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Cadmium (Cd) is increasingly used in many industries, cutminating 
in a sharp increase in environmental contamination. Cadmium also 
reaches the soli through contaminated water f rom industries, sewage 
sludge, altoys, piastics, wear of automobites t ires and phosphatic fer t i -  
l izers (Gupta and Salunkhe 1985). Sme]ter dust containing cadmium-]ead- 
zinc caused a decrease in microf lora and their  enzymatic act iv i ty  
in soit (Greszta et al. 1979). Mineral izat ion of nitrogen is essential 
to the nitrogen nutr i t ion of higher plants. The response of important 
nitrogen recycling organisms to Cd could be of crucial importance 
in the balance of nitrogen in the soli. The š of heavy metals 
(cadmium, lead, zinc, etc.) on mineral izat ion of nitrogen (Liang and 
Tabatabai 1978; Rother et al. 1982; -[yler et al 1974) and on pure 
cultures of microorganisms (Babich and Stotzky 1978; Gadd and Gr i f f i th  
1978) has been recognized. Although the toxic ef fect  of Cd on fungi 
in soli, in pure culture (Babich and 5totzky 1977) and at low soli pl i  
]evels (Bewly and Stotzky 1983) was tested not much attent ion was 
given to study simuttaneous ef fect  of Cd on both microorganisms 
and microbe-mediated mineral izat ion process in the soi] at d i f ferent  
intervals. This study was performed to determine simu]taneously the 
ef fect  of Cd on both microbial population and microbe-mediated minera- 
l izat ion process in the soli. 

MATERIALS AND METHODS 

Black cotton soli coltected randomly (2" to 6" depth) from 'E' block 
of the central farm, Coltege of Agriculture , Dharwad, was mixed 
thoroughly, air dried and passed through a 2 mm sieve. The soit has 
a pl i  of 7.5, cation exchange capacity (meq/100g) of 58.2, organic 
carbon of 0.8%, water holding capacity of 67.0% and clay of 55.2%. 

* Part of the thesis of senior author approved for the award of the 
M.Sc.(Ag). degree by the University of Agricu]tural  Sciences, Dharwad 
580005, India. 
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Soli samples equivalent to 50 g of oven dry soli were treated with 
0, 10, 50, 100 or 500 ppm of Cd as CdCI?H?O (Loba Chemie, Bombay, 
India). The same soli was thorough[y mixœ addincj aqueous urea 
solution at the rate of 400 ppm and t ransfer red into replieated plastic 
containers (5 x 4.7 cm). Moisture content was maintained at 60~ water 
holding eapacity (W.H.C.) during incubation at 37~ Three rep/ications 
from each treatment were drawn at weekly intervals upto 6 weeks 
for estimation of NH4-N , NO2-N and NOs-N. 

Ammoniacal Nitrogen (NH4-N) was estimated by micro-Kjeldahl disti l la- 
t ion (Jackson 1967). Ni t r i te  nitrogen (NO2-N) and Nitrate nitrogen 
(NOx-N) were estimated by the modified Griœ Ilosvay method (Bremner 
195"5) using Elico Spectro Photometer (Model CL-24) at 520 and 420 

nm respectively. 

Microbial counts from soit were determined from equal amounts of 
soi1 sampte col]ected from each repticate for each treatment wi th 
Cd and pooled. A composite 10 g sample was used for estimation of 
bacterial (on Soli extract  agar), fungal (on Rose bengal agar) and 
actinomycetes (on Kuster's agar) by serial dilution method (Allen 1955) 
al weekly interval up to 8 weeks. The data of three rep]ications were 
subjected to factorial  analysis considering concentration and incubation 
t ime as two treatment factors. 

RESUL-I-S AND DISCUSSION 

The NH, -N content in the soli signif icantly increased upto one week 
in ail t~e treatments and thereafter  it generally decreased at 0, t0 
and 50 ppm of Cd application (Table la). The init ial rise of NH/ -N  
lead to an increase in NO~;-N (nitrate) accumulation in ail the trœ 
ments. However, the accu~mulation of NO~-N signif icantly decreased 

�9 . . )  

as the concentration of Cd lncreased (Table lc). AL 100 and 500 ppm 
of Cd, hydrolysis of urea was signif icantly poor compared to other 
treatments, as evidenced by the lower concentration of NH, -N  observed 
after one week of incubation (Table la). At  ail the four concentrations 
of Cd, signif icant accumulation of ni t r i te (NO9-N) was observed at 
every sample interva] of t ime as compared to~untreated soli (Table 
lb)~ suggesting that Cd might be toxic to both the steps in soit n i t r i f i -  
cation. Tyler et al. (1974) observed that more than 100 ppm of Cd 
decreased NH, -N  production and suggested that genera] microf lora 

/ 4  . . 

may be more sens~twe to Cd. I l  is seen in this study (Table 2a, b, 
c) that more thon 50 ppm of Cd considerably decreased soil micrabial 
population which apparently af fected hydrolysis of urea in the soli. 
The slow rate of n i t r i f icat ion coupled with the accumulation of NH, -N  

�9 

and NO~-N may be attr ibuted to the inhibit ion of Nitrosomonas and 
Nitrobac~:er respectively. 

Frago and Fleming (1977) observed in pure culture that 10 ppm of 
Cd had a slight ef fect  whereas, 100 ppm of Cd signif icantly decreased 
the growth of both Nitrosomonas and Nitrabacter. In general n i t r i f i ca-  
tion was more sensitive to Cd thon ammonification which is in aecor- 
dance with Rother et al. (1982). 
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Table la .  E f f ec t  of cadmium on m ine ra ] i za t i on  of urea in the soi] : 
E f f ec t  on ammoniaca[ n i t rogen (values in ppm are avevage 
of th ree  vepticates -+ S.D.) 

Conc. of Incubat ion r ime in weeks 
Cd in ppm 0 1 2 3 4 6 

0 57 2/40 64 39 40 10 
+1.08 _+1.63 _+1.08 +1 3 7  -+1.77 _+1.08 

10 56 241 8/4 49 48 42 
-+1.08 _+1.47 -+1.08 +2.44 -+1.77 _+1.22 

50 /48 2/46 183 156 165 156 
_+1.41 -+2.44 _+2.1 6 +_2.1 6 _+2.1 6 _+1.63 

100 44 183 185 207 233 215 
�9 +1.47 +1.63 -+1.63 +_2.4/4 _+1.0,7 -+2.44 

500 40 1 66 1 65 189 208 205 
_+I .08 -+2.1 6 -+2.44 _+I .63 +_2.1 6 -+2.1 6 

LSD* : Cd, 16.55; T ime,  18.13; Cd x Time, 40.55 

* Least s ign i f i can t  d i f fevence at 0.01 Ievel of p robab i l i t y  

Table lb .  E f f ec t  of cadmium on minera l i za t ion  of urea in the soit : 
E f f ec t  on n i t r i t e  n i t rogen (values in ppm are average of 
thvee vepl icates • S.D.) 

Conc. of Incubat ion r ime in weeks 
Cd in ppm 0 1 2 3 4 6 

0 1.1 14.8 2.4 0.9 0.9 0.5 
+_0.14 _+0./48 +0.24 +_0.08 _+0.1 6 _+0.20 

10 1.0 50.9 37.0 26.4 1/4.2 9.2 
_+0.1 6 _+1.45 +_I .08 +I .81 _+I .20 _+0.40 

50 0.9 19.9 30.6 29.1 2/4.9 9.4 
_+0.1 6 _+0.64 -+1 2 4  +_1.71 _+0.8 6 _+0.1 6 

100 0.8 19.7 31.2 27.1 25.7 7.8 
_+0.14 _+1.28 _+0.86 -+0.78 +_1.25 _+0.35 

500 0.2 19.9 21.2 13.3 12.5 12.7 
_+0.05 _+0.21 +_0.74 +1.20 _+1.08 _+1.12 

LSD* : Cd, 0.96; Time, 1.06; Cd x Time,  2.37 

*Least  s ign i f i can t  d i f fevence at 0.01 level  of pvobabi l i ty  
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Table l c .  E f fec t  of cadmium on minera l izat ion of urea in the soil : 
Ef fec t  on n i t ra te  nitrogen (values in ppm are average of 
three repl ic tes + S.D.) 

Conc. of Incubation r ime in weeks 
Cd in ppm 0 1 2 3 4 6 

0 18.0 1/48.5 30/4.2 313.8 395.3 341.0 
+1.08 +I./47 +0.86 +-2.1 3 +1.31 +1.08 

10 18.0 111.5 2/44.0 276.7 360.7 302./4 
_+1.08 +-1.87 +-1.08 +-5.20 _+2.14 +-1.51 

50 12.0 53.7 62./4 93.9 1 68.1 213.5 
+-2.1 6 +-0.96 +-I .39 +-0.73 +-I .3/4 _+I ./47 

100 I0.0 5.5 I/4.2 6/4.2 93.9 152.7 
+-0.70 _+0.70 +0.52 +-0.80 +1.10 _+1.98 

500 1.2 2.5 6.6 24.7 29.6 32.6 
+-0.24 _+0.70 _+0.6/4 +1.20 _+1.0/4 +-0.99 

LSD* : Cd, 1.73; Time, 1.88; Cd x Time, 3.38 

*Least  s igni f icant  di f ference at 0.01 level  of probabi l i ty  

Table 2a. E f fec t  of cadmium on soli microorganisms : Soli bacter ia 
(Values are average of three rep] icates + S.D. 

Conc. of Soli bacter ia (10/4/g)- 
Cd in ppm 

Incubation r ime in weel<s 
0 1 2 3 /4 6 8 

0 162.0 159.0 162.6 150.6 156.0 150.3 149.6 
+4.08 +8.60 _+4.92 +2.49 +_6./48 +2.86 _+1.69 

I0 161.3 151.6 122.0 11916 129.0 133.6 126.0 
+-1.24 +-8 .21 +_2.94 +4.49 + -1 .63  _+4.49 +-3.26 

50 162.0 129.0 93.6 89.3 89.6 103.0 113.0 
+-3.74 +1.63 +5.31 +-2.86 +3.68 +6.16 +-10.70 

1 O0 141.0 111.6 84.6 74.3 69.0 8/4.6 9/4.0 
+-8.60 2.05 +4.18 +-2.05 +1.63 +-4 .49 +-2.4/4 

500 128.0 80.3 41.0 3/4.6 33.0 /49.0 71.0 
�9 +6.1 6 +1.69 +2.1 6 +4.92 _+1.63 +-2.4-4 +-3.26 

LSD* : Cd, 4.41; Time, 5.22; Cd x Time, 11.68 

*Least s igni f icant  d i f ference at 0.01 level  of probabi l i ty  
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Table 2b. E f fec t  of eadmium on soli microorganisms : Soli act inomycetes 
(values are average of three repl icates _+ S.D.) 

Conc. of Soli Act inomycetes (104/g)- 
Cd in ppm 

Incubation l ime  in weeks 
0 1 2 3 /4 6 8 

0 4.1 4.1 3.9 4.1 3.9 4.0 4.3 
+_0.12 _+0.09 _+0.20 _+0.24 _+0.12 _+0.16 _+0.35 

10 4.0 4.2 4.0 4.2 4.0 3.9 3.9 
_+0.1 6 +0.38 -+0.1 6 _+0.18 _+0.1 6 _+0.04 +0.09 

50 4.1 4.0 3.6 3.8 4.1 4.1 4.1 
_+0.16 _+0.18 _+0.09 +0.12 _+0.14 -+0.16 _+0.16 

100 3.7 2.8 3.0 3.0 3.2 3.4 3.6 
+_0.12 +0.26 +0.08 -+0,16 -+0 ,12  _+0.14 -+0.12 

500 3.3 2.4 1.7 2.0 2.1 2.2 2.5 
�9 +0.12 +_0.20 _+0.37 _+0.12 _+0.32 _+0.21 _+0.29 

LSD* : Cd, 0.19; Time, 0.22; Cd x Time, 0.51 

Least s igni f icant  d i f ference al  0.01 level  of probabi l i ty  

Table 2e. E f fee t  of eadmium on sou mieroorganisms : Soli fungi (values 
are average of three repl icates +_ S.D) 

Conc. of Soli fungi - -'(104/g) 
Cd in ppm 

Incubation l ime in weeks 
0 1 2 3 4 6 8 

0 0.49 0.53 0.51 0.50 0.51 0.47 0.51 
_+0.01 _+0.01 +0.01 _+0.01 _+0.04 _+0.01 _+0.04 

10 0.50 0.46 0.44 0.45 0.47 0.48 0.49 
_+0.01 _+0.01 +0.01 -+0.01 -+0.01 _+0.01 _+0.01 

50 0.47 0.40 0.32 0.27 0.34 0.40 0.38 
_+0.01 +_0.01 _+0.01 +_0.04 _+0.02 _+0.03 +_0.03 

100 0.4-3 0.29 0.27 0.24 0.25 0.26 0.36 
+_0.02 +_0.01 _+0.01 _+0.01 _+0.01 +_0.01 +_0.01 

500 0.40 0.21 0.16 0.11 0.10 0.11 0.23 
�9 +0.01 +_0.01 _+0.02 _+0.01 _+0.01 _+0.02 _+0.02 

LSD* : Cd, 0.020; Time, 0.024; Cd x Time, 0.052 

*Least  s igni f icant  d i f ference a l  0.01 level  of probabi l i ty  
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A perusal of the data indicates that ail the Cd concentrations, em- 
ployed in this study, signif icant]y decreased b© bacteriai  (Table 
2a) and fungal (Table 2c) population. 10 and 50 ppm of Cd had no 
ef fec t  on actinomycetes whereas, t00 and 500 ppm of Cd signif icantiy 
reduced their population (Table 2b). Heavy meta/ polluted soils had 
a lower microbial population than unpoltuted soils (Bisessar 1982; 
Wil]iams et al. 1977). The reduct ion in microbial counts in Cd t reated 
sou may be due to uncoupling, of respiratory phosphorylation (Bond 
et al. 1976) and some other aspects of microbial metabolism (di l i iams 
and Wollum 1 981 ). 

However, after six weel<s of incubation of soli with Cd, there appears 
some adaptation of these organisms to Cd tox ic i ty  as evidenced by 
increase in their population. 

Acknowledgments. I(C.K.N) thanl< Universi ty of Agr icu l tura l  
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research period and Mr. G.G.Nagabushan, Assistant Professor of 
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