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ABSTRACT

The influence of serial concentration of salts (0.5, 1.0 and 1.5%), application of organic matter (0.5, 1.0 and 1.5% of wheat
straw) and varying soil moisture content (50, 70 and 90%) on nitrification in sandy loam soil was studied. Ammonium sulphate
(5 mg N g" soil) was added and the soil samples were incubated at 25°C for 4 weeks. Increased salinity delayed or inhibited
nitrification. Addition of organic matter enhanced nitrification processes. The nitrification rate showed progressive increase with

time at 70% water holding capacity, but as moisture content increased the nitrate production decreased.
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INTRODUCTION

Nitrogen is essential for life and its transformations in
soil are integral part of the overall nitrogen cycle in nature.
Microbial activity in the soil important in the cycling of nitro-
gen and organic matter decomposition. Nitrification in soil
involves the oxidation of ammonium, via nitrite, to nitrate (1).
It is generlaly accepted that the dominant form of nitrification
in most soils is chemoautotrophic, largely carried out by the
Gram-negative bacteria Nitrosomonas and Nitrobacter. A
wide variety of heterotrophic fungi have been shown to be
capable of oxidizing reduced forms of nitrogen (2). Certain
fungi and beterotrophic bacteria have also a role to play in
nitrification, particularly in acid forest soils (3).

Minimization of losses of nitrogen is one of the important
goals of good soil management. It is generally recognized that
in addition to removal of nitrogen in crops, losses from soil
can occur By leaching of nitrite and nitrate or reduction of
nitrate to nitrogen gas, and by volatilization of ammonia.
Therefore, in order to conserve soil nitrogen, it may be nec-
essary to control nitrification (4). Nitrogen transformations in
soil are governed by various environmental factors, including
moisture, salinity and organic matter (4, 5, 6).

The present investigation based on a laboratory experi-
ment which extended to four weeks, was undertaken to study
the biochemical transformation of ammonium sulphate nitro-

gen as influenced by moisture, salinity and organic matter.

MATERIALS AND METHODS
Collection and analysis of soil samples

Thirty kilograms of cultivated soil were collected in ster-
ile polyethylene bags from the upper layer (0-20 cm) from
Riyadh area, Saudi Arabia. Analyses of soil were carried out
according to the methods given by Jackson (7). Soil used in
this study was sandy loam soil containing 56.4% sand, 6.1%
silt, 37.5% clay, 7.5% CaCO3, 0.34% organic carbon, 0.045%
total nitrogen, 17 ppm nitrate-nitrogen, 27 ppm ammonium-
nitrogen, C/N ratio of 8.3, pH of 7.8 and total soluble salts
(T.S.S.) 0.083% (All values are means of triplicates).

Nitrification and Extraction of soil Nitrogen ions

All collected samples were amended with ammonium
sulphate (5 mg N g'1 soil), in order to determine the effect of
moisture, salinity and organic matter on the process of nitrifi-

cation of ammonium. Serial concentrations of salts (0.0, 0.5,
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1.0 and 1.5%) and different rates of wheat straw (0.0, 0.5, 1.0
and 1.5%) were used. The soil moisture content was kept con-
stant at 50, 70 and 90% of the water holding capacity (WHC).
The soil samples were incubated in polythene bags, closed
with‘a small hole to allow for gas exchange. The bags were
set up in triplicate and incubated at 25°C for 4 weeks.

Ammonium was extracted from bsoil using kel (1.5N),
nitrate and nitrite were extracted from soil with distilled
water. In all cases a 1:10 soil extractant ratio was used and the
slurry was shaken for 15 min (100 throws min'l). After being
shaken, the soil slurries were filtered through Whatman No 1
filter paper and the concentration of nitrogen ions determined.
Ammonium by the indophenol blue method (8); nitrate using
an Orange 1 method (9) and nitrite colorimetrically as
described by Hesse (10).

Standard statistical procedures were applied for all data
in order to see the relations between nitrification and factors.
minitab-for-Windows program was used in statistical analysis

for all results obtained in this investigation.

RESULTS

The changes in the levels of ammonium, nitrate and
nitrite of ammonium sulphate in soil as affected by serial con-
centrations of salts are shown in Fig. la — lc. The data
showed that nitrification of ammonium sulphate was greatly
decreased by increased salinity and was completely inhibited
at 1.5% salinity. Ammonium sulphate in control soil (no
salinity) completely nitrified within 4 weeks leading to the
maximum nitrification rate of 35 ppm of nitrate. The nitrifi-
cation rate decreased from the lowest salt concentration of
0.5% to the highest concentration of 1.5% after 4 weeks of
incubation. The final nitrate concentrations of the soil sam-
ples were 25 and 12 ppm after an addition of 0.5 and 1.0%,
respecitvely. While 1.5% salinity suppressed nitrification for
two weeks and then slig :tly increased (5 ppm) at the end of
the experiment. The concentration of nitrite in all soil samples
was highly fluctuated and tended to increase with time.

Changes in the content of the different forms of nitrogen
as affected by orgnaic matter (wheat straw) application are
shown in Fig. 2a -2c¢. Organic matter supplementation gener-
ally resulted a higher nitrate and nitrite concentrations. The
increase in nitrate and nitrite was proportional to decrease in
ammonium levels. The nitrification of ammonium sulphate

was greatly increased by increased organic matter percentage
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Fig. 1a. Effect of salinity on ammonium concentration in soil samples treated with (NH.).SO: at 5 mg/g. All values
are means of triplicates +S.D.
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Fig 1b. Effect of salinity on nitrate concentration in soil samples treated with (NH«):SO at 5 mg/g. All values are
means of triplicates +S.D.
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Fig 1c. Effect of salinity on nitrite concentration in soil samples treated with (NH:).:SO« at 5 mg/g. All values are

means of triplicates +S.D.
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Fig 2a. Effect of organic matter on ammonium concentration in soil samples treated with (NH.):SO. at 5 mg/g. All val-

ues are means of triplicates +S.D.

88




Abdullah M. Al-Falih

———0.0 %
Fig. 2b —=—0.5 %
—a—1.0 %
- - 1.5 %
60 —
= 50
=
="
@ 40
=
= 30
20
10
1] 1

Fig 2b. Effect of organic matter on nitrate concentration in soil samples treated with (NH+):SOs at 5 mg/g. All values

are means of triplicates +S.D.
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Fig 2¢. Effect of organic matter on nitrite concentration in soil samples treated with (NH+):SO. at 5 mg/g. All values

are means of triplicates £S.D.
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and was completely nitrified within two weeks at 1.5% of
organic matter, while ammonium sulphate in control soil
nitrified within 4 weeks. The maximum nitriﬁcatién rate (62
ppm) was observed at the highest level of organic matter
amendment (1.5%), approximately two-fold higher than the
control soil. Nitrite concentration varied with time for all soil
treatments. In general, as the organic matter increased the val-
ues of nitrite were higher.

Fig. 3a-3c, illustrate changes in the content of the differ-
ent forms of nitrogen as affected by moisture levels. The high-
est increased detected for nitrate was 40 ppm for the treatment
of 70% moisture content. Both of 50 and 90% water holding
capacity inhibited the nitrification of ammonium sulphate. At
50% water holding capacity nitrate progressively decreased
with time, reaching 15 ppm at end of the incubation time, but
the treatment of 90% moisture content, showed a greater:

decrease of nitrate and disappeared after 4 weeks.

DISCUSSION
In salts amended soils, the addition of 0.0, 0.5, 1.0 and
1.5% salt led to accumulation fo 36, 25, 10 and 5 ppm nitrate
respectively at the end of 4 weeks. This result indicated that

addition of salts caused significant inhibition on the nitrifica-

tion processes. The nitrification rate in soil samples after 4
weeks of incubation decreased with increasing concentration
of salts in the soil. As a result, the largest effect of salts on
ammonium nitrification was observed at higher levels indi-
cating the sensitivity of nitrification to salt concentration.
Smiliar results were reported earlier (6, 11, 12, 13), suggest-
ing that nitrification occurring at higher salt concentrations
may be chemical rather than bilogical in nature.

The results showed a small amount of nitrite in all soil
samples tested with the exception in 1.0 and 1.5% salt. (Fig.
Ic). Nitrite ion is usually considered to be intermediate and
rarely exceed the concentration of nitrate. As a result, NOzion
was only formed transiently in trace amounts towards the end
of the incubation period which was consistent with the find-
ings of many authors (4, 8, 11).

Application of wheat straw, as an organic carbon sources,
stimulated the nitrification processes. Therefore the highest
rate of ammonium oxidation recorded after the addition of
maximum level of organic matter amendment.

The addition of organic matter to soils led to marked
increase in available carbon which was associated with a sim-
ilar increase in numbers of both hetrotrophic bacteria and

fungi (11). organic matter amendment therefore stimulated
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Fig 3a. Effect of moisture content on ammonium concentration in soil samples treated with (NH4):SO. at 5 mg/g. All

values are means of triplicates +S.D.
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Fig 3b. Effect of moisture content on nitrate concentration in soil samples treated with (NH+):SO: at 5 mg/g. All val-
ues are means of triplicates +S.D.
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Fig 3c. Effect of moisture content on nitrite concentration in soil samples treated with (NH+):SO: at 5 mg/g. All values
are means of triplicates +S.D.
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the nitrification of added ammonium, Stimulation of nitrifica-
tion following organic matter amendment and the resultant
increase in microbial numbers is to be expected since these
are processes mediated by hetrotrophic microorganisms (3).

Since nitrification is generally considered to be mediated
by chemoautotrophic bacteria, it is surprising that this process
was stimulated by the addition of a carbon source. Despite the
fact that numbers of microorganisms do not always reflect
rates of measured activity, the obvious explanation for this
observed stimulation in nitrification is that it was due to the
marked increase in population of heterotrophic microorgan-
isms following organic matter amendment. Althogh het-
erotrophic microorganisms are known to be able to nitrify
(14), with the possible exception of acid soils, they are
thought to make only a minor contribution to nitrification
rates in the environment. Although we did not determine the
ability of the heterotrophic bacteria present in soil to nitrify
previous studies showed that a range of filamentous fungi and
yeasts were capable of relatively rapid rates of nitrification in
vitro (15).

The nitrification in soil is an oxidation processes catal-
ysed by microorganisms and controlled by environmental fac-
tors including moisture and organic matter content (1, 5). The
optimum rate of nitrification was detected at 70% of moisture
content that permits presence of adequate oxygen supply
which is necessary for the strictly aerobic nitrifying bacteria.
Thus nitrate, from ammonium oxidation, accumulate with the
lapse of incubation. Both 50 and 90% water holding capacity
inhibited the ammonium oxidation rate. The highest moisture
content (90% water holding capacity) limited oxygen diffu-
sion in soil and hence suppressed nitrification on one hand
and encouraged denitrification and nitrate reduction on the
other. Thus, nitrate was used by facultative anaerobes as the
terminal electron acceptor instead of oxygen under anaerobic
conditions. The rate of nitrification was highest at 70% water
holding capacity due to growth and proliferation of aerobic
and facultatively anaerobic microganisms when adequate
moisture and oxygen supply were present under a suitable
temperature (1,5).

In conclusion, the addition of organic matter enhanced
nitrification proccecces. Nitrate concentration increased as
the amount of organic matter increased. While increased
salinity delayed or inhibited nitrification. The minium oxida-

tion of ammonium sulphate added was recorded at 1.5% of
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salts. The nitrification rate showed progressive increase with
time at 70% water holding capacity, but as moisture content

increased the nitrate production decreased.

REFERENCES

[1] Alexander, M., 1977. Introduction to Soil
Microbiology. 2nd edition, J. Wiley and Sons, New
York.

[2] Eylar, O.R. and E.l. Schmidt, 1959. a survey of het-

erotrophic microorganisms from soil for activity to
form nitrite and nitrate. J. Gen. Microbiol 20: 473-481.
Killham, K., 1994. Soil
University Press.
El-Shahawy, R.M. and i.M. Ghazi, 1983. Control of
nitrification by natural organic materials compared with
N-serve. J. Coll. Agri., King Saud Univ. 5: 179-186.
El-Shinnawi, M.M., 1981. Nitrogen transformations

[3] Ecology. Cambridge

[4]

(5]
during incubation of soil in relation to moisture content
and organic carbon addition. J. Univ. Kuwait., Science
8: 243-249.

El-Shahawy, R.M. and H.A. Amer, 1984. Nitrification

of ammonium sulphate and urea in soil as affected by

(6]

salinity and organic matter supplementation. Proc.
Saudi Boil. Soc. 7: 223-235.

Jackson, M.L.,
Constable & Co. Ltd. London.

Wainwright, M. and G.J.F. Pugh, 1973. The effect of
three fungicides on nitrification and ammonification in
soil Soil Biol. Biochem 5: 577-584.

Middleton, K.R., 1959. The use of the orange 1

method for determining nitrates and a comparison the

[7] 1962. Soil and plant analysis.

(8]

[9]

phenol-sulphuric acid method for certain soils in north-
ermn Nigeria. Journal of the Science of Food and
Agriculture 10: 218-224.

Hesse, P.R., 1971. A textbook of Soil Chemical
Analysis, John Murray, London.

Al-Falih, A.M. and Wainwright M., 1996. Microbial

and enzyme activity in soils amended with a natural

[10]

[11]

source of easily available carbon. Biol Fertil Soils. 21
(3): 177-183.

El-Shahawy, R.M. and Mashhady - A.S., 1984.
Nitrification of ammonium sulphate and urea fertilizers
under saline condition. J. Zbl. Microbiol. 139: 343-349.
Mc-Curmick, W.R. and C.D. Wolf, 1980. Effect of

sodium chloride on carbon dioxide evolution, ammoni-

[12]

[13]




Abdullah M. Al-Falih

fication and nitrification in a Sassafras sandy loam. Soil Limited Press. Oxford, pp. 117-126.

Biol, Biochem 12: 153-157. [15] Al-Falih, AM. and M. Wainwright, 1995.
[14] Killham, K., 1986. Heterotrophic nitrification. In: Nitrification in vitro by a range of filamentous fungi and

Nitrification (Ed,Prosser, C.J.I). Information Retrieval yeasts. Appl; Microbiol; Letters. 21 (1): 18-19.

93






