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ABSTRACT: An experiment was carried out under laboratory conditions to study the change in
available phosphorus (P), magnesium (Mg), calcium (Ca), pH value and EC value during 336 hours
of incubation as affected by three levels of each of P and Mg and all possible combination between
them in clayey and sandy soils. Ordinary superphosphate fertilizer as a P-source at rates of 0 (P),
13.1 (P;) and 26.2 (P,) mg P kg, the rates of Mg were 0 (Mgy), 20 (Mg;) and 40 (Mg,) mg Mg kg™ as
magnesium sulphate. The results indicated that available P, Mg and Ca as well as EC were increased
with increasing P fertilizers rates, while pH was decreased in the two tested soils. Available P, Mg and
EC were increased with increasing Mg fertilizers rates, while available Ca and pH were decreased in
the two tested soils. Available P increased up to 12 hours and then decreased with increasing
incubation time. Available Mg, available Ca and EC increased until 72 hours and then decreased until
the end of the experiment, while pH decreased until 72 hours and then increased until the end of the

experiment.
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INTRODUCTION

Phosphorus (P) is an essential element for
plant growth, crop production and quality. With
increasing demand of agricultural production
and as the peak in global production will occur
in the next decades, P is receiving more
attention as a nonrenewable resource (Cordell et
al., 2009; Gilbert, 2009). One unique characteristic
of P is low availability due to slow diffusion and
high fixation in soils. Plants up take only 10-
20% of the P applied with fertilizers in the year
of application because the majority of applied P
is rapidly fixed or precipitated into poorly
available forms (Nassar et al., 2006). Due to
low P availability in soil and low fertilizer use
efficiency, farmers often apply P fertilizers in
excess of plant requirements. Phosphorus is
essential for cell division because it is a
constituent element of nucleoproteins which are
involved in the cell reproduction processes. It
also affects the quality of the grains and it may
increase the plant resistance to diseases
(Camargo et al., 2000). It is essential for good
vegetative growth and grain development in
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maize production. Amanullah and Khalil
(2009) found that P fertilizers application have a
significant effect on wheat crops production.

There are many factors influencing P
availability, efficiency and recovery of P
fertilizer by plants like soil pH, texture, type of
clay minerals, calcium carbonate content of the
soil, organic matter content of the soil and
Mg/Ca ratio of irrigation water or soil solution
in additional to mycorhizal activity (Al-Akrawi,
2002). Magnesium (Mg) plays a positive role in
P availability and recovery of P by crops in
calcareous soil like Mg concentration in soil
solution. Al-Kaysi and Saleem (1990) applied
different ratios (0/0, 0/200, 50/150, 100/100,
150/50, 200/0 meq L") of Mg/Ca and they
indicated that the increase in the ratio of applied
Mg/Ca caused an increase in P availability for
plants. Esmail et al. (1999) indicated that the
increase in Mg/Ca to 1.5 in soil solution and
irrigation water caused a significant increase in
available P in the soil and its recovery by plant.
Al-Akrawi (2002) studied the influence of four
levels (0, 40, 80, 120 kg Mg fad™) of Mg on the
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efficiency of P fertilizer by using three levels of
triple superphosphate (0, 100, 200 kg P fad™).
He found that the application of 120 kg fad" of
Mg-fertilizer caused the conversion of P phase
to more soluble form in comparing with control
treatment. Applications of chemical P fertilizers
and MgSO, to agricultural land have improved
soil P fertility and crop production.

A little information is handy regarding the
effects of Mg fertilization on the availability of
P fertilizer under different soil types. Therefore,
the present work aims to study the effect of Mg
fertilization on P availability in clay and
sandy soils.

MATERIALS AND METHODS

Soil Sampling

Two different soil samples were collected
from the top surface up to 30 cm depth
as follows: 1) A clay, soil samples from Hihia
District, Sharkia Governorate, and ii) A sandy
soil from the farm of the faculty of agriculture at
El-Khattara county, Sharkia Governorate. Soil
samples were air dried, crushed, sieved through
2 mm plastic screen, thoroughly mixed and
stored in plastic bags for analysis and experimental
work. Table 1 shows some physical and chemical
characteristics of the studied soils.

Soil analysis were done according to the
methods described by Black et al. (1965).

Mineral Fertilizers

Mineral fertilizers which used in this work
were ordinary superphosphate (P) (67.6 g P kg™)
as source of P, and magnesium sulphate (Mg)
(98.0g Mg kg™') as a source of Mg.

Incubation Experiment

An incubation experiment was conducted to
study the changes of available P, Mg and Ca as
well as the change in soil pH and EC at various
intervals (6, 12, 24, 48, 72, 168 and 336 hour) as
affected by ordinary superphosphate (P) added
either singly at the rates of zero (Py), 13.1 (P))
and 262 (P,) mg kg'or combined with
magnesium sulphate (Mg) at the rates of zero
(Mgy), 20 (Mg;) and 60 (Mg,) mg Mg kg . 200
g of each soil type was placed in small plastic
containers. Treatments were replicated three-

times and containers were kept under laboratory
condition. The experimental treatments were
as follows: 1) P()Mg(), 2) PlMgo, 3) PzMgo, 4)
POMgl, 5) P]Mgl, 6) PzMgl, 7) POMgz, 8) P]Mgz,
and 9) P,Mg,. The soil moisture content was
adjusted at the field capacity through the
experimental period. The plastic contains were
covered through the experimental time and
incubated at room temperature (30°C
approximately). Soil samples were taken at
intervals of (6, 12, 24, 48, 72, 168 and 336
hour), where available P, Mg and Ca as well as
soil pH and EC were determined.

Soil Analysis

The methods used for different analysis
conducted could be described briefly as follows:
The electrical conductivity (EC) of soil paste
extract was determined using the method as
described by Jackson (1973). Soil pH was
measured using glass electrode pH meterina l :
2.5 soil water suspension (Cottenie et al., 1982).
Available P was determined using the method of
Watanabe and Olsen (1965). Available Ca and
Mg were determined following the Versenate
method (Jackson, 1973).

RESULTS AND DISCAUSSION

Available Phosphorus

Results in Table 2 demonstrate the effect of P
and Mg fertilizers on P availability in clay and
sandy soils during incubation of successive
intervals. Obtained results can be discussed
under following headings:

Effect of P fertilizer rates

Results revealed that values of P availability
in the untreated clayey soil during oven the
different incubation periods, ranged from 18.2
to 19.8 mg P kg with an average of 19 mg P kg
soil. The corresponding range in sandy soil was
9.9 to 10.9 mg P kg with an average 10.4 mg P
kg soil. In the treated clayey soil with 13.1 mg
kg! (P)) ranged from 18.3 to 27.1 mg P kg™ with
an average of 23.1 mg P kg’ soil. While in
sandy soil it ranged from 13.0 to 17.9 mg P kg’
with an average of 16.1 mg P Kg”' soil. In the
treated clayey soil with 26.2 mg kg™ (P,) ranged
from 21.5 to 31.3 mg P kg with an average of
27.1 mg P kg soil. For corresponding range in
sandy soil, the values ranged from 15.3 to 21.5
mg p kg with an average of 19 mg P kg™ soil.
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Table 1. Some physical and chemical properties of the investigated soils

Soil characteristic Soil location

Hihia El-khattara

Soil particles size distribution (%)

Sand 36.1 92.2
Silt 17.0 6.69
Clay 46.9 1.11
Textural class Clay Sand
Field capacity (%) 353 10.2
CaCO; (gkg™) 8.30 3.00
Organic matter (g kg™) 17.3 3.44
pH 7.74 8.07
EC (uS cm™) 213 78
Soluble cations and anions (mmol, L™)**

Ca®’ 5.70 2.46
Mg** 2.15 1.04
Na' 12.3 3.35
K" 1.10 0.95
COs> Nil Nil

HCOy 1.51 2.04
cr 7.20 4.13
SO.” 12.54 1.63

Available nutrient (mg kg™ soil)

N 64.3 44.2
P 22.7 14.7
K 135 182

Ca 22.5 12.6
Mg 15.6 7.3

pH: in soil- water suspension 1: 2.5 EC: in soil paste extract
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Table 2. Effect of phosphatic and magnesium fertilization on available phosphorus (mg P kg™)
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in clayey and sandy soils during incubation periods

Soil type  Mineral fertilizer (mg kg soil ) Incubation period (hr.) Average
P Mg 6 12 24 48 72 168 336
Mg, 194 19.8 19.5 19.0 185 18.4 18.2 19.0
P, Mg, 209 21.2 21.0 20.1 19.6 19.7 19.1 20.2
Mg, 21.3 21.6 209 20.5 203 19.7 193 20.5
Mg, 259 27.1 247 229 21.8 20.8 183 23.1
Clayey soil P, Mg, 27.1 279 265 251 23.6 223 19.6 24.6
Mg, 28.8 294 28.6 26.0 253 24.0 21.1 26.2
Mg, 30.5 31.3 29.1 26.8 258 244 215 27.1
P, Mg, 31.8 324 30.2 28.0 26.8 253 223 28.1
Mg, 340 34.1 31.7 29.8 283 26.7 235 29.7
Mg, 10.8 109 10.5 103 102 10.1 9.9 10.4
Py Mg, 11.5 11.7 11.1 11.0 10.7 10.6 10.4 11.0
Mg, 11.7 11.9 11.5 11.3 11.1 10.6 10.6 11.3
Mg, 179 18.0 17.2 17.0 154 142 13.0 16.1
Sandy soil P, Mg, 19.6 19.7 18.6 183 163 147 13.7 17.3
Mg, 20.3 20.5 199 19.7 17.6 154 14.7 18.3
Mgo 21.0 21.5 203 20.0 182 164 153 19.0
P, Mg, 21.9 22.0 21.1 20.8 19.2 17.0 15.7 19.7
Mg, 233 235 223 219 209 179 17.1 21.0
Py: without phosphorus P:13.1 mg P kg.”! P,:26.2 mg P kg.”!

Mg,: without magnesium Mg;.20 mg Mg kg.™!

The average values of available phosphorus
were increased with increasing the application
rate of ordinary super phosphate (P) to each
tested soil. This finding is in agreement with that
obtained by each of Nassar et al. (2000)
Merwad (2013) and Abd El-Satar (2018). The
average values of available P in untreated clayey
soil were greatest than those in untreated sandy
soil. This result could be due to the great native
content of available P in clayey soil (Table 1).

Effect of Mg fertilization rates

Results presented in Table 2 show that in
absence of P fertilizer (Py), the values of
available-P in a clay soil treated with (Mg;) and
(Mg,) during the various incubation periods
ranged from 19.1 to 21.2 mg P kg and 19.3 to
21.6 mg P kg with an average of 20.2 and 20.5
mg P kg soil, respectively. The corresponding
ranges in a sandy soil were 10.4 to 11.7 mg P
kg" and 10.6 to 11.9 with an average of 11 and
11.3 mg P kg™ soil, respectively. Corresponding
ranges of the same treatments under the
application of P fertilizer at the rate of (13.1 mg

Mg,: 40 mg Mg kg.™!

P kg') (P,) to clayey soil were 19.6 to 27.9 mg
P kg' and 21.1 to 294 mg P kg' with an
average of 24.6 and 262 mg P kg’ soil ,
respectively. While in sandy soil were 13.7 to
19.7 mg P kg™ and 14.7 to 20.6 mg P kg with an
average of 17.3 and 183 mg P kg' soil,
respectively .On the other hand, the addition of
P fertilizer at the rate of (26.2 mg P kg™") (P,)
gave the corresponding values in clayey soil
ranged from 22.3 to 32.4 mg P kg™ and 23.5 to
34.1 mg P kg, with an average of 28.1 and 29.7
mg P Kg™', respectively. While in the sandy soil
ranged from 15.7 to 22.0 mg P kg and 17.1 to
23.5 mg P kg with an average of 19.7 and 21.0
mg P kg, respectively. The average values of
available P in the studied soils were increased
with the addition of Mg fertilizer rates. This
finding is in agreement with that obtained by
Marion and Babcock (1977), Kuo and
Mikkelsen (1979) and Al-Akrawi (2002).

Effect of incubation time

After 6, 12, 24, 48, 72, 168 and 336 hours of
incubation, the greatest values of available P
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(23.3 and 34.0), (23.5 and 34.1), (22.3 and
31.7), (21.9 and 29.8), (20.9 and 28.3), (17.9
and 26.7) and (17.1 and 23.5) mg P kg soil
were found with the treatment of (P, + Mg,) in
the sandy and clayey soils, respectively. While
the lowest ones (10.8 and 19.4), (10.9 and 19.8),
(10.5 and 19.5), (10.3 and 19.0), (10.2 and
18.5), (10.1 and 18.4) and (9.9 and 18.2) mg P
kg'1 soil were observed with the treatment of P,
+ Mg, in the sandy and clayey soils,
respectively.

As a general result, the available P was
increased after 12 hours of incubation for the
clay and sandy soils after that the available P
level gradually decreased in the tested soils for
all studied treatments. The first slightly increase
may lie interpreted in terms of the work of
Barea et al. (1970), who reported that the
microbial activity have the ability to affect soil
reaction in soil microenvironment leading to
solubilizing of inorganic P. The gradually
reduction in available P level after 24 hours until
the end of incubation periods could lie due to
assimilation by microorganisms. This result is in
a good agreement with those obtained by
Stevenson (1982), Mohamed er al. (1991),
Merwad (2013) and Abd El-Satar (2018).

Available Mg

Results in Table 3 show the effect of P and
Mg fertilizers on Mg availability in clayey and
sandy soils during incubation of successive
intervals.

Effect of P fertilizer rates

Results revealed that values of available Mg
in the untreated clayey soil, over the different
periods of incubation, ranged from 1.01 to 1.08
mg Mg kg with an average of 1.05 mg Mg kg™
The corresponding range in sandy soil was 0.30
to 0.34 mg Mg kg~ with an average of 0.32 mg Mg
kg'. In the treated clay soil with only 13.1 mg P
kg' (P) ranged from 1.13 to 1.38 mg Mg kg’
with an average of 1.29 mg Mg kg"'. While in
sandy soil ranged from 0.33 to 0.42 mg Mg kg
with an average of 0.38 mg Mg kg'. In the
treated clay soil with only 26.2 mg P kg (P,),
available Mg ranged from 1.13 to 1.45 mg Mg
kg' with an average of 1.29 mg Mg kg"'. For
corresponding range in sandy soil, the values
ranged from0.34 to 0.40 mg Mg kg with an
average of 0.37mg Mg kg'. The average values

of available Mg were increased with increasing
P fertilizer rates in absence or presence of Mg
fertilization in two investigated soils, this
finding is in agreement with that obtained by
Sutcliffe and Baker (1983).

Effect of Mg fertilization rates

Results presented in Table 3 show that in
absence of P fertilizers (Py), the values of
available-Mg in a clay soil treated with (Mg;)
and (Mg,), during the various incubation
periods ranged from 1.40 to 1.70 mg Mg kg
and 1.48 to 1.80 mg Mg kg™ with an average of
1.56 and 1.69 mg Mg kg™ soil, respectively. The
corresponding ranges in a sandy soil were 0.39
to 0.49 mg Mg kg and 0.43 to 0.52 with an
average of 0.45 and 049 mg Mg kg',
respectively. In presence of P fertilizer at the
rate of (13.1 mg P kg') the corresponding
ranges to clayey soil with (Mg,) were 1.57 to
1.87 mg Mg kg and 1.99 to 2.38 mg Mg kg
with an average 1.72 and 2.22 mg Mg Kg',
respectively, while in sandy soil were 0.46 to
0.54 mg Mg kg™ and 0.59 to 0.70 mg Mg kg’
with an average 0.50 and 0.66 mg Mg kg™ soil,
respectively. On the other hand, the addition of
P fertilizers at the rate of (P,) gave the
corresponding values in clayey soil ranged from
1.74 to 2.09 mg Mg kg and 2.11 to 2.50 mg Mg
kg, with an average of 1.90 and 2.31 mg Mg
kg soil, respectively. While in sandy soil ranged
from 0.50 to 0.61 mg Mg kg and 0.63 to 0.72
mg Mg kg™ with an average of 0.56 and 0.68 mg
Mg kg™ soil, respectively. The average values of
available Mg were increased with increasing Mg
fertilizers rates in absence or presence of P
fertilization in the two soils under study. This
finding is in agreement with that obtained by
Sutcliffe and Baker (1983).

Effect of incubation time

After 6, 12, 24, 48, 72, 168 and 336 hours of
incubation, the highest values of available
magnesium (0.63 and 2.11), (0.67 and 2.29),
(0.71 and 2.37), (0.72 and 2.46), (0.71 and 2.50),
(0.70 and 2.33) and (0.64 and 2.13) mg Mg kg’
soil were found with the treatment of (P, +
Mg,). The lowest ones (0.31 and 1.08), (0.31
and 1.05), (0.31 and 1.06), (0.34 and 1.07),
(0.33 and 1.07), ﬂ0.33 and 1.06) and (0.30 and
1.01) mg Mg kg~ soil were observed with the
treatment of Py+ Mg, in the sandy and clayey
soils, respectively.
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Table 3. Effect of phosphatic and magnesium fertilization on soil available magnesium (mg Mg kg™)
in clayey and sandy soils during incubation periods

Soil type Mineral fertilizer (mg kg™ soil) Incubation period (hr.) Average
P Mg 6 12 24 48 72 168 336
Py Mg, 1.08 1.05 1.06 1.07 1.07 1.06 1.01 1.05
Mg, 143 1.54 158 1.68 1.70 1.62 1.40 1.56
Mg, 1.65 1.69 1.76 1.79 1.80 1.69 148 1.69
Mg, 1.13 1.19 131 138 141 135 1.28 1.29
Clayey soil P, Mg, 1.57 1.69 1.77 185 1.87 1.70 1.57 1.72
Mg, 2.09 2.15 230 238 238 226 199 222
Mg, 1.16 1.25 133 142 145 129 1.13 1.29
P, Mg, 1.74 1.77 1.89 2.07 2.09 197 1381 1.90
Mg, 211 229 237 246 250 233 213 231
Py Mg, 0.31 0.31 031 034 033 033 030 0.32
Mg, 0.44 045 047 048 049 047 039 045
Mg, 0.49 048 049 052 052 049 043 049
Mg, 0.33 0.36 039 041 042 039 036 0.38
Sandy soil P, Mg, 0.47 0.50 0.52 0.54 0.55 0.50 046 0.50
Mg, 0.63 0.64 0.68 0.69 0.70 0.68 0.59 0.66
Mg, 0.35 0.38 0.39 040 038 036 034 037
P, Mg, 0.50 0.53 0.58 0.61 0.61 0.60 0.55 0.56
Mg, 0.63 0.67 0.71 0.72 0.71 0.70 0.64  0.68
P,: without phosphorus P:13.1 mg P kg.”! P,:26.2 mg P kg.”!

Mg,: without magnesium Mg;.20 mg Mg kg.™!

In general, the available Mg was gradually
increased with increasing time up to 72 hours of
incubation for the clayey and sandy soils after
that the available Mg level decreased in the tested
soils for all studied treatments. The decrease in
available Mg level after 168 hours until the end
of incubation time could be due to assimilation
by microorganism or perspiration of Mg in from
of insoluble compounds. This finding is in
agreement with that obtained by Mohamed et
al. (1991) and Abd El-Satar (2018).

Available Ca

Results in Table 4 show the effect of P and
Mg fertilization rates on Ca availability in

Mg,: 40 mg Mg kg.™!

clayey and sandy soils during incubation of
successive intervals.

Effect of P fertilizer rates

Results revealed that values of available
calcium in the untreated clay soil, over the
different periods of 1ncubat10n ranged from
17.8 to 18. 9 mg Ca kg with an average of 18.5
mg Ca kg'. The correspondlng range in sandy
soil was 7.83 to 8. 79 mg Ca kg™ with an average
of 8.51 mg Ca kg'. While in the treated clay
5011 with only (P;) ranged from 21.2 to 28 5gCa
kg with an average of 25.22 mg Ca kg™'. While
in sandy soil ranged from 11.1 to 15. 9 mg Ca
kg' with an average of 13.0 mg Ca kg™ In the
treated clayey, 5011 with (P;) ranged from 28.1
to 37. 7 mg Ca kg with an average of 31.8 mg
Cakg”.
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Table 4. Effect of phosphatic and magnesium fertilization on soil available calcium (mg Ca kg™)
in sandy and clayey soils during incubation periods

Soil type  Mineral fertilizer (mg kg soil) Incubation period (hr.) Average
P Mg 6 12 24 48 72 168 336
Mg, 185 18.6 189 189 188 18.1 17.8 18.49
Py Mg, 169 166 159 152 148 14.1 13.8 15.31
Mg, 159 155 151 149 146 13.8 13.0 14.69
Mg, 233 251 262 274 285 249 212 2522
Clay soil P, Mg, 22,5 225 2377 249 259 227 18.8 23.00
Mg, 212 212 225 239 253 19.1 17.1 2148
Mg, 279 305 327 347 37.7 309 28.1 31.78
P, Mg, 26.0 272 289 30.6 323 269 232 27.86
Mg, 23.8 249 262 27.6 29.0 2277 19.7 24.84
Mg, 8.72 888 872 879 8.69 794 7.83 8.5l
Py Mg, 7.78 7.05 682 6.60 641 6.06 583  6.65
Mg, 7.51 6.50 590 583 570 436 4.10 5.70
Mg, 10.1 12.0 13.7 156 159 124 11.1 12.96
Sandy soil P, Mg, 9.57 117 11.6 14.0 142 102 981 11.58
Mg, 9.23 931 9.06 13.0 12.6 9.65 880 10.24
Mg, 13.6 155 179 192 19.7 164 154 16.81
P, Mg, 125 135 142 169 172 143 129 14.49
Mg, 11.5 12.0 13.0 152 156 13.0 12.1 13.19
Py: without phosphorus P:13.1 mg P kg.”! P,:26.2 mg P kg.”

Mg,: without magnesium Mg;.20 mg Mg kg.™!

For the corresponding range in sandy soil, the
values ranged from 15.4 to 19.7 mg Ca kg™ with
an average of 16.81 g Ca kg"'. Average values of
available Ca in untreated clay soil were greater
than those in untraded sandy one. This result
may be due to the great native content of
available Ca in clay soil (Table 1).

Effect of Mg fertilization rate

Results presented in Table 4 show that in
absence of phosphate fertilizers (P) , the values
of available-Ca in a clayey soil treated with
(Mg;) and (Mgy)rates , during the wvarious
incubation periods ranged from 13.8 to 16.9 mg
Ca Kg' soil and 13.0 to 15.9 mg Ca kg soil
with an average of 15.31 and 14.69 mg Ca kg
soil, respectively. The corresponding ranges in a
sandy soil were 5.83 to 7.78 mg Ca kg™ soil and
4.10 to 7.51mg Ca kg soil with an average of
6.65 and 5.70 mg Ca kg soil, respectively. The
corresponding ranges of P fertilizer at the rate of
(13.1 mg P kg™") to clayey soil were 18.8 to 25.9
mg Ca kg™ soil and 17.1 to 25.3 mg Ca kg™ soil
with an average 23.00 and 21.48 mg Ca kg
soil, respectively, while in sandy soil were 9.57

Mg,: 40 mg Mg kg.™!

to 14.2 mg Ca kg soil and 8.80 to 13.0 mg Ca
kg soil with an average of 11.6 and 10.2 mg Ca
kg' soil, respectively. On the other hand, the
addition of P fertilizers at the rate of (26.2 mg P
kg') gave the corresponding values in clayey
soil ranged from 23.2 to 32.3 mg Ca kg soil
and 19.7 to 29.0 g Ca Kg™' soil with an average
of 27.9 and 24.8 mg Ca Kg™' soil, respectively,
while in the sandy soil ranged from 12.5 to 17.2
mg Ca kg™ soil 11.5 to 15.6 mg Ca kg soil with
an average of 14.5 and 13.2 mg Ca kg soil,
respectively. The addition of Mg fertilizers
reduce the amount of available Ca in the soils.
This finding is in agreement with that obtained
by Scharrer and Jung (1955).

Effect of incubation time

After 6, 12, 24, 48, 72, 168 and 336 hours of
incubation, the greatest values of available Ca
(11.5 and 23.8), (12.0 and 24.9), (13.0 and
26.2), (15.2 and 27.6), (15.6 and 29.0), (13.0
and 22.7) and (12.1 and 19.7) mg Ca kg soil
were found with the treatment of P, + Mg,
while the lowest ones (8.72 and 18.5), (8.88 and
18.6), (8.72 and 18.9), (8.79 and 18.9), (8.69
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and 18.8), (7.94 and 18.1) and (7.83 and 17.8)
mg Ca kg''soil were observed with the treatment
of Py + Mg, in the sandy and clay soils,
respectively. As a general result, the available
Ca was gradually increased with increasing
incubation up to 72 hours of incubation time for
the clay and sandy soils. The reduction in
available Ca level after 168 hours until the end
of incubation time could be due to assimilation
by microorganism or perspiration of calcium in
form of insoluble compounds. This finding is in
agreement with that obtained by Mohamed et
al. (1991) and Abd El-Satar (2018).

Soil pH

Results in Table 5 demonstrate the effect of P
and Mg fertilizer rates on soil pH in the clayey
and sandy soils during incubation of successive
intervals.

Effect of P fertilizer rates

Results presented in Table 5 reveal that
values of soil pH in the untreated clayey soil, at the
different periods of incubation, ranged from 7.52
to 7.70 with an average of 7.58. The
corresponding range in sandy soil was 7.90 to
8.04 with an average of 7.99. While in the
treated clayey soil with only 13.1 mg P kg’
ranged from 7.46 to 7.67 with an average of
7.54. While in sandy soil ranged from 7.87 to
8.03 with an average of 7.93. In the treated
clayey, soil with 26.2 mg P kg' ranged from
7.39 to 7.56 with an average of 7.47. The
corresponding range in sandy soil, the values
ranged from 7.79 to 7.94 with an average of
7.87. The values of pH were slightly decreased
with increasing P fertilizer rates in presence or
absence of Mg fertilization in both soils under
study. This finding is in agreement with that
obtained by Abd El-Satar (2018). Average
values of pH in untreated sandy soil were
greater than those in untreated clayey soil. This
result could be attributed due to the low
buffering capacity of the sandy soil having the
less organic matter and clay content if compared
to the clay one (Table 1).

Effect of Mg fertilization rate

Results presented in Table 5 show that in
absence of P fertilizers (Py), the values of
available-Mg in a clayey soil treated with (20
mg Mg kg') and (40 mg Mg kg™), during the

various incubation periods ranged from 7.45 to
7.86 and 7.28 to 7.56 with an average of 7.53
and 7.38, respectively. The corresponding ranges
in a sandy soil were 7.86 to 8.03 and 7.68 to
791 with an average of 7.93 and 7.77,
respectively. The corresponding ranges at the
rate of (13.1 mg P kg™) in clayey soil were 7.28
to 7.58 and 7.21 to 7.47 with an average 7.39
and 7.32, respectively, while in sandy soil were
7.68 to 7.96 and 7.60 to 7.84 with an average
7.78 and 7.70, respectively. On the other hand,
the addition of P fertilizers at the rate of (26.2
mg P kg') gave the corresponding values in
clayey soil ranged from 7.21 to 7.48 and 7.15 to
7.42, with an average of 7.31 and 7.28,
respectively. While in sandy soil ranged from
7.60 to 7.84 and 7.55 to 7.79 with an average of
7.70 and 7.66, respectively. The values of soil
pH were gradually decreased with increasing
Mg fertilizer levels in two tested soils (Table 5).

Effect of incubation time

After 6, 12, 24, 48, 72, 168 and 336 hours of
incubation, the greatest values of pH (7.79 and
7.42), (7.76 and 7.39), (7.57 and 7.21), (7.55
and 7.17), (7.53 and 7.15), (7.69 and 7.30) and
(7.74 and 7.35) were found with the treatment of
(26.2 kg P fad." + 40 kg Mg fad.") while the
lowest ones (8.04 and 7.70), (8.04 and 7.49),
(8.01 and 7.63), (8.0 and 7.60), ( 7.90 and 7.52),
(795 and 7.94) and (7.79 and 7.57) were
observed with the treatment of (zero mg P kg +
zero mg Mg kg) in the sandy and clayey soils,
respectively. As a general result, soil pH values
were decreased during incubation periods up to
72 hours after that pH value increased with time
until of the end experiment under the studied
soil conditions. In general, the reduction in soil
pH values during incubation periods in the two
tested soils may be due to features of the soil
type, microbial activity and rate of phosphorus
and magnesium fertilization. This finding is in
agreement with that obtained by El-Fahham
(1997), Merwad (2009) and (2013), Silber et
al. (2010) and Abd El-Satar (2018).

Soil EC

Results in Table 6 demonstrate the effect of P
and Mg fertilization rates on soil EC values in
the clayey and sandy soils during incubation of
successive intervals.
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Soil type Mineral fertilizer mg kg™ soil) Incubation period (hr.) Average
P Mg 6 12 24 48 72 168 336
Mg, 7.70 749 7.63 7.60 7.52 7.54 7.57 7.58
Py Mg, 7.68 7.54 7.53 749 745 749 751 7.53
Mg, 7.56 748 7.31 7.32 7.28 7.32 737 7.38
Mg, 7.67 7.63 7.51 748 7.46 751 754 7.54
Clayey soil P, Mg, 7.58 7.54 7.31 731 7.28 735 739 7.39
Mg, 747 743 724 723 721 729 734 732
Mg, 7.56 7.51 7.44 743 739 748 751 747
P, Mg, 7.48 743 7.23 722 721 727 736 731
Mg, 742 739 7.21 717 7.15 730 735 @ 7.28
Mg, 8.04 8.04 8.01 8.00 790 7.95 797 799
Py Mg, 8.03 8.03 790 7.88 7.86 7.89 790 793
Mg, 791 790 7.72 7770 7.68 7.73 7.76 1.77
Mg, 8.03 802 7.89 7.87 787 791 794 793
Sandy soil P, Mg, 796 792 7.72 7.69 7.68 7.74 778 1.78
Mg, 7.84 780 7.64 7.62 7.60 7.68 7.73 7.70
Mg, 794 792 785 7.82 7779 7.89 791 7.87
P, Mg, 7.84 7.82 7.62 7.60 7.60 7.66 7.75 7.70
Mg, 7.79 7.6 7.57 7.55 7.53 7.69 7.74 7.66
Py: without phosphorus P:13.1 mg P kg.”! P,:26.2 mg P kg.”!

Mg,: without magnesium Mg;.20 mg Mg kg.™!

Effect of phosphorus fertilizer rates

Results revealed that values of soil EC in the
untreated clayey soil, over the different periods
of incubation, ranged from 705 to 721 pS cm’
with an average of 716 uS cm’. The
corresponding range in sandy soil was 280 to
297 uS cm’ with an average of 289 uS cm™.
While in the treated clayey soil with 13.1 mg P
kg' ranged from 800 to 1092 puS cm” with an
average of 1045 pS cm’. While in sandy soil
ranged from 307 to 330 uS cm™ with an average
of 321 puS cm’. In the treated clayey, soil with
26.2 mg P kg ranged from 870 to 1136 uS cm™
with an average of 1093 pS cm'. The
corresponding range in sandy soil, the values
ranged from 328 to 390 pS cm™ with an average
of 372 uS em™. Average values of EC in the two
investigated soils were increased with increasing
P fertilization rates in absence or presence of
Mg fertilization. This finding is acceptance with
that obtained by Abd El-Satar (2018). Average
values of EC in untreated clay soil were greater

Mg,: 40 mg Mg kg.™!

than in untreated sandy one. This result could be
due to the high EC values in the clay soil
(Table 1).

Effect of Mg fertilization rates

Results presented in Table 6 show that in
absence of P fertilizers (Py) , the values of soil
EC in a clayey soil treated with (20 mg Mg kg™)
and (40 mg Mg kg'), during the various
incubation periods ranged from 730 to 808 uS
cm™ and 905 to 1084 uS cm™ with an average of
782 and 1053 pS cm’, respectively. The
corresponding ranges in a sandy soil were 295 to
314 uS cm™ and 323 to 380 uS cm™ with an
average of 304 and 366 uS cm’, respectively. The
corresponding ranges of P fertilizer at the rate of
(13.1 mg P kg') to clayey soil were 857 to
1125p em™ and 923 to 1151 uS ecm™ with an
average 1078 and 1111 pS cm’, respectively,
while in sandy soil were 314 to 337 uS cm™ and
561 to 629 uS cm™ with an average 326 and 612 uS
cm’”, respectively. On the other hand, the addition
of P fertilizers at the rate of (26.2 mg P kg') gave
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Soil type Mineral fertilizer mg kg™ soil) Incubation period (hr.) Average
p Mg 6 12 24 48 72 168 336
Mg, 715 719 717 721 720 712 705 716
P, Mg, 730 785 798 808 792 786 780 782
Mg, 905 1074 1079 1081 1084 1078 1069 1053
Mg, 800 1081 1084 1089 1092 1088 1081 1045
Clayey soil P, Mg, 857 1107 1112 1122 1125 1117 1109 1078
Mg, 923 1137 1142 1151 1146 1142 1135 1111
Mg, 870 1134 1129 1136 1135 1131 1120 1093
P, Mg, 1112 1181 1186 1193 1196 1192 1179 1177
Mg, 12851295 1299 1302 1308 1301 1289 1297
Mg, 282 294 295 297 293 287 280 289
P Mg, 295 302 304 310 314 309 297 304
0 Mg, 323 370 375 380 378 374 366 366
Mg, 307 317 319 328 330 327 319 321
Sandy soil P, Mg, 314 331 330 337 333 324 315 326
Mg, 561 616 621 627 629 622 608 612
Mg, 328 375 380 386 390 382 364 372
P, Mg, 709 747 751 764 765 754 740 747
Mg, 804 869 877 916 918 909 898 884
Py: without phosphorus P:13.1 mg P kg.”! P,:26.2 mg P kg.”!
Mg,: without magnesium Mg;.20 mg Mg kg.™! Mg,: 40 mg Mg kg.™!
the corresponding values in clayey soil ranged respectively. In general, EC values were

from 1112 to 1196 pS cm™ and 1285 t01308 uS
cm’', with an average of 1177 and 1297 uS cm,
respectively. While in sandy, soil ranged from
709 to 765 uS cm™ and 804 to 918 puS cm™ with
an average of 747 and 884 pS cm’, respectively.
Average values of EC in the two investigated
soils were increased with increasing Mg
fertilization rates in absence or presence of P
fertilization. This result could be due to the high
solubility product of other magnesium phosphate
compound. The finding agree with that obtained
by Kuo and Mikkelsen (1979).

Effect of incubation time

After 6,12, 24, 48,72,168 and 336 hours of
incubation, the greatest soil EC (uS cm™) values
(804 and 1285), (869 and 1295), (877 and
1299), (916 and 1302), (918 and 1308), (909
and 1301) and (898 and 1289) were found with
the treatment of P, + Mg, in both clayey and
sandy soils. On the other hand, the lowest ones
(282 and 715), (294 and 719), (295and 717),
(297and 721), ( 293 and 720), (287 and 712)
and (280 and 705) were observed with the
treatment of Py+Mg, in sandy and clay soils,

increased with incubation time up to 72 hours
for the almost treatments after that the EC
values decreased by time until the end of the
experiment under in tested soils, except the
treatments of PyMg, in the two tested soils,
PoMg;, P{Mg, and P,Mg, in clay soil and PMg,
and P;Mg, in the sandy soil. The first increase of
the EC values due to the increase of available
Ca*" and Mg”" in the studied soils (Tables 3 and 4).
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