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Abstract. Phosphorus availability in calcarcous soils is low despite frequent P applications. There arc various
soil components that are affecting P sorption and availability. Two laboratory experiments were conducted on
twenty-two calcareous soil samples varying in soil properties to investigate the relationships of various soil
components with P availability and sorption. The P availability index {PAI), the increase in Olsen extractable
soil P after cquilibrating 50 mg P kg™ soil for 180 days, was significantly and negatively correlated with
extractable Ca and Fe oxides (r=-0.59 and -(.48 respectively). The P sorption index (PSi), the amount of
adsorbed I' after adding 1500 mg P kg soil, was significantly and positively correlated with active CaCO,
and total CaCO, contents (r=0.57 and 0.53 respeciively). No significant correlations were found between
PAI and PSI with other soil components. Ina stepwise regression procedure, the variance of PAI that was
accounted for increased significantly from 37 to 73, and then to 85% by including extractabic soil Ca, Te
oxides content, and soil pH. Likewise, the variance of PSI that was accounted for increased significantly from
23 1034, 45, and then to 56% by including active CaCQj; content, soil pH, erganic matter content, and total P
centent. Further research is needed to incorporate measurcments of soil components in calcareous soils with
extractable P to give a better and more complete measure of P supply.

Introduction

The availability of phosphorus (P) to plants is very low in calcareous soils. This had
been attributed to adsorption and/or precipitation reactions that occur between P and soil
constituents [1, p. 263-310]. In calcareous soils, Olsen's extract [2] has been used over
the years to account for P availability to plants and found to correlate significantly with
plant yield and total uptake of P by plants [3]. However, several authors tried to relate
various soil physical and chemical properties to P sorption and availability. Sharpley et
al. [4] found that fertilizer P availability measured after 30 and 180 d of application
decreased where the decrease positively related to calcium carbonate content of the
calcareous soils. Chand et al. [5] reported that the available P significantly decreased
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with an increase of soil pH and increased with an increase of organic carbon, cation
exchange capacity (CEC) and clay. They found that these soil properties jointly
contributed 37.5% variation in available P. In calcareous soils, Brar and Cox [6]
indicated that P availability index (PAI) was negatively correlated with CEC and clay
content at pH<8.8, while in soils with pH>8.8, soil pH was the dominant factor
controlling the PAL In arecent study on 19 calcareous soils from West Asia and North
Africa, Afif et al. [7] found that PAIL, at addition rate of 20-40 mg P kg , Was
negatively correlated with Fe oxides content and CEC of the soils after 180 d. While at a
rate of 300-500 mg P kg PAI was negatively correlated with CaCO3 content but not
correlated with Fe oxides regardlcss of the time.

A phosphate sorption index (PSI) for soils was proposed by Bache and Williams
[8]. The PSI was calculated as x/ logc, where x = the amount of P adsorbed (mg/100g
soil), and ¢ = equilibrium solution P concentration inmg P 1. This index was found to
correlate strongly with the sorption maximum determined from Langmuir isotherm
calculations. They indicated that PSI could be used as a suitable and rapid reference
index to characterize the phosphate sorbing properties of soils. Brar and Cox [6] found
that PSI was related to soil Ca and CaCQ, content in their calcareous soils but the
correlation coefficients were rather low,

The purpose of the present study was to investigate the relationships between PAI
and PSI, after P additien, as affected by some properties of calcarecus soils in Saudi
Arabia.

Material and Methods

Twenty-two surface soil samples (0-25 c¢cm) were selected from the main
agricultural areas of Saudi Arabia. Sampling sites arc shown in the figure. These soils
differed widely in their properties. The soil samples were air dried, gently crushed and
passed through a 2-mm sieve, and analyzed for texture [9, p. 545-567], total calcium
carbonate (CaCO3) by the calcimeter method [10, p. 181-196], active CaCOy [11],
cation exchange capacity (CEC) [12], neutral, molar ammonium acetate cxtractable Ca,
soil Ca, [13, p. 89], free Fe oxides [14, p. 44], organic matter [15], total P [16, p. 403-
430], and available soil P [2]. Dissolved P was analyzed by the ascorbic acid procedure
of Watanabe and Olsen [17].

The PAI was estimated in a suspension of 1:1 soil : KHyPOy solution to give a
dose of 50 mg P/kg soil. The samples were equilibrated for 6 wks in open glass beakers
at room temperature and rewetted with deionized water when approximately air dried.
The PSI was determined by adding 1500 mg P kg™’ to soil suspended in approximately
0.02M KCl soluticn in a soil : P solution ratio of 1:20 and shaking for i8 hr [8]. Samples
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were duplicated and analyzed for Olsen extractable P [2]. Statistical analysis were done
using SAS [18].

36" 39 42° 44 48 51° 54* 51 80*

Fig. 1. Location map.

o Sampling sites.
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Results and Discussion

The range, mean, and standard deviation of several chemical and physical
properties of the soils are presented in Table 1. The levels of available P in these soils
were very low for most of the samples with an average of 4.74 mg P kg‘1 which is lower
than the deficiency level of about 10 mg P kg~1 reported in calcareous soils from U.S.A
and India [19-20]. The increase in available P (PAI), after addition of 50 mg P kg™t ,
varied widely among soils (0.95-37.75 mg P kg'l).Table 2 shows the simple
relationships between PAI and some soil properties.

Table 1. Range, mean and standard deviation (SD) of some scils properties used in this study

Soil properties Range Mean SD
Clay (%) 9.00 - 30.00 1536 550
Organic matter % 0.05-0.84 0.28 0.22
IPH (soil paste) 6.52-8.14 7.64 042
CaCo; (%) 2.75 - 56.00 2116 15.84
CEC femol, kgh) 0.50 - 28.10 .40 778
Soil Ca (cmol kg 1) 4.00-13125 24.19 2525
Olsen P (mg kg1 0.65-26.05 474 6.28
Total P (mg kg1 65.00 - 800.00 249.22 231.50
Fe oxides (%) 0.23 - 9.50 1.12 2.08
Active CaCO4 (%) 0.15-6.35 2.69 1.8]
PAI (mg kg 0.95-37.75 26.20 8.78
ps 1.19 - 49.07 23.65 14.08

Table 2. Relationship between P availability index (PAI) and some soil properties

Soil properties Correlation cocfficient

Soil Ca (cmol kg™) - 0.50%=*
Fe oxides (%) -0.48*
CEC (cmol, kg -0.34
Cal03 (%) 0.38
Organic matter (%) 0.01
pH 0.19
Active CaCO4 (%) -0.07

* and ** indicate significant a1 0.05, 0.01 level respectively.
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The data indicate that PAI was negatively and significantly correlated to soil Ca
and free Fe oxides where the highest comrelation coefficient value is found between PAL
and soil Ca (r =-0.59) which in agreement with the finding of Brar and Cox [6]. In this
regard, Fitter and Sutton [21] found that P adsorption was related to exchangeable Ca in
soils with pH > 5. Also, Barrow ef al. [22] measured P adsorption in 0.001M calcium
chloride solutions and noticed sharp decreases in P concentration in equilibrium
solutions as the pH was raised above 6 due to the precipitation of Ca-P as indicated by
Shaviv and Shachar [23]. Recently, Carreira and Lajtha [24] found that P sorption
markedly increased when Ca™ was added to a 1:10 soil ; solution mixture. In the
present study soil Ca is considerably higher than the CEC , as given in Table 1, so the
excess of Ca in the soil solution can easily react with soil phosphate. Tn stepwise
regression analysis, the soil Ca content was able to explain 37% of the variation in PAL
The prediction equation was:

PAT=31.62 - 0.2180il Ca (1) (P<0.01)

The introduction of Fe oxides content together with soil Ca was able to explain
73% of the variation in PAI with the following prediction equation:

PAT=35.50- 0.24 Soil Ca - 2.62 Fe oxides (2) (P<0.01)

Many studies have found that Fe oxides play an important role in P fixation of
calcareous soils [6, 7, 25-27]. None of the other soil properties showed any significant
relation with PAI (Table 2). Even though, soil pH was not related to PAI (r=0.19), yet
the inclusion of seil pH with soil Ca, and Fe oxides content further increased the
predictability to 85% (Table 3). The prediction equation was:

PAL=-20.72 - 0.28 Soil Ca - 2.57 Fe oxides + 7.46 pH (3) (P<0.01)

In conirast to the findings of Sharpley et al. [4] the relationship betwcen PAT and
total CaCO3 content of the soils in the present study (Table 2) was not significant which,
in turn, is in agreement with that of Brar and Cox (6). This contradictory results might
be explained by the wor: of Afif et al. 7] who found that PAI was negatively correlated
to CaCO3 content of the soils at high P rates (500 mg P kg‘l). While at low P rates (20 -
40 mg P kg‘l), it was negatively correlated only to Fe oxides and CEC of the soils. They
suggested the dominance of the precipitation of Ca-P at the high P rates and the
adsorption processes mainly occurring at the low rates, The positive trend between PAL
and CaCOj content in the present study might be due to the selectivity of Olsen solution
to extract P initially bounded to CaCO5. Khaled and Al-Sewailem [28] found positive
correlation between available P as extracted by Olsen solution and Ca-P which has high
significant positive correlation with CaCO3 content of calcareous soils.
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Table 3. Stepwise multiple regression equations indicating partial contribution of different soil

properties to PAI
Dependent Equations R?
variable
PAL=31.62 - 0.21 Soil Ca 0.37
PAL PAL=35.50 - 0.24 Soil Ca - 2.62 Fe oxides 0.73
PAI=-20.72 - 0.28 Soil Ca - 2,57 Fc oxidcs 0.85
+7.46pH

The P sorption index (PSI) for these soils are given in Table 1. 1t ranged from 1.19
to 49.07 with a mean of 23.65£14.08. Table 4 shows the simple correlation coefficient
between PSI and some soil properties. The data indicate that PSI was significantly
correlated with active and total CaCOg contents (r=0.57 and r = 0.53 respectively).
Similar results with CaCO3z content were found by Brar and Cox [6] and Sharpley et al.
[4] except that Brar and Cox [6] found significant correlation between PSI and soil Ca
while it was not in our study (r = 0.38). None of the other soil properties showed any
significant relation with PSI. In stepwise regression analysis, the active CaCO3 content
was able to explain 23% of the variation in PSI (Table 5). The prediction equation was:

PSI=15.23 + 3.86 active CaCO3  (4) (P<0.01)

When the soil pH was included to active CaCO3 content the predictability
increased significantly (P< 0.05) from 23% to 34% (Table 5) and to 45% by including
organic matter, and to 56% by including total phosphorus in seils according to the
equation:

PSi=-143.31+17.75 pH+6.93 active CaC03+32.37 O.matter+0.02 Total P (5) (P< 0.05)

‘Fable 4. Relationship between P sorption index (PSI) and some soil properties

Soil properties Correlation coefficient
Active CaCO3 (%) 0.57%*
Ca(f()3 (%) 0.53**

Soil Ca (cmol kg 0.38

pH 0.37

Fe oxides (%) -0.33

CEC (cmol, kg -0.19

Organic matter (%) -0.16

* and ** indicatc significant at (.05, 0.01 level respectively.

Calcium carbonate has two important roles in its effect on P reactions in soils, one
as a P adsorbent and the other inits effect on other soil properties such as pH and Ca
concentration [29]. It is noteworthy that both total and active CaCO3 contents had
significant correlation with PSI but not correlated to PAIL This effect might be due to the
larger amount of P (1500 mg P kg' soil) used in the PSI in comparison with the lower
amounts of P (50 mg P/kg soil) used in the PAT experiment. Also, the lack of correlation
between Fe oxides and PSI support the suggested idea that precipitation is the dominant
mechanism for P fixation at high P addition rates.
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Table 5. Stepwise multiple regression equations indicating partial contribution of different soil proper-

ties to PS{
Dependent Equations R?
variable
PSi=15.23 + 3.86 active CaCO4 0.23
PSI PSI= -55.49 + 9,37 pli+ 3.53 active CaC()J 0.34
PSI=-103.20 + 13.95 pH+ 5.48 active CaCO3 +26.44 Q. 0.45
matter
PSI=-143.31+ 17.75 plI+ 6.93 active Ca’04+32370. (.56

matter + 0.02 Total P
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