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ABSTRACT 

A sandy soi I of p H 6 and the same soil treat~d 
with sufficient CaC03 to raise the pH to 7 were 
treated with 1,000 ppm Cu, Cr, P band Zn (as o,xides) 
and kept moist for two months. After air drying, 
portions of soils of pH 7 were treated with 1% CaC0 3 
and kept moist for two weeks and then air-dried 
( calcareous soil ). The three soils were set up for 
incubation at 30°C and 50% maximum water holding 
capacity ( mwhc) and minerai-N levels were measu­
red after 6 and 12 weeks. 

Cu increased N-minerali!ation and nitrification 
in the calcareous soil, but decreased both processes 
atp H 6 and 7. Chromium ( cr) increased N-minera­
lisation only at pH 6 and increased nitrification at 
pH 6 and in the calcareous soil. The toxic effects of 
Cr at pH 7 on both processes decreased with time. 
Pb (lead) stimulated nitri.fication at pH 6 only after 
il weeks. Apa;·t fror.-. this, Pb tended to have toxic 
effects on both processes and there was a general 
trend for its toxicity to increase with increased pH. 
Zn (Zinc) was generally toxic to both processes in 
;:II soils and there Was a general trend for its toxicity 
to increase with pH. 

INTRODUCTION 

tic wastes etc. Their accumulation in sc·ils, by degrees, 
may ultimately be toxic to the soil micrc-bial precesses 
and plant growth. Little or no work H.t..ms to havt.. bE.en 
reported on the effects of high levels of metallic elements 
on soil microbial pre-cesses. The present wc-rc-k is, tht..re­
fore, intended to study the effects of 1,000 ppm Cu, Cr, 
Pb, and Zn on soil nitrc-gen changes, e.g., N-mireralis;;.tion 
and nitrification under different pH conditions. 

MATERIALS AND METHODS 

The soil used in this study was asandy soi I treated with 
1,000 ppm Cu, Cr, Pb and Zn (as oxides) two months before 
incubation. During pre-incubation period the soils were 
kept moist at an aerobic moisture level and leached inter­
mittently to remove accumulation of soluble salts. Ano 
ther imposed variable was pH. One series of matallic ele­
ment-treated soils used were the sc-ils of pH 6. A second 
series was done with soifs adjusted to pH 7 by :-.dditic·n of 
CaC03 together w!th metallic elements for the pre-incu­
b<"tiOn period. A third series involved the use of metallic 
element-treated so;!sofpH 7towhich were added 2%CaCOJ 
and which was then kept moist for two weeks before incu­
bat:on. With each series, the soils were airdried and passed 
through 2 mm sieve before being set up for incubation at 
30°C and 50% mwhc. Sufficient tubes were set up to allow 
analyses in duplicate for mineral N and nitrate.-N initially 
and after 6 and 12 weeks. With each series, appro­

Metallic elements are incorporated into soils through priate controls (soils receivirg ro metallic element, 
the useofpestic!d~andapplicat.iondindustrial.-.l"'ddc.mes- but subjec:ted to the same incubation treatment) were 

- a!s-:> set for ·1 ncub·~tlon. During incubation the BaOl method •Asst. Frofessor. Dept. of Biochemistry, B. A. U., Mymer:•inch. 
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was u~ed fc·r aeration and absorption of C0 2 (1}. Mi nera!­
N and nitrate-N initially and after 6 and 12 weeks were 
determined by methods used by Bremner and Shaw (2} 
and Premi ar. d Corn fidd (3). 

RESULTS AND DISCUSSION 

The results are compared on the basis of accumulation 
values (obtair:e.d by subtracting the values c-f controls frc.m 
those of the treated soils) for mir;erai-N and nitrate-N 
during incubation over 6 and 12 weeks. Because of diff­
erences in values obtained with the control soil of each 
group, a suitable method she-wing the effcets of the added 
metal! ic elements was to take the control of each soi I as 
100 and to calculate the values obtained with each metallic 
element treatment on this basis. The mineral-Nand nitrate­
N accumulation values are shown (Table I and Table II 
respectively). 

Effects of Cu 

The lack ofany effect of Cu in affecting N-mineralisation 
at pH 6 and its <:ffect in increasing N-mineralisation in the 
calcareous soil was similar after 6 and 12 weeks. At pH 7 
Cu was less effective ;n decreasing N-mir:eralisatic-r and 
nitrification after 12 weeks than after 6 weeks. The decrease 
in nitrate accumulation at pH 6 and its incrrase in the 
cafcareous soil were similar after 6 and 12 weeks. 

It is reported that toxic effects of certiain elements 
including Cu can be ameliorated by liming so;ls of low 
pH (4, 5). But in the calcareous sol 1 Cu seemed to have 
consistently stimulated N-mineralisat;on and nitrific::t;on. 

Table I. Minerai-N accumulation in the soils of pH 
6 and 7 and calcareous (calc) soil as affected 
by 1,000 ppm Cu, Cr, Pb and Zn over 6 and 
12 weeks of incuba.'i:ion (l0°C, SO% mwhc). 

For each group control was taken as 100 

Minerai-N 

6 weeks 12 weeks 
Treatment pH 6 pH 7 Calc pH 6 pH 7 calc 

Cu 102 87 107 99 94 110 
Cr 112 73 86 103 92 100 
Pb 87 81 83 98 90 90 
Zn 97 96 66 91 72 74 

Table 11. Nitrate-N accumulation in the soils of 
pH 6 and 7 and calcareous (calc) soil as 
affected by I,OCIO ppm Cu, Cr, Pb and Zn 
over 6 and 12 weeks of incullation ( 30°C, 
50% mwhc). 

for each group control was taken as 100 

Nitrate N 

6 weeks 12 weeks 
Treatment pH 6 pH 7 calc pH 6 pH 7 calc 

Cu 80 83 110 83 96 100 
Cr 110 76 92 104 99 107 
Pb 90 82 83 113 102 91 
Zn 95 92 73 87 69 so 

The most l;kely explanation of this is th2.t in the control 
calcareous sc·il Cu was limiting bc·th N-m,neralisatiC·n and 
nitrif,cat;on and the addition of I,CvO Fpm Cu net only 
removed these limitations, but wu al!o t.ffective in st;mula­
ting both prc·cuses. As far 2.s N-mineralisation is cc.ncerned, 
there appears to be a critical F H near pH 7 where added 
Cu was toxic to the prc·cess, since at pH 6 the added Cu 
had no effect on N-mineralisation. 

Effects of Cr 

At pH 6 the effect of Cr in increasing N-mineralisat;on 
after 6 weeks had di~appE.ared after 12 weeks. In the cal­
careous sci I the effect C·f Cr in decreasing N-m;neralisation 
after 6 weeks had disappeared after 12 weeks. At pH 7 
Cr was less effective in decreasing N-mineralisation c..fter 
12 weeks than after 6 wees. At pH 7 Cr decreased 
nitrate accumulation after 6 wc.eJs but not after 12weeks. 
In the calcareous soil nitrate accumulation was decreased 
after 6 weeks and increased after 12 weeks. 

Added Cr behaved in the oppc·site way to acidc;.d Cu 
by increzsing beth N-mineralisatic.n and nitrification at 
pH 6, but behaved similarly in showing maximum tc·xicity 
at pH 7. The time factor was important for Cr in that both 
stimu fating and t<.•xic effects tended to be less after 12 
than after 6 weeks. The stimulating effect of Cr may be 
attributed to the ability of Cr (Ill) to repl:;.cc Fe (Ill). 

Effects of Pb 

After 6 weeks the decrease in N-mineralis!;tion due 
to Pb was greater at pH 7 and in the calcareous soil than 
at pH 6. After 12 weeks N-minera!isation was unaffec-
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:ed by Pb at pH 6, but decreased at pH 7 and in the calca­
reous soil, although to a lesser e><tent than after 6 weeks. 
After 6 weeks nitrate accumulation was decreas£d to a 
greater extent at pH 7 and in the calcareous soi I than at 
pH 6. After 12 weeks Pb increased nitrate accumulation 
at pH 6, decreased it in the calcareous soil and had no 
effect at pH 7. 

The toxic effect of Pb on N-mineralisation decreased 
with time in all three soils and dis<.fPt'.U£d by 12 weeks 
only in the soil of pH 6. The toxic e.ffe.cts of Pb on nitrifi­
cation also decreased with time in all soils., and in the case 
of soil of pH 6 nitrification was Stimulatt'.d aftt'.r 12 WE.t'.ks 
of incubation. Pb was, in general,lesstcxicto both N mine­
ralisation and nitrification in the soil of pH 6 than in the 
two other soils. 

Effects of Zn 

After 6 weeks Zn decreased N-mineralisation to a fair 
extent in the calcareous soil but had little E.ff£.ct at FH 6 
and 7. After 12 weeks N-mineralisation was dE.crE.asE.d to 
a greater extent at pH 7 and in the calcareous soil than 
at pH 6. After 6 weeks nitrate accumulation was decreased 
to a greater extent in the calcareous soil than at pH 6 and 
7. After 12 weeks the decrease in nitrate accumulation 

was less in the calcareous soil and more at pH 6 and 7 than 
after 6 weeks. 

The toxic effect of Zn on both N-mineralization and 
nitrificat on decr•.ased with time in the calcareous SOil 
but incn.ased with time in the other two soils. After 
12 we .ks the toxic effects on both processes were grea­
ter in the soil of pH 7 and in the calcareous soil than 
in soil of pH 6. 
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