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ABSTRACT

An incubation experiment was conducted under laboratory condition to study the effect of some
phosphatlc fertilizers i.e ordinary super phosphate (OSP) and rock phosphate (RP) at a rate of 100 kg
P,O; fad’., either singly or combined with orgamc soil amendments i.e orange residues (OR) and
chicken manure (Ch.M) at a rate of 20 tons fad".,mineral soil amendments i.e perlite (Per) and
vermiculite (Ver) at a rate of 2 tons fad® and elemental sulphur (S) at a rate ¢f 500 kg fad” .,on
available phosphorus content through different incubation periods i.e 7, 15, 30, 60, 90,120 and 150
days in two different soil samples. The first sample was non calcareous sandy soil, collected from the
Farm of the Faculty of Agriculture, at El-Khattara County, Zagazig University, El-Sharkia
Governorate. The second one was a sandy loam calcareous soil, collected from El-Noubaria Research
Station beside El-Noubaria County, northern part of Tahreer Province. The obtained results can be
summarized as follows: In absence of organic and mineral soil amendments, the available phosphorus
was greater with ordinary super phosphate treatment than with rock phosphate in the tested soils. In
absence of mineral soil amendments and in presence of any phosphatic fertilizers, 2% chicken manure
gave the greatest value of available phosphorus if compared to 2% OR and its other rates combined
with chicken manure in the two studied soils. In absence of organic soil amendments, (OSP +Per)
treatment gave the greatest average value of available phosphorus in a sandy soil, while (OSP+Ver)
treatment gave the greatest one in a calcareous soil if compared to the other treatments. The treatment
of (OSP plus 2% Ch.M plus Ver) in a sandy soil and the treatment of (OSP plus 2% Ch.M plus S) in a
calcareous soil showed beneficial effects on the available phosphorus if compared to the other
treatments. The most treatments of OSP or RP singly or combined with organic and mineral soil
amendments gave the greatest values of available phosphorus after 15,60 and 150 days, while the
lowest ones were obtained after 7, 30, 90 and 120 days incubation. The average values of available
phosphorus were greater in a sandy soil than in a calcareous one, when treated with OSP or RP
fertilizers mixed with organic and mineral soil amendments, while the average values were the least in
a sandy soil if compared to a calcareous one, when treated with OSP or RP fertilizers in presence or
absence of mineral soil amendments.

Key words: Phosphatic fertilizers, organic soil amendments, mineral soil amendments, sandy and
calcareous soils.

INTRODUCTION

Phosphorus is the second most commonly
soil limiting nutrient element after nitrogen.
Phosphorus is a very important element to plant
growth and plays a key role in metabolic
processes such as the conversion of sugar into
starch and cellulose {Menge! and Kirkby, 1987).
The phenomena of P fixation and precipitation

* Corresponding author: Tel. : +201009512873
E-mail address: abdo.soil@yahoo.com

in the form of insoluble calcium phosphate
compounds in soils (pH above 7) led to reduce
in soil available P. Most of the newly reclaimed
soils are sandy and calcareous, which are poor in
their content of organic matter and available
phosphorus (Sharpley, 1985). Perlite is a glassy
volcanic rock with a rhyolitic compostion.
During the thermal treatments, a structural
transition from amorphous to crystalline occurs,
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accompanied by increasing cation exchange
capacity (CEC) from 20-30 to 35-50 cmol kg’
as a result of multiplication of broken edges, and
increased specific surface area from 1.2 t02.3
m’g” (Dogan and Alkan, 2004). Vermiculite is
an excellent regulator of the soil moisture and
positively influences the development of roots
with its favourable properties of aeration and air
capacity. When added to soil, it supports optimal
conditions of soil moisture, air capacity and heat
balance, creating favourable conditions for plant
nutrition (Marinova et al., 2012). Metwally and
Abdel-Bary (1999) reported that maximum
available phosphorus was increased by the
treatment of 0.5 ton fad”., of rock phosphate.
Basyouny et al, (2003) found that the
availability of N, P and K in a calcareous soil
was increased with different organic manures
alone or combined with sulphur. Also, results
indicated the superiority of FYM+ sulphur for
increasing the available N, P and K as compared
to the chicken manuret sulphur. Sulphur plays
several important roles in soils, physically,
biologically and chemically (Hilal et al., 1990).
From the first moment of its application to soil,
sulphur fine particles increase significantly the
water holding capacity of the soil, decrease soil
bulk density, pH and EC which results in
increasing availability of most nutrients and so the
plant growth and yield increase.

The present work aimed to study the change
in available phosphorus as affected by different
phosphatic sources (Ordinary super phosphate
and rock phosphate) added singly or combined
with organic and mineral soil amendments
{orange residues, chicken manure, perlite,
vermiculite and elemental sulphur) to sandy and
calcareous soils.

MATERIALS AND METHODS

An incubation experiment was conducted to
study the change in soil content of available
phosphorus after each incubation period (7, 15,
60, 90, 120 and 150 days) as affected by
different phosphatic sources added either singly
or combined with different organic and mineral
soil amendments to the used soil samples (non
calcareous sandy soil and a sandy loam
calcareous soil).The first sample was collected
from the Farm of Faculty of Agriculture, at El-

Khattara County, Zagazig University. The
second sample was collected from El-Noubaria
Research Station near El-Noubaria County at
Northern part of Tahreer Province, Egypt. Table 1
shows physical and chemical characteristics of
the investigated soils.

Portions of the used soil sample, each
weighing hundred-grams were placed in small
plastic containers. The various phosphatic
fertilizers ie ordinary super phosphate 15.5%
P,Os (OSP) and rock phosphate 34.5% P205
(RP) were added at a rate of 100 kg P,Os fad™.
either individually or combined with orgamc
soil amendments i.e. orange residues(OR) and
chlckcn manure (Ch.M) at a rate of 2% (20 tons
fad'.) and mineral soil amendments as perlite
(Per) and vermiculite (Ver) at a rate of 0.2% (2
tons fad™.) and a rate of 0.05% S (500 kg fad™.)
i.e. elemental sulphur 99.8% S to soil samples.
Some characteristics of organic and mineral soil
amendments are shown in Tables 2 and 3. The
analyses of two soil samples and organic and
mineral soil amendments were carried out
according to Jackson (1958).

The experimental treatments were as follow:

¢ OSP or RP were applied either alone or mixed
with Per or Ver or S in absence of organic soil
amendments.

* OSP or RP plus 2% (20 tons fad'.) OR were
applied either without or with Per or Ver or S.

= OSP or RP plus2% (20 tons fad™! .} Ch.M were
applied either without or with Per or Ver or S.

¢ OSP or RP plus 0.5% (5 tons fad'.) Ch.M+1.5
% (15 tons fad™.) OR were applied without or
with Per or Ver or S.

¢ OSPorRP plus 1% (10 tons fad'.) Ch.M+1%
(10 tons fad'.) OR were applied without or
with Per or Ver orS.

e OSP or RP plus 1 5% (15 tons fad?! J)ChM +
0.5% (5 tons fad™'.) OR were applied without
or with Per or Ver or S.

Treatments were replicated two times and the
containers were kept under laboratory condition.
The soil moisture content was adjusted at the
field capacity through the experiment period.
The plastic containers were covered maentavning
astate of good auzation through the experimental
time and incubated at room temperature (x29°C
approximately). Soil samples were taken at
intervals of 7, 15, 30, 60, 90, 120 and 150 days,
where available phosphorus was determined.
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Table 1. Physical and chemical properties of the investigated soils

Soil location

Soil characteristics El-Khattara El-Noubaria
Soil particles distribution

Sand ,% 91.87 65.08

Silt, % 6.03 18.49

Clay,% 2.10 16.43
Textural class Sandy Sandy loam
Field capacity (FC),% 9.14 22.28
CaCO, ,(gkg") 5.0 231
Organic matter,(gkg”) 48 7.8
pH* 8.02 7.81
EC dSm'** 0.51 3.42
Soluble cations and anions, (mmolc/L) *#

Ca*™" 1.52 19.0

Mg™ 0.38 3.80

Na* 2.67 10.33

K* 0.69 1.38

CO;” - -

HCOy 1.60 3.2

Ccr 2.80 11.4

SO, 0.86 19.91
Total P,(gkg™) 0.12 0.35
Available P (mg kg™soil ) 17.36 54,60
* Soil-water suspension 1: 2.5 ** Soil water extract 1: 1
Table 2. Some characteristics of organic soil amendments

characteristics
i 5 g ;o (M) wac
dSm 4 N P K ratio o wax
(gkg)
Orange residues 275 349 651 19.8 12 14.3 19.07 291

Chicken manure 744 691 397 25.8 6.3 134 8.93 390

*Soil-water suspension 1: 5 **Soil water extract 1: 5 ***Water holding capacity
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Table 3. Some characteristics of mineral soil amendments

Characteristic Perlite Vermiculite
Si0;, (g kg™) 720 -
AL Oy, (gkg") 110 -
K;0, (gkg™) 40 -
N2,0, (g kg')! 29 ;
CaO,(gkg") 25 ;
Fe; 03, (gkg™) 15 -
MgO, (g kg 5 -
TiO,, (g kg") 2 -
B0, (gkg") 40 -
PH (soil paste ) 6.7 7.23
EC, dSm™ 2.50 2.50
Available nutrients, (mgkg™)
P - 3.65
K - 267
Na - 238
Fe - 12.03
Mn - 4.52
Zn - 2.85
Water holding capacity (WHC), % 601 101
Hygroscopic moisture , (%) 0.50 2.93
Bluk density ,kg m” 90 1120
CEC ,cmol, kg™ 210 160
RESULTS AND DISCUSSION kg'!. The corresponding range in a calcareous

Data in Tables 4 and 5 demonstrate the effect
of applied various phosphatic fertilizers and
organic and mineral soil amendments on
phosphorus availability in sandy and calcareous
soils during incubation for successive intervals.

Phosphorus Sources

Data revealed that values of available
phosphorus in the treated sandy soil with OSP in
absence of organic and mineral soil
amendments, over the different periods of
incubation,ranged from 14.5 to 25.5 with an
average of 21.2 mg P kg’ The corresponding
range in a calcareous soil was 13.6 to 34.5 with
an average of 22.9 mg P kg’ The corresponding
range in the treated sandy soil with only RP was
12.4 to 20.9 with a general average of 17.1 mg P

soil was10.3 to 27.5 with an average of 19.5 mg
Pkg' .Such results show that the available
phosphorus level was greater in the calcareous
soil than in a sandy one. This result could be due
to the great native content of available
phosphorus in a calcareous soil (Table 1).

With respect to the effect of the source of
applied phosphorus, it is evident that, the two
tested phosphorus sources generally induced
phosphorus availability in the soil. The general
solubility of applied phosphorus sources as
stated by El-Fahham (1997) and Nassar ef al.
{2000). The ordinary super phosphate was more
efficient than rock phosphate. Therefore,
ordinary  super phosphate could be
recommended as a good source of phosphorus in
these soils to attain higher available phosphorus
content.
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Table 4. Effect of different phosphatic fertilizers and soil amendments on available phosphorus
(mg kg) in a sandy soil during incubation periods

Phosphatic Organic soil Mineral soil Incubation periods , days
fertilizers amendments amendments 7 15 30 60 9 120 150

Without 229 206 19.0 255 225 23.6 14.5 21.2

Average

Control Per 227 222 140 314 157 263 139 209
Ver 222 215 206 53.1 153 205 137  25.1

s 165 240 157 316 166 267 146 208

Without 168 229 158 173 248 279 222 211

2% OR Per 156 231 175 371 224 202 212 224
b Ver 170 206 146 472 247 223 210 239

s 185 20.1 154 304 215 242 194 214

Without 260 359 22.5 528 387 338 245 335

2% CLM Per 246 359 285 538 328 270 246 325
o Ch. Ver 234 375 257 67.3 353 284 296 353
OSP s 228 346 266 479 413 292 205 331
05% cny  Without 167 27.8 184 374 276 232 229 249
= Per 17.5 229 160 42.1 235 281 203 243
L5 % OR Ver 187 242 212 360 287 231 213 247
=% s 179 214 244 565 31.1 302 135 278
Without 186 203 233 544 336 293 21.0 286

1% Ch.M Per 100 308 244 728 30.1 372 246 341
¥ Ver 213 301 240 725 326 322 226 336
1% OR s 190 361 271 425 334 318 232 304
Lsochy  Without 199 338 263 533 314 322 237 315
S % Ch. Per 211 338 243 417 342 369 233 308
0.5 % OR Ver 206 342 232 429 352 31.1 240 302
S % S 223 322 236 530 559 311 171 336
Without 202 19.1 153 17.1 12.4 209 148 171

Control Per 188 139 117 134 164 236 156 162
Ver 224 188 130 146 155 306 175 189

S 204 203 158 27.3 142 247 137 195

Without  23.5 188 181 288 239 236 160 2138

2% OR Per 235 190 164 246 234 205 149 203
Ver 223 131 152 31.8 213 266 156 209

s 235 180 139 337 188 262 188  21.9

Without 215 293 258 687 34.1 27.6 27.6 335

2% ChM Per 200 334 243 492 303 342 218 305
: Ver 215 381 275 50.7 319 396 237 333

RP S 231 325 309 552 354 335 257 338
059 cry  Without 175 215 160 360 253 243 185 228
5 % Ch. Per 192 261 161 330 251 230 191 231
L5 % OR Ver 212 214 158 330 237 251 205 229
' S 206 235 142 250 227 244 170 211
Lwony  Without 192 316 235 429 286 311 218 284
Ch. Per 203 298 259 438 207 292 205 285
L% OR Ver 200 342 252 465 351 318 196 303
S 17.6 255 236 441 30.6 351 234 286

; Without 183 31.7 285 528 320 37.9 21.0 317
1S% M Tper 215 375 253 565 226 291 211 306
0.5% OR Ver 239 413 226 719 392 291 202 352
: s 258 339 284 465 326 312 225 _ 31.6

OSP: Ordinary super phosphate, RP: Rock phosphate, Ch.M: Chicken manure, OR: Orange residues,Per: Perlite,
Ver: Vermiculite and S: Sulphur
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Table 5. Available phosphorus (ng kg') in a calcareous soil as influenced by phosphorus
sources and soil amendments during incubation periods

Phosphatic Organic soil Mineral soil Incubation periods , days
fertilizers amendments amendments 7 15 30 60 90 120 150

Without 18.8 345 21.8 29.0 21.7 13.6 208 229

Average

Per 202 31.0 21.1 253 239 159 265 234

Control Ver 21.7 303 205 233 224 141 201 2138

S 20.8 314 21.1 233 219 154 197 219

Without 18.1 279 237 277 269 162 235 234

Per 17.7 237 139 232 23.7 147 241 20.2

2% OR Ver 174 292 149 226 242 153 21.1 20.7
S 194 279 21.9 235 243 153 212 219

Without 284 425 327 382 374 164 322 325

Per 225 429 279 382 382 198 281 31.1

2% Ch.M Ver 19.2 459 340 382 360 159 312 315
OSP S 193 442 264 386 374 253 281 333
Without 197 277 216 281 273 18.8 223 236

0.5 % Ch.M Per 215 316 220 29.0 21.1 162 240 236
+ Ver 179 273 21.8 273 235 87 222 212

1.5 % OR S 203 272 224 273 250 149 215 227
Without 229 36.8 252 328 283 147 283 270

1% Ch.M Per 18.8 35.6 22.0 352 326 236 291 28.1
+ Ver 205 374 272 354 313 146 255 274

1% OR S 220 382 256 360 319 147 239 275
Without 220 36.1 262 355 294 171 276 277

1.5 % Ch.M Per 235 38,6 229 347 325 162 246 276
+ Ver 26.2 337 239 344 345 17.7 263 28.1

0.5 % OR S 264 327 252 355 36.0 160 333 293
Without 23.1 275 154 196 205 103 199 195

Per 220 301 211 221 202 141 180 21.1

Control Ver 17.1 277 141 237 202 120 19.1 191
S 17.1 237 21,7 20.1 18.6 127 203 192

Without 185 202 20.8 21.2 18.3 149 201 191

2% OR Per 228 209 142 211 193 13.7 196 1838
Ver 16.7 18.0 161 199 179 145 234 181

S 11.5 21.3 154 221 198 266 224 199

Without 20.1 405 294 371 321 291 299 31.2

2 % Ch.M Per 250 41.6 240 362 356 273 304 314
* Ver 245 454 30.1 38.6 323 243 253 315

RP S 259 39.7 252 358 345 258 2066 305
Without 17.7 258 208 245 236 225 169 21.7

0.5 % Ch.M Per 171 229 16.8 255 288 27.6 220 229
+ Ver 17.5 265 16.8 264 21.5 265 207 223

1.5 % OR S 170 304 179 223 329 241 183 233
Without 17.8 343 204 31.0 374 258 253 274

1% Ch.M Per 19.5 343 235 293 305 261 287 274
+ Ver 235 334 247 264 297 284 235 271

1% OR S 170 338 21.8 223 300 262 262 253
Without 322 372 247 323 333 258 256 302

1.5 % Ch.M Per 29.8 356 28.3 31.0 31.7 231 314 301
+ Ver 30.8 39.7 265 314 309 283 255 305

0.5 % OR S 214 38.6 245 364 30.1 279 244 2950

OSP: Ordinary super phosphate, RP: Rock phosphate, Ch.M: Chicken manure, OR: Orange residues, Per:
Perlite, Ver: Vermiculite and S: Sulphur
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Organic Amendments

In absence of mineral soil amendments ,the
general average of available phosphorus in the
treated sandy soil with (2% OR), (2% Ch.M),
(0.5% Ch.M +1.5% OR), (1% Ch.M + 1% OR)
and (1.5% ChM +0.5% OR) under the
application of ordinary super phosphate ,over
the different incubation periods ranged from
(15.8 to 27.9), (22.5 to 52.8), (16.7 to 37.4),
(18.6 to 54.4) and (19.9 to 53.3) with an average
of 21.1, 33.5, 24.9, 28.6 and 31.5 mgPkg’,
respectively.The corresponding ranges in a
calcareous soil were (16.2 to 27.9},(164 to
42.5), (18.8 to 28.1), (14.7 to 36.8) and (17.1 to
36.1) with an average 23.4, 32.5, 23.6, 27.0 and
27.7 mgPkg, respectively. The comresponding
ranges of the same treatments under the
application of rock phosphate to a sandy soil
were (16 to 28.8), (21.5 to 68.7), (16 to 36),
(19.2 to 42.9) and (18.3 to 52.8) with an average
of 21.8, 33.5, 22.8, 28.6 and 31.7 mg P kg-,
respectively.The corresponding ranges in a
calcareous soil were (14.9 to 21.2), (20.1 to
40.5), (16.9 to 25.8), (17.8 to 37.4) and (24.7 to
37.2) with an average 19.1, 31.2, 21.7, 27.4 and
30.2 mgPkg', respectively. The beneficial effect
of different organic soil amendments mixed with
either OSP or RP in absence of mineral soil
amendments on the level of available
phosphorus in the tested soils followed the order
(2% Ch.M) > (1.5% Ch.M+ 0.5% OR) > (1%
ChM + 1% OR ) > (0.5% Ch.M +1.5% OR) >
(2% OR) .

Results show that under the application of
OSP and RP, the average values of available
phosphorus increased with the increasing
application rates of chicken manure mixed with
the decreasing application rates of orange
residues in absence of any mineral soil
amendments.These results could be attributed to
the higher content of total phosphorus in chicken
manure than in orange residues (Table 2).

Also, results show that the average values of
available phosphorus increased with the application
of different organic manures combined with
OSP or RP if compared to OSP or RP. Such
response is dependent on the source of organic
manure and its rate of application, 2% chicken
manure plus OSP being generally superior and
2% orange residues plus RP being inferior.

Increasing phosphorus availability in the studied
soils with organic manures application may be
due to mineralization of organic phosphorus and
solving ability of some mineral and organic
acids, produced during manure decay as well as
displacement of phosphate by organic anions
formed from break down of these indicated
organic acids. This finding agreed with those
obtained by Gill and Meelu (1983) Mohamed
(1990) and Merwad (2009).

Moreover, phosphate fertilizers could be
increased markedly if they were applied along
with organic acids or with organic wastes due to
their influences in lowering soil pH values along
with chelating Ca and Mg ions and consequently
increase the availability of phosphate (Savini et
al., 2006).

In general, the wvalues of available
phosphorus in the studied soils were higher with
chicken manure treatments than with orange
residues ones under the application of ordinary
super phosphate or rock phosphate and in
absence of mineral amendments These results
may be due to one or all the three of the
following possibilities:

1.The release of amino acids and other organic
acids as a result of the decomposition of
chicken manure lead to reduce the Ca®
activity in the soil solution. This finding is in
agreement with that obtained by Hassan er al.
(2002).

2.The total phosphorus content in chicken
manure was greater than in orange residues
(Table 2). This result is in agreement with that
obtained by El-Kohly et al (2000) and
Basyouny (2001).

3.The accumulated carbon dioxide values from
chicken manure than the other organic ones as
reported by Salem et al., (2004) as well as the
solubilizing action of certain organic acids
produce during manure decomposition. This
finding agreed with that obtained by
Mohamed et al. (1991) and Merwad (2009).

In general, data presented in Tables 4 and 5
show that the average values of available
phosphorus in a sandy soil were slightly greater
than in a calcareous soil when treated with the
most solely treatments of chicken manure and
orange residues and their combination
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treatments at different rates. This result may be
due to the high release rate of phosphorus by
mineralization process of the organic
phosphorus and/or the low fixation rate of
available phosphorus in form of insoluble
phosphate compounds in a sandy soil if
compared to a calcareous one.

Mineral Amendments

In absence of organic soil amendments, the
available phosphorus values for each of the Per,
Ver and S treatments under application of
ordinary super phosphate, over the different
incubation periods ranged from (139 to
31.4),(13.7 to 53.1) and (14.6 to 31.6) with an
average of 20.9, 25.1 and 20.8 mg P kg’,
respectively.The corresponding ranges in a
calcareous soil were (15.9 to 31), (14.1 to 30.3)
and (15.4 to 31.4) with an average of 23.4, 21.8
and 219 mg P kg', respectively. The
corresponding ranges of the same treatments
under application of rock phosphate were (11.7
to 23.6),(13.to 30.6) and (13.7 to 27.3) with an
average of 162, 18.9 and 19.5 mg P kg',
respectively. The corresponding ranges in a
calcareous soil were (14.1 to 30.1),(12 to 27.7)
and (12.7 to 23.7) with an average of 21.1, 19.1
and 19.2 mg P Kg' respectively .Such results
may suggest that in absence of soil organic
amendments, (OSP+Ver) treatment had slightly
better effect upon the average value of soil
available phosphorus in a sandy soil if compared
to (alone OSP or RP), (OSP or RP plus Per) and
(OSP or RP plus S) ones, whereas the result of
available phosphorus in a calcareous soil may
suggest that in absence of organic soil
amendments, (OSP +Per) treatment had slightly
better effects upon the average value of
available phosphorus if compared to (alone OSP
or RP),(OSP or RP plus Ver) and (OSP or RP
plus S) ones.

The favourabe effect of perlite and
vermiculite materials on soil available-P level
may be due to the positive effect of these
materials on increasing the available moisture
content and hence increasing the availability of
phosphorus in the soil solution.

When 2% orange residues was added, the
average values of available phosphorus in the
treated sandy soil with Per, Ver and S materials
under application of OSP ,over the different

incubation periods were 22.4 ,23.9 and 21.4 mg
P kg, while in a calcareous soil were 20.2, 20.7
and 219 mg P kg', respectively. The
corresponding average values of the same
treatments under application of RP were 20.3,
20.9 and 21.9 mg P kg™ in a sandy soil, while in
a calcareous one were 18.8, 18.1 and 19.9 mg P
kg, respectively.

In presence of 2% chicken manure, the
average values of available phosphorus in the
treated sandy soil with Per, Ver and S materials
under application of ordinary super phosphate,
over the different incubation periods were 32.5,
35.3 and 33.1 mg P kg, while in a calcareous
soil were 31.1 , 31.5 and 33.3 mg P kg,
respectively. The corresponding average values
of the same materials combined with rock
phosphate were 30.5, 33.3 and 33.8 mgP kg in
a sandy scil, while in a calcareous one were
31.4,31.5 and30.5 mg P kg, respectively. Such
results may suggest that under the application of
OSP or RP , the treatments of Per or Ver or S
mixed with 2% OR or 2%Ch.M in a sandy soil
and mixed with 2%Ch.M in a calcareous soil
showed positive effects on the average values of
available phosphorus if compared to the
treatment of Per or Ver or § individually ,while
treatment of Ver mixed with (2% OR plus OSP)
in a sandy soil and the treatment of S mixed
with (2% OR plus OSP or RP) in a calcareous
soil could not materially affect these average
values if compared to the alone treatments of
Ver and S, respectively, but the treatments of
Per or Ver mixed with (2% OR plus OSP or RP)
in a calcareous soil showed a negative effect on
the average values of available phosphorus if
compared to the singly treatments of Per or Ver.

For adding (0.5% Ch.M + 1.5% OR), the
average values of available phosphorus in the
treated sandy soil with Per, Ver and S materials
under application of ordinary super phosphate
for all studied incubation periods were 24.3,
24.7 and 27.8 mgPkg” ,while in a calcareous soil
were 23.6,21.2 and 22.7 mgPkg”, respectively.
The corresponding average values of the same
materials combined with rock phosphate were
23.1, 22.9 and 21.1 mg P kg in a sandy soil,
while in a calcareous soil were 22.9,22.3 and
23.3 mg P kg, respectively.
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These results reveal that in presence of (0.5%
Ch.M + 1.5% OR), the materials of Per or Ver
or S mixed with OSP in a calcareous soil and the
material of Ver mixed with OSP in sandy soil
could not materially affect the average values of
available phosphorus, but the materials of Per
and S mixed with OSP in a calcareous soil and
the materials of Per or Ver or S mixed with RP
showed the positive effect on these average
values if compared to the alone materials of Per
or Veror S,

With respect to (1% ChM + 1% OR)
application, the average values of available
phosphorus in the treated sandy soil with Per or
Ver or S materials under application of ordinary
super phosphate for all incubation time intervals
were 34.1,33.6 and 30.4 mg P kg, while in
calcareous soil were 28.1, 27.4 and 27.5 mg P
kg', respectively. The corresponding average
values of the same materials mixed with rock
phosphate in a sandy soil were 28.5, 30.3 and
28.6 mg P kg, while in a calcareous soil were
27.4,27.1 and 25.3 mgPkg 'respectively.

Regarding the application of (1.5% Ch.M+
0.5% OR), the average values of available
phosphorus in the treated sandy soil with the
materials of Per, Ver and S under application of
ordinary super phosphate for prolonging
incubation periods up to 150 days were 30.8 ,
30.2 and 33.6mgPkg’, while in a calcareous soil
were 27.6, 28.1 and 29.3 mg P kg respectively.
The corresponding average values of the same
treatments under application rock phosphate in a
sandy soil were 30.6 , 35.2 and 31.6 mg P kg,
while in a calcareous soil were 30.1, 30.5 and
29.0 mg Pkg'l,respectively. Such results may
suggest that the materials of Per or Ver or S
combined with (1% Ch.M + 1% OR) and (1.5%
Ch.M+ 0.5% OR) in presence of OSP or RP
showed the positive effect on the average of
available phosphorus if compared to the alone
treatments of Per or Ver or S in the two studied
soils.

Such results may suggest that the treatments
of (OSP plus 2% Ch.M plus Ver) and (RP plus
1.5% Ch.M plus 0.5 % OR plus Ver) in a sandy
soil and the treatment of {(OSP plus 2% Ch.M
+8) in a calcareous soil had the beneficial
effects upon average values of soil available
phosphorus if compared to the other treatments.

Generally, the average available phosphorus
values for most treatments of the phosphatic
fertilizers {OSP or RP) combined with organic
plus mineral soil amendments were greater in a
sandy soil than in a calcareous one, while
application of OSP or RP fertilizers either alone
or mixed with mineral soil amendments gave the
lowest ones in sandy soil if compared to
calcareous one.

Incubation Periods

After 7 days, the greatest values of available
phosphorus (26.0 mg P kg™) was found with the
treatment of (OSP + 2% Ch.M) and (RP + 1.5%
ChM + 0.5% OR) without mineral soil
amendments in sandy and calcareous soils,
respectively, while the lowest ones (15.6 and
11.5mg Pkg') were observed with the
treatments of (OSP + 2% OR + Per) and (RP +
2% OR + S) in sandy and calcareous soils,
respectively.

Afterl5 days the treatments of (RP + 1.5%
ChM + 0.5% OR +Ver) and (OSP +2% Ch.M+
Ver) gave the greatest values of available
phosphorus (41.3 and 45.9mg P kg), while the
lowest ones (13.1 and 18.4mg P kg') were
found with the treatments of (RP +2 %0R +Ver)
and (RP +2%OR +Ver) in sandy and calcareous
soils, respectively.

After 30 days the treatments of ( RP + 2%
Ch.M + 8) and (OSP+2% Ch.M +V) gave the
greatest values of available phosphorus (30.9
and 34.0 mg P kg ), while the lowest ones (11.7
and13.4mg P kg') were found with the
treatment of (RP + Per) in absence of organic
amendments and (OSP +2% OR +Per) in sandy
and calcareous soils, respectively. This finding
agreed with those obtained by Al-Oud (2011).

After 60 days, the greatest value of available
phosphorus (72.8 and 38.6mg P kg') were
obtained with the treatment of (OSP + 1%
Ch.M+ 1%OR + Per) in a sandy soil and the
treatments of (OSP + 2% Ch.M+S) and (RP
+2% Ch.M +Ver) in a calcareous soil , while the
lowest one (134 and 19.6) mg P kg')were
observed with (RP +Per) without organic soil
amendments and with only RP in sandy and
calcareous soils, respectively.
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After 90 days, the treatments of (OSP + 1.5%
Ch.M+ 0.5% OR + S) and(OSP+2% Ch.M +
Per) gave the highest values of available
phosphorus (55.9 and 38.2 mg P kg?), while
the lowest ones (12.4 and 17.9 mg P kg™) were
found with RP without organic and mineral soil
amendments and with (RP+ 2% OR + Ver) in
sandy and calcareous soils, respectively.similar
results were obtained by Al-Oud (2011).

After 120 days, the greatest values of
available phosphorus (39.6 and29.1 mg P kg)
were found with the treatment of (RP +2%
ChM +Ver) and (RP+2% ChM) without
mineral soil amendments, while the lowest ones
(20.2 and 8.7mg P kg') were observed with
(OSP + 2% OR+P) and (OSP+0.5% ChM +
1.5% OR+Ver) treatments in sandy and
calcareous soils, respectively.

After 150 days, the treatments of (OSP+ 2%
Ch.M + Ver or S) and (OSP+1.5% Ch.M+0.5%
OR+S) gave the greatest values of available
phosphorus(29.6 and 33.3mg P kg?), while the
lowest ones (13.5 and 18mg P kg™") were found
with the treatments of (OSP+0.5% Ch.M+ 1.5%
OR + S) and (RP +Per) without organic soil
amendments in sandy and calcareous soils,
respectively.

As a general result, the available phosphorus
was remarked increase after 15 or 60 days of
incubation for the calcareous and sandy soils,
respectively.

Results reveal that after 15 days from the
beginning incubation, the available phosphorus
level increased in the tested soils for all studied
treatments, except some treatments of RP in a
sandy soil and the treatment of (RP +2% OR +
Per) in a calcareous soil, then decreased after 30
days in the two soils under study except, the
treatment of (RP + 2%OR) without mineral soil
amendments in a calcareous soil, but increased
again after 60days for all tested treatments in the
two soils ,then again gradually decreased after
90 for most treatments in both soils ,except
some treatments of phosphatic fertilizers
applying either alone or mixed with certain soil
amendments in a calcareous soil ,then again
increased with most treatments under study in a
sandy soil after 120 days,except some treatments
of phosphatic fertilizers applyied either alone or
mixed with certain soil amendments, while

decreased in a calcareous soil with all treatments
except with (RP + 2% OR + S) and (RP+ 0.5%
ChM +1.5% OR+Ver), then after 150 days
decreased for most tested treatments, except
(OSP + 2% OR+Per) and (OSP + 2% Ch.M +
Ver or S} in a sandy soil, but in a calcareous
soil, available phosphorus increased in most
freatments ,except some treatments of rock
phosphate combined with certain soil
amendments as shown in Tables 4 and 5.

The increase in available phosphorus level
after 15 days in the tested soils may be due the
microbial activity which have ability to affect
soil reaction in the soil microenvironment
leading to solubilizing mineral phosphorus. This
Finding is in agreement with that obtained by
Mohamed et al, (1991). The decrease in
available phosphorus level after 30 days in
tested soils may be attributed to assimilation by
microorganisms. Montasser (1987) and Merwad
(2009) suggested a possibility for fixation of
phosphorus released from applied manure. The
increase in the available phosphorus level in the
two soils under study after 60 days may be due
to the mineralization of organic phosphorus and
solubilizing action of certain organic acids
produced during manure decomposition. Montasser
(1987), Mohamed et al., (1991) and Merwad
(2009) suggested that the decomposition of
organic residues changes the status of
phosphorus sorption by soil. The reduction in
available phosphorus level after 90 days in the
two soils, after 120 days in a calcareous soil and
after 150 days in a sandy soil is dependent on
features of the type of organic and mineral soil
amendments, rate of decomposition and/or
immobilization of the organic manure source as
well as role of mineral soil amendment in
retention and/or release of soil available
phosphorus. This finding is in agreement with
that obtained by Mchamed ef al, (1991), El-
Fahham (1997); Merwad (2009) and Silber ef
al., (2010). The increase in level of available
phosphorus after 150 days from the start of the
incubation experiment in a calcarcous soil may
be due soil microflora decomposition leading to
releasing the mineral phosphorus probably was
induced by transformation of organic
phosphorus.This result is in a good agreement
with those obtained by Mohamed et al. ,(1991)
and Merwad (2009).
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Such results may suggest that the phosphorus
release in available form is dependent on the
chemical composition of applied organic manure
and mineralization of its phosphorus as well as
the positive effect of the organic manure decay
products, microbial activities and applied
mineral soil amendments in change of the status
of phosphorus sorption by soil.

In general, it could be concluded that the
treatment of 2% chicken manure combined with
vermiculite under application of ordinary super
phosphate may be more beneficial under the
condition of a sandy soil and with the treatment
of 2% chicken manure combined with elemental
sulphur under application of ordinary super
phosphate may be also beneficial under the
condition of a calcareous soil.
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