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There is very little information available in the literature dealing
with the effects of salinity on sulfur mineralization. Therefore, informa-
tion on N and S mineralization in various soil - organic systems, particular-
ly in salt affected soils, is needed for better prediction of N and S
requirements and to make the most efficient use of available cropland to
supply foocd and energy. The chbjectives of the present study were: [if to
capare the rates of N and S nineralization in saline scils treated with
organic material; /ii/ To assess the effects of incubaticn temperatures,
type of organic material and enzyme activities on the relationship between
mineralization of these two elements in soils.

Materials and methods

The five soils /Table 1/ selected far the study represent sane soils
occurring in the southern part of Irag with a wide range of chemical and
physical properties.

Samples of field moist soils [0-30 an/ were screened through a 2-mm
sieve and divided into twc partions. One portion was placed in a polyethylene
bag and stored in a refrigerator at 4 °C; a subsample of which was used in
the incubation experiments to study the mineralization of N and S. The
secand particn was used to determine chemical properties.

The three organic materials /Table 1/ were ottained fram the Collece
Research Farm in Hartha /Basrah/. After drying the organic materials were
around to pass a 20-mesh seive and stared at 4 AcC.

PH was determined with glass electrode [soil:water ratio 1:1/, elec—
trical conductivity /EC/ by the saturation extract procedure, organic C
by chromic acid [JACKSON, 1958/, total N by the semimicro-Kjeldahl procedure
+/BREMNER, 1965/, total S by the NaOBr oxidation method /TABATABAT and BEEM-
NER, 1970/, particle size distribution by the pipette analysis [KIIMER and
ALFXANDER, 1949/, protease activity was assayed by the method of LADD and
BUI‘LE]‘R [1972/, and arylsufatase activity according to TABATABAT and BREMNER
/1970/.

In the incubation experiments, a 25 g sample Jon an oven-dry basis/ of
field moist soil and an equal weight of sand washed with 1 N HCl were mixed
with organic material /quantity of each, organic material was caloulated to
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Table 1
Scme chemical and physical properties of the studied scils and organic

materials
Place of origin CaCOy4 Total Total Organic Clay Sand
of soil, and EC N S c
type of organic o dS/m /k
material g9/kg
Soils
Zubair 7.8 0.8 28.3 0.02 0.03 0©.17 g¢c 836
Missan 7.7 2.5 39.6 0.05 0.04 0.54 224 160
Khumasat 7.6 3.9 3c.4 0.09 0.08 0.78 336 434
Alkhasib 7.8, 8B4l 46.4 0.11 0.17 1.15 424 33
Dair 75 13.6 45.0 0.09 0.29 0.92 481 59
Crganic material
Organic fertilizer 7.4 6.5 - 20.6 9.4 152.8 - =
Chicken manure 7.7 19.8 - 22.3  29.5 174.9 = =
Alfalfa hay 742 XT3 = 35.8 13.2 418.0 = =

give an equivalent of 2% organic C/. The soil-sand-organic material mixture
was retained in a leaching tube /with 3.5 an diameter and 15 cm length/ by
means of a glass wool pad and a layer of washed fine sand. A thin glass-—
wool pad was placed over the scil to aveid disperion when solution was
poured over the treated scil. The control was a soil-sand mixture without
organic material. All treatments were carried out in duplicate. The leach-
inag tuke was placed on a sucticn flask. The soil-sand mixture was leached
with 0.01 M KC1 in 4 to 5 increments to remove the mineral N and S in scil,
and the excess water was removed under vacuum /60 cm Hg/.

Two sets of leaching tubes were prepared, each with 40 tubes /duplicate
leaching tules of 5 soils with 4 organic material treatments/. One set of
soil-sand mixtures was incubated at 25 °C and the other at 35 °C. After 2
weeks, each leaching tube was placed on a 250 ml sucticn flask and leached
with 100 ml of 0.01 M KCl in 4 to 5 increments. The leaching procedure was
repeated every 2 weeks up to 1€ weeks. The moisture contents of the columns
were adjusted ky weighing the colums every 5 days and by adding distilled
water. The leachate thus obtained was made to 100 ml with distilled water
and mixed, and aliquots were taken tor analysis of NHy-N, NO3~N and S0,-S
[JOHNSCON and NISHITA, 1952/. No NOg-N could be detected in any of the
leachate analyses.

Results and discussion
Mineralization of N and §
The cumlative amounts of N and S mineralized in the Dair and Zubair
scils treated with organic fertilizer, chicken manure and alfalfa hay as a

function of time during 1€ weeks of incubation at 35 °C are shown in Fig.l.
The results obtained in the other three soils are reported in Takle 2 as
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parameters and correlation coefficient of linear relatlons.‘m_ps between
mineralized N and S and time of incubation at 25 °C and 35 “C. All the
relationships were significant at 0.0l protability level. However, the rate
of S mineralization was found to be greater than N mineralizaticn.

The linear relationship obtained for cumulative mineralized N and time
of incubation [Fig. 1 and Table 2/ do not support the findings of STANFORD
and SMITH /1972/ and DEANS et al. [1986/ in samples that had been dried and
sieved previocusly. In contrast, results cbtained id this study were in
agreement with those cbtained by TABATARAT and AIL-KHAFAJI /1980/ in 12
non-treated field moist soils, with organic C content ranging fram 12.6 to
53.2 g/kg. In an other work, CHAE and TABATABAT treated 5 of the
akbove 12 soils with waste materials. They found that N mineralization varied
cansiderably depending on the soil type and organic waste materials. In
general, hovever, they found that among the organic materials studied, the
plotting of cumlative mineralization of M fram alfalfa treated soils against
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Fig. 1
cumilative amounts of N and S mineralized in Dair and Zubair soils treatgd
with different organic materials at 35 °C. a/ Control; b/ organic fertilizer;
¢/ chicken manure; d/ alfalfa hay
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incubation time showed exponential curves. The disagreement with our results
may be attributed to the differences in the indigenous energetic materials
of the soils. Soils in our study had a low arganic C content /1.7 to 9.7
a/kg/, therefore the stimulating effect of added energy materials on the
organic matter transformation [priming action/ is expected to be different.

Infomation dealing with S mineralization in soils, particulary in
saline soils, treated with crganic material is lacking. Results reported in
Fig. IB and Table 2 are descriting the linear relationship between cumlative
mineralized $ and time of incubation at 25 °C and 35 . Camparing N and S
mineralizaticn, results cktained /Table 3/ indicated that S mineralization
was faster and greater than N mineralization. The cumilative amounts of

Table 3
Amcunts of N and S mineralized / ugN/g soil/ O:Ln soils treated with arganic
material and incubated at 25 “C and 35 “C for 16 weeks

Soil Amount of N Amount of S
treatment mineralized mineralized

at 25 %¢  at 35 % at 25 °C at 35 ¢
Fubai
Non 263.1 268.7 1250.4 1320.3
Crg 3233 372.0 1757.2 1538.2
Chi 563.7 624.0 2031.9 2235.8
Alf 492.3 471.¢ 1180.4 1410.5
Missan
Non 230.7 220,2 1672,1 1591.9
Org 284.7 312.1 1414.3 1044.1
Chi 435.9 525,9 1707.0 2709.2
Alf 339.1 568.0 1130.0 1945.7
Khumasat
Non 243.4 262.6 1997.7 1386.8
Org 294.5 308.2 1763.5 1909.2
Chi 436,2 688.8 2990.2 2842.1
Alf 357.7 567.9 1830.6 1754.1
Alkhasib
Non 227.7 260.2 1201.8 2075.8
Org 252.2 334.8 1516.0 2370.3
Chi 407.1 667.1 2192.2 2499,4
Alf 440.6 652.6 1605.6 1859.9
Dair
Nen 239.6 271.4 1600, 4 2503.5
Org 297.2 350.7 1949.3 3082.0
Chi 504.9 489.4 2666.4 2708.7
Alf 451.4 697.7 2062.7 2062,7

See Table 2 for soil treatments.
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mineralized S ranged frc:m 1130.4 to 2666.4 pg/g soil and fram 1370.3 to
3082.0 »g/g soil at 25 °C and 35 °C incubation temperatures, respectively.

This finding does not support the results reported by TABATABAL and AL-KHAFAJI
/1980/.

Factors affecting N and S mineralization

Analysis of variance /Table 4/ indicated that added corcanic materials
[0/ and incukaticon temperatures /T/ were the primary factars [p=0.0l1/
affecting N and S mineralization. Scils used /S/ also exerted a significant
effect [p=0.01/ on N mineralization, whereas, little effect [p=C.05/ was
found in N mineralization. TARATARAI and BREMNER /1972/ and others have not
been able to demonstrate such relationships. Nevertheless, results obtained
in this study support incubation investigations carried out by many authors.
Greater amounts of obtained mineralized S compared with mineralized N may
be attributed to the low N/S ratios of the incubation soil-sand mixtures.
The low N/S ratios would cause greater immopilization of N relative to S.
Additionally, soils used in this study had a high CaCCy content [Table 1/
and this may enhance volatilization of mineralized N /TERMAN, 1979/.

The influence of csmotic tension on N and S mineralization in treated
saline soils was evaluated. The content of salts was measured in all soil
treatments. Results obtained are presented in Fig. 2 for N and S mineraliza-
tion. Results indicated that mineralized N significantly J.ncrgasec w1th
increasing soil salinity at both incubaticon temperatures /25 “C and 35 C/

The stimulating effects of soil salinity on the mineralization of N
are not clearly understood. However, WESTERMAN and TUCKER attributed
the possibilities of stimulating to the solubilization of organic N with
increasing salt concentration and becames more easily mineralized.
BROADBENT and NAKASHIMA [1971/ concluded that csmotic effect cantributed to
the mineralization of organic N in scil, kut that the magnitude depends on

Table 4
Analysis of variance of soil treatments affecting N and S mineralizaticn

Source of Mineralized N Mineralized S
variance d.f

F-ratio
Soils /S/ 4 3.51= 17.53=%
Organic material [0/ 3 176.1%= 46.ddwx
Terperature [T/ X 74,837 34,79
5x0 12 2.25% 1.79
SxT 4 4.0 8. 18%=
OxT 3 12,102 0.82
SxOxT 1z 2.827=% 2.64%
Error 40

s Denotes significance at 0.0l level
% Denctes significance at 0.05 level
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Fig. 2
Effect of salinity on N mineralization and S mineralization at 25 Sc and 35 ¢

the salt and the nature of soil. In fact, the soils used have been affected
by salinity, therefare adaptation of indigencus heterctrorhic microorganisms
may be expected to tolerate high osmotic tensicns. Sulfur mineralization
shows the same tendency as N at various salinity levels. These findings
indicate that there is a close relationship between the microbial conversion
of N and S.

We studied the relationship between protease activity and the total
amount of N mineralized during 16 weeks of incukation at 25 °C and 35 °C.
Protease activity cbtained at 25 ¢ was significantly correlated with total
mineralized N /r=0.569/. is relationship was not sionificant when protease
activity was assayed at 35 "C [r=0.422/. Little information is available on
the relationship between protease activity and N mineralizaticn. It is known
that proteclytic reactions play an importment role in N turnover in soils.
Therefore this relationship would be useful in predicting N mineralizaticn
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potentials of soils treated with organic ¥ by relatively simple enzyme
assay.

yStatistical analysis of the results of this study showed that aryl-
sulfatase activity was not cogrelated wioth total S mineralization during
16 weeks of incubation at 25 “C and 35 ~C. Arylsulfatase activity was
negatively correlated [r=-0.178/ with total mineralized S at 35 C. This
inverse relationship was not expected and it needs further investigation.
Results cbtained in this study, however, do not support the findings of
KOWALENKO and LOWE [1975/ in four Canadian soils during 14 weeks of
incubation at 30 “C. In another work, TABATABAT and BREMNER /1972/ reported
that arylsulfatase activity of 12 Iowa soils was ngt correlated with
mineralized S during 10 weeks of incubation at 30 °c.
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