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NITRIFICATION IN THREE SOILS AMENDED 
WITH ZINC SULFATE 

D. 0 . WILSON 
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Summary- Zinc as ZnS04 was added to three soils at rates of 0, 10, 100 and 1000 ,ug Zn g- 1 soil. 
The soils were uniformly treated with 100 ,ug N g-t as NH 4Cl, incubated at 30°C and NH4' -N and 
(NO) + N02)-N determined weekly for 7 weeks. Nitrification in all three soils was totally inhibited 
by 1000 ,ug Zn g-t . At the 100 ,ug Zn g- 1 rate, nitrification was significantly reduced in two of the 
three soils during some part of the incubation. This differential effect on nitrification at the 100 ,ug 
Zn g- 1 rate was related to differences in soil properties. These results imply that, with respect to 
nitrification, care should -be taken not to apply Zn-containing materials indiscriminately to soils. 

INTRODUCTION 

The introduction of metals into soils by such routes 
as land application of sewage sludge and the deposi­
tion of airborne particulates from mining operations 
can significantly increase the native soil concentration 
of these metals. Heavy metals are commonly present 
in domestic sewage sludge at rather high concen­
trations and often at extremely high concentrations 
in industrial sludges. Elevation of the metal content 
of agricultural soils is of particular concern because 
of possible toxic effects on plant growth and other 
biological processes. Zinc is considered one of the 
metals most likely to produce phytotoxicity as a 
result of sludge application to soil (Webber, 1972). 

Since soils exhibit a wide range of physical and 
chemical properties, it is difficult to compare and ex­
trapolate results of various workers with respect to 
the effects of Zn on soil N mineralization processes. 
Reported here are the results of a study relating nitri­
fication to various rates of Zn added to three agricul­
turally important soils. 

MATERIAlS AND METHODS 

Some of the physical and chemical properties of 
the soils used in these experiments are shown in Table 
1. The values given are for the soils as they were 
collected from the field. The Decatur soil is a clayey, 
kaolinitic, thermic member of Rhodic Paleudults; 
Cecil is a clayey, kaolinitic thermic member of Typic 
Hapludults; and Leefield is a loamy, siliceous, thermic 
member of Arenic Plinthaquic Paleudults. 

The soils were air-dried, ground, and passed 
through 2-mm mesh. Additions of P and K were 
made to bring the soils to adequate amounts for plant 
growth. A mixture of MgO and CaC03 was added 
to the Decatur and Leefield soils to bring the pH 
to 6.8 and 7.4, respectively. Nitrogen as NH4 Cl was 
added to all soils at a concentration of 100 11g N g- 1 

dry soil. Solutions of ZnS04 were added to each soil 
to give rates of 10, 100 and 1000 Jlg Zn g- 1 dry soil. 
Each soil was brought to a moisture content which 
approximated its field capacity; these values being I R. 
12 and 7% (oven-dry basis) for the Decatur, Cecil 

Table l. Characteristics of Decatur, Cecil and Leefield soils 

Characteristic 

pH 
Cation exchange capacity (m-equiv/100 g)* 
Organic matter (%)* 
Clay(%)* 
Sand(%)* 
Textural class• 
N (%lt 
Fe(%) 
K (.ugg-1) 
p (.ug g- 1) 
Ca (.ug g- 1) 
Mg (.ugg - 1) 
Mn (.ugg - 1) 
Zn (.ug g- 1) 
Cu (.ugg - 1) 

• Values of Shuman, 1975. 
tAll elemental values are from total analyses. 
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Decatur 

5.5 
12.43 
2.37 

28.1 
21.7 

Clay loam 
0.105 
2.89 

5673 
488 
846 

1940 
3600 

136 
24 

Soil Series 

Cecil 

6.2 
4.44 
1.60 
7.6 

75.0 
Sandly loam 

0.059 
1.27 

4673 
342 
873 
806 
490 

24 
5.4 

Leefield 

5.1 
3.13 
1.14 
2.4 

84.4 
Loamy sand 

0.044 
0.13 

180 
179 
105 
103 

21 
7 
2.6 
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Fig. I. Effect of Zn on inorganic N values in Decatur soil during nitrification of 100 11g NHt -N g- • 
soil. Q---0 control; A--A I011g Zng - • ; .__. l0011g Zng - •; ....-... l ,00011g Zng-• . 

and Leefield soils, respectively. Ten-gram (oven-dry 
weight) portions of the moist, treated soil were 
weighed into 250-ml glass bottles and capped with 
a lid having a 1-mm hole in the center. The bottles 
were placed in an incubator and maintained at 
30 ± OSC. The soil in the bottles was brought back 
to its original moisture value by twice-weekly addi­
tions of water. At weekly intervals for 7 weeks, 
samples of each treatment were extracted with 100 ml 
2M KCl on a rotary shaker for 30 min, filtered, and 
analyzed for NHt -N and (NO) + N02l-N. 

Organic matter was determined by the Walkley­
Black method (Allison, 1965) and soil N by the 
microKjeldahl method (Bremner, 1965a). Analysis 
of the soil for the remaining elements was per­
formed using total digestion and analytical tech­
niques (Wilson, 1977). The amounts of NHt -N and 
(NO) + N02)-N in the 2M KCl soil extracts were 
determined by steam distillation (Bremner, 1965b). All 
pH values are for a 1:2 soil :water suspension. The 
treatments were replicated four times and mean 
values are plotted. 

RESULTS 

The effect of Zn concentration on NH: -N and 
(NO) + N02)-N values for all three soils are pre-
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sented in Figs. 1, 2 and 3. For each of the soils, the 
(NO) + N02)-N values have been corrected by sub­
tracting the average initial (NO) + N02)-N concen­
tration in that particular soil. The NHt -N values 
were not corrected since the initial NHt -N concen­
tration in all soils was nearly zero. The addition of 
1000 Jlg Zn g- 1 completely eliminated nitrification in 
all three soils. whereas the 100 Jlg Zn g- 1 rate had 
a variable effect depending on the soil. In the Decatur 
soil (Fig. 1), nitrification at the three lowest Zn rates 
followed the same pattern, but in the Cecil and Lee­
field soils (Figs. 2 and 3), nitrification at the 100 Jlg 
Zn g- 1 rate did not follow a pattern similar to the 
two lower rates. A statistical analysis of the data indi­
cated that for the Cecil soil, both NHt -N and 
(NO) + N02)-N values for the 100 Jlg Zn g- 1 rate 
were statistically lower (P = 0.05) than those for the 
two lowest Zn rates at the second and third weeks 
of incubation. A similar comparison for the Leefield 
soil shows significant effects at the third, fourth, fifth 
and seventh weeks of incubation. 

In nitrification studies of this nature, there is always 
a question as to whether the treatment might not be 
affecting nitrification by altering the soil pH since it 
is known that the addition of metal salts generally 
lowers soil pH (Premi and Cornfield. 1969 ; Wilson, 
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Fig. 2. Effect of Zn on inorganic N values in Cecil soil during nitrification of 100 11g NHt -N g - 1 

soil. Q---0 control; A-- A l011g Zng - 1 ; .__. IOOJ!g Zng- 1 ; ....-... l ,00011g Zng - •. 
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Fig. 3. Effect of Zn on inorganic N values in Leefield soil during nitrification of 100 J.lg NH; -N g- 1 

soil. o----o control ; A--A lOJ.lg Zng - 1; • --• lOOJ.lg Zn g- 1; .-e 1,000 J.lg Zn g- 1. 

l9TI). This question is particularly pertinent when 
considering soils with very low cation exchange capa­
cities, as such soils usually have generally low pH 
buffering capacities. Table 2 shows the soil pH after 
7 weeks incubation for all treatments. The acidity 
produced from nitrification of the added NHt -N was 
sufficient to lower the pH to 5.5, 5.4 and 6.1 in the 
Decatur, Cecil and Leefield soils, respectively. Addi­
tion of the Zn treatments did not substantially reduce 
pH below the control value in any of the soils. In 
all three soils, the highest pH value was associated 
with the highest added Zn concentration which is not 
surprising since nitrification was not occurring in 
these treatments. 

There was a general and gradual increase in total 
mineral N with time for nearly all treatments in all 
soils (Figs. l. 2 and 3). indicating that mineralization 
of organic N was occurring. This increase was 
more apparent in the Decatur and Cecil soils than 
the Leefield soil, suggesting a relationship to soil 
organic matter content. In the Decatur and Cecil 
soils, after 7 weeks incubation, N accumulated as 
(NO) + N02)-N in the 0, lO and 100 J.Lg Zn g - 1 

treatments but as NHt -N in the 1000 J.lg Zn g - 1 

treatment. 

' ·· 

Table 2. pH values of treated soils after 
incubation for 7 weeks 

Soil 

Decatur 

Cecil 

Leefield 

Zn added 
J.lgg-1 

0 
10 

100 
1000 

0 
10 

100 
1000 

0 
10 

100 
1000 

pH value 

5.5 
5.6 
5.6 
6.1 
5.4 
55 
5.3 
5.8 
6.1 
6.0 
6.1 
6.2 

DISCUSSION 

Reports on the effects of Zn on nitrification are 
limited. Lees and Meiklejohn (1948) could find no 
substantial stimulatory effect from the addition of 
Mo. Zn or Cu to liquid cultures of nitrifying bacteria 
Their work was designed to determine whether the 
omission of any of the micronutrients from the cul­
ture media would suppress nitrification. Using non­
purified salts they were able to establish that, of the 
micronutrients, only the omission of Fe significantly 
reduced growth. Using a strain of Nitrosomonas euro­
paea isolated from sludge, Loveless and Painter (1968) 
found that nitrite production was sensitive to low 
concentrations of Zn, showing inhibition at 0.08 to 
0.5 J.Lg Zn ml- 1 of nutrient solution. Tyler ( 1975) con­
cluded that a combined Cu and Zn concentration of 
three times the background value was sufficient to 
measurably reduce N mineralization in a Swedish for­
est soil. Premi and Cornfield ( 1969) reported that soil 
Zn concentrations of 100, 1000, and 10,000 J.Lg Zn g- 1 

(as ZnS04) showed no, partial, and complete inhibi­
tion of nitrification. respectively. These observations 
are in contrast to the results of the present study 
where partial inhibition of nitrification was observed 
on some soils at 100 J.Lg Zn g- 1 with total inhibition 
being produced in all soils at 1000J.Lg Zng - 1

. How­
ever, the soils used in these various studies were so 
dissimilar any observed differences in response were 
certainly due to differences between the soils investi­
gated. 

The form and amount of native soil Zn, the form 
in which Zn is added to the soil. and the capacity 
of the soil to adsorb and fix Zn are all factors which 
will greatly influence biological responses. The avail­
ability of native soil Zn to participate in biological 
processes is determined by both physical and chemi­
cal factors. Zinc that is loca ted within crystal and 
clay lattices and chemical forms of Zn that are highly 
msoluble have low biologica l availabilities, whereas 
soluble and exchangeable forms of the element have 
high availabilities. The distribution of these forms of 
Zn may vary greatly between soils. For this reason, 
total Zn in a soil may not be a good indicator of 
its biological availability. 
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Soils also vary in their ability to adsorb and inacti­
vate Zn that is added to them. Thus, the probable 
reason for the Decatur soil showing the least (Fig. 
1) and Leefield the greatest (Fig. 3) reduction in nitri­
fication with the addition of 100 Jlg Zn g - 1 is greater 
adsorption and inactivation of the element by the 
Decatur soil. Shuman (1975) has shown that the 
Decatur soil has a much greater Zn adsorptive capa­
city than Leefield due, in large part, to its greater 
clay and organic matter content. 

The form in which Zn is added to soils also has 
a bearing on whether or not the Zn is inhibitory to 
nitrification. Premi and Cornfield ( 1969) found that, 
in contrast to their previously discussed results with 
Zn as the sulfate, the addition of up to 10,000 Jlg Zn 
or Cu g- 1 soil as carbonates had no inhibitory effect 
on nitrification. Zinc is being added to soils in ever 
increasing amounts as sewage sludge. Wilson (1977) 
reported temporary reductions in nitrification from 
the addition of 16 mg of industrial sewage sludge g- 1 

Cecil soil. This amount of sludge resulted in the addi­
tion of approximately 150 Jlg Zn g- 1 soil. Based on 
the current findings, it seems likely that the inhibitory 
effect of the sludge was due, in large part, to the Zn 
which it contained. 

The direct results of the present study, as well as 
its relation to other work, demonstrate that the type 
of soil to which Zn is added is an important factor 
in determining the soil concentration at which Zn will 
inhibit nitrification. These findings have important 
implications relative to site selection for land disposal 
sewage sludge and other wastes containing appreci­
able amounts of Zn. 
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