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Abstract

This study investigated the effects of sheep manure compost, elemental sulfur, and irrigation
water quality on soil pH under maize (Zea mays L.) cultivation. A pot experiment was
conducted under greenhouse conditions at Al-Fataih area, north of Derna City, Libya. Sheep
manure compost was applied at rates of 0, 3, 6, 9, and 12% (w/w), while elemental sulfur was
applied at rates of 0, 1, 2, 3, and 4% (w/w). Two irrigation water qualities (tap water and
drainage water) were used. Results showed that irrigation with drainage water significantly
increased soil pH, whereas compost and sulfur applications significantly reduced soil pH. The
interaction between compost and sulfur was highly significant, while the three-way interaction
was not significant. These findings confirm the effectiveness of organic and sulfur amendments
in mitigating alkalinity in calcareous soils.

Keywords: Sheep manure compost; Elemental sulfur; Irrigation water quality; Soil pH;
Calcareous soil; Maize .
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1. Introduction:

Soil pH is a major factor affecting nutrient availability and crop productivity, especially in
calcareous soils prevalent in arid and semi-arid regions. Organic amendments and sulfur are
commonly used to improve soil chemical properties. However, irrigation water quality may modify
their effectiveness. This study aimed to evaluate the individual and combined effects of sheep
manure compost, sulfur, and irrigation water quality on soil pH under maize cultivation.

(Ghulam Murtaza et al 2020) stated that the applications of chicken manure, at low level of

water salinity (EC< 2 mmhos/cm), obviously increased the uptake of such nutrients indicating the
beneficial effect of such manure. Organic fertilizers and sulfur are used nowadays to improve soil
characteristics and fertility index of soil. Huge amounts of organic fertilizers such as sheep manure,
poultry and sheep manure compost could be added to soil for the farming purposes.
Roberta A.B. Gongalves et al (2007) Observed the changes in the hydraulic conductivity were more
pronounced in subsurface soil layers (to about the 1-m depth), which could be a consequence of
the concentration of sodium in the leaching fraction and its subsequent increasingly damaging
effect in the soil subsurface.

2. Materials and Methods

The experiment was conducted under greenhouse conditions using calcareous soil classified as
Typic Calciorthids. Sheep manure compost and elemental sulfur were incorporated into the soil
two weeks before sowing. Maize seeds were planted on July 1, 2021. Irrigation treatments included
tap water and drainage water. The experiment followed a split—split plot design with three
replications.

2.1 Soil Analysis

Soil pH was determined in a 1:1 soil-to-water suspension using a glass electrode according to
Jackson (1973). Particle size distribution was determined using the hydrometer method (Black,
1965).

Selected physical and chemical properties of the experimental soil shown in Table(1)

Table(1)Selected physical and chemical properties of the experimental soil

Parameter Value
Sand (%) 54.90
Silt (%) 22.50
Clay (%) 22.60
Textural class Sandy clay loam
CaCO3 (%) 18.16
Organic matter (%) 0.44
pH (1:1) 7.82
Ec(1:1) 23
Ca? 0.98
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Mg? 0.60
Na* 1.23
K* 0.08
CO; 0.0
HCO-3; 0.42
Cr 0.98
SO 1.45

Two types of irrigation water with different qualities were used a this study namely (i) tap water
and (i) drainage water (drainage water) was collected from the Untreated sewage water of the

eastern coast of Derna City.

Some chemical properties of the irrigation waters are shown in Table (2).

Table( 2 ):Some chemical properties of the irrigation.

Parameter Tap water Drainage water
pH 7.81 8
EC(ds/m) 0.42 3.40
Ca** 2.50 3.78
Mg™ 1.83 2.33
Na* 1.96 15.91
K* 0.15 1.85
CO5” 0.0 0.0
HCOs 3.07 11.51
Cr 2.02 15.32
SAR 1.32 9.11
SARadj 3.88 21.85
RSC -1.36 241

Two soil amendments were used in the experiment; the sheep manure compost and Sulfur. The

main chemical characteristics of the compost are presented in Table(3)

Table (3): Main chemical properties of sheep manure compost.

Parameter Compost Values
pH 8.26
EC(1:5)ds/m 5.4
Ca™ 7.4
Mg*™ 3.6
Na* 4.31
K* 1.85
COs 0
HCO5 2.96
CI 12.95
SO4 1.18
OM % 314
Total N % 0.90

2.2 Statistical Analysis

Data were analyzed using analysis of variance (ANOVA). Mean separation was performed using
LSD at 0.05 probability level (Steel and Torrie, 1982).
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3. Results and Discussion

The experimental soil used in this study was classified as a highly calcareous soil (Typic
Calciorthids) with a sandy clay loam texture and alkaline reaction. Such soils are widely
distributed in arid and semi-arid regions and are characterized by high CaCO3 content, which
limits nutrient availability and reduces crop productivity (Brady & Weil, 2008).

3.1 Effect of Irrigation Water Quality on Soil pH

Irrigation water quality had a significant effect on soil pH (Table 4). Irrigation with drainage
water resulted in higher soil pH values compared with tap water. This increase is mainly
attributed to the high salinity, alkalinity, and sodium concentration of drainage water, which
enhance salt accumulation and alkalization processes in soil (Ayers & Westcot, 1985; FAO,
1979).

The obtained results confirm that the long-term use of low-quality irrigation water can alter soil
chemical equilibrium, particularly in calcareous soils with limited buffering capacity. Similar
observations were reported by Westcot (1979), who emphasized that saline and sodic irrigation
water may increase soil pH and negatively affect soil structure and fertility if not properly managed.
3.2 Effect of Sheep Manure Compost on Soil pH

Sheep manure compost application significantly reduced soil pH compared with the untreated
control (Table 4). Increasing compost rates from 0 to 12% (w/w) resulted in a gradual and consistent
decrease in soil pH under both irrigation water types. This reduction is attributed to the production
of organic and inorganic acids during compost decomposition, as well as enhanced microbial
activity, which promotes proton release into the soil solution (Hashem et al., 1992; Brady & Weil,
2016).

In calcareous soils, organic amendments are known to improve chemical balance by promoting
carbonate dissolution and increasing soil buffering capacity. These findings are consistent with
those reported in previous studies, which demonstrated that organic manure applications effectively
reduce soil pH and improve nutrient availability in alkaline soils (FAO, 2017).

3.3 Effect of Elemental Sulfur on Soil pH

Elemental sulfur application significantly decreased soil pH, with greater reductions observed at
higher sulfur rates (Table 4). The acidifying effect of sulfur is mainly due to its biological oxidation
by soil microorganisms, resulting in the formation of sulfuric acid, which neutralizes soil alkalinity
and dissolves calcium carbonate (Jackson, 1973).

Table(4):Effect of Elemental Sulfur on Soil pH

Treatment
1-Sheep manure % pH(I:1)
0 7.35
3 7.29
6 7.25
9 7.20
12 7.18
L.S.Doos 0.01%**
2-Sulfur %
0 7.29
1 7.27
2 7.26
3 7.22
4 7.22
L.S.Dgos 0.0 ***
3-Water quality
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Tap 7.24
Drainage 7.27
L.S.D005 0.071%**

Application of S, as a soil amendment, is a common practice worldwide to improve the physical
and chemical properties of calcareous soils, in addition to other type of soils. Under optimal
condition, S is converted into sulphuric acid within a few weeks by soil microorganism (Balwan et
al., 2000)
These results are in agreement with earlier findings indicating that sulfur is an effective amendment
for reducing soil pH in calcareous soils The sulphuric acid then acts to reduce the relatively high
pH values of the calcareous soils and dissolve native lime (Ammal et al., 2000).
3.4 Interaction Effects of Compost, Sulfur, and Irrigation Water Quality
The two-way interaction between sheep manure compost and sulfur was highly significant for soil
pH (Table 5). The combined application of compost and sulfur produced a greater reduction in soil
pH than either amendment applied alone. This synergistic effect can be explained by the role of
organic compost in enhancing microbial activity, which accelerates sulfur oxidation and acid
production.
Conversely, the interaction between sheep manure compost and irrigation water quality did not
show a consistent significant effect on soil pH. Similarly, the three-way interaction among compost,
sulfur, and irrigation water quality was not significant. This indicates that although irrigation water
quality influenced overall soil pH levels, the acidifying effects of compost and sulfur were
relatively stable under both tap and drainage water irrigation.
Statistical analysis revealed that the interaction among sheep manure compost, sulfur application,
and irrigation water quality significantly affected most of the studied soil chemical properties.
3.5 Implications for Soil Management
Despite the increase in soil pH caused by drainage water irrigation, the application of sheep manure
compost and sulfur effectively mitigated this adverse effect. The highest amendment rates produced
the greatest pH reduction under both irrigation water qualities. These results highlight the
importance of integrated soil management practices when low-quality irrigation water is used,
particularly in calcareous soils common in arid regions (Ayers & Westcot, 1985; FAO, 2017).
The effect of this interaction on the soil pH is presented in Table(6)The data indicate that sulfur
and town compost decreased soil pH slightly as compared to soil pH of the control (without sulfur
or compost application) under the irrigation with tap water or drainage water. The highest rates of
sulfur and compost were more effective on decreasing soil pH as compared to individual
amendment, under the irrigation with tap water or drainage water.

Table(5): Effect of sheep manure compost, sulfur and irrigation water quality on soil pH.

Rate of sulfur %
Compost% 0 ’ I ’ ) ’ 3 | 4 Average
Tap water
0 7.38 7.39 7.29 7.31 7.26 7.33
3 7.29 7.34 7.24 7.24 7.24 7.27
6 7.24 7.24 7.27 7.19 7.25 7.24
9 7.24 711 7.21 7.18 7.16 7.18
12 722 7.16 7.20 7.13 7.13 717
Average 7.27 7.25 7.24 7.21 7.21

Wastewater
0 7.42 7.40 7.35 7.36 7.30 7.37
3 7.37 7.36 7.26 7.26 7.30 731
6 7.28 7.29 7.27 7.20 7.28 7.26
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9 7.26 7.14 7.31 7.20 7.16 7.21
12 7.22 7.23 7.21 7.18 7.15 7.20
Average 7.31 7.28 7.28 7.24 7.24

The role of sulfur in soil pH reduction is due to the acidic nature of reactions of oxidation of the
applied sulfur in the soil by soil microorganisms which are able produce sulfuric acid in amounts
enough to lower the pH. The application of town compost with sulfur enhanced the reduction of
soil pH. This result are in agreement with those finding by

Monika Tabak et al. (2020) who stated that the decomposition of the organic matter in presence of
CaCs, could be a contributing factor to reduction of pH under conditions of the irrigation with saline
water. In general the pH values of soil under the irrigation with drainage water were higher than
those of the soil under the irrigation with tap water. This result can be attributed to the higher pH
value(8.0) of the drainage water than the pH value(7.8)

3.2. Soil electrical conductivity (EC)

The effect of sulfur application, sheep manure compost, and irrigation water quality on soil
electrical conductivity (EC) is shown in Table (6). The results indicated a progressive increase in
soil EC values with increasing rates of sulfur and compost under both tap and drainage water
irrigation. The highest EC values were recorded under irrigation with drainage water combined
with the highest levels of sulfur and sheep manure compost, reflecting the higher salt content of
drainage water.

Table(6): Effect of sheep manure compost, sulfur and irrigation water quality on soil electrical
conductivity(EC,ds/m).

Compost Rate of sulfur % Average

Y 0 1 [ 2 [ 3 [ 4 £

Tap water

0 1.80 3.15 3.25 350 335 3.01

3 2.30 315 3.15 2.85 355 3.00

6 245 4.05 515 5.40 415 424

9 335 475 5.60 4.60 5.75 4381

12 410 525 515 5.95 6.35 5.36
Average 2.80 4.07 4.46 4.46 4.63

Waste Water

0 2.40 4.35 5.15 5.10 5.75 4.55

3 445 5.10 420 445 5.20 4.68

6 255 6.0 595 6.60 4.60 5.15

9 4.95 7.10 6.25 6.30 6.40 6.20

12 415 6.00 7.10 6.75 7.05 6.21
Average 3.70 5.72 5.73 5.84 5.80

4. Conclusion

Generally, a significant increase in most of the chemical properties of soil irrigated with drainage
water than that irrigated with tap water were observed with sheep manure compost or sulfur
application. The severe salt accumulation in soil at the end of the season is due to that the irrigation
was carried out to the field capacity during the growth season. Application of sheep manure
compost and sulfur increased significantly the yield of maize..

The aforementioned results elucidate that sheep manure compost and sulfur decreased soil pH of
soil. Generally, a significant increase in most of the chemical properties of soil irrigated with
drainage water than that irrigated with tap water were observed with sheep manure compost or
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sulfur application. The severe salt accumulation in soil at the end of the season is due to that the
irrigation was carried out to the field capacity during the growth season.

Application of sheep manure compost and sulfur increased significantly the yield of maize. The
drainage water decreased the growth of maize, while the application of soil amendments (sulfur or
sheep manure compost) increased the growth. It is a good practice to use better water quality for
the seedling stage. In the following stage, water of higher salinity could be used with less risk.

References

Ammal, U. B. , Mathan, K. K. and Mahimairaja, S. (2000) Oxidation of elemental sulphur in red
non — calcareous (Typic Haplustalf) soil. Madras Agric. J. 87: 257 — 260.

Ayers, R.S., & Westcot, D.W. (1985). Water quality for agriculture. ” FAO Irrigation and Drainage

Paper No. 29, Rome, 1985.
Black, C.A. (1965). Methods of soil analysis. ASA.
Jackson, M.L. (1973). Soil chemical analysis. Prentice Hall.

Steel, R.G.D., & Torrie, J.H. (1982). Principles and procedures of statistics. McGraw-Hill.
Balwan, S., Duhan, B.S., Yadav, H.D. and Kumar, V. (2006) Effect of different factors on oxidation
of elemental sulphur in soils of Haryana. Haryana Agric. Univ. J. Res. 36: 31 — 34.
Black. C.A. (ed.) (1965). Methods of soil analysis Part 1 and 2 . Agronomy Monograph No. 9,
Madison, Wisconsin.
Brady & Weil, (2016), The Nature and Properties of Soils. 15th edition, Publisher: Pearson
Education. ISBN: 978-01332544.
Brady, N.C.; Weil, (2008)R.R. The Nature and Properties of Soils; Pearson Education, Inc.: Upper
Saddle River, NJ, USA.
Food and Agriculture Organization(FAO 1979.)
Jackson, M.L. (1973). Soil chemical analysis. Prentice-Hall Englewood Califfs, New Jersey.
Monika Tabak, Aneta Lisowska, Barbara Filipek-Mazur and Jacek Antonkiewicz.(2020) The
Effect of Amending Soil with Waste Elemental Sulfur on the Availability of Selected
Macroelements and Heavy Metals. Department of Agricultural and Environmental Chemistry,
University of Agriculture in Krakow, 21 Mickiewicza Av., 31-120 Krakow, Poland,
Processes 2020, 8(10), 1245; https://doi.org/10.3390/pr8101245
R. S. Ayers and D. W. Westcot, (1985), An Assessment of Irrigation Water Quality and Selected
Soil Parameters at Mutema Irrigation Scheme, Zimbabwe, Water Quality for Agriculture,” FAO
Irrigation and Drainage Paper No. 29, Rome, 1985.

Salar Rezapour, Farrokh Asadzadeh , Mohammad Heidari,(2024), Comparative assessment of
soil health attributes between topsoil and subsoil influenced by long-term drainage water irrigation.

Agricultural Water Management,Volume 302 , 1 September 2024, 109012.

Steel, R.G.D. and T.H. Torrie (1982). Principles and Procedures of Statistics. McGraw International
Book Company, 3 Ed., London, P. 633.

Compliance with ethical standards

Disclosure of conflict of interest

The authors declare that they have no conflict of interest.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of
the individual author(s) and contributor(s) and not of JLABW and/or the editor(s). JLABW and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions, or
products referred to in the content.

Journal of Libyan Academy Bani Walid Page 17



https://www.google.com/url?sa=i&source=web&rct=j&url=https://www.fao.org/about/about-fao/en/&ved=2ahUKEwj7hp_M0tyRAxXEQ_EDHdQ4JRQQy_kOegQIARAB&opi=89978449&cd&psig=AOvVaw2vFApUg2AGeyn9yjprcTYC&ust=1766886318482000
https://doi.org/10.3390/pr8101245
https://www.scirp.org/journal/paperinformation?paperid=43188
https://www.scirp.org/journal/paperinformation?paperid=43188

