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PHYTOTOXICITY OF Zn AMENDED SOIL TO SPINA.CIA 

AND CORIA.NDRUM 

KUSUM LATA AND BHARATVEER 
DEPARTMENT OF BOTANY, MEERUT UNIVEllSITY, MEERUT 2S0 OOS 

Zn (2x 10~ M Zn/1 soli) amendment to the soil Inhibited growth and yield of 

Spinacia oleracea cv All. Green and Coriandrum sativum cv Selharl. The levels 
of chlorophyll components and Hill activity were also lower In plants grown on 
Zn amended soil. The uptake and translocation of nitrogen and phosphate were 
inhibited and the uptake and translocation of total heavy metal was promoted. 

Our previous work on the effects of irrigation with polluted municipal waste 
water, rich in industrial effluents and sewage sludge, on total heavy metal content 
in soil and plants indicated high accumulation of total heavy metals, including 
zinc by soil and plants (Veer and Lata 1987). Therefore, it was of interest to 
investigate effects of Zn amendment in soil on growth, yield, levels of chlorophyll 
components, Hill activity and uptake and translocation of phosphate, nitrogen 
and total heavy inetals in Coriandrum sativum cv Selhari and Spinae/a oleracea cv 
All Gr~en. . ..... ·--···---~· ·---:......-

MATERIALS AND METHODS 

Soil was amended with zinc sulphate to give Zn concentration of 2x lQ-1 M 
Zn/1 soil. Seeds of Coriandrum satil'Um cv Selhari and SPinacia oleracea cv All 
Green were sown in the amended soil in polythene bags. Two plants/bag in 
case of Spinae/a and four plants/bag in case of Coriandrum were allowed to grow 
up to sampling stage. Plants were sampled on 30th and 60th day from emergence. 
The data are averages of 1 5 samples and statistically analysed. For chlorophyll · 
estimation 200 mg fresh leaves (3rd leaf from the apex) were homogenized in 
80% acetone with a pine~ of sodium bicarbonate. The homogenate was 
centrifuged at 4000 rpm for 5 minutes and final volume of supernatant was made 
to 10 ml with 80% acetone. Optical density of the extract was read at 645 and 
665 nm. The amount of chlorophyll a and b were calculated according to Arnon 
(1949). Chloroplast isolation and Hill activity determinations were done 
following Banerji and Kumar (1975) and Banerji and Rauf (1977). _Phosphate was· 
determined by a modified Allen's method (Allen 1940) with metol reagent. 
Digestion was done by microkjeldahl method, with H1SO, : H10 1 (Snell an4 Snell 
'1954) and estimation of digest for nitrogen was done with Nessler's reagent of 
Kbch and McMeekin's formula (Oser 1965). For total heavy· metals· digestion. 
was done with 60% HClO, and HN03 , the residue was dissolved in ammonium 
·citrate buffer, pH S·S. Total heavy metal content was determined by dithizone 
method (Sandell 1950). · 
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RESULTS AND DISCUSSION 

In general, growth and yield of both the crops were inhibited _by Zn amendment 
in soil (Figs. 1, 2). Growth inhibition by Zn has also been reported by Rauser 
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Fig. 1. Effects of Zn amendment in soil (2 x 10-a M Zn/1 soil) on growth and yi~ld of Spinae/a 
o/~racea cv All green. 

\ .. 
(1973) in })can and soybean and Dogar and Vanhai (1979) in Oryza sativa. The 
le~. num~er was iioi &ftected significantly but the lear area was severely affected, 
~~i~g 55% of the control. The ,fres~ weight of shoot was also reduced c.o~~ider7 
ably being 81% of controL In gen~ral, levels of chlorophyll componentS and 
Hili activity or chloroplasts isolated from treated plants, were lower (Table lj. 
These observations arc in agreement to those of Hampp eta/. (1976), Rai and 
I_{umar (i,9~0) and Nag et al. (1981): . Hill activity was 72% of control i.n tieat~ci 
plaHts. Upii.kc and distribution of phosphate and .nitrogen were inhibitea by 
~li. )~ ~#t . the crops (Ta~le _2)~ .. 9ber1~_~4~r __ ~n~, ~o~ (19~8J. ~~~ci)~_epo~~~4 
red~ction in· uptake and distribution of phosphate from the soil into the roots and 
slioois of young barley plants~ · Hunter and -Vcrgriano (1953) observed that. toxic 
effects of heavy metals 'arc associated with reduced nitrogen contents in plants. 

.. ... 
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Fig. 2. Effects of Zn amendment in soil (2x 1(13 M Zn/1 soil) on growth and yield of Cor landrum 

sativum r:v Selhari. 

·~Significant at 0·01% probability, •••Si~ficant at 0·001% probability. 

· TABLE 1. Levels of chlorophyll components and Hill activity in leaves (3rd leaf from apex) 

of control and Zn treated Spinae/a oleracea r:v All Green and Coriandrum sativum 

cv Selhari. 

Chlorophyll a 

Chlorophyll b 

Parameter 

Total chlorophyll mlfgfw±S.D •. 

Hill activity p.M DCPIP red~/h(mg Chl.:!:S.D. 

Chlorophyll a 

CJiloropbyll b . 
Total chlorophyll mgf&fw±S.D. 
Hill activity pM DCPIP red.fh/mg Chi.±S.D. 

Control 

Sp inacla oleracea cv 
0·34 ± 0·02 
0•30 ± 0·04 
0·64 ± 0·06 
7·32 ± 0·12 

Zn (2 x 1(/3 M) 

All Green 
0·27** ± 0•01 
0·17* ± 0·04 
0·44•• ± 0-04 
s•12••• ± o-o1 

Coriandrum sativum r:v Selhari 

0·35 ± 0·02 0·26··· ± 0·01 

0·30 ± 0·04 0·22• ± 0·02 

0·65 ± 0·07 0·48• ± 0-04 

'6•63 ± 0·07 4·27••• ± 0·09 

•Significant at O·OS'/o probability, ••Significan tat 0·01% probability, •••Significant at 0·001% 

pro~bnity.... r 

:. 
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TABLE 2. Effects of Zn (l x 10""1 M) amendment of soil on uptake and translocation of nitrogen (N), phosphate (P) and total heavy g-1 8 ~ ... a 
metals (tHm) i!l Spinae/a oleraeea cv All Green and Cor landrum sativum cv ~lhari. ... .... 

~ I=S ~ 
::?'~ § 

Days from emergence B-
PI 0 0 

30 60 ;-'0 ~ 0.~ 
Plant Control Treated Control Treated "0 0 

0 
parts N p tHm N 

. 
~P tHm N p tHm N p tHm P"~ ~ 

I:S ~ 
mg gm-1 dw±SD mg gm-1 dw±SD -~ N 

"' - 13 
-B 
t-i~ > PI I=S iC 0'0. 

Spinae/a oleracea cv All Green - 1:!1 
B I:S z 
N::;- 0 ._. ... D:l 

Root 36·28 3·57 0·16 19·44••• 2·38••• 0·25••• 38·88 2·08 0·25 24·62••• 1·49••• o·3o••• • 0 0 
OQ 
B c:n 

±1·21 ±0·12 ±0·006 ±0·89 ±0·09 ±0·009 ±1'31 ±0·09 ±0·10 ±1•01 ±0·06 ±0'013 I=S 0 -.... t"' c:r 
B -,1 

Shoot 37·58 4·58 0·12 23·32••• 3·57••• 0·19••• 51·85 3·27 0·19 38·88*•• 2•32••• o-25••• - 0 
B 

±0•90 ±0·12 ±0·008 ±1·59 ±0·013 ±0·009 ± 1·21 
< ~-±1·27 ±0·16 ±O-OG3 ±0·10 ±0·010 n -"' ~ 0 ...., ::..: 

Cor landrum sativum cv Selhari .... Q 
0 ::..: .... 
Ill > 

19·44·•· -Root 36·28 0·42 0·24 '22·03••• 0·24••• 0·29••• 24·88 0·18 0·28 0·09••• 0·3.s••• ~ z 
n t=' 

±1·20 ±0·014 ±0·008 ±1·01 ±0·009 ±0·009 ±1•10 ±0·009 ±0·009 ±1·02 ±0·003 ±0·012 Ill 
<) ~ ·0 

Shoot 32·40 0·36 0·15 20·73••• 0·24••• 0·21••• 23-32 0·42 0·16 12•96••• 0·30• .. 0·23••• a ~ B 

±1·10 ±0·011 ±0·007 ±0·93 ±0·008 ±0·008 ±I-17 ±0·013 ±0·008 ±1·05 ±0·011 ±0·310 E t::i 
~ 

~ ~ 
•••Significant at 0·001% probability. 
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1~8 LATA AND VEER 

Reduction in growth and fresh weight of shoot in treated plants may be 
·due to low levels of chlorophyll components, Hill activity and low uptake of 
phosphate and nitrogen from soil. Further, the edible parts of treated plants 
are not only nutritionally of poorer quality but also create a hazard due to higher 
heavy metal content. 

Thanks arc due to Prof D Bancrji for valuable suggestions. One of us (B V) is thankful to 
CSIR, New Delhi also for award of a fellowship. 
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