Availability and Transformations of Phosphorusin Calcareous Sandy Soil as

Affected by Farmyard Manure and Elemental Sulfur Applications
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ABSTRACT

An incubation experiment was conducted to study the
effects of farmyard manure (FYM) and elemental sulfur
(S) on availability, fractionation and transformation of
phosphorus in calcareous sandy soil. Soil samples were
treated with FYM at levels. 0 (FYMy), 25 (FYMy), 5
(FYM,) and 7.5 (FYM3) g pot™* and S at levels: 0 (S), 0.1
(S1), 0.2 (S,) and 0.3 (S;) g pot™%. The soil was incubated for
ten weeks under field capacity conditions. Additions of
FYM caused significant increases in the amount of
available P (Olsen—P) from 34.57 to 4454 mg kg ™. The S
with FYM application significantly increased Olsen—P of
this soil at S;FYM; from 4295 to 52.70 mg kg™
Significant reduction in Olsen—P was observed at S, and S;
levels, but the addition of S at S; level led to its
insignificant increase. FYM application transformed HCI-
Pi, NaOH 11-Pi and residual P to NH,CI-P, NaHCOs-Pi,
NaHCO;-Po, NaOH I-Pi, NaOH |-Po and NaOH I1-Po
fractions. Application of S converted the NH,CI-P, NaOH
I-Pi and HCI-Pi fractions to NaHCO3;-Pi, NaHCO3;-Po,
NaOH [-Po, NaOH 11-Pi, NaOH I1-Po and residual P
fractions. I1t’s recommended adding FYM to calcareous
sandy soils as well as adding S combined with FYM to
improve the soil properties.

Keywords: Incubation; Labile-P; Olsen-P; Phosphorus
fractions

INTRODUCTION

Calcareous sandy soils are common in many areas
around the world specially arid and semiarid regions,
that suffer from scarcity of most nutrients availability
particularly phosphorus. Many soils in their natural
state do not contain adequate amount of available P to
maximize crop yield (Hopkins and Ellsworth, 2005).
Phosphorus availability in soils is affected by several
factors such as soil reaction, organic matter, texture
(Verma, 2013), calcium carbonate (Hopkins and
Ellsworth 2005), parent material, weathering and
climatic conditions (Fuentes et a. 2008). Moreover,
phosphorus availability in calcareous soils is influenced
by many factors as size and amount of free CaCQOs,,
activity of Ca™ ions as well as amount of clay (Sims
and Ellis, 1983; Tisdale et a., 1997). In calcareous
soils, interaction of soluble phosphate from adding
mineral phosphate fertilizers and soil Ca ions occurs
and produces dicalcium phosphate which with time
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transforms to tricalcium phosphate as well as
phosphorus adsorbed on calcite surfaces, leading to
decrease in solubility and availability of soil phosphorus
(Brady and Weil, 1999; Delgado and Torrent, 2000;
Leytem and Mikkelsen, 2005). Amelioration of P
availability and uptake by plants is important for
economic, humanitarian and environmental reasons
(Vance et d., 2003). The suitability extent of calcareous
soils for agriculture depends on management systems
via adding of organic materials and some amendments
to improve availability of nutrients, particularly
phosphorus (Al-Oud, 2011; Karimi et d., 2012).
Applied municipal compost to some calcareous soils
was reported to increase soil phosphorus availability
(Hosseinpur et a., 2012). Organic manure additions
also caused an increment in Olsen extractable P of soil
(Bahl and Toor, 2002). In P-fixing soils, applications of
organic matter were reported to increase available P
because of mineralization (lyamuremye and Dick,
1996). The oxidation of sulfur in the calcareous soils is
influenced by many factors like particle size of sulfur,
soil moisture, temperature, pH, nutrient status and
microbial activity of the soils as well as the oxidation of
sulfur is rapid under low soil pH conditions (Havlin et
a., 1999). Oxidation of sulfur in the soil is achieved by
certain groups of some microorganisms as acidophilic
bacteria, especialy Thiobacillus spp. (Seidel et d.,
1998; Kayser et al., 2000). Elemental sulfur additionsto
calcareous soil caused decrease soil pH and increase in
Olsen extractable phosphorous (Modaihsh et al., 1989).
Phosphorus fractions were categorized into three groups
are labile P includes NH4-Cl and NaHCOs-P (Pi and
Po); moderately labile P contains NaOH-P (Pi and Po)
and HCI-Pi; stable P or non labile was (NaOH I1-Pi,
NaOH I11-Po and residual P) according to (Niederberger
et a., 2015). Phosphorus fractions may vary in mobility,
bicavailability and chemica behavior and can be
transformed under certain conditions (Jalai and
Ranjbar, 2010). Generally, manure application has
important dynamic effects on chemical fractions of
phosphorus because P released from manure is
gradually converted into available forms by the time
(Halgjniaet a., 2009). It iswell known that the addition
of phosphate fertilizers to calcareous soils happen
phosphorus may turn into insoluble forms which are
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unavailable to plants. So, the objectives of the current
study were to assess the effects of adding farmyard
manure, elemental sulfur or both to calcareous sandy
soil on (1) soil pH, (2) phosphorus availability, (3)
changes of phosphorus fractions, and (4)
transformations of phosphorus forms from non-labile P
(stable P) to labile P.

MATERIALSAND METHODS

Incubation experiment: An incubation experiment
was conducted, during January 2014, to study the
effects of farmyard manure (FY M) and elemental sulfur
(S) as well as inoculation with Thiobacillus bacteria on
the availability and transformations of phosphorus in
calcareous sandy soil. Soil sample at 0-30 cm depth was
collected from El-Ghorieb Experimental Station Farm,
Assiut University, Assiut, Egypt. This soil was
classified according to U.S. Soil Taxonomy as Entisols;
Typic Torripsamments.. Table 1 shows some physica
and chemical properties of this soil and farmyard
manure. The collected soil samples were air dried,
crushed, and passed through 2 mm sieve. Plastic pots
(7.5 cmin height and 10.5 cm in diameter at the top and
8.7 cm at the base) containing 500 g calcareous sandy
soil were used in this experiment. Superphosphate
fertilizer (15.5% P,Os) at level 0.15 g was added to each
pot (equivalent to 720 kg ha®). Farmyard manure
(FYM) was air-dried, crushed, and passed through 2
mm sieve. Then, it was added and mixed with soil in
each pot at level of 0 (FYMy), 2.5 (FYMy), 5 (FYM,)
and 7.5 (FYMj3) g pot™ (equivalent to 0, 12, 24 and 36
ton ha'®). At that time, elemental sulfur (S) was added to
the soil in each pot at levels of 0 (S), 0.1 (Sy), 0.2 (Sy)
and 0.3 (S;) g pot™ (equivalent to 0, 480, 960 and 1440
kg ha') as fine granules and mixed with soil that was
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inoculated with Thiobacillus bacteria which was added
to the pots in liquid form. Experimental design was
randomized complete block with factorial arrangement
of treatments with three replications. Each pot was left
at the same place during period of incubation in the
laboratory at room temperature for ten weeks with
keeping moisture content at field capacity. After
incubation, soil sample was taken from each pot and air-
dried, crushed, passed through 2 mm sieve and kept for
analysis.

Chemical analysis: Available phosphorus in soil
samples was extracted using 0.5 M NaHCO; of pH 8.5
according to Olsen et al. (1954). Phosphorus sequential
fractionation of soil samples was performed according
to the methods described by Hedley et a. (1982) and
modified by Chen et al. (2000) as shown in Fig. 1. In
these methods, 1 g soil was subjected to sequential
fractionation. The phosphorus in NaHCO; and NaOH
supernatants were digested by potassium persulfate in
order to determine its total content of P (Pi+Po), a
calculation of Po was then made as described by
Bowman (1989). Residual P was caculated as
difference between total P and sum of different fractions
(Frossard et al., 1989). Phosphorus in the extracts was
measured colormetrically by chlorostannous
phosphomolybdic acid method in sulphuric acid system
(Jackson, 1973).

Statistical analysis: Data were anayzed by standard
ANOVA procedure and significance was always based
on P< 0.05 level using Duncan’s Multiple Range Test.
Statistical analysisin this experiment was done by using
MSTAT program according to Steel and Torrie (1982).

Table 1. Physico-chemical properties of the experimental soil and farmyard manure

Property Value
Particle size Distribution
Clay (%) 6.8
Silt (%) 6.4
Sand (%) 86.8
Texture Loamy sand
Field capacity (% w/w) 10.77
Organic carbon (g kg™ 6.9
CaCO; (g kg™ 249.5
pH (1:1) 7.55
Available P (mg kg™ 24.32
Farmyard manure
Organic carbon (g kg™) 134.5
pH (1:1) 8.52
Total P (mg kg?) 1202.99
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Figure 1. Sequential fractionation of soil phosphorus according to Hedley et al. (1982) modificated by

Chen et al. (2000)
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RESULTSAND DISCUSSION
Farmyard manure application

Available and total phosphorus: Incubating farmyard
manure with calcareous sandy soil for ten weeks
resulted in significant increases (P<0.05) of available
phosphorus in soil from 34.57 mg kg™ of (FYM,) to
44.54 mg kg * with adding the highest level of farmyard
manure (Table 2). Farmyard manure addition to
calcareous sandy soil led to a significant increase in
total soil phosphorus compared to FYM, treatment
(Table 2). Treating this soil with FYM increased total P
from 440.97 mg kg * (FYM,) to 479.39 mg kg * at the
highest level of farmyard manure (FYMs). From the
results of this study, we conclude that the available
phosphorus after an incubation period increased in
cacareous sandy soil by using farmyard manure
fertilization. The application of farmyard manure to the
calcareous sandy soil at high level caused relative
increases in the available phosphorus by 28.8 %
compared to the control. Phosphorus availability in soil
increased when phosphorus released from organic
matter during the mineralization process (Ilyamuremye
and Dick, 1996; Verma et a., 2005). The available
phosphorus in calcareous sandy soil at Assiut
governorate, EgQypt, which treated with farmyard
manure significantly improved, the addition of FYM to
this soil raised the available P from 11.91 to 16.68 mg
kg' (Badawy et al., 2011). Al-Oud (2011) indicated
that the availability of phosphorus was significantly
increased from 4.65 to 33.72 mg kg * at treating rock
phosphate in calcareous soil in Saudi Arabia by
different rates of organic manure. The total P increased
with fertilization of the calcareous sandy soil by FYM.
Applying FYM at highest level to the calcareous sandy
soil added about 38.42 mg kg * of phosphorus for the
total phosphorus in the control treatment. The organic
matter is considered a source of nutrients; it is expected
to add phosphorus to soil and increase total content of
phosphorus. Manure application increased total soil
phosphorus (Qian and Schoenau, 2000).

Phosphorusfractions

Labile fractions. The results showed a significant
increase in phosphorus extracted by NH4Cl (NH4CI-P)
with adding farmyard manure to calcareous sandy soil
(Table 2). Farmyard manure application to calcareous
sandy soil raised NH,CI-P from 29.00 mg kg * at FY M,
to 39.81 mg kg * at FYMs. Incubation of FYM with
calcareous sandy soil led to significant increment in
NaHCOs-Pi and NaHCOs-Po fractions (Table 2). This
enhanced soil inorganic Phosphorus fraction extracted
by NaHCO; which ranged from 72.14 to 88.42 mg kg *
with increasing farmyard manure supply. Moreover,
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application of FYM to calcareous sandy soil resulted in
an increase in NaHCOs-Po from 54.16 to 80.33 mg kg *
with increasing farmyard manure supply. The response
of easily available NH,CI-P was noticed at FYM
applications. The highest concentration of NH,CI-P was
observed in FY M5 treatment. NH,CI—P accounted about
6.6 % of total P for control and 8.3 % at the highest
level of FYM in the soil after 10 weeks incubation. The
additions of sewage sludge and chicken litter to the soil
increased the NH4Cl extracted phosphorous (Kaembasa
and Kuziemska, 2007). The NaHCO;-Pi and NaHCO;-
Po fractions reacted strongly and rapidly to FYM
applications because the addition of phosphorus via
fertilization by FYM. The concentration of NaHCOs-Pi
and NaHCOs-Po fractions in this soil gradualy
increases with increasing FYM levels and the highest
concentrations of NaHCOs-Pi and NaHCO;-Po
fractions were found at the highest level of fertilization
by FYM. Several studies found that the additions of
organic amendments such as compost (Scherer and
Sharma, 2002) and manure (Qian and Schoenau, 2000)
to the sail increased the NaHCOs-Pi fraction. Poultry
manure was applied combination with superphosphate
led to increasing organic P after 4 weeks, but decrease
at 6 weeks when poultry manure was applied alone (Ojo
et a., 2014).

Moderately labile fractions: NaOH [-Pi fraction
significantly increased with FYM additions to
calcareous sandy soil at FYM, level. FYM application
to calcareous sandy soil resulted in an increasing
NaOH-Pi from 17.36 to 20.68 mg kg * with using
FYM; level. NaOH I-Po fraction significantly increased
with the FYM addition to calcareous sandy soil (Table
2). Increase in NaOH I-Po of this soil due to FYM was
from 19.22 at control treatment to 33.28 mg kg * at the
highest level of farmyard manure. Incubation with
farmyard manure along with calcareous sandy soil led
to decline in HCI-Pi from 159.50 to 153.16 mg kg™
with using FY M; treatment (Table 2). Addition of steer
manure and afafa residues to soils aso showed
increases of NaOH [-Pi fraction (lyamuremye et d.,
1996). The concentration of labile Po in the soil was
reported to increase with the application of manure (Yin
and Liang, 2013). Addition of liquid swine manure to
soil was found to raise NaOH |-Po fraction after 16
weeks of incubation (Qian and Schoenau, 2000). The
moderately labile Po fraction increment with fertilized
the soil by manure (Yin and Liang, 2013). In spite of
the applied FYM was non-significant on HCI-P
fraction, the HCI-P fraction accounted for a higher
percentage of the tota P (36.2 to 31.9 %) than all
fractions. The soil fertilized with FYM the percentages
of HCI-P fraction reduced from 36.2 to 31.9 %. The
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results showed that in soil under study the major
proportion of P was associated with Ca. Liquid swine
manure additions to soil non significantly decreased
HCI-Pi fraction after 16 weeks of incubation (Qian and
Schoenau, 2000). Steer manure application or lime to
some soils caused no significant changes in HCI-Pi
fraction (lyamuremye et a., 1996). However, Sui et a.
(1999) found reduction in HCI-Pi fraction with adding
biosolids to soil. On the other hand, some researchers
found that addition of manure to soil raised phosphorus
concentrations associated with calcium (Yin and Liang,
2013).

Stable fractions: Farmyard manure application to this
soil increased NaOH Il-Po fraction (Table 2). The
addition of farmyard manure to this soil resulted in
increasing NaOH 11-Po fraction from 2.46 mg kg™
(FYMo) to 437 mg kg* a (FYM,). NaOH Il-Po
fraction increases dightly because FYM applied. The
highest concentration NaOH 11-Po observed in FYM,
treatment. The phosphorus was less abundant P fraction
of this soil and constituting between 0.9% and 1.3% of
the total P. The results obtained from this experiment
also showed a significant decrease in residual P fraction
with FYM as compared to control treatment (Table 2).
The addition of farmyard manure at level FY M3 to this
soil led to a reduction in residua P from 70.46 to 47.73
mg kg . Reduced amounts of residual P fraction due to
FYM additions to this soil may be transformed to other
P fractions, especialy NaHCOs;-Pi and NH,CI-P.
Generally, the concentration of P in residual fraction
tended to decrease with treating calcareous sandy soil
by FYM under incubation, indicating former fractions
served as a primary sink for P added to the soil. In soil
treated with FYM at FY M3 there were reductions of
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residual fraction by 22.73 mg kg * of control treatment.
Therefore, the percentage of residual fraction decreased
from 16 to 10% of total soil P. Organic matter and soil
pH may enhance transformation of some residual P
fraction into other P fractions (Fuentes et al., 2008).
Reduction of residual P fraction was reported when
compost was applied to soil (Leeet a., 2004).

Phosphorus transformations.  Distribution  of
phosphorus (as percentage of total content) among its
various fractions in calcareous sandy soil was
influenced by FYM additions (Table 2 and Fig. 2). The
FYM addition at the highest level increased percentage
of some fractions such as NH,CI-P, NaHCOs:-PFi,
NaHCO;-Po and NaOH I-Po from 6.6, 16.4, 12.3 and
4.4 % of total soil P, respectively, at FY M, treatment to
8.3, 18.4, 16.8 and 6.9 % of tota soil P, respectively.
Application of FYM at FYM; level caused an increase
in the percentage of NaOH I-Pi from 3.9 to 4.5 %, but
application of FYM a FYM, leve resulted in an
increase in the percentage of NaOH I1-Po from 0.6 to
0.9%. On the other hand, the addition of FYM caused a
decrease in HCI-Pi, NaOH |1-Pi and residual P fractions
from 36.2, 3.8 and 16 % of total soil P at FY My,
respectively, to 31.9, 0.6 and 10 % of total soil P,
respectively at the highest level of FYM (Fig. 2). There
were changes in the proportional distribution of P in
calcareous sandy soil and P was redistributed among the
various fractions during FYM fertilization. The
observed decreased amounts of HCI-Pi, NaOH I1-Pi and
residual P fractions were redistributed on NH4CI-P,
NaHCO;-Pi, NaHCOs-Po, NaOH 1-Pi, NaOH |-Po and
NaOH I1-Po fractions.

Table 2. Mean effects of farmyard manure addition on the amount of available, fractions and total
phosphorous in calcar eous sandy soil (values ar e aver ages of threereplications)

Treatment”

FYM, FYM; FYM, FYM,
Olsen-P (mg kg™) 3457C 39.99B 41.41B 4454 A
NH,CI-P 29.00 C 37.11AB 35.91B 39.81A
__ NaHCO:PR 72.14C 83.43B 83.31B 88.42 A
“‘g NaHCO;-P, 54.16 D 62.81C 75.10 B 80.33A
2  NeOHI-P 17.37B 20.68 A 18.19 AB 17.37B
= NaOH I-R, 19.22C 27.08 B 29.09 AB 33.28A

% HCI-R, 159.50 A 155.61 A 158.39 A 153.16 A
£ NeOHII-R 16.66 A 15.84 A 16.23 A 16.50 A
NaOH 11-P, 2.46 B 373A 437 A 2.81B
Residual P 70.46 A 51.72B 50.88 B 47.73B

Total P (mg kg™) 440.97C 457.99 BC 471.48 AB 47939 A

The means with the same |etter in each row are not significant according to Duncan test at probability of 5%.

"FYMy=0, FYM;= 2.5, FYM,=5and FYM3= 7.5 g pot™
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Figure 2. Effect of farmyard manure (FYM) on transformations of phosphorus fractions in calcareous sandy

soil as a percentage of total phosphorus

Obviously, when FYM incubated with calcareous sandy
soil, some amounts of moderately labile fraction (HCI-
Pi) and stable fractions (NaOH 1I-Pi and residual P)
transformed to labile fractions (NH4CI-P, NaHCOs-Pi,
NaHCOs-Po), some moderately labile fractions (NaOH
[-Pi, NaOH I-Po) and some stable fraction (NaOH 11-
Po). Biosolids application to soil dissolved HCI-P
fraction and transformed to NaHCOs;-Pi and H,O-P
fractions because soil pH may play role in
transformation of HCI-P fraction to other fractions (Sui
et a., 1999). Moreover, application of manure to soil
caused phosphorus fractions to transform from Al-P and
Ca-P into moderately labile Po and moderately resistant
Po as well as from O-P to highly resistant Po (Yin and
Liang, 2013). Phosphorus fractions of studied
calcareous sandy soil influenced by FYM additions
which were decreased in the order of HCI-Pi >
NaHCOs-Pi >NaHCOs-Po > residual P > NH,CI-P >
NaOH 1-Po > NaOH I-Pi > NaOH I1-Pi > NaOH 11-Po
(Fig. 2). Another study showed that the concentrations
of Pi fractions were as follows HCI-Pi > NaOH-P >
NaHCOs-P > resin-P in calcareous soils (Yang and
Jacobsen, 1990).

Elemental sulfur application

Soil pH and available phosphorus: Adding elemental
sulfur to calcareous sandy soil caused significant
decrease in soil pH from 7.55 at control treatment (Sp)
to 7.36 for the highest level of elementa sulfur (S3).

Applications of elemental sulfur to calcareous sandy
soil inoculated with Thiobacillus bacteria decreased
availability of phosphorus as compared to S, treatment
(Table 3). Available phosphorus in calcareous sandy
soil was decreased from 44.01 mg kg ™* a S, treatment
to 34.63 mg kg * at the highest level of elemental sulfur.
But the addition of S to this soil at S; level led to the
insignificantly increased of available phosphorus.
Elemental sulfur is widely used in most high-pH soils
because it reduces soil pH and has a low price. Adding
elemental sulfur at highest level to calcareous sandy soil
caused a decrease in soil pH. Accordingly, soil pH
dropped by 0.19 unit compared to the control after ten
weeks of incubation. Soil pH decreases gradually with
increasing levels of elemental sulfur added to the
calcareous sandy soil. Decline in soil pH due to sulfur
oxidation by Thiobacillus sp. bacteria produce sulfuric
acid. The pH of calcareous sandy soil showed reduction
from 8.48 to 7.88 with application of elemental sulfur
after 64 days of incubation (Soaud et a., 2011).
Oxidization of elemental sulfur in soil by
microorganisms and chemical reactions led to a
decrease in soil pH because of sulfuric acid production
(Tisdale et a., 1997). Applications of elemental sulfur
at the highest level to calcareous sandy soil inoculated
with  Thiobacillus bacteria decreased available
phosphorus compared to the control. Since the amount
of the shortage of available phosphorus was about 9.36
mg kg in comparison with the control treatment.
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Reduction of the phosphorus availability concentration
in this experiment with increasing the elemental sulfur
levels except for the S, treatment of sulfur as a dight
increase in the phosphorus availability. The use of
sulfur in the calcareous sandy soil causes a decrease in
the availability of phosphorus because of the low pH
caused by the addition of sulfur, which leads to the
solubility of calcium carbonate thus increasing calcium
ions, which react with phosphorus, composed insoluble
compounds. In some calcareous soils the available
phosphorus decreased from 334.4 to 28.6 mg kg * at
128 days after incubation by application of P combined
with elemental sulfur and sulfur—oxidizing bacteria
(Soaud et a., 2011). The addition of sulfur at level 60
kg ha' led to the decrease of phosphorus availability
from 8.12 to 6.82 kg ha *, while the addition of sulfur at
level 20 kg ha™* led to the increase of phosphorus
availability from 8.12 to 9.35 kg ha* compared to the
control (Dhage et a., 2014). Elemental sulfur addition
to cacareous soil caused a decrease in available
Phosphorus due to dissolved calcium carbonate by
H,SO, produced from eementa sulfur oxidation
resulting in an increase in soluble calcium, which reacts
with phosphate forming insoluble calcium phosphate in
this soil (Cifuentes and Lindemann, 1993). Availability
of phosphorus decreased in soils as level of gypsum
application increased because of reaction between
soluble Ca?* ions from gypsum and P (Mishra et 4.,
2003).

Phosphorusfractions

Labile fractions: The obtained results also showed a
significant decrease in NH,4CI-P fraction with applying
elemental sulfur compared to S treatment (Table 3).
Applications of elemental sulfur to calcareous sandy
s0il at level S; caused a decrease in NH4CI-P fraction
from 3952 to 33.86 mg kg’ Elementa sulfur
incubation with the calcareous sandy soil also resulted
in non-significant decreases in NaHCOs-Pi fraction up
to S, level. However, non-significant increase in this
fraction occurred by using S; level (Table 3). NaHCOs-
Pi fraction increased from 81.72 mg kg * at S, treatment
t0 85.26 mg kg * at the highest level of elemental sulfur.
Non-significant increases were aso recorded in
NaHCOs-Po fraction at S; and S, levels as compared to
S treatment. However, no significant decrease in the
NaHCOs;-Po fraction was found at S; level. In the
present study, elementa sulfur applied as an
amendment to the calcareous sandy soil was decreased
gradually NH,CI-P fraction, where the percentage of
this fraction decreased from 8.5 to 7.3% of total soil P.
Release of free calcium ions to soil solution due to
lowering soil pH and dissolving CaCO; as result of
elemental sulfur additions caused reduction in NH4CI-P
fraction (Cifuentes and Lindemann, 1993). Previoudly,
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concentration of labile P decreased after 2 to13 months
of sulfur application (Ye et a., 2010). Elementa sulfur
incubation with the calcareous sandy soil aso has no
much effect on the NaHCO;-Pi and NaHCOs;-Po
fractions. Values of P fraction associated with Al and
Fe decreased steadily after sulfur applications (Yeet al.,
2010).

Moderately labile fractions: Adding elemental sulfur
to calcareous sandy soil showed insignificant decrease
in NaOH I-Pi fraction (Table 3). While, significant
increases in NaOH 1-Po were found a& S; and S,
treatments, but, S; treatment did not show significant
increases. Applied elemental sulfur to soil a S
treatment was found to increase NaOH 1-Po fraction
from 23.19 to 30.78 mg kg *. The results illustrated
significant decrease in HCI-Pi fraction with application
of elemental sulfur. HCI-Pi fraction reduced from
169.86 to 139.94 mg kg * with elemental sulfur addition
a S; level to this soil. In the present study, when
addition of S to this soil led to increase decrescent of
NaOH [-Po fraction. After applying elemental sulfur to
soil at S; treatment, NaOH |-Po fraction percentage
increased from 5.0 to 6.6 % of total P. Ye et al. (2010)
found that the amended soil by sulfur did not influence
P concentrations in humic-fulvic acid P or ater its
proportion to total P. The HCI-P fraction shows a rapid
reduction when amended by elemental sulfur, whereas
this fraction reduced from 36.7 to 30.3% of total P with
elemental sulfur addition at S; level. In other words, it
was affected by soil amended with elemental sulfur
(differences of 29.2 mg kg ). The HCI-P fraction
constituted the largest proportion of the total P in this
soil.

Stable fractions: Elementa sulfur at levelsof S;and S,
exhibited non—significant changes in NaOH II-Fi
fraction of this soil, while applying S; level did not
increase this fraction (Table 3). Moreover, elementa
sulfur additions caused significant increment in NaOH
[1-Po fraction at S; level (Table 3). Elemental sulfur
application at S; level led to increase in NaOH I1-Po
fraction from 3.10 to 4.73 mg kg *. Residual P fraction
of this soil showed significant increases due to
application of elemental sulfur (Table 3). Elementa
sulfur applied at the highest level was found to increase
residual P fraction from 42.57 to 74.64 mg. The NaOH
I1-Po fraction tended to increase in soils with elemental
sulfur application at S;, where the percentage increases
from 0.7 to 1.0 % of total P. but the addition of S at
levels S, and S; caused reduced in this fraction. NaOH
I1-Po fraction is considered the least proportion of total
phosphorus in this soil. P concentration in the residua
fraction increased after elemental sulfur additionsto this
soil. Elemental sulfur applied at the highest level was
found to increase the proportion of residua P fraction
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from 9.2 to 16.2 % of total P. However, the residual P
was influenced in soils fertilized with elemental sulfur
(differences of 32.07 mg P kg ). However, Ye et 4.
(2010) reported that sulfur applications to soil did not
adter P concentrations of residual fraction or its
contribution to the total P.

Phosphor us transformations: Phosphorus distribution
as percentage of total content was influenced by
elemental sulfur (Fig. 3). Since under incubation
treatment S;increased NaHCOs-Pi, NaHCO;-Po, NaOH
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I-Po, NaOH I1-Pi, NaOH I1-Po and residua P fraction
from 17.6, 14.6, 5.0, 3.5, 0.7 and 9.2 % of total soil P,
respectively, for S to 18.5, 15.5, 6.6, 3.8, 1.0 and 16.2
% of total soil P, respectively. Increases of most
previous fractions were slight; except for the residua
fraction which was high. Elemental sulfur application to
this soil decreased NH,CI-P, NaOH I-Pi and HCI-Pi
fractions from 8.5, 4.1 and 36.7 % of tota soil P,
respectively, to 7.3, 3.9 and 30.3 % of tota soil P,
respectively.

Table 3. Mean effects of elemental sulfur addition on soil pH, the amount of available, fractions and total
phosphorousin calcar eous sandy soil (values ar e aver ages of threereplications)

Treatment”
S S S S
pH 755 A 740 B 740 B 7.36 C
Olsen-P (mg kg™) 4401 A 4556 B 36.31BC 34.63 C
NH,CI-P 3952 A 35.40B 33.04B 33.86 B
. NaHCOsP 8172 AB 79.39B 80.93 B 85.26 A
H‘g NaHCO4-P, 67.63 AB 72.05A 68.76 AB 63.97 B
2  NeOHI-P 19.18 A 18.64 A 17.69 A 18.10 A
= NaOHI-P, 23.19B 30.78A 29.04 A 25.66 AB
2 HC-P, 169.86 A 14359 B 17327 A 139.94 B
§ NaOH I1-P, 16.36 A 15.97 A 15.40 A 17.50 A
O NeOHII-P, 3.10B 473 A 2.81B 2.73B
Residual P 4257B 65.13 A 38.46 B 74.64 A
Total P (mg kg™?) 463.12 AB 465.68 A 459.39 B 461.65 AB

The means with the same letter in each row are not significant according to Duncan test at probability of 5%.
"$=0,5,=0.1,S,=02and S;= 0.3 g pot™*
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Figure 3. Effect of elemental sulfur (S) on transformations of phosphor us fractions of calcar eous sandy soil as
a per centage of total phosphorus
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Therefore, reduced P amounts of NH,CI-P, NaOH |-Pi
and HCI-Pi fractions were redistributed and transformed
to NaHCOs-Pi, NaHCO;-Po, NaOH [-Po, NaOH 11-Pi
NaOH [1-Po and residual P fractions. Phosphorus
fractions of calcareous sandy soil decreased in the order
of HCI-Pi > NaHCOs;-Pi > NaHCO3-Po > residua P >
NH,CI-P > NaOH I-Po > NaOH |-Pi > NaOH II-Pi >
NaOH II-Po as a result of the elemental sulfur
application (Fig. 3).

Interaction effects of elemental sulfur and farmyard
manure

Soil pH, available and total phosphorus: The
combined application of elemental sulfur with farmyard
manure decreased soil pH from 7.54 for SFYMq to
7.35 at highest levels of sulfur and farmyard manure.
Also, applications of elemental sulfur with farmyard
manure showed significant increases in available
Phosphorus of this sail at S;FYM; from 42.95 to 52.70
mg kg™, while a significant decrease in available soil
Phosphorus occurred at S;FYM; (Table 4). Reduced
phosphorus availability in calcareous soil might be
attributed due to increase calcium ion in soil solution,
due to decrease soil pH, that precipitates Phosphorus as
octacalcium phosphate.  On the other hand, the
combined application of elemental sulfur with farmyard
manure increased significantly total P of calcareous
sandy soil (Table 4). Applying a combination of FYM
and elemental sulfur to calcareous sandy soil caused a
drop of soil pH compared to the control. Reduction in
soil pH was happened by 0.19 unit in comparison with
the control treatment. The lowest value of pH in this
soil observed a the highest levels of sulfur and
farmyard manure. Interaction effect of elemental sulfur
and cattle manure applications decreased pH of
calcareous soil from 7.79 to 7.44 (Karimi et al. 2012).
In the present study, the available phosphorus raised at
the additions of mixing FYM and elemental sulfur at
level S;FYM; compared to the control. Such treatment
has increased about 9.75 mg kg ' compared to the
control. The highest values of available phosphorus
were observed at S;FYM;, SiFYM, and S;FYMa. In
contrast the lowest concentrations of available
phosphorus were observed at S;FYM; and S;FYM..
Reduced phosphorus availability in calcareous soil
might be attributed to increasing calcium ions in soil
solution, due to decreasing soil pH that precipitates
phosphorous as octacal cium phosphate.

Phosphor us fractions: Additions of elemental sulfur at
S; with FYM a FYM; level caused a significant
increase in the NH,CI-P fraction of this soil from 32.89
to 41.16 mg kg * (Table 4). The combined application
of elemental sulfur with farmyard manure at their
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highest levels also showed significant increase in
NaHCOs-Pi fraction of this soil from 61.36 to 91.55 mg
kg ™. Moreover, this exhibited a significant increase in
NaHCOs-Po fraction. The addition of FYM and S
together to this soil raised a NaHCO;-Po fraction from
58.59 mg kg * to 93.60 mg kg * at S,FYMs. Enhancing
the NH4CI-P fraction was observed when farmyard
manure applied combined with elemental sulfur at
S;FY M3, The lowest value of the NH,CI-P fraction was
noticed at S,FYM,, where the value of the NH,CI-P
fraction was 32.61 mg kg *. The highest value of the
NH,CI-P fraction was observed at S;FY M. The applied
farmyard manure with elemental sulfur increased the
percentage of this fraction from 7.3 to 8.3 % at the
SsFY M; of the total P, while at S;FY M, the percentage
of this fraction increased from 7.3 to 8.8 % of the total
P, which represents little changes in the percentage of
this fraction. Most treatments combined application of
eemental sulfur with farmyard manure led to gradually
increase in NaHCOs-Pi and NaHCO3-Po fractions. The
percentage of NaHCO;-Pi and NaHCOs-Po fractions
increased, however, the highest percentage of NaHCOs-
Pi fraction noticed at S,FYM,, S;FYM;, S;FYM,4, and
SsFY M5 treatments. Moreover, the application of S and
FMY together to this soil increases the percentage of
NaHCO;-Po fraction from 13.1 to 19.4% of total P in
soil over incubation period at S;FYMs;, but the highest
values were observed at  SFYM; and S;FYM..
However, additions of elemental sulfur with FYM
caused insignificant decreases in NaOH I-Pi fraction.
On the other hand, additions of S with FYM caused a
significant increase in NaOH I-Po fraction of the
calcareous sandy soil. Adding S a a level of S; with
FYM at alevel of FYM; increased this fraction from
20.82 to 39.92 mg kg *. Significant reduction in HCI-Pi
fraction from 172.00 to 133.65 mg kg * was found due
to application of elemental sulfur with farmyard manure
at their highest levelsin calcareous sandy soil (Table 4).
These were no effects of elemental sulfur with farmyard
manure on NaOH I11-Pi fraction of this soil (Table 4),
while, the interaction effect of S and FYM application
was significant for NaOH IlI-Po fraction. Sulfur
treatment at a level of S; with FYM at level FYM;
increased NaOH 11-Po fraction from 0.73 to 6.63 mg
kg ™. Significant decrease in residual P fraction was
observed because of application of elemental sulfur
with farmyard manure in this soil (Table 4). Additions
of elemental sulfur and FYM caused minor changes of
NaOH I-Pi fraction compared to unamended soils.
However, the changes of NaOH I[-Po fraction were
positive significant. The highest concentration of this
fraction was founded at S;FY M3 accounted about 8.3 %
of total P in this soil. In general the concentrations of
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farmyard

HCI-Pi fraction tended to decrease with adding

06 30 ANjiqeqoud Je 159) UeSUN(] 0} SUIPI0IOE JUBDLIUTIS JOU AIB UWN]OD YOB UI 19)J3] AWBS I YJIM SUBIW Y],

VI v6¥ V I8I8 THD L0T o8V 6¥'L1 asoeel o4V L9TE av eL'L] gL6°SL V §S16 avorily ao ss'8e H S€L  ‘WAd
J9da8s’6sy D€V vT'09 ddD L8'E 24V £0'L1 accovt J9add 61°'LT av 9y 91 o £€8°8L anesos 4a0d81'sE  dDTELE HO SE€L WAL &
q4d9T' 19% gV 10°LL IHD439LT gv 9¢781 ageseel 49dD8 LL'LT qv €061 Hd 60°SS D4V €5L8 J9ADSL'EE ADI6LE DA LE€L WAL
19°'1¢y gV 6¥'6L IHO4 TTT 24V 0I'Ll ad z6'svl D66v1 qav T1'6l1 d86'St asevis D SE'ST 465y OF [gr  NXA
qaze ey assst JdD ¥6'€ 04V 96°€l qav 1111 aogy 8767 gy S691 g7s9L gV €406 4a0ds9se Q" Itk 49 6€L WAL
adee 69y avLec DJ3a 0§°€ 04V SLST qgv 90°CLl ogqv £TTE qav 1981 g6evL av 06 JAA19'T€  AAD199€ DI LEL WAL g
qaz8 v9v asvovy THO4 61T 04V 601 HTe91 qaVv 1TLE gV £50T 24 $90L HA 8¥ vL H4aDder 9t d46T0e A Tl WAL
IH¥0 0¥ D 8¢S IHI19'1 29V 6L'L1 V LSS8I DAF €v'LT g50°S1 39d 8¥'€S 492089 DIW'LT 4a0879¢ d WL  "WAd
g6S 18y D4 L9°9S TH6v'1 OV T0'LL ae6csel V 26'6€ qav vL'L] VvV 09°€6 ao LT o8 4404099 9V €99 dd 8€L WAL
g6S' 18y D4V $8'6S av 0s's V 0681 o9 PELST 04gV 68C¢ qv 6L'61 g IvTL ajn Lzos 4a0dsove 9V ££8p g 6£L YNAL g
DJFE6'ssy DAV 819 Y £9°9 209 ajs 0Tyl 43004 L9'9T gy 00'1¢ ad 6s'€9 adog6L 24V 60°0% VOoLZS d9 6€L - WAL
H 19°¢vP V 6178 D49V 8T¢ oav vesl asvel 043900 99°€T gV €091 ae6sss aiLiL D49 8T 0¢€ dd 6v'vE D S¥L WAL
od6v'8Ly a s89T JIA €L'¢ o4V €S°L1 qav LS'691 aogy £T'ie av 6¢'Ll qTTSL VII'l6 V S8°St V 88°0S g SS'L ‘NAL
OdTy SLy DILES asd 65v od9tel H76'¢€91 D49dD S0'vT qav 16'L1 d6L YL aog 1oz av 61’1y o460y Y 51 INAd og
HDAS6 6V ailree DAFA ¥EE gV 8781 gV S6'EL1 D1 9991 A2 44 anieny V 6£T6 angorsge dOII'6e g €SL "WA4
HD €9'8%F D4V 6599 1€L°0 04V 6£91 gv 00°TL] D490 T80T av 9761 ad6s8s d9€°19 430D68°T¢ DL S6'TH d #S'L WAL
denpissy  °d-IIHO®BN  'd-11 HOEN 'I-IDH °d-1 HOEN 'd-1HOEN  °d-ODHEN 'd-*0ODHEN d-1D'HN WAA S
Wu__.\w”.__y. (;.3% Buwr) uondeyy g M_M.MM._:HW nd WU BRI

(suonyedrdaa 3313 Jo sadeiaae
a1E SanjeA) [10s Apues snoared[ed Jo snoroydsoyd Jo suoIdEI} PUE J[GBIIBAE JO JUNOWIE Y} UC JINUBW pIeAurie] pue InJins [BJUSWIA JO $}I9]J9 UONIRINU] *p B



108 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 39, Nol JANUARY - MARCH 2018

100 - .
0T gl B 'lﬂlﬁlglglsssl::: l
B OEH M sl I I
80 1 F ﬁ B A ﬁ % % g WM mNzOH II-(Pi+Po)
i r I = = o I O B o N = == (R = [ =
70 T = I S % 5 R U B I ) I
—~ o i = b [ fme] f~=d Eo=d fred = [l [~ :
0 = al - lalmlalvlwlmlﬁlm S HOL-P
S i B o o I O o N s I == (= =
- A R
o 60 TR = T AR EH A B
S i g BN g OBl Bl B @NaOHI-Po
< 0T NN - TH
s M HHHO LR HHEED N
c | N "u ™! =’ "
s 40 fu == = " ! o ONaOH | -Pi
s} . " " " . " " ™! . M ™ !
g = o oo I~ o e O = N s 2 [
bl 30 ™ o Il!\ 1 e T o M Mt N " o )
LL | F v | | | | | | H_ m_1 N [
[ . e =t O O e T ™ - B ™ I =
DB EARBERA AR e
v il d B KMo o kR MO
eI ro i d kKMo o kR MO
1 At P R KA B4 Bq I [d k] K B4 mNaHCO3-Pi
10 4 !’< S ~\.. : A % & % I ’1{ i
o™ \ . o N RS
8 NHA4CI-P
Q N W\ %) Q N Y > Q N W %) Q N Y >
ST T T T T T T T TS ST
e 2

Treatment

Figure 4. Interaction effects of elemental sulfur and farmyard manure on transformations of phosphorus

fractions of calcareous sandy soil as a percentage of total phosphorus

manure and elemental sulfur together to calcareous
sandy soil and the proportions of P associated with the
HCI-Pi fraction decrease from 38.3 % (S;FY M3) to 27.0
% (control) of total P. The concentration of residual P
fraction reduced from 66.59 mg kg * at control to 25.58
mg kg * for S,FY M. But, at the highest level of sulfur
with levels of farmyard manure caused an insignificant
increase of residual P fraction, where increased residual
P from 66.59 to 81.81 mg kg’ The NaOH II-Po
fraction tended to increase in calcareous sandy soil
fertilized via farmyard manure combined with sulfur.
Results indicated that, the application of FYM and S
together decreases percentage of the residual-P fraction
from 14.8 to 5.5 % of tota P at S;FYM; treatment
compared to the control. In contrast the additions of
FYM with S at highest levels caused the increase of
residual-P fraction. The highest value of residual-P
fraction was observed at S;FYMs, while the lowest
value of thisfraction noticed at S,FY M.

Phosphorus transformations: Additions of elemental
sulfur, at high level and farmyard manure at the highest
level, to calcareous sandy soil increased NH,CI-P,
NaHCO;-Pi, NaHCOs-Po, NaOH 1-Po, NaOH I1-Po and
residual fractions from 7.3, 13.7, 13.1, 4.6, 0.2 and 14.6
% of total soil P, respectively, to 8.3, 18.5, 15.4, 6.6, 0.4
and 16.6 % of total soil P, respectively, on the expense

of decreasing NaOH I-Pi, HCI-Pi and NaOH II-Fi
fractions from 4.3, 38.3 and 3.7 % of tota soil P,
respectively, to 3.6, 27.0 and 3.5 % of tota soil P,
respectively (Fig. 4). Therefore, decrease in P of NaOH
I-Pi, HCI-Pi and NaOH |II-Pi fractions were
redistributed and transformed to NH4CI-P, NaHCO3-Fi,
NaHCO3-Po, NaOH [-Po, NaOH 1l-Po and residual
fractions due to addition of elemental sulfur with
farmyard manure.

CONCLUSION

Converting the phosphate ions produced from
phosphate fertilizers to insoluble phosphate reduces the
availability of soil phosphorus. Adding farmyard
manure with elemental sulfur is considered to be
important help in the progress of phosphorus
availability in calcareous sandy soil, which is one of
management and reclamation methods of this soil. This
in turn leads to improve production efficiency of the
soil. Since the applications of farmyard manure to the
sandy calcareous soil converts the non labile fractions to
labile and moderately labile fractions, we can
recommend that adding farmyard manure to calcareous
sandy soil as well as adding elemental sulfur at low
levels combined with FY M.
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