients for plants but in
higher doses they cause metabolic disorders and groMh
inhibition for most of plant species2.

Cyamopsis tetragonoloba (L.) Taub. is an

important green fodder plant. Due to multiple importance

and diversified uses as feed, fodder, vegetable and

industrial seed gum, guar now has come to occupy the

status of commercial crop in India during the last two
decades.

Various pigments are found in plants oulof
which chtrorophylls are the most important. The chlorophyll
pigments are used in photosynthesis, to some extent in
*idi.ir"r, as a colouring agent for waxes, candles, resins,

soaps, food, oil and as deodorants. Both chlorophyll 'a'
and chlorophyll 'b' show an absorption maximum in the

blue violet region with peaks of about 429 nm and 453 nm,

respectively and with minor peaks at 410 nm and 430 nm.

They also have a secondary absorption which is maximum

in thered region with peaks of about 660 nm and 642nm.
Besides chlorophylls, there are yellowish

coloured pigments called qarotenoids which always remain

in association with chlorophylls. No light is required for
their formatiOn. The absorption peaks of carotenoids lie

between 425 nm and 490 nm. They prevent photo-oxidation

of chlorophylls. Photosynthetic pigments are associated

rvith the internal membranous lamellae or thylakoids of
chloroplasts. Among the biochemical estimations,
photosynthetic pigments are the most important
parameters. Chlorophyll content gives good idea about'

the productivity of plants and is an index of community

frinction. There is a close correlation between the amount

of chlorophyll and the rate of photosynthesis. The

relationship remains constant for different species of
plants and may vary with the application of mineral

elements including the heavy metals.

Materials and Methods
Certified seedsof Cyamopsis EtragonolobaL. Taub. cv.

RGC 936 were obtained from Durgapura Agriculture
Research Station, Jaipur. Seeds were stored in glass

stoppered bottles. After a preliminary selection for
uniformity criteria (size and colour of seeds), the seeds

were surface sterilizedwith 0.1% HgCl, fortwo minutesr,

then washed with distilled water three times and then

soaked for two hours in respective solutiom ofdifferent
concentrations (10, 50, 100,200, 500 and 1000 ppm) of
copper sulphate, cadmium sulphate, lead nitrate, nickel

sulphate and zinc sulphate. Seeds soaked in distilled water

for two hours constituted the control. After the above

treatments, seedswere iemoved and allowedto germinate

in Petri plates on filter paper soaked in each ofthe above

metallic solution. Three replicates, each of l0 seeds, were

kept for each concentration of every heavy rnotal. The

experiments were carried out for ten days under laboratory

conditions of temperature (25*20C) and diffirse light. On

the day of termination of experiment germinated seeds

were counted, total chlorophyll and carotenoids were

recorded.
Chlorophyll 'a+b' (total chlorophyll) and total

carotenoids were determined by the method of Arnon4

and Kirk and Allens, respectivelY.

Result and Discussion
The,data regarding the effect of heavy metals on total

chlorophyll and carotenoid contents are recorded in Tables

I and 2.

(i) Effect of Heavy Metals onTbtal Chloroplryll Content:

With increase in concentrations of heavy metals there

was a gradual decrease in total chlorophyll content in
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Table 1. Showing the effect of heavy metals on total thl"Yll]1-":ntent (mg/g fresh weight) in seedlings of cyamopsis

i"i'rt*"itr"i ncc qji t"ur"t *e means ofthree replicates each)'

NS =Not significant
*t* = Highly significant

Tabte 2. Showing the effect of heayy metals on carotenoid content (mg/gfresh weight) in the seedlings of cyamopsis
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Cyamopsis tetragonoloba cv. RGC 936 except in respect

of Zn and Cu up to l0:nd 50 pprn concentration,
respectively, where it was superior to control. Highly
significant results were recorded for control versus

treatments and amongvarious concentrations themselves-

No such differences were obtained among various
chemicals and among replicates. It was observed that Cd

and Pb in comparison to Zn, Cu and Ni drastically reduced

the total chlorophyll content at 1000 ppm concentration.
(ii) EfJect of Heavy Metals on Carotenoid Content : lt
was observed thatZn and Cu were less inhibitory to the

amount oftotal carotenoid content in comparison to other

heavy metals. In control, the carotenoid content was 0.37

mg/g fresh weight which decreased to 0. l l mg/g in Cd,

0.20 mg/g in Pb, Q.23 mg/g inNi, 0.26 mg/g in Zn and Cu gf
fresh weight at 1000 ppm concentration (Table 2). At 1000

ppm conentration, Cd and Pb caused the highest reduction

in pigment content. Statistically highly significant results

were observed between control versru treatrnent and among

various concentrations, whereas non significant results were

noticed among various chemicals and replicates.

A perusal of the observations (Table I and 2) on

pigment content reveals that both total chlorophyll and

carotenoid contents decreased significantly in C.

tetragonoloba with the application of heavy metals. In
general, all the concentrations of heavy metals were

inhibitory to the pigment contents in C. tetragonoloba
exCeirt !O ppm concentration of'Ni, Zn and Cu for the

chlorophyll content. A perusal of the literature reveal that

different explanations have been put forth for the reductilrn

in pigment content by the application of heavy metals.

Bohner et al.6 reported that Cu inhibited chlorophyll
concentration which might be due to inhibited
photosynthetic electron transport. Dube et al.7 reported

that excess df Cd (40 mg/kg soil) significantly decreased

concentration of chlorophyll'a' and'b' in spinach leaves.

OzaandKumaC reported that with increase in Cd levels,

the concentration of chlorophyll decreases in spinach

leaves. Heavy metal treatments caused oxidative stress in
plants leading to reductions irt photosynthetic pigments

and consequently the biomass of spinach plantse. On the

contrary, Pratimaro reported that plant inigated with treated

and enriched effluents showed great€r shoat, total length

and higher chlorophyll-a and -b content and total
chlorophyll content. indicating the importance of treafinent

and enrichment of effluents. Muthuchelian et al.tt
investigated an increase in the chlorophyll synthesis of
Phaseolus"aureus glown in sewage sotl.Ptuadet al.t2

reported changes due to Cd o photosynthetic pigments

and photosynthetic electron transport activity in a

liverwort, Riccia species. The present findings on the

inhibition of the pigment content inC. tetragonoloba in

the presence of heavy metals are in agreement with the

earlier reports where low values of pigment contents were

obtained under treatment of lead in Vigna mungo, Zea

mays cv.Co. lf r-ra, under cadmium in hiticum aestivumts,

under nickel in chickpear6, under copper in lentilrT and

under zinc in spinach chloroplastrs. Keshav and Mukhe{ire

andKalitaet a/.'r concluded that inhibition of chlorophyll

content in mung bean (Vigna radiata) in the presence of
Cd may be due to the interference with the synthesis of
protein which is the structural component of chloroplasts.

Kumar2o reported that in Catharanthus roseus the leaf
senescence was accelerated by higher dose of heavy

metals and Cd caused the highest toxic effect. Among all

the heavy metals considered, Cd was found to be the

most toxic for the pigment contents of Cyamopsis
tetragonoloba cv. RGC 936. The relative toxicity of heavy

metals could be expressed as Cd> Pb>Ni>Zn> Ct.
References
l. KrishnamurtiC R 1985, Environment, chemicals and

Man. Madras Science Foundation 138.

2. Claire LC,Adriano DC, SajwaK S,Abel S L, Thoma D

P and DriverJ I 1991, Effects of selected trace metals

on germinating setds of six plant species. Watei Air' 
SailPolln.59231-240.

3. MisraR 1968, EcoloryWorkBook. Oxford and IBH
Publishing Co. New Delhi, Bombiy, Calcutta.

4. Arnon D I 1949, Copper enzymes in isolated
.chloroplast polyphenol oxidase in Ben vulgaris.

Plant Plrysiol.24l-15.
5. Kirk J T.O and Allen R L 1965, Dependence of

chloroplast pigment synthesis on their protein
synthesis. Effect on actidione. Biochem. Res.

Common.21523-530.
6. Bohner H, Bohme H and Boger P 1980, Receiprocal

formation of clochrome C and influence of cupric

inos on photosynthetic electron transport.
Biochemica et Biophysica Acta 592 103'107 .

7. Dube B K, Sinha P and Chatterjee C 2002, changes in

spinach (spinacea oleracea L.) metabolities by

excess cadmium. Nat. Environ. Polln. Techno. l(2)
225-229.

8. OzaRV andKumarP 1996, PhytotoxicityeffectofC<i
II on the growth of Phaseolus aurcus L. Proc. 83th
Ind. Sci. Cong. (Abstr) pp. 55

9. Misra S and Agrawal S B 2006, Interactive effects

between supplemental ultraviolet-B radiation and

heavy metals on growth and biochemical
characteristics of Spinacea oleraceaL.Btaz. J. Plant



Jain & Bhansali
130

10.

of Riccia sp. Acta Physiol' Plant' 26 423-430'

13, I{.aiimuthu k and Sivasubramaniyan R 1989' Effects of

heavy metals on green grams' tnd' J' Eco' L675-77 -

14. Kalimuthu K and Sivasubramaniaya R 1990'

Physiological effects of heavy emetals o1ZllmWs

lmaizel siedlings. Ind. J' Plant Physiol' 33242-244'

15. kalita M C, Oevi p anA ehattacharya I 1993' Effect of

cadmium on seed germination, earty seedling gowth

and chlorophyll contents ofTriticum aestivum' Ind'

P lant Physiol. 36 1 89- 190.

ff,* Vfn, Khan M W and Singh K 1996,9t9Yh
p"tfo*-"" of chickpea under the influence ofnickel
'anJ 

couatt as soil poliutants. J. Ind' Bot Soc' 75 193-

l%.
iifran fuf n and Khan M W 1994, Response on lentil

,o.opp.t as a soil pollutant' Acla Botanica Indica

2282-86
f S. [ampp R, Benlick K and Zieglar H 19f6, Effects of

zinc and cadmium on photosynthetic CO2 fixation and

F{ill activity by spinach choloplasts' Z' PJlanzen

Pi'4,5is7.77 336-3M.

t9. Kestrav U and Mukher.!i'S 1992, Effect of cadmium--' 
ioxicity on chlorophyll content, Flill activity and

ehioroihytlase activity in Vigna radiata L' leaves'

Ind. J. Plant PhYsiol.35225'230'
20. Kumar S 1999, Effect of some heavy metals on

biochemical changes in excise dleaves of Cathranthus

roseusL.GDon. Adv' Plant Sci' 12 183-190'

Physiol. r8(2) 182-190.

Pratima R A i002, Study on the effect of paper milk

.fflr.nt on the growth and chlorophyll contents of

Pennisetum typhoideum. Environ' Polln' Tbchno'

rQ)127-t30.
Vi-uttructretian K, Rani S M V Kandasamy G and

Paliwal K 1988, Influence of sewage water and

sewage soil on photosynthesis, nitrate reductase

activity and biomass accumulation of Phaseolus

ourrri L. Environ. Health 30(41 367'37 l'
Prasad S M, DwivediR, Zeeshan M and Singh R 2004'

UV-B and Cd induced changes in pigm.ents'

photosynthetic electron transport activity'

LtioxiOant tevels and antioxidative en4:rnes activities

16.

17.

ll.

12.


