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Abstract : A survey of the chemical way to determine the amount of different phosphorus forms in
calcareous soils was carried out on 22 calcareous soils fertilized for many years with phosphate
fertilizers from central and southern Irag. Extraction methods were developed by combining the
technique of individual traditional methods of different forms with sequentially extraction
technology. Soil samples were collected from surface (0-30 cm) and subsurface (30-60 cm) horizons.
Forms of soluble, ready available, organic and total phosphorus were extracted independently and
in addition to the successive extraction were carried out according to Jiang and Gu (1989) method.
The amount of soluble and available phosphorus extracted were low and ranged from 0.17 to 2.12
mg kg™ and 7.28 and 34.3 mg kg™ respectively. Organic phosphorus was medium and the values
ranged 30.9 and 93.1 mg kg™ while the total phosphorus content was high and the values ranged
between 206.9 and 570.6 mg kg™. The quantities of phosphorus extracted sequentially by chemical
extracts and the possibility of diagnosing different forms of phosphorus associated with calcium
Ca2-P, Ca8-P and CalO-P (apatite) in addition to P associated with OM and free iron and
aluminum oxides. The average values of Ca2-P, Ca8-P, Fe-P and occluded (O-P) extracted were
nearly similar and the values were 20.47, 25.28, 25.4, and 26.23 mg kg™ respectively while the Ca10-
P was much higher (194.54 mg kg™) than the other forms.

KEYWORDS: words: di-, octa- and deca-calcium phosphates, Fe phosphate, soluble, available and
total phosphates.

I. INTRODUCTION
Phosphates, the most abundant form of phosphorus in the environment, are available for
assimilation; thus, they have been traditionally used as fertilizers. Phosphorus (P) is an essential element
for plant growth and maintenance of an adequate amount of soil P through an application of inorganic
and/or organic P is critical for the sustainability of cropping systems. The availability and fractions of soil
P may change due to long-term continuous P fertilization besides its yield increasing effect [1,2].

Total and available phosphorus have been extensively carried out but little work is done on the
distribution of the various discrete chemical forms of inorganic phosphate. The distribution of various
forms of inorganic phosphorus in soils is affected by the activities of different ions in the soil, pH, age,
drainage, fertilizer practices, mineralogical nature, climate, and management practices [3]. Generally, 10-
20% of P applied is available for crop uptake in the year of application, whereas the remaining 80-90%
soil P (residual P) is adsorbed on the soil constituents and builds up as the soil P capital. The residual P is
partitioned into different fractions and pools [4]. In calcareous soils, soil inorganic P (Pi) represents the
dominant component of the soil P pool in calcareous soils. Soil Pi was divided into various fractions such
as Ca-P (HCI extractable P), Fe- and Al-P (non occluded Fe- and Al-bound P), and occluded P However,
in calcareous soils, the majority of Pi exists in the various Ca bound forms and there was a great
difference in P availability among the Ca-P fractions. These P fractions have remarkable differences in
mobility, bioavailability, and chemical behaviors in soil and can be transformed under certain conditions

[5].

To better characterize Pi transformations, using a sequential extraction procedure, based on their
availability and solubility to define them in soils both as qualitatively as well as quantitavely. A wide
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variety of extraction procedures for soil and sediment P have been developed, varying with the aim of the
study and the P fractions targeted [6]. The P forms commonly separated include soluble and loosely
sorbed (labile) L-P, redox-sensitive iron (Fe), aluminum (Al) bound and non-reducible Fe (surface-
bound), calcium (Ca)-bound P (apatite-P), and organic P. and non-reducible Fe (surface-bound), calcium
(Ca)-bound P (apatite-P), and organic P. Phosphorus adsorbed or precipitated with Ca, Fe, and Al is stable
when soils are maintained under conditions leading to P fixation, but may be susceptible to dissolution and
regeneration upon change in land use or environmental conditions [7]. The aim of investigation is to
identify the organic and inorganic pools of phosphorus, total P, and to characterize soil P reserves by using
different extraction method and to assess the validity of a phosphorus fractionation procedure, in chemical
characterization of soil P.

Il. MATERIAL AND METHODS

The experiment was carried out at Kut, University of Waist, Iraq, during July 2018 to June 2019.
The calcareous soils in this investigation were collected from middle and south of Iraq, where the soils
had amended to phosphorus fertilization for many years (Table 1). The soils were taken from (0-30) cm
and (30-60) cm depths and | samples were air dried, grind and sieved to pass through 2 mm sieve and
stored in the plastic container for further analysis. Particle size distributions were determined according to
international pipette method with removing carbonate [8]. Soil pH was measured in 1:5 soil-water
suspensions with a glass electrode [9], by using a Microprocessor pH meter model-pH 211-HNA Com.
Italy. Electrical conductivity of soil extract (ECe ) was measured in 1:5 soil-water dilution [10], by using
EC meter, and model WTW 82362 Weilheim, Germany, after being adjusted to 25 °C. Soil organic matter
was determined by Walkley and Black method as described by [11]. Total calcium carbonate was
determined with calcimeter. Active calcium carbonate was determined titremetrically using Droulinean
procedure [12]. The extraction procedure used in this study principally follows the classical method of
[13], and involved five fractionation steps in addition to soluble phosphate S-P.

I1l. RESULTS AND DISCUSSION
The particle size distribution of soil (sand, silt, clay) varied between soils and most of soils samples
were rich in fine grains (clay + silt). The clay content ranged from 224 to 581g kg™ with average 383.8 g
kg™ while the silt content ranged between 219 to 440 g kg ~* with average value 327.2 g kg™. There is no
difference in the content between the surface horizons and the subsurface horizons in sand, silt and sand.

Table (2) refers to the values of electrical conductivity (ECe) of the study soils ranged from 3.11 to
6.99 dS m™ with average 4.65 dS m™ and the vales were higher at the surface horizons. The difference in
electrical conductivity may be due to a difference in the quality of the water used for irrigation the crops
or the presence of salts that are difficult to dissolve in these soils. Also, it may be due to the low amount of
rain fall in these arid region. So, the increase in the amount of salts in the surface layers indicates the lack
of leaching process or high salinity of irrigation water, which led to the accumulation of salts in the
surface layer.

Soil pH of the studied soils are shown in the Table (2), and the pH values were ranged from 7.0 to
7.9 with the average value7.25. The soil reactions were slightly alkaline and this may be due to parent
material rich in carbonate materials [14], or due to using irrigation water high in Ca®*. In addition, the
studied area is arid region, the leaching process was very low which may lead to increase the pH in the
surface horizons than sub- surface horizons. On the other hands, the surface soils have higher salinity than
subsurface soils, and an increase in the values of the pH of surface soils can be observed. It had been
found that the soil reaction values were decreased by increasing the salinity of the soil. The reclamation of
saline soils in Iraq leads to a decrease in the proportion of salts in the soil and increase the degree of
reaction due to hydrolysis that leads to the formation of sodium hydroxide [15,16]. The decrease in soil
reactivity values may be attributed to the accumulation of neutral reaction salts in the soil, which caused a
decrease in pH values towards neutralization [17]. The reason for the existence of a near inverse
relationship between the salinity of calcareous soils and the degree of their reaction was attributed to the
presence of calcium ions that have an inverse relationship with the degree of soil interaction and a direct
relationship with the salinity of the soil [18].
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Table 1: The location and GPS reading of the studied soils.

Soil No. Soil samples location Latitude N Longitude E

1 Baghdad 33° 16'4.5444" 44° 22'44.382"
2 Alsowaera 32° 57" 14.076" 44° 45' 58,626"
3 Tagalden 32° 58' 59.448" 44° 51' 35.352"
4 Alshehemeya 32° 41' 41.8992" 44° 58' 23.4516"
5 Alzobaidea 32°42'9.821" 45° 7'14.423"
6 Alnumania 32°32'40.1784" 45° 24' 26.8272"
7 Alahrar 32°31'1.6536" 45° 36' 35.3628"
8 Shik Saad 32° 33'53.9604" 46° 16' 51.4596"
9 Technical Institute in Kut 32° 26' 53.538" 45° 54' 0.7416"
10 Almoafakia 32°16 15.9024" 45° 55'32.5668"
11 Alhay 32° 12' 4.0644" 45° 59' 0.1356"
12 Albashaer 32° 7' 27.5664" 46° 7'1.7688"
13 Aldewania 31° 56'45.2652" 44° 47'8.1528"
14 Abo Almash 31° 40" 54.5376" 46°13'12.72"
15 Refaeel 31° 43'9.4404" 46° 6' 18.954"
16 Alrefaee2 31° 43'5.7144" 46° 6' 25.0848"
17 Alfager 31° 54'55.89" 45° 57'56.8944"
18 Almothana 30° 35'32.5464" 45°17'29.7744"
19 Alsemawa distrecet 31° 19'7.8204" 45° 16'50.2248"
20 Alsalman disstrect 30° 30'20.6676" 44° 32'18.3156"
21 Alkufa 32°2'50.0748" 44° 22'15.3876"
22 Kerbala 32° 36'24.6456" 44° 0'37.4112"

The results of some chemical analysis were shown in Table (2) and indicated that the total calcium
carbonate equivalent (TCCE) values of the study soils ranged between 155 and 482 g kg ~* with average
of 309.1 g kg™. Washing processes of carbonate minerals from surface to sub-surface horizons were very
low due to lack of rain and irrigation water in addition to the lack of solubility of carbonates minerals in
water lead to abundance of calcium minerals and accumulation at surface horizons. Studies indicated that
most calcium carbonate had been transported with the waters of the Tigris and Euphrates rivers and their
tributaries in the form of fine minutes from the upper north and deposition accumulated with other soil
minutes in the sedimentary plain [19]. He explained that the carbonate minerals move from the surface
horizons of the soil to the sub-surface horizons and its quantity increases with increasing depth with
increasing the amount of the carrier (water).

The results in Table (2) indicated that the values of the active calcium carbonate equivalent
(ACCE) of the study soils ranged from 101 to 390 g kg™ with average of 225.2 g kg™ and the content of
surface horizons were higher than subsurface horizons. The distribution pattern of ACCE in the study soils
were depending on the origin of the materials transported with the Tigris River water as well as the lack of
weathering and washing processes because of the lack of rain with the abundance of calcium ions and
bicarbonate which led to their accumulation in the surface horizons more than subsurface horizons.
Organic matter (OM) content were shown in Table (2) and the results showed that the content was
relatively low and the values ranged between 3.35 to 19.8 g kg™ with an average a rate of 10.42 g. kg ~*
.The content of aluminum oxides (Al,O5) of study soils ranged between 29.3 to 64.9 g kg™ and an average

©=8d |http://qu.edu.ig/jouagr/index.php/QIAS/index 295



QJAS Al-Qadisiyah Journal For Agriculture Sciences
ISSN: 2618-1479 Vol. 10, No.1,(2020), PP 293-303

http://qu.edu.ig/jouagr/index.php/QJAS/index

of 42.67 g kg™, while the free iron oxides (Fe,O3) value ranged values from 21.5 to 64.9 g kg™ with the
average 46.42 g kg™.

Table (2) : Some physicochemical properties of soil samples

>0 | Depth | Texture | Sand | Silt | Clay | OM | Al,05 | Fe;Os | TCCE | ACCE | pH | ECe
cm gkg™’ dsm
1 0- 30 Clay 159 260 581 15.4 49.1 50.2 482 290 78 6.71
30-60 Clay 152 268 580 11.9 458 49.2 351 271 7.4 4.60
0- 30 Clay 172 348 480 14.6 36.5 429 397 390 7.2 5.60
2 30-60 Clay 170 349 481 11.2 31.9 40.9 240 201 7.0 3.20
3 0- 30 Clay 356 244 400 4.49 49.9 61.9 254 180 75 7.80
30-60 Clay 340 260 400 3.42 459 52.9 155 151 71 3.20
4 0- 30 Clay 276 224 500 19.8 419 56.9 381 288 73 9.14
30-60 Clay 260 240 500 17.9 33.9 46.9 297 199 7.0 5.11
5 0- 30 Clay 310 250 440 16.5 39.3 40.9 337 309 71 13.2
30-60 Clay 308 252 440 14.1 29.3 31.9 295 234 7.0 9.90
6 | 0-30 Salno‘i“‘;'ay 516 220 | 264 | 990 | 649 38.9 376 243 73 | 850
30-60 Salno‘i“‘;'ay 517 219 | 264 | 770 | 549 40.9 267 201 70 | 250
7 0-30 Loam 376 380 244 4.60 63.9 51.7 367 285 71 3.40
30-60 | Clayloam 348 371 281 3.50 53.6 41.1 260 241 7.0 1.40
8 0- 30 Loam 416 320 264 5.20 49.3 50.9 326 317 7.2 3.50
30-60 Loam 413 322 265 4.29 33.8 41.9 283 281 7.0 3.10
0- 30 Clay 336 264 400 17.1 37.9 58.9 327 228 7.2 5.10
9 30-60 Clay 335 264 401 10.6 31.9 46.9 227 203 7.0 4.90
0- 30 Loam 336 440 224 7.41 52.9 61.9 165 132 7.3 4.40
10 30-60 Loam 335 440 225 6.91 45.8 45.9 162 128 7.2 2.20
0- 30 Clay loam 276 420 304 4.60 44.9 49.2 280 150 74 3.20
1 30-60 | Clayloam 279 419 302 3.35 40.6 38.6 193 101 7.2 2.30
5 0-30 Clay loam 296 342 362 15.7 43.9 56.6 402 230 7.2 20.5
! 30-60 | Clayloam 298 341 361 11.4 39.9 55.5 321 205 7.0 15.3
0- 30 S"I%Cm'ay 199 421 | 380 | 154 | 46.1 49.9 384 204 78 | 330

13 Silty clay
30-60 loam 196 423 381 11.9 39.1 419 248 178 7.2 4.30
0-30 Saroi;'ay 436 280 | 284 | 141 | 392 375 201 241 77 | 420

14 Sand clay
30-60 loam 430 281 289 9.15 38.9 215 203 192 7.0 3.30
0- 30 Clay 188 366 446 14.6 37.9 60.9 466 223 72 3.90
5 30-60 Clay 187 364 449 8.64 31.9 53.9 342 176 7.0 2.40
0- 30 Clay 202 320 478 11.8 48.6 50.2 381 200 7.9 8.10
16 30-60 Clay 200 339 461 10.3 38.1 40.9 262 190 74 5.40
0- 30 Clay 176 340 484 13.3 52.2 49.2 315 280 7.2 8.50
7 30-60 Clay 165 345 490 10.4 42.4 38.1 251 201 7.0 4.10
0- 30 Clay 196 320 484 12.2 49.1 41.7 323 301 75 6.10
18 30-60 Clay 189 321 490 6.50 318 32.9 239 221 71 5.40
0- 30 Loam 376 380 244 9.10 49.9 61.9 295 212 74 8.20
19 30-60 | Clay loam 346 371 283 8.20 40.9 50.9 210 186 7.0 6.20
5 0- 30 Clay loam 336 380 284 115 39.9 64.9 477 273 7.9 13.1
0 30-60 | Clay loam 330 379 291 9.50 35.7 40.9 389 200 73 10.9
5 0- 30 Clay 266 314 420 13.2 41.7 38.9 453 311 7.7 4.70
1 30-60 Clay 264 315 421 11.6 32.9 39.8 327 228 71 2.80
29 0- 30 Clay 224 340 436 8.34 42.9 475 304 238 73 4.30
30-60 Clay 226 343 431 7.51 36.9 25.7 295 199 7.0 2.90
mean 228.9 | 327.2 | 3838 | 10.42 | 4267 46.42 300.1 225.2 725 | 465
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Generally, the amount of Fe- and or Al- oxides were low because of the low content of Fe parent
materials and high soil pH These results were in agreement with the results found by [20], conducted on
Syrian basaltic soil content of aluminum oxides and iron oxides from 18.83 to 23.22%. The content of
aluminum oxides in calcareous soils were usually low due to high soil reaction values [21]. These
Fe**oxides were insoluble in neutral and high pH, making iron unavailable to plant in alkaline and in
calcareous soils. Furthermore, in these types of soil, iron readily combines with phosphates, carbonates,
calcium, magnesium and iron hydroxides. The results of extraction of different forms of phosphorus from
studied soils and the results were shown in Table (3) and indicated that the soluble phosphorus (S-P)
values ranged from 0.17 to 2.12 mg kg™ and the average value was 0.81 mg kg™.

Table (3): Phosphorus fractionations of soil samples

?\Iog Depth S-P Ca2-P Ca8-P Fe-P Occluded -P Cal0-P Recovery-P A-P T-P
cm mg kg * % mg kg

1 0-30 0.77 30.11 33.9 25.75 39.1 3219 100.2 15.2 450.5

30-60 0.31 18.10 27.05 20.29 33.35 155.9 84.4 10.3 302.1

2 0- 30 1.54 32.35 38.35 26.15 31.35 307.5 92.8 31.2 471.2

30-60 0.91 22.85 23.55 24.55 24.55 132.65 65.4 12.9 350.2

3 0- 30 1.02 18.90 24.3 35.70 31.65 171.9 98.4 17.1 288.1

30-60 0.71 15.65 13.85 30.05 23.28 83.10 70.8 14.4 235.5

4 0- 30 1.92 26.35 43.3 23.05 25.50 454.45 99.8 34.3 570.6

30-60 0.76 19.60 21.85 21.10 16.80 119.80 73.9 16.2 270.7

5 0- 30 0.93 20.50 39.90 25.45 20.35 379.3 99.1 25.1 | 490.7

30-60 0.3 17.40 15.55 24.20 17.22 122.40 74.4 20.1 265.0

6 0-30 0.61 11.95 19.55 29.70 30.95 325.05 97.6 20.8 | 428.2

30-60 0.29 11.75 11.80 22.30 12.30 109.50 69.9 12.1 240.3

7 0- 30 0.81 16.10 27.70 32.50 20.90 287.45 97.3 17.2 396.3

30-60 0.39 13.65 12.05 29.60 16.40 92.20 77.9 12.6 210.9

8 0- 30 0.75 19.70 23.10 39.55 35.80 226.75 100.2 15.3 343.9

30-60 0.32 12.90 18.20 28.20 23.15 167.70 89.5 13.1 280.0

9 0- 30 0.75 20.25 22.50 30.14 30.30 218.7 93.7 16.1 344.4

30-60 0.36 15.10 18.55 24.35 21.20 77.75 67.8 10.7 232.0

10 0- 30 1.12 19.95 27.75 40.95 33.30 186.25 91.6 139 337.8

30-60 0.81 16.30 21.75 26.75 23.10 98.45 83.7 10.3 223.5

1 0- 30 0.98 10.90 17.05 32.44 32.40 152.65 90.6 9.19 271.9

30-60 0.45 6.95 10.60 29.25 20.30 73.95 68.4 7.28 206.9

12 0- 30 0.63 22.15 43.75 27.40 37.11 181.8 94.5 18.6 330.9

30-60 0.35 18.15 36.30 23.30 29.23 92.25 73.1 13.9 273.2

13 0- 30 0.91 26.35 35.30 29.55 24.25 254.7 93.8 27.2 395.5

30-60 0.49 14.15 20.50 17.80 18.45 127.0 82.6 20.8 240.1

14 0- 30 0.89 20.60 33.80 19.95 25.56 255.7 93.0 25.4 383.4

30-60 0.36 13.70 18.20 17.23 20.23 108.3 81.3 19.9 218.9

15 0- 30 0.77 32.50 32.15 19.70 30.9 170.65 95.1 18.4 3015

30-60 0.29 10.65 18.15 17.10 19.30 117.45 88.1 11.8 207.6

16 0- 30 0.86 28.80 31.40 20.06 36.85 223.7 88.5 15.2 386.2

30-60 0.41 19.83 14.20 15.95 17.40 111.3 71.4 11.9 251.0

17 0- 30 2.12 36.10 23.85 20.80 29.85 320.85 85.0 34.3 510.0

30-60 1.19 13.40 22.55 19.20 19.65 148.80 749 19.8 300.1

18 0- 30 0.32 28.50 21.70 21.00 38.95 338.45 91.2 29.6 492.1

30-60 0.17 26.80 19.10 18.60 29.20 247.30 85.1 245 | 4009

19 0- 30 1.99 19.70 22.10 24.40 31.40 233.35 85.7 12.1 388.4

30-60 0.51 11.45 14.60 17.20 23.45 138.95 54.8 9.50 376.2

20 0- 30 1.55 30.6 33.25 29.80 36.23 224.55 97.1 19.1 366.5

30-60 0.71 24.1 24.75 28.70 30.30 198.65 92.0 125 334.1

21 0-30 1.36 26.6 45.45 33.12 23.20 308.15 98.0 149 | 446.7

30-60 0.79 19.4 36.20 21.10 18.15 107.40 76.0 10.2 267.0

29 0- 30 1.42 30.44 30.35 32.95 31.80 269.45 99.7 25.3 3975

30-60 0.91 29.45 22.65 21.30 25.15 116.0 71.1 20.8 302.9

Mean 0.81 20.47 25.28 25.41 26.36 194.54 85.44 175 335.9
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The content found in the surface soils horizons was higher than the content of subsurface soils and
this due to the addition of mineral fertilizers to the surface soils for many continuous years. The
concentration of S-P was entirely dependent on the soil properties in terms of its total and active calcium
carbonate content, the amount of clay and minerals type, the dominance of clay minerals, the amount of
iron oxides and free aluminum as well as the quantity and quality of organic matter in the soil [22]. This is
in addition to the amount of phosphorus added annually in the form of mineral fertilizers, which increases
the readiness of dissolved phosphorus by reducing the degree of soil minerals interaction and increase the
availability of the phosphorus in the soil solution by replacing the phosphorus ion on the soil surfaces
particles [23].

The percentage of mean dissolved phosphorus represents a very small fraction 0.24% of the mean
total phosphorus extracted by HCIO; digestion as in Fig.1 .In the studied soils, the availabilities P (A-P)
were found to be higher in the surface horizons as compared to subsurface soils and the value ranged from
7.28 to 34.3 mg kg™ with average 17. 5 mg kg™. This may be due to the addition of mineral fertilizers to
the surface soils. This may be due to higher fresh OM input and/ or higher root plant activity in the soil
surface. This may be because organic matter reduces phosphorus adsorption and reduces the energy of
phosphorus binding with mineral soils [7]. It had been found a significant and positive correlation between
OM and available P in soils (Fig.1) [24], and they summarized how organic compound may increase P
availability by formation of organophosphate complexes that were more easily assimilated by plant, anion
replacement of H,PO, on adsorption sites. In addition, decreasing the pH value of the soil caused an
increase in P availability especially in alkaline soil. On the other hands, the coating of Fe and Al particles
by humus to form a positive cover and this may reduce P adsorption.

200

—

2

< 150

g

< 100

()

g

S 50 047 2528 2535  26.23
(&)

g - ® ® 9

Ca2-p Ca8-p Fe-p O-p Calo-p
Phosphorus forms

Fig 1 : Sequential phosphorous image recovery rate

Organic matter may reduce phosphorus adsorption and reduce the energy of phosphorus binding
with mineral soils [7]. Experimentally, EI-Baruni and Olsen [25], indicated that the application of four
levels (0, 11, 22, and 44) tons ha’of OM to calcareous soil used in laboratory experiment lead to a
significant increase in P availability. Also, similar results had been found by [3]. On the other hand, the
effect of fertilizer application on the surface horizons may lead to lower the soil pH in situ and increase
the availability of phosphorus in the soil locally. Also, increases of fresh organic matter may inhibits the
process of adsorption of phosphorus in the soil and increases of organic matter due to plant residue which
leads to increase available phosphorusl [26,27], and that organic matter is an important source of
phosphorus during microorganisms decomposition of OM to soil solution [28].

Since the A-P values for most of the studied soils within the critical limit 25 - 15 mg kg ~* for the
all the surface horizon, which was determined by [26], in calcareous local soils in Iraq, so these soils do
not suffer from the lack of A-P. The mean percentage of A-P represents a very small fractions (5.21%) of
the mean total phosphorus (T-P) which extracted by acids extraction (Fig.2). Total P of the studied soils
are shown in the Table (3). The amount of total P values ranged from 206.9 to 570.6 mg kg™ soil, and the
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average was 335.9 mg kg™”. Generally, the total P were high in these soil and this was expected because of
addition of mineral fertilizers to these soils for many years which lead to high total P content.

60
50
40
30
20

© oo dD

S-P  Ca2p Ca8p Fep O-p  Calo- R-P
p
malls 024 6.09 7.53 7.55 781 57.92 12.86

Different forms of P extracted squentially

%Phousphorus extracted

Fig 2 : Percent of different forms of phosphorus extracted sequentially.
IV. P fractionation

In the second, third and sixth steps, extraction and phosphorus fractionation associated with
calcium carbonate were used, especially in calcareous soils where it can differentiate between the
dominant forms of carbonate present in calcareous soils such as Ca2-P and Ca8-P, mainly from the apatite
minerals (Ca-P). It was assumed that hydrochloric acid was the extraction of phosphorus from dicalcium
phosphate minerals in Table 3, Fig.2 . The values of phosphorus associated with calcium Ca2-P of the
studied soils ranged from 6.95 to 36.1 mg kg™ with an average 20.47mg kg™. Since the calcium content
were higher in the surface soils than subsoil soils, and as a result of increased calcium release in the soil
solution and then correlated with phosphorus added or released from one phase to another soil. The mean
calcium phosphate associated with calcium represents (6.09 %) a very small fraction of mean total
phosphorus extracted with perchloric acid as shown in Fig.2 .

Also, it may be due to addition of mineral fertilizer every year. Generally, these values were higher
than the value found in soils from Iran [30], that the average content of hydrochloric acid-P in 16
calcareous soils in Iran was 125 mg kg™*. The content of HCI-P is also more than the content observed by
Ruiz et al (1997) in 12 non-calcareous soils in Europe. Saavedra and Delgado [31], found that the average
HCI-P content in 17 agricultural soils in southwestern Spain was 14 mg kg™. Phosphate extracted with a
dilute acidic solution was thought to be primary P minerals such as hydroxyl fluorapatite [13,32].

This is attributed to the fact that increasing the calcium concentrations in the equilibrium solution
leads to the formation of more stable and less soluble Ca2-P compounds, which makes it difficult to move
them with irrigation water [33]. Al-Hiti [34], found that the concentration of calcium phosphate in some
soils of the North Iraq ranged between 470-210 mg kg * and constituted (86.7 - 84.2) % of the metal
phosphorus. The results showed in Table (3) and Fig.1,indicated that the phosphorus associated with
calcium Ca8-p soils of the study, which ranged values between (45.45 - 10.6) mg kg™ with average of
25.28 mg kg™. Both adsorption and fixation occur for phosphorus in calcareous soils and it was difficult to
distinguish between them which depended on the amount and surface area of calcium carbonate and its
size [28]. Through the study of the physical and chemical properties of carbonate minerals in Iraqi soils it
was found that the active carbonate is the most effective part in the absorption of phosphate. Extraction
with sodium acetate was associated with calcium phosphate (Ca8-P) and primary mineral apatite in soil
that cannot be extracted by aluminum acetate.
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Thus, in neutral soils the basal degree of reaction P ions will be deposited as: mono — di calcium
phosphate or octa calcium phosphate, hydroxyl apatite, and ultimately the less soluble apatite [35]. Also,
aluminum acetate extracts Pi associated with apatite [36]. The extraction of phosphorus associated with
iron (Fe-p) was shown in Table (3) and Figure (1) and the results indicated that the values ranging from
15.95 to 40.95 mg. kg ~* with average of 25.41 mg kg™. The amount of free iron oxides in calcareous soils
usually was low compared to acidic soils [21]. Therefore, some researchers did not obtain values for
phosphorus associated with Fe and Al [34]. But Al-Meani [37], obtained values of aluminum phosphate
ranging from 6.7 to 28.8 mg kg ™ for different areas of Irag. On the other hand, the decrease in the amount
of phosphorus adsorbed on the surfaces of iron compounds in calcareous soils may be attributed to the
effect of sodium ions on the volatility of the carbonate minerals and their increased solubility,
accompanied by the release and dissolution of the adsorbed iron or sedimentation on the surfaces of the
cutin .

They pointed out that there is a movement of iron oxides as a result of the leaching conditions of
the soils developed in northern Iraq, located within the high rain areas. Many studies conducted previously
in the Mediterranean region and in Syria in particular [38], have shown that iron oxides have a high effect
in the initial reactions of soluble phosphate fertilizer in soil despite low quantities [39]. Interactions with
long-term reactions have affected the efficiency of phosphorus use.

It had been found that during the extraction of phosphorus associated with organic matter by
NaOH and also it can extract a small amount of inorganic phosphorus [9]. Reduction in a small amount,
some of which may be associated with Fe in the form of complexes with organic matter [40]. It has been
noted that most of the sequence of NaOH calcareous soil fragmentation is due to phosphorus associated
with Fe and Al .

Although Chang and Jackson [32], noted that the possibility of a sodium hydroxide solution could
dissolve and extract FePO,4.2H,0, it was questioned about its ability to extract phosphorus associated with
Fe and Al in the presence of CaCO; [41]. Generally, the low mean Fe-P in calcareous soils may be the
result of low OM, low content of free oxides Fe and Al in these soils and accounted for 7.55% of mean
total phosphorus and can be a very small fraction of mineral phosphorus, which is usually less in Soils
with neutral and calcareous soils but formed a higher fraction in soils with acidic reactions [20].

Soil residue was extracted from the previous step using sodium - bicarbonate - dithionite (NaBD) to
separate a sensitive part of the phosphorus associated within oxides (Fe-P), mainly those found in iron and
aluminum compounds. This method mainly and completely dissolve the free iron oxides minerals which
are non-silicate minerals in the sample [32]. The results in Table (3) indicated that the O-P values in the
study soils ranged between 12.3 to 39.1 mg kg-* with the mean 26.36 mg kg * and that the content of
surface soils was higher than subsurface soils due to the addition of fertilizers to the soils annually. And
that the mean percent of O-P represents a very small fraction of 7.81% of the mean total phosphorus
extracted with perchloric acid as in Fig.2 .

The phosphorus values associated with these free oxides depend on the type, size and degree of
crystallization. The presence of OM, which has a significant role in preventing the formation of iron oxide
crystals [42], results in the occurrence and distribution of weakly crystalline minerals such as ferrihydrite
which is more active than goethite and / or hematite. The most common iron oxides in arid and semi-arid
soils were hematite. Generally, iron oxides are usually found in soil as separate compounds, as coatings on
soil molecules, or as amorphous hydroxyl compounds.Fordham and Norrish [34], suggested that iron
oxides, especially goethite are very important in the adsorption of phosphates in the soil. Because Goethite
has hydroxyl groups in its composition which has a binding capacity and could easily coordinate with P
while hematite Fe,O; did not contain any hydroxyl groups. It is well known that hematite is a dominant
mineral in arid and semi-arid soils [44]. Therefore, the oxide and hydrous oxide surfaces play a key role in
phosphate adsorption in neutral soils .
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On the other hand, in a study of phosphorus extraction associated with free oxides of carbonate
deposits, it was suggested that NaBD might extract some P from the surfaces of CaCO; particles [45].
Jensen et al [46], also concluded that the specificity of the NaBD step for Fe-bound P extraction decreased
with increasing CaCO; content. Part of P in the extractable assembly of NaBD may arise in the form of
Ca-bound and may cause an overestimation of the phosphorus content associated with these free oxides.
This indicates that this extraction step is not selective for this form of P. But the results by other researcher
support the assumption that NaBD is selective in distinguishing between reducing and non- reducing Fe —
P minerals. These results are in agreement to those of previous studies [32].

The results of phosphorus values associated with Cal0-P shown in Table (3) ranged from 73.95 to
454.45 mg kg™ with an average 194.54 mg kg™ and the percentage of mean CA10-P represents a very
small fraction 57.92% of the mean total phosphorus extracted with perchloric acid as shown in Figure (2).
In calcareous soils, the total mean of these phosphorus forms represents 71.54% of the total phosphorus
rate. They represent more than 90% of the mineral portion.

And that the rate of ready phosphorus represents a very small fraction 57.92% of the total
phosphorus rate of the different soil components of organic matter and clay minerals and carbonate and
iron oxides effect on the level of phosphorus in different soil, and have found relationships between the
different phosphorus forms and soil content of different minerals and organic matter. A significant
positive correlation was found between total phosphorus and organic matter at P <0.001 level.

Conclusion
The accumulative P extracted by sequential extraction was an account on average less than 85.44%
from the total P. The highest values of phosphorus associated with calcium and account 71.6% of P as di-
octa- and deca- calcium phosphate while the decacalcium phosphates account 57.92% of the total P in
soils.

REFERENCES

[1] FanJ, Hao M D and Wang Y G 2003. Effects of rotation and fertilization on soil fertility on upland
of Loess Plateau. Research Soil Water Conservation. (in Chinese), 10(1): 31-36.

[2] Lai L, Hao M and Peng L 2003. The varioation of soil phosphorus of long-term continuous cropping
and management on Loess Plateau. Research Soil Water Conservation, 10: 68-70.

[3] Meek B and Donovan T 1982. Long-term effects of manure on soil nitrogen, phosphorus, potassium,
sodium, organic matter, and water infiltration rate. Soil Science Society of America Journal, 46(5):
1014-1019.

[4] Gikonyo E W, Zaharah A R, Hanafi M M and Anuar A R 2008. Evaluation of phosphorus pools and
fractions in an acid tropical soil recapitalized with different phosphorus sources. Communication
Soil Science Plant Analysis 39:1385-1405.

[5] Sharpley A N, Foy B and Withers P J A 2000. Practical and innovative measures for the control of
agricultural phosphorus losses to water: an overview. Journal Environmental Quality. 29:1-9.

[6] Lukkari K, Hartikainen H and Leivuori M 2007. Fractionation of sediment phosphorus revisited. I:
Fractionation steps and their biogeochemical basis. Limnology and Oceanography: Methods, 5(12):
433-444.

[7] Chattha T H, Yousaf M and Javeed S 2007. Phosphorus adsorption as described by Freundlich
adsorption isotherms under rainfed conditions of Pakistan. Pakistan Journal of Agriculture Science
44 (4) :551 -556 .

[8] Kilmer V Jand Alexander L T 1949. Methods of making mechanical analyses of soils. Soil Science,
68(1): 15-24.

[9] Jensen H S and Thamdrup B 1993. Iron-bound phosphorus in marine sediments as measured by
bicarbonate-dithionite extraction. Proceedings of the Third International Workshop on Phosphorus in
Sediments: Springer, 47-59.

[10]Rahi H S, Khzair I I and Al-Obaidi, M A 1991. Soil chemical analysis. Mosul University press.

©=8d |http://qu.edu.ig/jouagr/index.php/QIAS/index 301



QJAS Al-Qadisiyah Journal For Agriculture Sciences
ISSN: 2618-1479 Vol. 10, No.1,(2020), PP 293-303
http://qu.edu.ig/jouagr/index.php/QJAS/index

[11]Black, C A 1965. Methods of soil analysis. Part 2. Chemical and microbiological properties.
American. Society Agronomy Inc. Publisher Madison. Wisconsin. USA.

[12] Kozhekov D and Yakovleva N A 1977. Determination of carbonates minerals in soils. Soviet Soil
Science. N0.10:620-626.

[13]Jiang B and Gu Y 1989. A suggested fractionation scheme of inorganic Phosphorus in calcareous
soils. Fertilizer Research 20, 159-165. doi: 10 . 1007/ BF01054551.

[14]Doner H E and Grossl P R 2002. Carbonates and evaporates. Soil mineralogy with environmental
applications. pp. 199-228.

[15] Dielman P J 1963. Reclamation of Salt affected Soil in Iraq. Publication No.11. International
institute for land reclamation and improvement. The Netherland.
[16] Al-Azzawi K M N 2013. The effect of different types of water on the efficiency of washing
local soil and some of its chemical properties .lragi Journal of Soil Science. 13 (1): 110-121
[17] Zubaidi A H 1989.Soil salinity is theoretical and applied foundations. University of Baghdad, dar
Al-Hikma .

[18] Al-Busaidi A S and Cookson P 2003. Salinity pH Relationships in  Calcareous. Agricultural and
Marine Sci.8 (1):41-46.

[19] Deliver P 1962. Properties of saline soil in Irag. Netherland Journal of Agriculture Science 10
(3): 194 -210.

[20] Ruiz J, Delgado A and Torrent J 1997. Iron-related phosphorus in over fertilized European soils.
Journal of Environmental Quality, 26(6): 1548-1554.

[21] Torrent J 1987. Rapid and slow phosphate sorption by Mediterranean soils: Effect of iron oxides.
Soil Science Society American Journal 51(1): 78-82.

[22] Busman L , John L, Gyles R, George R and Micha 2006. The nature of phosphorus in soils
.University of Minnesota extension.

[23] Hassan F Q 1985. The effect of pyrophosphate on readiness phosphorus for corn Yellow in some
Iragi. Master Thesis. College of Agriculture, University of Baghdad.

[24] Panahi S V S, Farhad M and Mohammad R A 2016. Sulfur application effect on pH Measurement
of wheat rhizosphere in calcareous soils. Biological Forum — An international Journal 8(1): 199 —

203.
[25] Tisdale S L, Nelson W L, Beaton J D and Havlin J L1997. Soil fertility and fertilizers. 5th ed. New
Delhi — India

[26] El-Baruni B and Olsen S 1979. Effect of manure on solubility of phosphorus in calcareous soils.
Soil Science 128(4): 219-225.

[27] Easterwood G W and J B Sartain 1990. Clover residue effectiveness in reducing orthophosphate
sorption on ferric hydroxide coated soil. Soil Science Society American Journal 54: 1345-1350.

[28] lyamuremye F, Dick R P and Baham J 1996. Organic amendments and phosphorus dynamics: I11.
Phosphorus speciation. Soil Science 161: 444-451.

[29] Wandruszka RV 2006. phosphorus retention in calcareous soils and the effect of organic
matter on its mobility . Geochemical Transactions 7 (6): 1-8.

[30] Ali, Noureddine Shawky .2012 .Fertilizer technologies and uses . Baghdad University —Ministry of
Higher Education and Scientific Research. University House for Copyright and Translation.

[31][30] Adhami E, Memarian H R, Rassaei F, Mahdavi E, Maftoun M, Ronaghi A M and Fasaei R G
2007. 'Relationship between phosphorus fractions properties of highly calcareous soils', Soil
Research, 45(4), pp. 255-261.

[32] Saavedra C and Delgado A 2005. Iron-related phosphorus in eroded sediments from agricultural
soils of Mediterranean areas. Geoderma 125(1): 1-9.

[33] Chang S and Jackson M L 1957. Fractionation of soil phosphorus. Soil science, 84(2): 133-144.

[34] Awad K M 1982. Reaetion of phosphate and zinc fertilizers in Iraqi calcareous soils . PhD Thesis ,
University of Aberdeen, England.

[35] Abdul — Latif F A 1975. Phosphorus supplying power in some Iragi soils. M.Sc. Thesis, College of
Agriculture, University of Baghdad.

©=8d |http://qu.edu.ig/jouagr/index.php/QIAS/index 302



QJAS Al-Qadisiyah Journal For Agriculture Sciences
ISSN: 2618-1479 Vol. 10, No.1,(2020), PP 293-303
http://qu.edu.ig/jouagr/index.php/QJAS/index

[36] Lindsay W L, Vlek P L and Chien S H 1989. Phosphate minerals. Minerals in soil environments,
(mineralsinsoile), pp. 1089-1130.

[37] Frossard E, Brossard M, Hedley M and Metherell A 1995. Reactions controlling the cycling of P in
soils. In ‘Phosphorus in the global environment. Wiley: Chichester, UK. pp. 107-137.

[38] AL-Meani A T 1978. Studies on the phosphorus status of some Aski Mousul soils. M.Sc. Thesis,
Mosul University.

[39] Matar A, Torrent J and Ryan J 1992. Soil and fertilizer phosphorus and crop responses in the
dryland Mediterranean zone. Advances in Soil Science 18: 81- 146.
[40] Ryan J, Hassan H M, Buasiri M and Tabbara H S 1985. Availability and transformation of applied
phosphorus in calcareous Lebanese soils. Soil Science Society American Journal 49: 1212 - 1220.
[41] Schnitzer M 1969. Reactions between fulvic acid, a soil humic compound and inorganic soil
constituents. Soil Science Society American Journal 33(1):75-81.

[42] Williams J, Syers J, Harris R and Armstrong D 1971. Fractionation of inorganic phosphate in
calcareous lake sediments. Soil Science Society American Journal 35(2), pp. 250-255.

[43] Cornell R and Schwartzman U 1979. Influence of organic anions on the crystallization  of
ferrihydrite. Clays Clay Miner, 27(6): 402-410.

[44] Fordham A and Norrish K 1979. Arsenate 73 uptake by components of several acidic soils and
its implications for phosphate retention. Soil Research 17(2): 307-316.

[45] Schwertmann U 2008. Iron oxides. Encyclopedia of soil science: Springer, pp. 363-369.

[46] Pettersson K, Bostrom B and Jacobsen O S 1988. Phosphorus in sediments speciation and analysis.
Phosphorus in Freshwater Ecosystems: Springer, pp.91-101.

[47] Jensen H S, McGlathery K J, Marino R and Howarth R W 1998. Forms and availability of sediment
phosphorus in carbonate sand of Bermuda sea grass beds. Limnology and. Oceanography, 43(5):
799-810.

©=8d |http://qu.edu.ig/jouagr/index.php/QIAS/index 303



