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NCUBATION experiments were carried out under the laboratory

conditions on a clay loam soil sample from Giza Governorate to
examine the effect of elemental sulphur and organic matter mixture on
minimizing nitrogen losses from soil. Elcmental sulphur ard nitrogen
were added at a rate of 100 mg Kg™' soil, organic matter at a rate of 2%
of soil weight. Nitrogen was in the form of ammonium sulphate and
urea. Samples were taken every one week for the determination of soil
pH, NO -, — N and NH;" -N and SO'; .The irhibition rate was
calculated and statistically evaluated. The results indicated that
nitrification rate depends on the kind of N- fertilizer added , time of
application , temperature and pH. The addition of e lemental sulphur
and organic matter decreased the conversion of ammonium to nitratc
which is due to the accumulation of S in the humic substances which
increase the organic matter efficiency. Ammonium sulphate wreatment
was more evident than urea treatment because urea hydrolysis is time
dependent and thus soil pH was lower than in treatment urea.

Keywords: Nitrification rate, N-source, Sutphur, Organic matter, Clay
soil.

Nitrogen is often the most limiting nutrient for plant growth under arid
conditions, there has been a considerable interest over the years to estimate plant—
available soil N to predict fertilizer N requirements (Bremmner, 1965 and Keeney,
1982). The dynamics of N mineralization and nitrification in the soil cannot be
properly understood without repeated estimation during the year because their
seasonal pattern is impossible to predict using only a single determunation in the
beginning of the vegetation peried (Franzluebbers ef «l, 1995). In arable soils,
these processes are significantly influenced by cultural practices (Campbell ef al,,
1999a). Nitrogen losses from soils are considered a momentous problem in the
present. Denitrification and leaching are regarded as the main loss processes that
are major and significant in practical agriculture.

When sulphur oxidation m soils occurs, the following oxidation products are
to be present - sulphate, sulphite, thiosulphate and tetrathionar whereas sulphate is
the stable form under aerobic conditions. Elemental sulphur application causes a
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decrease in extracted NO, and an increase in NH," indicating inhibition of
nitrification, Abd El-Fattah et al. (1990) and Mostafa & Hassan (1993) reported
that on the other hand, addition of plant organic matter with sulphur enhanced
the effect of sulphur on soil properties. Yousry et al, (1984) and Abd El- Latif &
Abd El-Fattah (1983) found that pH values decreased and electrical conductivity
values were positively affected-also DTPA extractable Fe, Mn and Zn had been
increased as a result of sulphur and organic matter application. O rganic matter
has a positive effect on increasing cations and anions exchangeable capacity and
so keeping nutrients from being leached out. Barbaria and patel (1980) pointed
out that application of organic matter and sulphur at various soil moisture
increased the availability of nutrients significantly as a result of increasing the
exchangeable capacity of soils.

The objective is to study the extent to which nitrification could be reduced by
applying elemental sulphur and organic matter with different nitrogen sources,
ammonium  sulphate (NH.); SO; or urea CO(NH;), through incubation
experiments for twelve weeks under laboratory conditions.

Material and Methods

Clay samples from Giza Govemnorate were collected in early spring. Incubation
experiments were performed in Soils and Water Use Dept. on the clay loam soil to
examine the effect of some N- sources or / and elemental sulphur and organic
matter on niwrate release and nutrients availability. Nitrogen was added as
ammonium sulphate or urea at the rate of 100 mg/ kg soil. Elemental sulphur and
the nittogen sources were added with rate of 100 mg sulphur or nitrogen for each kg
soil, organic matter was added at rate 2% of soil weight and mixed with the soil.

Selected soil properties are shown in Table 1. A hundred grams portions of
s0il were put in plastic cups. All treatments were incubated under laboratory
conditions at room temperature about 25°C.

TABLE 1. Characteristics of the scil used .

pH T TEC |NiT, | NO, | S0, | OM Particle siz distribution_

25 dSmi' | ppm | ppm [ ppm | % | Towl Sand | Sit | Clay | Soil
1:5 CaC03 | % Y% % Texture |

82 1.8 8.0 120 { 876 167 | 233 323 [354 | 323 C.loam !

During the experiment, soil moisture content was maintained at {80%) of the
field capacity through periodical substitution by distilled water. Samples were
taken every week for the determinations of soil pH, SO”y, NH e~ N and NO'; - N
according to the methods described by Cottenie ef . (19821,

Statistical evaluation

Correlation coefficients were used to establish the relationships among the
studied parameters. SPSS/PC” computer statistical program was used for all
calculations.
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Results and Discussion

Weekly measurements were performed from March until June to assess the
parameters NO3- N; NH - N; SO*, concentrations and pH units as shown in
Table 2 that nitrogen addition in the form of ammonium sulphate or urea. Soil
nitrate concentrations reflect maximal nitrification rate at the beginning of
incubation period followed by minimal after 28 and 35 days with ammonium
sulphate and urea, respectively. The amounts of ammonium ions in studied soil
were remarkably lower compared to the nitrate level in both N- sources, such
effect was obtained with Maly er ol (2002). Also, Mulvaney (1994} pointed out
in a laboratory incubation experiment to compare the rate of nitrification for
different N fertilizers s howed that production o f (NO; + NO7,)-N decreased in
the order : urea > DAP > (NH,), SO; > NH,NQ; > MAP, This decrease was
attributed in part to an increase in acidity, but the difference between urea and
(NH,);SO4 was not eliminated by pH adjustment with NaOH. The low rate of
nitrification observed with NH,;NO,; was atinibuted largely to inhibition of NH,
oxidation by NO';.

Representative data in Table 2 show that nitrogen addition in the form of
ammonium sulphate or urea has stightly affected soil pH decreasing it about 0.2
to 0.44 umit through the incubation periods. During the first two weeks urea
hydrolysis raised soil pH as a result of the transitory production o f ammonium
carbamate or ammonia, such favorable effect was obtained with Song er al
(2002), who found in laboratory experiments that the hydrolysis of urea was
faster at 20, 30°C. Soil pH started to decrease gradually thereafter due to nirate
production as a result of the nitrification process . After 28 days of the incubation
period, almost all of ammonium {NH,") was oxidized to nitrate (NO;). Nitrate is
exposed to be lost rabidly as denitrification processes.

Data in Table 3 indicated the effectiveness of sulphur and organic matter
addition on soil pH and NH4/NO; ratio, soil pH was significantly decreased,
maxitmum by at least 0.65, 0.4 unit in each of ammonium sulphate or urea
treatents, respectively, this may be a result of increasing sulphate concentration
in ammonium sulphate treatment. The obtained results stood in confirmation with
Heter {1985); Shadfan & Hussen (1985) and Mostafa & Hassan (1995). They
found that addition of sulphur to soils decreased soit pH, The rate of decrease was
induced with the rate of sulphvr, appiication and duration pericd. The gradial
decrease continued till the end of incubation period the effect of sulphur
application on decreasing soil pH is a direct result of its oxidation to sviphuric
acid and hence reducing soil alkalinity, Decreasing of soil pH is always the aim
of the agricultural practices in most of the alkali soils of Egypt.
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TABLE 2. Nitrification ratio in the clay loam soil as affected by some nitrogen
sources and periods incubation.

Ammonium Sulphate Urea

Incub. | PH NOy- | NHr | NHe/ PH NO-N | NHeN | NHAN

! day N N NO; S, NOy SO,
ppm

8] 82 113 106 9.38 160 .21 1.3 657 1 (.58 87.6
7 8.00 | 364 78.5 2.16 138 .35 28.8 212 0.74 86.3
14 7.94 | 583 56.9 0.87 150 8.42 353 29.7 084 4.2
[ 21 7.89 86.6 234 0.27 142 8.27 52.4 270 0.53 81.6
28 7.88 107 1.65 0.015 140 8.05 76.4 305 0.40 TS
35 7.77 106 0.89 0.008 137 1.91 98.6 142 0.03 73.6
42 1.79 108 0.85 0.009 132 7.95 109 0.123 0.001 69.5
49 7.70 106 0.67 0.006 131 7.98 107 0,226 0.062 68.5
56 7.7 105 (.42 0.004 128 8.00 103 0.405 (.004 66.4
63 7.73 i04 0.73 0.007 124 8.01 104 0.602 0.006 642
70 175 103 6.2 0.002 121 §.00 102 0.554 0.005 64.5
77 7.76 102 o1 0.001 118 8.00 101 0636 0.006 629
84 7.76 101 0.573 G.006 115 8.0t 937 0.734 0.007 63.4

TABLE 3. Nitrification rate in the clay loam soil as affected by addition of some
nitrogen sources, sulphur and organic maiter,

Ammonium Sulphate+S+0OM Urea+§+0M
meubs | PH NOs- | NHe NHN PH NOa- NH, NHr-
day N N NGy SO, N N NNO; | SO
pim
¢ 8.21 1.3 106 9.38 160 321 113 6.57 i .58 87.6
7 R14 | 255 94.6 3.7 155 8.69 18.5 35.1 211 111
14 805 | 372 81.3 219 | 180 | 888 297 40.5 1.30 134
21 7.89 | 4586 66.7 1.46 205 8.35 358 52.3 1.3 156
28 777 | 593 56.2 095 226§ 812 64.2 30.7 0.48 184 |
3 764 | 752 435 0.58 238 7.93 29.6 15.4 0.17 184
42 748 | 816 318 639 230 | 7.85 978 9.33 0.095 182
19 7.51 90.7 169 017 228 1.67 109 0.58 0.003 182
56 7.35 101 5.68 0.06 225 7.69 106 0.69 0.006 180
63 753 104 447 0.04 223 7.73 o4 .43 ot 179
70 7.54 105 3.26 0.03 210 7.7% 108 098 0.01 177
77 7.56 105 2.03 0.02 217 7.80 103 4.56 0,005 173
84 7.56 12 0.839 | 0.007 213 7.81 101 0.132 0.001 17t
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Data in Table 3 showed the effect of sulphur and organic matter on NH, /
NO; ratio where it is noticed that sulphur and organic matter have a positive
effect on hindering the nitrification process and thus maintaining ammenium in soil
where it 15 adsorbed on clay surface and thus protected from losses by
denitrification , while nitrogen as Nitrate form (NO;) is very soluble in soii
solution and is not adsorbed on clay surface, subsequently it’s more exposed to
losses by demitrification. Sulphur oxidation in soil may have inhibition effect on
nitrification where continued entity ammonmm in soil up to 49.42 days of
incubation ammonium sulphate or urea treatments, respectively, ammonium
sulphate was more effective than urea treatment which led to increasing sulphate
concentration in ammonium sulphate treatment which led to decreasing of soil
pH, this 1n turn may be reflected on reducing nitrogen losses from soil as noticed
at the end of the experiment after 84 days of incubation. Bitzer and Sims, (1988)
reported that organic materials addition may have effect on delaying nitrification
and reducing nitrate leaching. Data in Table 3 clarify that graduval sulphate
concentration as a result of slulphur oxidation maintained high level of
ammonium sulphate treatment due to the presence of sulphate as an
accompanying anion, also, through 28 days was sulphur oxidized then slight
decrease started in sulphate concentration in each of two treatments even at the
end experiment may be due to assimilation of microorganisms or reduction
sulphate. Marina et ¢/ (2000) pointed out that organic matter can accumulate S in
the humic substances and then serve as a source of § for plants.

The high level of sulphate concentration in ammonivm sulphate treatment
may be the reason for decreasing nitrogen losses in comparison to urea treatment
where existed (3.8, 13.8)% in ammonium sulphate and urea treatments.
respectively (Table 3). This shows that the limiting factor is substrate availability
The nitrification rate can be limited by sort the N- fertilizer which is supported by
the correlation between NO'y and NH, concentration as shown in Table 4 a, b, ¢,
and d for ammonium sulphate and urea with and without S and OM {Table 4).

In conclusions, it could be said that timing of added fertilizer, sort of N-
fertilizer, temperature, substrate availability are the most efficient factors. The
variability of nitrification rate especially with urea is on pH. The elerental
sulphur and organic matter decreased the conversion ammonium to nitrate which
is due to the accumutation of 8 in the humic substances which affects so1] pH and
nitrogen losses particularly with ammonium sulphate fertilizer. Addition of
stilphur a nd organic matter may be usefui in reducing nitrate leaching resultiag
from nitrification of ammoniacal N sources.
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TABLE 4. Correlation coefficient of the studied parameter under some N- sources
and sulphur +organic matter.

a. Ammonium sulphate

Studied Incubation N0, -N NH':-N SO, Soil pH
parameters /day
1-Incub./day 1.000
2-NO; =N T41¢* 1.000
3-NH*;-N - 7B2** - Qo7 1.000
4- 807, - 987> - B25* Bo9** 1.000
3- Soil pH - RL7** - Q30%* G41%* Bo2** 1.000
**Correlation is significant at the 0.01 level
b. Ammonium sulphaie and S+0OM
Studied Incubation N3 -N NHY-N S0, Soil pH
parameters /day
1-Incub./day 1.000
2-NO5 -N 970%* 1.000
3-NH-N - .G0T7e - Q07 w* 1.000
4- 507, 677 BO7** -.800%# 1.000
5 Soij pH - BOO** -.048** 45%= - 925%* 1.000
**Correlation is signiftcant at the 0.01 level--*Correlation ts significant at the 0.05 level
c.Urea
Studied Incubation NO'; -N NH™,-N S0, Soil pH
parameters /day
! 1-Incub./day 1.000
P 2-NO; N B3 ax* 1.000
3-NH'-N -.073% -.657* 1.000
4- 807, -971** -.926%* T43%* 1.000
5- Soil pH - T06** - 88T J759** B13xE 1.000
**Correlation is significant at the 0.01 level--*Correlation is significant at the 0.05 level
d.Urea and 5+OM
Studied Incubation NO; -N NH', N SO, Soil pH
parameters /day
1-Incub./day 1.000
2-NO, -N YT 1.000
3- NH",-N - 700%* -734%% 1.000
4- 807, T12%* BT -367 1.000
5- Sotl pH - §o2H* - 08T H52* - G20¥* 1.000

**("orrelation is significant at the 9.01 level--*Correlation is significant at the 0.05 level
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