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Ab*act : The dfect «various doeel « zinc: md cadmium on diffena poWib JIU8IIldCn in 

aoybean at difleftllll&IO'Wib ataaea wu IIDdied. Lower dotes« zinc (10-2S 1'1&-1) a• well as 

cadmium (5N ,-1) wae foaad to be promotor)' for alllhc pvwth panme~er~IIIIMtiecl. The clolea 

biper diaD lhc abo¥e ftiUJaccl ill a decn:ue.. NepliYe COI'Ielalions bet- diffena powth 

J*IIMICrl and COIICiaiiJ'alic at zinc Md cadrniunl with vuyiDa levek aflipifbnce were 

oble:M:d .. an tbe ... or &IO'Mfa. 
Key Wonts : Zinc: - CaGnium - Mcul~UUJ. 

INTROD,UCTION 

Today world is facing both an environmental and developmental~ and both 

these crisis seem to be intensifying and int.~g to reinforce each others. 1bc major 

enviroomcntal problems aop out from wtJSte disposal ei!Mz in form of air pollutants 

or water poUutanLIII (Lagerwelff and Spe~:ht 1970, Friberg et al. 1971) having high 

concenuation of heavy metals. Usually the pollutants are coming out lhrough industrial. 

mining.milling and nuclear wastes (Francis and Rush 1973, Bacbauer 1973). During 

the last decades, concentrated metal depoEits, confmcd in the eardl's crust and usually 

harmless to living beings, have been exploited on an increasing rare and discharged 

partly in the envirorunenL 

Among lhe heavy metals, some (for example zinc and copper) are essmtial for 

plant growth. But present at elevated lev•~ls in soils, they ll'e generally IOXic and can · 

ul~y cause the deadl of planes. This toxicity is most conspicuously manifested in 

retardation or complete inhibition of root growth at higher meW lea (Rausec 1973, 

Lyon lmd Beeson 1948). Cadmium, thouf:b a •ballast element' is .:cumulatecl in quite 

high amounts in different plant parU (Aay and Tiqi 1985 & 1988). 

in this paper; studies made on differer1t growth panuneccrs of soybean as influenced 
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by heavy metal (zinc and cadmium) stress have been presented. 

MATERIALS AND METHOUS 

The seeds of soybean (Glycine max. (L.) Merr. var. Gaurav) were obtained from 

the Rajasthan Srate Seed Corporation, Kota. Garden soil of average fertility was used 

for the Sbldy. FOW" kilogram of soil was failed in each earthen pot of 30 em height and 

25 em diameter. Nine concentrations of zinc and seven COilf:entrations of cadmium were 

prepaRid by taking corresponding amOtmts (calcuJated u1 the basis of their Atomic 

Weights) of2'nSO •. 7820 (E. Mm:k. G.R.) and CdCla. 2H20 (Analar BDH, England) 

per kilogram of air dried soil and mixed thoroughly in the soil. The zinc concentrations 

applied were in the range of 10, 25, ~·- 100, 500. 1000, 2500, 5000 and 7500 ~ g-1 

while for cadmium the range was S, 10, 50, 100. 250, SCO and 1000 1J8 g-1 of air dry 

soil Pots without any added metal constituted the conttol s. 

Ten duJy inoculated seeds were sown equidisrantl) at 2 em depth in each pot. 

Watering was done evecy day. After establishment, sec:dlings were thinned to 5 in 

number in each pot. 
.. -----

TUie I : ~~ feed ...a,bt (100 eeeds-1). Iced 11111Dbcr plant-1 •ad percealaJtl cleaeucJiDcrea~e (m 

piRIDiheiU) CMII"Ihc C0D1RJb iD IO}'baa under~ IIUJilCDU d cadmium. 

S.No. (',eclmium COilCiallllllic Seed wei&bt Seed No. pblu-1 

(uu-1> (1 00 ICICdaf I 

1. Cc:atrol 1.4466 :t 0.35 47.61 ±0.65 

1. 5 8.4975 :t 3.3 (+ 0.6C) S4.0 :t 1.8(+ 13.42) 

3. 10 1.4329 :t 1.2$ (-O.lfi) 16..12±0.6(+66.14) 

4. so 7 .S937 :t 1.4 (-10.Cll) t4.4±0.8S (-69.7S) 

5. 100 1.SOOO±O.SS (-11.20} ll.S :t 3.7S (-73.74) 

6.. 2SO 7.1078 :t S.lS (-15.15) 10.1 :t 2.8 (-78.78) 

7. soo S.6S93 :t 1.2S (-32.~9) 7 .H 2.4 (-84.24) 

8. 1000 - -

fcJur sea in lriplicate were prepared to take obse.nations in an the four stages of 

life .n-~· Seeidiing, !Csetative, flowering~ _f!lliting. Plant samples were taken out 

and obscrvalions were noted for shoot and root length and dry weight, nodule number 

and dry t · gbt., leaf area · yield. The~ wu measured by weight melhod 

{Ambasht 1971). Plants weredri man ovt:n at80"C for48 hours and weighed for the 

dry mauer. The seeds wt'R c:ol.lected at maturity countf d and weighed. 

Corrdation ooefticients (r) between zinc and cadmium concentration and diffei-ent 

pnmetersstudiedwerec:alculateduperthemethodsorsnedcc<x'andCochran(l967). 
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RESULTS AND DISCUSSION 

The results are pr~ented in Tables 1 to 5; md Figs. 1 to .5. It is evident that the 

tower concentrations (10-25 ~ 1) of zinc as well as cadmium (5~ g-1
) proved to be 

beneficial to the crop with respect to all the parameters studied (Tables 1-4; F_igs. 1-3). 

The essentiality of zinc to the growth of plants was established long back (Maze 1919, 

Sommer 1928). Yield increase by the application of low amounts (5-10 J1g g-1
) of zinc 

had also been reponed by Kanwar (1964) for wheat, Patel et al. (1976) for Chrysan­

themum and Saxena and Singh (1970) for a number of pulses. 

Table 2: Showin& seed wci&ht (100 seeds-1). seed number planC1 and pe~U:ntap decJuRJinaeue (m 

puenlhesis) over the controb in ~ under dilTerem treatments of zinc. 

S.No. Zinc: CllliiCalltations Seedwei&ht Seed No. plant-1 

(UIJ-1) (100 •·eed•r• 
1. Conuol 8.446S± 0.35 47.61 ±0.6S 

2. 10 8.9100 ± : .. lS (+ 5.48) 49.1± o.s (+ 3.12) 

3. lS 8.7392±2.0(+ 3.4641) 34.5 ± 2.lS (-27.S3) 

4. so 8.2195 :t 1.13 (-2.6886) 2S. 71 ± 4.35 (-45.90) 

5. 100 8.3920 :t 2.26 (-0.6464) 22.2 ± 6.19 (-53.37) 

6. soo 7.5786± l.83(-10.71) 21.0±2.73 (-55.89) 

7. 1000 7.4140::1 (-12.22) 17.25± 0.65 (-63.76) 

I. lSOO 7.1706± 1.SS (-15.10) 13.86±3.25 (-70.SI) 

9. sooo 6.6821 :t 3.80(-20.89) 9.0 ±4.S (11.09) 

10. 7500 5.1807 ± 3.43 (-38.66) 7.98 ±us (~3.23) 

Tallle3: ShoW!anodulcd!y wei&bl (maplanl-1), nodllie number plant-a and ~e~ 

(mparmtbc:sis) O'ICt abe ccnuob in wybean Ulldcr differall tra1ma1t «zinc:. 

Zinc concentrations Veac:blive Flowerin& 

(t.l& a•> WeiaJM No. Weicht No. 

Control 71.0 31.05 72.0 54.0 

10 so.o (+85.18) SO.lS 78.8 (+9.44) BB.SO 

2S 47.0(+74.(17) 60.08 76.8 (+6.66) 68.25 

so lo.O (-2S.92) 36.11 70.0(-2.71) SO. II 

100 21.1(-19.2S) 30.15 64.0(-11.11) 44.62 

soo 11.5 (-35.18) 24.56 42.4 (-41.11) 36.15 

1000 10.0(-62.96) 20.0 14.0 (-80.SS) ll.OS 

lSOO - - 12.0(-83.33) 8.15 

sooo - - - -
7SOO - - - -

11' the present study 10Jtg g-1 added zinc was found to be the most suitable for plant 
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Fig. l :The effect of differa~t zinc and cadmium cancentfllions on root-shoot length (an) ot IO)'br.an in different stages of growth. 
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Fia.2:Tbedfecsoldiff..-Jillcad~-...-.-.,.__..,.....,...,....., 
<a.,a..-'>o~.,._..-. ....... u...,... 

groWth and resulled in .......... plltCill iliaeate (7let lhe c:oauols ill all die 

parameaen studied. On shoot-rootlaiP dlctllllilnum effect was oblerWddurinalhe 

seedling stage (Fig.l). On dry miller IC' a •Ill Ilion lbe effect was maximum durin& die 
vegelalive stage (Fig.2). As lhe plllll ~:d. lOOt growth ccntinucd undlab(Jutlhe 
time of seed development. after whicb .- root weiPt decreaSed. Bvcn before die 
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1 5HDliNG STAG~ 
2 VEGETATIV~ STAGE 
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ZINC. CONCENTRAliO'IS l_..uqg-1) 

fi&. 3: 'fbe etfecl «different DDI: and cadmium CCliiC:lCSrlliolll on lhe leaf IIQ (em,« .IO}'bcm ill dif· 

fen:a~_., « am• 
cessation of root growth, aboveground organs grew more rapidly than the root so that 

the shoot-root ratio increased steadily thrOughout lhe life of the plant (Fig.2). The leaf 

area of the plant also expe~ ieoced the maximum pm:entage incn::ase (2-9CII) over the 

coniJOls at lOJ!g g-1 added zinc. A steady inc::real;e in the leaf area w. obsenred even 

up10 the fruiting scage (Fig.3). The lOcal weigh!. of nodul~t, as wen as nodule 

·number/plant increased throughout the life of the planL The nodu1e weight and number 

were observed to be much higher during the Oowaing than in ihe vegetative. stage. h 

was maximmn at iOJ,lg g1 added zinc level (Table 3). The same was the case for seed 

number and weighL 

Table 4: ShowiJt& nodule chyweipt (ma plaal-1). DOdule ulllberpllnt-1 and puadl&e ~ 

(111 ~) OVI61be coacrola illlloybelll under diffaalliiUimall of c:achjiim 

Cadmium CIOIICIIDiraliODI Vea~ -
Weiabt No. .Weilht No. 

Conuol 27.0 31.0!i 72.0 54.0 

5 13.6(-49.621 9.67 65.6 (-1.88} 16.67 
10 1.5(-61.51} ll.lfi 35.6C-»m 26.53 

so 1.4(-91.lll 6.5CI 30.0(-58.33) 30.17 

100 1.6 (-94.07} 5.13 26.0(-63.11) 24.01 
250 0.5 (-98.14} 1.Df· 9.0(~.49) 6.05 

soo - - 9.0(~.49) 6.05 

1000 - - - -
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Zinc concentrations uptO 25J.lg g -I proved 10 be beneficial in respect of the above 

parameters af~ which a decrease occlli'Ted, (Figs. l-3; Tables 1-4 ). The positive role 

~aee:11't111dolrlrt&=:~tn-
1 of zinc in promoting the general @Owth could 

--~ the basis that the soils of U · · 1 general and experimentalwib in 

partiCular were zinc ammonium acetate ~xchangeable zinc contents being 

0.7 ).lg g-1 only. Bot the lower doses 5 Jig g-1 of cadmium, a 'ballast element' (Aery and 

Tiagi 1988), also invariably induced increment in all the parameters studied. No 

adequate explanation for cadmium stimulation of y 1eld coul4 be thought off. 

As the zinc concentrations in the soils were increased beyond 25J.lg g-• a steady 

drop up to 90% over the controls in different pa.~ters could be observed. The pen:ent 

decrease in dry weight over the control was itaoo~ in roots than in the shoots. The 

maximum percent decrease (88.1%) OYer the control was observed in the roots at 

fruiting stage at a zioc concentration of 7500 J.lg tf1 (Fig.2). Yield reduction due 10 

higher concentrations of zinc have also been reporud by Gupta and Singh (1972), Patel 

et al. (1976) and Olchi (1975, 1976 & 1978). 

Table 5: Showina com:I.MioD codfic:ienl• and levd of lianUte~ltc:e in Dnc: and admium c:onc:coualionl and 

~ IUJdied in toyban. 

Parameter l s-ttin& \'_qdllive Flowerina Fnaitina 

1lNC 

Shooc lat&th -0.1915 s• -O.S387S• -0.9S09s- -0.914.5$" 

Rootlalath -0.91395" -0.9243 so• -0.89775" -0.1641~ 

Shooc dty Wl. -0.89075" -0.774.55'' -0.83995• -0.1116~ 

Rootdrywt. -O.'T18.55• -0.73615 -0.7961 5• -0.88495" 

Leaf.u ...o.a1ss 5• -0.9334$•• -0.931.5S" -0.93.585-

Seed wei&bl - - - -0.94005" 

Sec:d number - - - -0.7126se 

Nodule wei&ht - 0.7018 p:; -O.'T190PS . -
Nodule number - -0.7471 p:; -0.86645 -

CADMIUM 

Sboot lat&lh -0.87095• -0.8S66s• -O.S26.5se -0.1865~ 

Root Jatalh. -0.93435" -0.17015• -0.8926~ -0.91115" 

Sboot dJy weiaht -0.8306$ -0.8461 s• -0.70185 -0.707SPS . 

Root dry wei&ht -0.8.538$• 0.96225 .. -0.7011 s -0.648SPS 

Leaf.u 0.8208$ -0.1782S• -0.86605• -0.1641 ~ 

Secdwcf&ht - - - -0.96605" 

Seed number - - - -O.S262NS 

NocWcwei&M - -0.7330~ -0.7S26S -
Nodule nanbcr - -O.S22NS -0.6374NS -

S .. -Very lriahl)' Jipifieaftl (< 0.001) ; ~ - HiahlY liplific:lllt (0.001 < P < 0.01); S - Sipific:anl (0.01 

< P < 0.0.5) ; P.S • Pouib1y aipifiant (0.0.5 < P < 0.10) ; NS ·Not &ipificult (P > 0.1 0~ 
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Cadmium concentrations above 5 J.l.8 g-1 res1.Jlted in a decrease in all the growth 

parameters. This decrease in root-shoot length was found to be maximum at 

1000 ~g g-1 cacbriium concentration and rangecl from 77 to 86% and 56 to 80%, 

respectively at different growth sc.ages (Fig. I). Roots got more severely affected than 

shoots. The maximum decrease in shoot and rllot dry weight (92.9% and 96.4%, 

respectively) over the conllols was also observed at a cadmium level of 1000 J.l8 g-1 

(Fig.2). Cadmium concentrations responsible fot a 50% decrease in different growth 

parameters at different growth 511ges ranged frcm 10 J.lg g-1 to 1000 J18 g-1
• Similar 

decreases at higher cadmium levels in growth parameter have also been observed in 

different crops by a number of w<rters (Turner N73, ~~erwerff and r.iersdorf 1972, 

Williams Md David 1977, John and I....aerhovc:n 1976). Higher concentrations of 

_cadmium decreased seed output also. At 500 IJ.g g-1 of cadmium lhe decrease was 

32.99% in seed weight and 84.24% in seed numb~ (Table 1). Beyond Ibis level plan!$ 

could not survive. 

Nodule number and weight. a measure of tbe nitrogen faxatioa ability of the plants 

was also affected due to higher toms of zinc and cadmium. Tbe dfcc:t was so severe 

that no nodules could be observed beyond lSOO f.1.1 g-1 zinc levellnCl SOO pg g-1 

cadmium level (Table 34). Huang e1 al ('w74) lulvc also obsened a clecreMe in the 

nodule dry weight and nittogenase 8Ciivily in soybean plan~ SII'C$Sed under bigh doses 

of cadmium and lead. 

Quite signifacant negative corre1alions exist between zinc and cadmium coocentra­

tions and different growth parameters studied (I'able 5) indicating lhe toxic effect of 

the meca1s studied on these parameters at all the :;rages of growth. 

The steady decrease in leaf area at different applied zinc and cOOinium doses wa~ 

observed to be in the range of 4-6% to 86.9% and 14.7% to 87.4% respectively (Fig.3). 

The decrease in le&.: area at higherconcenuations of zinc and cadmium can beaaribuled 

either to a reduction in the number of cells as ju:lged by Nieman (1965} in tbe leaves 

of P~olus vulgaris stunted by a salination of 72 meq litre -1 or doe 10 -reduction in 

cell size (Meiri and Poljakoff-Mayber 1967). 11.e metals might be inhibiting mitotic 

activity and therefore. cell division as also observed in Crepis capellaris under the 

influence of salt (Kulieva~t al. 1975). CytologicaL abnormalities (Ruposhev and Oarima 

1976) mutagenic activities and degradation of DNA ~Rohr and Baughinger 1976) have 

been observed under the effects of toxic levels of zinc and cadmium. 

The overall decrease in different growth parameters due 10 lhe toxic effects of 

higher concentrations of cadmium and zinc might be due to the reason that the SU't:SSed 

plants have to expend more energy for their sun ivai in the OOctile environment. which 

ocherwise would be available for their other growth processes. This may lead to a 
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decrease in the overall growth of rbe stressed plants. This expected growth inhibition 

by the metal srress has been confumed experimentally in the present studies. 
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