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INTRODUCTION

Sulfur is a key nutrient for crop production. However, sulfur 
deficient soils (>100 million ha) are found in many agricultural 
areas around the globe. Sulfur plays a crucial role in the formation 
of chlorophyll and a building block of protein. Without 
adequate S, crops cannot reach their full potential in terms of 
yield or protein content [1]. Organic matter is the main sources 
of total sulfur for the soils in the humid area, while gypsum is 
the main source for the soils in the drier parts. When S is scarce 
in the soil, full yield potential of the crop cannot be realized 
regardless of other nutrients even under good crop husbandry 
practices. The aftereffects of particulate sulfur supply in soil 
is of major problem as it creates pollution in agricultural soils.

As there are no minerals containing N in soil, reserves of N 
depend on the soil organic matter content. Thus, N cycling in 
soil is closely related to organic matter turnover. Micro-organisms 
are responsible for soil-N transformations, which play a key role 

in determining the availability of N for plant growth and crop 
production. Therefore, the knowledge of the quality of soil 
organic matter and understanding of these N-cycling processes 
are of utmost importance with respect to agricultural systems 
for the balanced and proper management of external sources of 
N in the forms of mineral and organic fertilizers and biologically 
fixed N. Changes in the N cycle associated with excessive soil-N 
loading can have detrimental effects on terrestrial and aquatic 
ecosystems, such as eutrophication, algal blooms and dead zones.

Soil micro biota, is involved in the macronutrient cycles [2,3], 
is negatively affected by the fire. Soil microorganisms are 
susceptible to the indirect environmental changes caused by 
heat [4]. Microorganisms are responsible in the formation, 
stabilization, and degradation of soil aggregates [5,6]. The 
present study was carried out to study the effects of different 
sources of sulfur on N mineralization and immobilization, 
microbial population, organic matter content and microbial 
activity in alkaline calcareous soil.
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MATERIALS AND METHODS

Soil Sampling and Processing

Soil samples selected at 0-20 cm depth were collected randomly 
from 6-8 different spots from Malakandher Farm. Samples 
of all spots from the same depth were mixed thoroughly to 
form a composite sample of about 21 kg. Soil samples were 
transported in cool boxes to the laboratory of the Department of 
Soil & Environmental Sciences, The University of Agriculture-
Peshawar. Soil samples were broken down by hands and sieved 
through < 2 mm sieve in fresh and moist form. Samples were 
run for necessary analysis immediately after sieving or kept at 
4 °C until ready to run.

Soil Amendments with Sulfur Sources

About 21  kg of soil was amended with different sulfur 
amendments. The following treatments were arranged to assess 
the effect of low (3 t ha-1) and high (6 t ha-1) level of sulfur from 
3 sources of S:

S. No. Treatments Rate of application

T1 Control No sulfur added
T2 S elemental-Low level 3 t S ha-1

T3 S elemental-High level 6 t S ha-1

T4 H2SO4-Low Level 3 t S ha-1

T5 H2SO4-High level 6 t S ha-1

T6 Gypsum- Low Level 3 t S ha-1

T7 Gypsum-High level 6 t S ha-1

The soil was amended with the desired level and source of S as 
per plan and thoroughly mixed into the soil. The samples were 
incubated at 28 °C. Microbial population (bacteria and fungi), 
microbial activity, mineralizable N and Soil organic matter 
(SOM) were measured during the experiment.

Laboratory Analysis

Measurement of bacterial and fungal population

Bacterial and fungal populations were determined by the 
dilution plate technique as described in [7].

Measurements of CO2 evolution

Microbial activity was measured by using alkali trapping 
method. The samples for microbial activity were taken in 
duplicates from each treatment.

Soil organic matter (%)

Soil organic matter in soil samples was determined by the 
Walkley-black procedure using K2Cr2O7 as described by [8].

Total Mineral Nitrogen

The steam distillation procedure was used for the determination 
of mineral N (NH4-N and NO3-N). The amount of mineralizable 

N was calculated by difference as follows:

Mineralizable N= mineral N at day 10 – mineral N at day 0

RESULTS AND DISCUSSION

The Rate of CO2 Evolution

Results obtained on the rate of CO2 evolution as influenced 
by sulfur sources during ten days of incubation periods are 
given (Table 1, Figure 1). It was observed that the rate of 
CO2 evolution was generally higher in soil amended with a 
low and high level of elemental sulfur (T3 and T2) during 
two days of incubation periods. The lowest CO2 during 
two days of incubation was obtained in soil amended 
with a low and high level of gypsum. On day 5, the higher 
rate of CO2 evolution was observed in the treatments 
amended with elemental S. The same trend was observed 
at day 10. However, the rate of CO2 evolution decreased 
in all treatments with time. These results suggested that 
elemental S significantly promoted microbial activity in soil. 
It is interesting to note that gypsum amendment somehow 
depressed microbial activity in soil.

The microbial activity was declined in all treatments, but 
the significant decline was observed in soils amended with 
gypsum. However, the reduction in microbial activity in soils 

Table 1: Effect of different sources of sulfur on the rate of CO2 
evolution (µg CO2 g‑1 soil d‑1) during ten days of incubation
Treatment 2 days  

(Incubation)
5 days  

(Incubation)
10 Days  

(incubation)

T1 (Control) 105 26 19
T2 (S Elemental‑low level)* 141 39 43
T3 (S Elemental‑high level)** 139 47 51
T4 (H2SO4‑low level*** 119 24 24
T5 (H2SO4‑high level)**** 173 23 30
T6 (Gypsum‑low level)***** 86 17 23
T7 (Gypsum‑high level)****** 81 21 25
Mean 120 28 31

*Elemental S at 3 t S ha‑1, ** Elemental S at 6 t ha‑1, ***H2SO4 at 
3 t S ha‑1, **** H2SO4 at 6 t S per ha‑1, *****Gypsum at 3 t ha‑1, 
******Gypsum at 6 t S ha‑

Figure 1: Effect of different sources of sulfur on the rate of CO2 evolution 
during ten days of incubation period
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amended with elemental sulfur was lesser as compared with 
that amended with sulfuric acid or gypsum. Application of 
elemental Sulfur fertilizer caused a significant decrease in 
microbial activity also reported by [9]. Due to soil acidification, 
a decline in heterotrophic microbial activity has been studied 
by [10] [11-13]. Correspondingly, reduced microbial activity 
was also reported [14,15].

Cumulative CO2 Production

The results obtained on cumulative CO2 production as 
influenced by the different sources containing sulfur and 
incubation periods during ten days of incubation are given 
(Table 2, Figure 2). It was noticed that the cumulative CO2 
production was generally higher in treatments amended 
with elemental sulfur and was decreased compared with that 
amended with sulfuric acid, control, and gypsum. According 
to results, the higher cumulative CO2 production was observed 
in Sulfur elemental-higher level 277 μg CO2 g-1 soil d-1 on 
day 2, 417 μg on day 5 and 670 μg CO2 g-1 soil d-1 on day 
ten respectively. In sulfur elemental lower level 283 μg on 
day 2, 400 μg on day 5 and 616 μg CO2 g

-1 soil d-1 on day 10. 
The lowest CO2 cumulative production was observed in soil 
amended with gypsum higher and lower levels 162 μg on 
day 2, 223 μg on day 5 and 349 CO2 g

-1 soil d-1 on day 10. In 
the lower level, 173 μg on day 2, 222 μg on day 5 and 337 μg 
CO2 g

-1 soil d-1 on day 10.

Microbial Population

The results obtained on the microbial population, i.e.  as 
influenced by different sources containing sulfur and incubation 
periods during ten days of incubation are given (Table 3). It 
was observed that bacterial population in control treatment 
was 9 × 107 g-1, 2.4 × 108 g-1, 1.1 × 109 g-1 and 1.9 × 109 cfu g-1 
soil on days 0, 2, 5 and ten respectively. In sulfur elemental 
higher level, the bacterial colonies observed were 30.0 × 107 g-1, 
4.1 × 108 g-1, 1.6 × 109 g-1, and 1.4 × 109 cfu g-1 soil on days 0, 2, 
5 and ten respectively. The bacterial colonies in a sulfuric acid 
higher level, the bacterial colonies observed were 4.5 × 107 g-1, 
2.7 × 108 g-1, 0.92 × 109 g-1 and 2.3 × 109 cfu g-1 soil on days 
0,2, 5 and ten respectively. In gypsum higher level, the bacterial 
colonies observed were 2.3 × 107 g-1, 7.8 × 108 g-1, 1.5 × 109 g-1, 

and 1.5 × 109 cfu g-1 soil on days 0, 2, 5 and ten respectively.

The fungal population was observed much higher in soil treated 
with sulfuric acid. The colonies observed in control were 2.5 × 
107 g-1, 6.0 × 106 g-1, 1.3 × 106 g-1 and 0.80 × 106 cfu g-1 soil on 
days 0, 2, 5 and 10 respectively. The fungal colonies observed in 
soil treated with sulfur elemental higher level were 1.6 × 107 g-1, 
0.70 × 106 g-1, 3.5 × 106 g-1 and 0.25 × 106 cfu g-1 soil on days 
0, 2, 5 and ten respectively. The fungal colonies observed in 
soil treated with sulfuric acid were 11.0 × 107 g-1, 7.5 × 106 g-1, 
5.8 × 106 g-1 and 1.2× 106 cfu g-1 soil on days 0, 2, 5 and ten 
respectively. The fungal colonies in soil treated with gypsum 
higher level were 3.7 × 107 g-1, 4.0 × 106 g-1, 4.5 × 106 g-1 and 
1.1 × 106 cfu g-1 soil on days 0, 2, 5 and 10 respectively.

It was observed that fungal population in soil treated with 
sulfuric acid was much higher compared with the soil amended 
with sulfur elemental and gypsum. In this case, a much decrease 
in bacterial population was observed in soil treated with sulfuric 
acid, because sulfuric acid made the soil favorable for fungi.

There was a reduction in fungal and bacterial populations 
under sulfur treatments [9]. Generally, the bacterial population 
was higher in soil treated with gypsum. The population of 
total bacteria, Azotobacter, Nitrosomonas and Nitrobacter 
considerably increased due to the application of gypsum also 
studied [16]. Bacterial activities were also affected by gypsum-
amended soils as observed [17]. The bacterial populations 
observed in soil amended with elemental sulfur were much 
lesser over other treatments. The population of bacteria and 
fungi were much decreased with the incubation time periods, 
the population was higher on day 0 followed by 2, 5 and 10.

Total Mineral Nitrogen

The outcomes obtained on total mineral nitrogen as influenced 
by different sulfur-containing sources and incubation periods 
during 10 days of incubation are given (Table 4). Generally, 
on day 0, the higher total mineral nitrogen was observed in 
soil treated with gypsum followed by elemental sulfur, sulfuric 
acid, and control. The total mineral nitrogen in the gypsum 
higher level was 67.38 μg N g-1 soil and 3.50 μg N g-1 soil on 
days 0 and 10. The pure mineral N mineralized was -63.88 μg 

Figure  2: Effect of different sources of sulfur on cumulative CO2 
production during 10 days of incubation period

Table 2: Effect of different sources of sulfur on cumulative CO2 
production (µg CO2 g‑1 soil d‑1) during 10 days of incubation
Treatment 2 days  

(Incubation)
5 days 

(Incubation)
10 days 

(incubation)
Mean

T1 (Control) 209 286 383 239
T2 (S Elemental‑low level)* 283 400 616 433
T3 (S Elemental‑high 
level)**

277 417 670 455

T4 (H2SO4‑low level)*** 238 310 428 325
T5 (H2SO4‑high level)**** 245 415 567 442
T6 (Gypsum‑low 
level)*****

173 222 337 244

T7 (Gypsum‑high 
level)******

162 223 349 245

Mean 241 325 487 348
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N g-1 soil. The total mineral nitrogen in gypsum lower level was 
66.50 μg N g-1 soil and 7.00 μg N g-1 soil on days 0 and 10, the 
net N mineralized was -59.50 μg N g-1 soil. The total N mineral 
observed in elemental sulfur higher level was 58.63 μg N g-1 soil 
and 10.50 μg N g-1 soil on day 0 and 10 respectively, the net N 
mineralized was -48.13 μg N g-1 soil. The total mineral N in the 
elemental sulfur lower level was 57.75 μg N g-1 soil and 12.25 μg 
N g-1 soil on days 0 and 10 respectively, the net N mineralized 
was -45.50 μg N g-1 soil. The total mineral nitrogen in sulfuric 
acid higher level was 58.63 μg N g-1 soil and 5.25 μg N g-1 soil on 
days 0 and 10 respectively, the net N mineralized was -53.38 μg 
N g-1 soil. The total mineral nitrogen observed in the sulfuric acid 
lower level was 56.0 μg N g-1 soil and 9.63 μg N g-1 soil on days 0 
and 10 respectively, the net N mineralized was -46.38 μg N g-1 
soil. The total mineral nitrogen in control observed was 36.75 μg 
N g-1 soil and 4.38 μg N g-1 soil on days 0 and 10 respectively; the 
net N mineralized was -32.38 μg N g-1 soil. After incubation, the 
sulfur amendments promoted Immobilization of N.

Soil Organic Matter (%) 

The results obtained on soil organic matter as influenced by 
the different sources containing sulfur and incubation periods 
during 40 days of incubation are given in Table 5. It was observed 
that soil organic matter was higher in soil amended with gypsum 
followed by control, elemental sulfur (higher and lower level) 
and sulfuric acid (higher level and lower level). According to 
results, the percent soil organic matter in soil amended with 
gypsum of the higher level was 1.12 %, 1.64 %, 2.24%, 2.73 % and 
2.07 % on days 0, 5, 10, 20, 40 respectively. In gypsum lower level 
0.98 %, 2.14 %, 3.11 %, 1.54 %, 2.05 % on days 0, 5, 10, 20 and 40 
respectively. In control, 1.26 %, 2.16 %, 1.02 %, 2.23 %, 2.42 % on 
days 0, 5, 10, 20 and 40 respectively. In elemental sulfur higher 
level 1.40 %, 2.50 %, 0.93 %, 1.52 % and 2.35 % on days 0, 5, 10, 
20 and 40. In elemental sulfur lower level 1.55%, 2.33 %, 1.00 %, 
1.60 % and 2.17 % on days 0, 5, 10, 20 and 40. In sulfuric acid 
higher level the result was 1.41 %, 1.79 %, 1.02 %, 1.79 % and 
2.09 % on days 0, 5, 10, 20 and 40. The lowest organic matter 
content was observed in sulfuric acid lower level 0.86 %, 2.02 %, 
0.79 %, 2.09 % and 2.16 % on days 0, 5, 10, 20 and 40. [16] The 
acidification leads to changes in the solubility of organic matter 
as and such changes might influence the leaching of organic 
matter [18]. Organic matter contents were built up with the 
application gypsum [19].

CONCLUSIONS

Microbial activity in the soil was greatly influenced by sources 
of sulfur. Elemental S significantly promoted microbial activity 

in soil. Gypsum amendment depressed microbial activity in soil. 
The rate of CO2 evolution and cumulative CO2 production was 
decreased in all treatments during the laboratory incubation 
period. Microbial activity was more significant where the 
microbial population was high. Bacterial population was 
depressed by sulfuric acid and elemental sulfur. However, it was 
greater in soil amended with gypsum. The fungal population was 
highest in soil amended with sulfuric acid. Before incubation, 
the total mineral was promoted by sulfur sources. The sulfur 
amendments promoted immobilization of N after incubation.
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