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Table 1- Hysteresis indices (HI) used in this study
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Table 2- Some physical and chemical characteristics of 12 used soils in this study

Olsen - P
S oyled oM Sand  Silt Clay CCE ACCE* pH** EC:1:2  ma/kg)
Soil No. (soil
/. dS.m?
1 2.75 2455 3445 4100 1620 588 7.95 4.04 19.48
2 0.27 61.12 2202 1686 1845  3.63 8.38 1.86 4.89
3 0.96 67.06 1559  17.35  8.75 2.94 7.63 2.47 9.70
4 0.96 4802 2650 2548  7.00 1.47 7.65 2.70 9.17
5 3.17 4445 2666 2889 2350 147 8.06 1.34 11.84
6 0.37 6196 2564 1239 3000 294 8.34 158 5.65
7 1.18 2055 37.63 4182 2550  3.68 8.05 1.79 8.02
8 2.81 19.18 4125 3957 3500  10.78 8.05 1.94 6.49
9 2.37 5347 2972 1680 2700 245 8.35 2.25 9.85
10 1.96 2795 3288 3917 3300 931 7.77 1.07 7.26
11 1.58 4917 2569 2514 3150 6.3 8.25 151 3.67
12 3.29 18.61 43.24 38.15 17.14 8.58 8.15 2.71 11.23
'\7‘2’; 1.81 4134 3011 2855 2275 494 8.05 2.11 8.94
el oy 61.04 4401 2688 3866 4078  64.04 3.25 38.14 46.60
*(CV%)

g SBY 4 ojlas % il e Jld Joleo mandS Sl )S g Joleo mandS clySe JT o3l cdalé s 4y ACCE ,CCE <OM
OM, CCE, ACCE are organic matter, CaCOs-eq, and active CaCOs-eq concentration, respectively. * Coefficient of variation (CV)
was calculated by dividing the standard deviation to mean.
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Table 3- Efficiency of organic matter removal with sodium hypochlorite (NaOCI) soluion in the studied soils

A gﬂ osbo (%) B UL
. . Removal
0,
Jl>_ 8 ylows Organic matter (%0) efficiency (%)
Soil No. Jodle i 1 L3 o o3le B> 31 axy
Before SOM removal After SOM removal
1 2.75 0.27 90.18
2 0.27 0.05 81.48
3 0.96 0.05 94.79
4 0.96 0.08 91.66
5 3.17 0.09 97.16
6 0.37 0.05 86.48
7 1.18 0.12 89.83
8 2.81 0.37 86.83
9 2.37 0.12 94.93
10 1.96 0.13 93.36
11 1.58 0.11 93.03
12 3.29 0.30 90.88
I\f;ﬂ: 181 0.11 90.88
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Figure 1- P sorption and retention isotherm in soil 1, before (B) and after (A) organic matter removal
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Figure 2- P desorption concentration in each stage of the desorption process in two studied soils, before (B) and after (A)
removal of organic matter
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Table 4- Percentage of P desorption in studied soils before and after the removal of organic matter

S o lowd (1) N osbo i 31 Ju3 (%) T odlo Gdo 1 ur
Soil No. Before SOM removal (%) After SOM removal (%)
Desorption Desorption

1 314 20.1
2 64.1 61.4
3 32.6 216
4 49 31
5 45.6 27.2
6 34.9 26.2
7 444 36.8
8 434 29.7
9 385 28.1
10 29.7 16.6
11 355 23.8
12 37 24.8

ooke 405 28.9
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Figure 3- Freundlich equation fitting to the P sorption data in the soil 1, before (B) and after (A) removal of organic matter
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Table 5- Freundlich sorption isotherm coefficients in used soils, before (B) and after (A) removal of organic matter

Kr (L.kg ) N R?
B A D% B A M % B A *) %
ﬁ“ 1702 2696  +17.82 132 146 +204 092 094 +1782
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Figure 4- Freundlich equation fitting to the P retention data in the soil 1, before (B) and after (A) removal of organic matter
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Table 6- Freundlich equation fitting to the P retention data, before (B) and after (A) removal of organic matter

Ke (Lkg ) ne R

B A +) % B A +) % B A +) %
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u'\‘/lf;x““ 5021  660.6  +095 114 187 +171 098 099  +1.02
ﬂj; 3158 4308  +36 7.2 125  +74 095 096  +1.02
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Table 7- The value of first hysteresis index (HI1) for the studied soils

(H1) Silowwy L

ST osle Bis 51 Ld SToske Gis 3l any o381
Before SOM After SOM removal Increase (%)
‘mf 1.21 1.94 +72
fﬂ’;: 7.08 11.80 +2815
. /~l.~e
“I\j’: o 3.53" 5.90" +67.1
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* % The significant difference using t-test at p< 0.01
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Table 8- Second hysteresis index values (HI) for the studied soils

(HI) Slowny sl
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Before SOM After SOM removal Increase (%)
“,\’AT;S 2.47 256 +3.1
“,f/l’;” 7.65 11.09 +148.38
- Eslo
;\’Af o 5.39" 7.66™ +42.2

LoV oo ot geil b o stae M Kk
* s The significant difference using t-test at p< 0.01
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Table 9- Third hysteresis index values (HI3) for the studied soils

(HI) Slowny (a5 LS

ST oslo dis 51 J3 SN osle s 51 aay Ol 3817
Before SOM After SOM removal Increase (%)

S 221 2.94 +6.02
Min.
Oty 8.08 12.80 +157.3
Max.
eSle 4.53™ 6.89™ +52
Mean
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* #* The significant using t-test at p< 0.01
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Table 10- Fourth hysteresis index values (H14) for the studied soils

(HI) Slowuy (3L

SN osle s 31 J3 S oslo s 3l any o381
Before SOM After SOM removal Increase (%)
f/l):rf 256 3338 +32.1
el 338.6 767.5 +181.9
Sl
LI\?? an 125.9™ 261.4" +107.6

2oy Y aw T geil bl xe M)
* * The Significant difference using t-test at p< 0.01
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Table 11- Fifth hysteresis index values (HIs) for the studied soils

(HI) Slowny sl

S osbo s 51 L3 SN osb s 51wy o817,
Before SOM After SOM removal Increase (%)

g 24.42

. 24.42 33.11

Min.

s 57.13

o 57.13 59.94

Max.

2 Silo 14.05™

0% 37.65" 42,94

Mean

2o ) g T o905l bl ine 3M K K
* = The significant difference using t-test at p< 0.01
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Table 12- Sixth hysteresis index values (Hls) for the studied soils
(Hl) Slowws u»lm
S oslo s 31 J3 SN osb s 51 any ol
Before SOM After SOM removal Increase (%)

N 0.52 0.67 +1.1
Min.
oy 0.95 1.00 +53.8
Max.
oo 0.74* 0.83* +121
Mean

2o ) g T o905l bl ine BM) ¥ K
* = The Significant difference using t-test at p< 0.01
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Table 13- Seventh hysteresis index values (HI7) for the studied soils

(HI) Slowny a5 LS
S odle Bl 51 L8 SN osle Bis 51wy o381 7
Before SOM After SOM removal Increase (%)
Ot peS 0.55 0.66 +1.2
Min.
Ot 0.87 0.92 +67.3
Max.
Sbe 0.73" 0.83™ +13.7
Mean

2oy Y o 3T ygeil b b e Vs (K ¥
* % The Significant difference using t-test at p< 0.01
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1- Metastable States
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Table 14- Pearson correlation between calculated hysteresis indices and characteristics of studied soils (Befor removal of
organic matter)

Sl o od S bbeeebolys
Soil characteristics  Clay  Sand ACCE
Hlg 0.69* -0.61* 0.7* 0.77"  0.9**

2oy B g ) aw T eejl b Iy gxe aMS] F o F ¥
* % ¥ The Significant difference using t-test at p< 0.01 and p< 0.05
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Introduction: Sorption and desorption are important processes that influence phosphorus (P) chemistry in
soil. Desorption is a process more complex than sorption and usually not all that is adsorbed is desorbed. This
indicates that adsorption and desorption mechanisms are not similar and it seems that such reactions are
irreversible. Such irreversibility is usually called hysteresis. Major factors such as chemical changes in the
structure of minerals, non-equivalent processes, inflation of adsorbent material, changes in the strength of
crystals, irreversible fixation of adsorbed molecules in fine pores and equilibrium time less than its true value
lead to hysteresis phenomenon. The concentration of phosphate in soil solution and thus its availability for plant
are closely related to sorption processes by soil components. This relationship can be explicated by sorption
isotherms. Soil organic matter (SOM) especially in arid and semiarid regions is one of the important indices of
soil quality and plays important role in phosphate chemistry and fertility. Organic matter could decrease P
sorption, maximum buffering capacity, and bonding energy and could increase P concentration in calcareous
soils solution. Organic matter and organic acids resulted from its decomposition may coat calcium carbonate
surfaces and prevent the formation of apatite precipitation. There are several methods to remove soil organic
matter including using hydrogen peroxide and sodium hypochlorite solutions. It has been reported that H,O; is
penetrated into the interlayer spaces of phlogopite and vermiculite through exchange with water and cations and
decomposes into H,O and O.. Therefore, this study was conducted to quantify the hysteresis indices, to
investigate the effect of organic matter removal on phosphorus (P) hysteresis indices and to evaluate the
relationship between hysteresis indices and soil characteristics and selection of index with the close correlation.

Materials and Methods: This study was carried out to obtain soil organic matter (SOM) removal with
sodium hypochlorite solution (NaOCI, pH=8) effects on P hysteresis indices in 12 calcareous soils of Iran with
different characteristics. For experiment of P sorption, 2 gr of soil subsamples was placed in separate 50 mL
centrifuge tubes, to which were added 20 ml of monocalcium phosphate containing 5, 10, 15, 20, 30, 40, 60, 80
and 100 mg P L, which had been prepared in 0.01 M CaCl, solution as background. Centrifuge tubes were
shaken in a shaker incubator for 48-hour period to reach an equilibrium. Then, they were centrifuged at 4000
rom for 5 minutes. The supernatant was filtered through a filter paper and the P concentration of filtrates
determined using a spectrophotometer. The difference between initial and final P concentrations was assumed to
be the amount of P adsorbed by the soil. Desorption experiments were assumed at the end of sorption
experiments at the highest initial concentration of P with 0.01 M CacCl; solution. The tubes were shaken to reach
phosphate desorption equilibrium time (24 hours) at 25 °C in incubator shaker. Then, it was centrifuged for 5
minutes at 4000 rpm and 15 ml of the supernatant solution was pipetted and then 15 ml of solution of 0.01 M
CaCl, was added to tubes and the above steps continued to 9 steps. Freundlich model was used to describe the
sorption — desorption isotherms data. DataFit 9.0.59 software (1995-2008) was used for nonlinear fitting of
Freundlich to sorption data.

Results and Discussion: According to the results, P sorption and desorption data showed hysteresis which
indicates adsorption and desorption mechanisms are not the same. As expected, nonlinear Freundlich equation
showed a best fit (R>=0.96) to the data. The mean value of desorbed P in studied soils after SOM removal was
decreased by 40%, so it was concluded that P sorption was more irreversible. In NaOCI treated soils, the mean
values of seven studied hysteresis indices (HI) increased. Regression analysis indicated that the fourth hysteresis
index, obtained from the distribution coefficient (Kg), had close relation with clay (r = 0.69, p < 0.05) and active
calcium carbonate (r = 0.7, p < 0.05) concentration. Moreover, this hysteresis index showed significant (p<0.01)
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positive correlation with Ko and Krgesorh, Which suggests that increasing bonding energy in sorption and
desorption isotherms decreased desorption amount due to the strong interaction between adsorbed P and
absorbent surface, increasing this hysteresis index.

Conclusion: It was concluded that among seven used hysteresis indices, Hls can be introduced as the best
index for the studied calcareous soils. It is predicted that using organic matter or preventing its reduction in arid
and semi-arid calcareous soils may increase the efficiency of P fertilizer, given an increase in hysteresis index
after the removal of the organic matter.
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