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Yield and uptake of Cadmium, Load and Zinc by wheat grown ii1 a soil 

pot:uted with heavy metals 

U.S. Sadana and Bijay Singh 

Department of Solis, Punjab Agricultural Uni~:,(ty, Ludhiana-141 004 

A pot culture experiment was conducted with wheat (Triticum oestivum L. var. WL 711) grown in a loamy 

sand (Ustipsamment) soil to which cadmium, \•:ad and zinc were applied at the rate of o. 10, 20, 40 and 

80 mg kg-1 soil. Effect of increasing levels of these wao; studied in respect of yield of grain and straw. 

Also levels of their incorporation into these structures were ascertained. Application of lower doses of Zn 

significantly increased the yield of wheat while increasing levels of Cd drastically reduced it. The applica

tion of Pb, even at higher doses, excercised little influence on yield. While Cd and Pb content of wheat 

straw was much higher than that of wheat grain, opposite was true in case of Zn. 

KEY WORDS : Cadmium; L:ad; Zinc; Wheat; soil pollution. 

lNTRODUCilON 

Due to rapid industrialization and urbanization, disposal of solid and liquid wastes on 

agricultural lands in the outskirts of c 1ties has increased tremendously in the recent past. 

One of the serious problems arising fr:>m this mode of waste disposal is the absorption of 

some toxic heavy metals by crop pla1ts which ultimately leads to the entry of these 

pollutants into the food chain. Cadmium has been recognized as one of the most toxic 

heavy metals in this regard. Due to their geochemical kinship, environmental presence of 

Cd i~ nor•nally linked to that of Zn. For example, a high correlation has ~een found 

bet"een per capita consumption of Zn in 14 different c-ountries and death due to hyperten

sion (Barrett and Franke, ·1970), an illness oftenly associated with Cd (Schroeder, 1965). 

However, Zn has been found to compete with Cd for uptake by plants (Haghiri, 1974}. 

No doubt, Zn is an essential plant nutrient, yet its application to the soil beyond a certain 

level may also prove toxic to the growing plants. Lead has been considered relatively 

less toxic than CJ, but its toxicity lev:! in a particular soil-plant system is not clearly 

understood. For example, low cation exchange capacity and little organic matter in a 

soil are conducive to higher absorption of Pb by plants lMiller et a/. l975a; Liebhardt and 

Koske, 1974) • 

In the present investigation, attempt has been made to study the influence of increasing 

levels of Cd, Pb and Zn on both the yield and uptake of these heavy metals by wheat crop. 

Putitionin~ of the absorbed metals ~etween edible and non-edible plant parts has also 

been studied so as to have an idea of the proportion of the soil applied heavy metals 

entering intn the food chain. 
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'-AATERIALS AND \1EHI<ms 

.-\ ~url.l.:e (0-1 ::' .:m} ~:n,lple nf .1n th'ip,:unm.:nt l·umy •-.Jnd ~ .. ~il was colle..:ted from the 

Pu1j1h Agri..:ultural L'ntwr-.ity Ln:n .It Lndhr.tnJ. Before tilling in 5-kg ..:.tpcity 

P<lly<:t!n lene ltneJ poh. 11 w.h .tir-Jr1ed and g.r,ltmd 1,1 pa-.., thrl'ugh :1 2 mm '.ICVC. The 

t:'<~:nmenul ,,)i\ te-,t<:d pH:\ -L ek.:tr1c.ll cnndu~.:unce 0. I) dSm· 1 (I . 2 sod,water ,;,-;ren

,ion). ~·:tlc1u.n ..:arh•lll.lte 0.-hl'' ... ,lf~.tnt~· ,·:1rh»n ll 4'" ... I' HCI-~xtra..:table Zn i\5 r1g 

J-g- 1 • CJ 0.09 mg kg 1 .1nd P'-1 ll.ll~ ~ng kg· 1 . :\ h.ha! du'e of 120 mg ::-4 kg 1 ,1, ure.1. 

12 .ng P kg- 1 a; K!-t,P0 1 .tnJ 25 1,1~ K kg 1 :1, KCI .tnJ KH~ PO, wa,; :tppltcd to all the 

poh. The 13 treatmenh 1n~·ludeJ 1·,\llr lcveh ( 10. 21l. -l() anJ ~0 mg kg- 1 ) e.t~.:h of CJ. Pb 

.1nd Zn ;1nd a <.>Hltrol. Ea .. :h tre.ltm.:nt wa~ r.:plt..:.lleJ thr1ce. \Vheat (Triticum acstirum 

L. var. WL 711) w.h r .11:-.:J t•l m.Hurtcy 111 .Ill the pd,. Dei,)nized Jhtilled water'.\;!~ u-,eJ 

f,)r irrtg:Hing the poh. 

,\t maturity, gum and ,!r:tw y~<:IJ, w-:r..: r.:~.·,H,kJ. Pbnt ,amptes were 'uco..:e.,si.,e\~ WJ~h

eJ with 1).\ ::-4 HCL Jhtdkci water :~nd d<:Jolltlt:d w:tter, Jr1ed Jt 60'C and grounJ !!1 :t 

W1ley \1sll. DneJ ~;.~mp\e, wer..: Jtge,~.:J sn trtpk 1..:1J llll'<.ture (H::-403 : HC\0~: H,SO~ :: 

Y: 3: l ;. C.tJm1um. Pi1 ~tnJ L 1 wa..: ..:-,ti:n~tt:.:J 1n th.: Jtge,b •Jn an acotr.tc ...~b,,:npti<'n 

'p:ctrophotc meter. 

RFSl LIS ,-\:-.;D DISCLSSJON 

C..;dmium 

Phy:,HO'<IO..:IIY duo.: !11 C,\ w.h .lpp 1r•:nt t'rnm a L"ll!l'inu .. lU'i decre;.~se of both grain anJ straw 

;. ;..:ld of \\he.lt upto XO mg C._! k~-· ><lll (hg. 1). C 1111pareJ to n •. ,.Cd <.:<"11ro\. the ext.:nt 
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of reduction in the grain yield of whe-at a·: the highest level of Cd application was i2%. 

Similar adverse .!ffects of Cd on the yield of wheat have heen reported by Page eta/. 

(1972) and Mahler et al. (1978). Cadmium, even at relatively low concentration, results in 

respiratory, photosynthetic (Lee et a/., 1976) and structural disorders (Lamoreavy and 

Chaney, 1977) which ultimately lead to reducted crop yields. The basic cause of Cd 

toxicity in plants probably lies in much higher affinity of Cd for thiol groupings (-·SH) 

in enzymes and other proteins. 

As compared to 72% in the present investigation, Juwarkar and Shende (1986) have 

reported only a 32 ~~ reduction in the grain yield of wheat at a level as high as 400 mg 

Cd kg-1 soil applied through Cd-enriched sewage sludge. It seems that Cd when applied 

through a watersoluble salt is more to de and retards plant growth at relatively lower 

levels. Work ofDijkshoorn and Lamp (1975) has clearly shown that uptake of Cd 

from sewage sludge is considerably lower than that fro:n an equal level of Cd-salt added 

to the soil. 

Compared with no-Cd control, a more than 10-fold increase in the uptake of Cd by 

wheat was recorded by applying 10 mg Cd kg-1 soil (Table 1). It suggests that applied 

Cd is readily absorbed by wheat and i:; easily translocated from roots to above ground 

plant parts. Schroeder and Ba !ass a (1961) and Lagerwerff ( 1971) also found it true in 

case of radish and some other food cops incluJing wheat. Raisir.g the soil Cd level to 

20 mg kg-1 did not increase the Cd uptake by wheat to an extent similar to that observed 

with initial 10 mg Cd kg-soil. lnfact, DY applying 40 mg Cd kg- 1 soil, no further increase 

in Cd intake was observed over that recorded at 20 mg kg- 1 soil. This kind of Cd-uptake 

Table l. Effect of heavy m !tats on Cd, Pb and Zn uptake by wheat crop. 

Heavy Level 
Uptake I JJ g pef podl Percentage in grain 

metal (mg k~,t·1) Cd Pb Zn Cd Pb Zn 

Cd 10 64 4.5 100 27 22 43 

2C 88 ~·.9 85 25 20 46 

40 88 ::.7 67 19 20 40 

80 74 · .. 7 39 19 18 37 

Pb 10 5.0 i1 137 29 22 49 

20 3.2 H.4 119 24 19 44 

40 3.0 17.5 108 26 16 48 

80 2.4 U.6 94 27 18 51 

Zn 10 5.4 9.6 298 29 23 47 

20 5.4 7.3 420 28 26 52 

40 5.8 7.6 705 24 24 48 

80 4.9 6.6 777 23 21 45 

Control 5.0 4.0 123 29 24 48 

CD<P-0.05) 15.0 1.0 25 
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pattern is a consequence of both reduction in yi:ld due to Cd toxicity and increased 

uptake of Cd at higher application levels. A drastic reduction in yield was compensated 

by higher Cd absorption so that only at 80 mg Cd kg-• soil, a slight reduction in .otal 

Cd uptake by wheat could be observed. 

Content of Cd in both grain and straw of wneat increased significantly by applying Cd to 

the soil (Table 2). lnspite of the fact that total Cd uptake decreased by applying 40 mg 

or more Cd kg-1 soil (Table 1). a continuous rise in the Cd content of wheat grain and 

slraw was a direct consequence of the reduction in y:eld due to Cd-poisoning. At all 

levels of application, Cd content in straw was 2 to 2.6 times higher than in grains. 

Juwarkar and Shende (1986) also observe<f this ratio to be 2.3 to 3.1 in their studies with 

wheat. Partitioning ofthe total amount of Cd ~.bsorbed in the above ground protein of 

the wheat into grain and straw (Table I) shows tllat only 19 to 29% of the total Cd was 

in the grains. At low Cd levels in the plants, a relatively higher percentage of Cd could 

be recovered tn the grains. As higher amounts ·Jf Cd were appli•d to the soil, pe'rcentage 

of total amount of Cd absorbed increased in wheat straw. These data sugge~t that trans

loation of Cd from straw to grains was adversely affected due to Cd-poisoning in the 

wheat plants. 

As a result of Cd application to the soil, uptal<e of Pb and Zn by wheat plants registered 

a significant decrease (Table I). Although, a!. discussed earlier. both grain and straw 

yield of wheat were also advenely inftuenced by Cd. yet decreas in the content of both 

Pb and Zn (Table 2) was observed. These data indicate a negative interaction of Cd 

Table 2. Effect of heavy metals on Cd, Pb and Zn content of wheat straw and grain. 

Content (m& kg-1) 

Heavy Level 
Cd Pb Zn 

Metal (m& kg- 1) Grain Straw Grain Straw Grain Straw 

Cd 10 S.4 12 2 0.54 0.78 18.7 u.s 

20 8.2 21.0 0.41J 0.86 18.3 13.7 

40 10.2 24.9 0.34 0.76 16.9 14.0 

so 13.8 26.2 0.39 O.S9 15.6 10.4 

Pb 10 0.45 0.72 0.57 1.38 

J 
20.2 140 

20 0.28 0.50 0.86 2.06 18.4 13.8 

40 0.27 0.48 0.98 3.18 17.3 12.3 

80 0.22 0.44 0.96 2.97 17.0 11.5 

Zo 10 0.40 0.65 0.40 0.90 ]4.4 2ur-t" 

20 0.30 0.60 0.18 0.83 44.2 31.1 

.co 0.28 0.66 0.38 0.86 66.9 ss 2 

80 0.2.5 0.60 0.38 0.78 76.1 69.1 

Control 
0.45 0.77 0 32 0.65 18.5 13.8 

CD (P-0.05} 1.21 1.04 0.22 0.41 R.O 7.5 
---
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with both Pb and Zn in the ab.,orption of latter by wheat plants. While working with 

radish plants, Khan and Frankland ::t 983) could attribute the phytotoxicity of Cd to 

the reduction of Zn in the plant tissues to below critical level of deficiency. Somewhat 

similar ob,ervations for wheat were recorded by Koshino (1973). 

Lead 

As shown in Fig. l, appiication of Pb up to a level of 80 mg kg-1 soil did not significantly 

reduce the grain yield of wheat. Howt:ver, a reduction in the straw yield of wheat could 

be observed at 80 mg kg- 1 soil. This is in accord with Miller and Koeppe (l97l) who 

observed that with soil-grown plants high concentrations of Pb in the soil were 

necessary before sufficient accumulation occurred to cause an observable toxic response. 

In their study, Pb acetate at over 1000 mg kg- 1 soil did not affect height or 

morphology of maize grown in a silt loam soil, while in sand culture, levels as 240 mg 

kg-1 soil severely retarded the growth of ma:ze. The difference was probably due to the 

capacity of soil to adsorb Pb and/or the formation of relatively insoluble salts (Hassett, 

1974; Miller et al. 1915 a. b). Since the soil under investigation was loamy sand in 

texture. adverse effects due to increasing Pb concentration in the soil started becoming 

visible in the wheat straw only at 80 mg k1C1 soil. Toxicity of Pb is due to its affect on 

mitochondrial membrane permeabilit) (Bittel et al. 1974). 

Although uptake of Pb by wheat plants increased significantly by applying to mg or more 

Pb kg-1 soil, yet the extent of increase: was several fold Jess than that observed for Cd 

(Table 1 ). By applying 40 mg Pb kg· 1 soil, only 4-fold increase in Pb intake by wheat 

plants could be recorded. By supplying a similar amount of Cd, rise in Cd uptake was 

more than 15-fold. These data suggest that either Pb is not readily absorbed by roots 

or it has a restricted translocation from roots to shoots and grains. Although as stated 

earlier, sub;tantial evidence exists tha·: Pb is strongly bound to the soil and its availability 

to plants is low, yet Lagerwerff eta/. ( 1973) could also observe restricted translocation of 

Pb within the plants. As shown in Table I, amongest the three heavy metals included 

in the present investig1tion, percentage of total a.nount of metal absorbed by the plants 

translocated to the wheat grains was the least in the case of Pb. A significant reduction 

in the uptake of Pb at the highest lt:vel of appl;cation (80 mg-1) is a consequence of 

the adverse eff<!ct of Pb on the straw :field of wheat. 

Content of Pb itt both straw and grain increased by applying Pb to the soil upto a level 

of 40 mg kg- 1 (Table 2). When 80 mg Pb kg •1 soil w:1s applied, while there was no further 

increase in Pb content of grains, slight reduction in Pb content of straw was observed. 

These ob;ervations are in line with Lagerwerff et al. ( 1973) who could conclude that there 

was lack of clearer relationship betw !en Pb uptake and its content in soil. As shown in 

Table 2, by applying increasing am•)unts of Pb to soil, a reduction, though much less 

in extent when compared with application of Cd, in the uptake of Zn and Cd was 
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observed. In fact, it does not seem that advers•: effects of Pb pollution were in any way 

linked with reduced intake of Zn by wheat. 

Zinc 

Zinc being physiologically essential element for plants, and the soil under test being 

deficient in Zn, a substantial response of wheat Zn was observed upto 20 mg kg-1 soil. 

Increasing the application rate from 20 to 40 mg kg-1 soil did not influence the dry 

matter production of whut. However, at 80 mg Zn kg-1 soil, a slight decrease in wheat 

grain and st."aw yield was observed. Takkar and Mann (1978) have reported a reduction 

in the yield of wheat when DTPA-extractable Zn in the soil exceeded 7 mg kg- 1 soil. 

Zinc uptake by wheat continued to increase upto 80 mg Zn kg-1 soil (Table 1). Although 

wheat yield did not increase beyond 20 mg Zn ku-• soil (Fig. 1), yet a substantial rise in 

Zn uptake indicated that wheat could indiscriminaely absorb Zn when it available in the 

soil. In the study of Takkar and Mann (L978) also, while wheat yield started declining at 

soil DTPA level of 7 mg kg-1, Zn uptake continued to rise even beyond 80 mg Zn kg-1 soil. 

Zinc content of wheat grain as well as in the straw significantly increased by applying zn 

upto 80 mg kg-1 soil (Table 2). Contents of Zn in straw and grain were comparable so 

that total amount of Zn ab;orbed by wheat was distributed almost equally between 

grain and straw (Table 1). Compared with Cd and Pb, higher percentage of Zn in 

grains is desirable because intake requirements ·>f humans and stock are both such that 

a fully vegetarian grain based diet is clo;;e to the minimum acceptable level for Zn 

(Tinker, 1986). 

Unlike pollutant heavy metals Cd and Pb, appli.:ation of increasing levels of Zn did not 

suppress t!le uptake of other :netals by whea·: (Table 1). Perhaps, due to higher dry 

matter production, uptake of Cd and Pb by wheat was more than even in control 

treatment and it was almost si.nilar at all the levels of Zn. However, when content of 

Cd and Pb in different plant parts was considered, a Zn X Cd interaction could be 

observed in wheat grains (Table 2). Lead content of wheat grain and straw was slightly 

enhanced over t~e control at all the levels of Zn. T!lese data bring out that Cd which 

is generally present as a impurity in Zn f.:rtilizc:rs, WJII not be preferentially translocated 

into edible parts of w!leat in the presence of Zn. 
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