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Table 1. Some Soil chemical and physical properties of studied soils.

B “L‘**:’lg}'fu S CEC EC (2:1) pH oM CCE o S;:d Siit (;;) Sl
Total Zr11 Avallablglzn cmol+kgl)  (@Sm?)  (2:1) Texture y Soil
(mg kg™) (mg kg™) % %

43.8 1.57 235 0.27 7.3 2 22 CL 21 43 36 1
43.6 0.96 25.1 0.32 7.9 1.6 16 CL 25 45 30 2
36.4 0.86 24.9 0.24 7.9 1.1 12 SC 18 47 35 3
69.3 2.27 29.4 0.28 7.8 1.7 6 SC 19 42 39 4
38.3 1.54 28.9 0.32 7.9 1.7 16 C 27 32 41 5

oS
46.3 1.44 26.4 0.28 7.8 1.6 14 22 42 36

Mean

29 39 10 13 3 21 41 18 14 12 CcVv

dols eS8 (CEC (S S0 eyl s :EC ‘JT o3l OM (Jslre pedS Sl S CCE (u; € (w5, SC (u) s CL

(Ao y3) Sl pis o o ICV (S 5slS

CL: Clay loam; SC: Silty clay; C: Clay; CCE: Calcium carbonate equivalent; OM: Organic matter; EC: Electrical
conductivity; CEC: Cation exchange capacity; CV: Coefficient of variation (%).
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Table 2. Concentration of adsorbed Zn, available, adsorbed as specific and nonspecific (mg/kg) in the presence
of nitrate.

(mg/1) (Concentration) cLls

200 150 100 75 50 25
Soil 1
6.72 3.67 1.12 0.57 0.27 0.06 (mg/1) (Equilibrium concentration) Jsls clale
1932.8  1463.3 9888 7443 4973 2944 (mg/kg) (Adsorbed Zn) oaic o
8345 7697 5417 369.0 2099 128 (mg/kg) DTPA-Zn
19326 14631 9887 7442 4973 2943 (mg/kg) (Specific adsorption) olaw|
0.23 0.17 012 010 006 003 (mg/kg) (Nonspecific adsorption) ol .o <l
Soil 2
6.93 35 1.14 0.59 0.21 0.05 (mg/l) (Equilibrium concentration) _Jsks clls
1930.7 14636 9886 7441 4979 249 (mg/kg) (Adsorbed Zn) cicdor
1039.3 8410 6488 4217 1969 1272 (mg/kg) DTPA-Zn
1927  1461.6 987.1 7435 4978 249 (mg/kg) (Specific adsorption) olaw! e
3.67 2.02 153 060 007 ND (mg/kg) (Nonspecific adsorption) olaw! o o
Soil 3
6.51 3.77 1.25 0.59 0.28 0.12 (mg/l) (Equilibrium concentration) _Jsks clls
19349  1462.3 9875 7441 4972 2476 (mg/kg) (Adsorbed Zn) sasix
955.3 757 6205 3418 2154 1187 (mg/kg) DTPA-Zn
19329 14608 986.3 7434 4968 2474 (mg/kg) (Specific adsorption) .olawl ol
1.99 1.56 1.26 0.64 0.36 0.15 (mg/kg) (Nonspecific adsorption) olawl & Cdo
Soil 4
6.91 3.64 1.42 0.56 0.2 0.02 (mg/l) (Equilibrium concentration) Jsls clale
19309  1463.6 9858 7444 498 2484 (mg/kg) (Adsorbed Zn) ozl
913.7 744 6178 3911 2765 1323 (mg/kg) DTPA-Zn
19288 14617 9842 7431 4969 2480 (mg/kg) (Specific adsorption)  olazl o
2.13 1.91 1.6 1.26 1.1 0.42 (mg/kg) (Nonspecific adsorption) olaw & ol
Soil 5
6.4 3.38 1.15 0.67 0.2 0.14 (mg/l) (Equilibrium concentration) Jsls clale
1936.0 14662 9885 7433 4980 248.6 (mg/kg) (Adsorbed Zn) sasde
9250 7335 645 4275 2208 1355 (mg/kg) DTPA-Zn
19334  1464.6 9873 7423 4972 2482 (mg/kg) (Specific adsorption) olax! e
2.69 1.68 116 102 077 033 (mg/kg) (Nonspecific adsorption) olawt e

)V}A'/'\ MJ{)S\;‘a.)wf"_;):fc)haﬁ6})@5&3%;\?6})@)&:&%1%&

J":"":“’J"GJ?“ND &)Y}ﬁ o/ V?...JSJi)JSl{aJJL;):fé)LA& S L;.pLa:o-b:;u.,\}
Specific adsorption: difference between adsorbed Zn and extracted Zn by 0.01 M CaCl,
Nonspecific: and extracted Zn by 0.01 M CaCl,, ND: Non detectable
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Table 3. Concentration of adsorbed Zn, available, adsorbed as specific and nonspecific (mg/kg) in the presence
of orthophosphate.

(mg/1) (Concentration) <Lls

200 150 100 75 50 25
Soil 1
16.47 7.45 3.69 1.5 1.06 0.95 (mg/1) (Equilibrium concentration) Jsls clale
18353 14255 9631 735 4894 2405 (mg/kg) (Adsorbed Zn) ozl
683.3 613 4133 3345 2106  109.2 (mg/kg) DTPA-Zn
1816.2 14151 9585 7331 4886 2405 (mg/kg) (Specific adsorption) ol ode
1902 1039 461 18 082  0.08 (mg/kg) (Nonspecific adsorption) olaw! .o o
Soil 2
15.08 6.67 2.21 0.94 0.66 0.14 (mg/l) (Equilibrium concentration) _Jsks clls
1849.2 14333  977.9 7407 4934 2486 (mglkg) (Adsorbed Zn) o1zl
646 626.7 4528 3172 215 1105 (mg/kg) DTPA-Zn
18352 1424 9752 7395 4929 2486 (mg/kg) (Specific adsorption) olaw! e
14.02 9.23 2.67 1.12 0.58 ND (mg/kg) (Nonspecific adsorption) olaw & Clx
Soil 3
14.6 8.6 3.99 2.99 0.56 0.2 (mg/l) (Equilibrium concentration) Jsls clale
1854 1414 960.1 7201 4944 248 (mg/kg) (Adsorbed Zn) sas o
572.3 502 4255 3183 2206 108.2 (mg/kg) DTPA-Zn
1837.6 14037 9566 7194 4938 248 (mg/kg) (Specific adsorption) olawl i
16.37 1025 3.5 073 063 ND (mg/kg) (Nonspecific adsorption) olawt .o ol
Soil 4
8.79 5.12 2.1 1.37 1.19 0.22 (mg/l) (Equilibrium concentration) Jsl clle
1912.1 14488 979 7363 4881 247.8 (mg/kg) (Adsorbed Zn) sasds
647.3 519 4405 316 2239 1134 (mgl/kg) DTPA-Zn
18982 14422 9756 7348 4874 2476 (mg/kg) (Specific adsorption) .olawl ol
13.94 6.56 3.36 1.48 0.66 0.21 (mg/kg) (Nonspecific adsorption) _slawl o Cds
Soil 5
9.61 5.6 2.7 2.27 0.86 0.08 (mg/l) (Equilibrium concentration) Jsls clale
1903.9 1444 973 7273 4914 2492 (mg/kg) (Adsorbed Zn) casdo-
656 542 4068 3355 2275 104 (mg/kg) DTPA-Zn
1890.8  1436.6 970 7267 4911 2492 (mg/kg) (Specific adsorption) olax! e
13.15 7.4 3 0.57 0.33 ND (mg/kg) (Nonspecific adsorption)  oslawsl & Cde

)V}A'/'\ MJ{)S\;‘euhfr‘_;):fc)haﬁ6})@5&3%;\?6})@)&:&%1%&

J":"":“’J"GJ?“ND &)Y}ﬁ o/ V?...JSJi)JSl{aJJL;):fé)LA& S L;.pLa:o-b:;u.,\}
Specific adsorption: difference between adsorbed Zn and extracted Zn by 0.01 M CaCl,
Nonspecific: and extracted Zn by 0.01 M CaCl,, ND: Non detectable
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Table 4. Concentration of adsorbed Zn, available, adsorbed as specific and nonspecific (mg/kg) in the chloride solution.

(mg/1) (Concentration) «lals

200 150 100 75 50 25

Soil 1
7.14 3.07 0.78 0.39 0.17 0.06
1929 1469 992.2 746.1 4983 2494
1304 865.7 573.7 3905  280.7 148
1920 1465 990.3 7452 498 2493
8.37 3.87 1.85 0.91 0.31 0.15
Soil 2
6.97 333 0.94 0.5 0.18 0.05
1930 1467 990.6 745 498.2 2495
1251 862 564.2  409.6 289 143
1919 1462 988.5 7442 4982 2495
10.8 454 2.09 0.83 0.04 ND
Soil 3
6.7 3.411 0.99 0.47 0.2 0.05
1933 1466 990.1 7453 498 2495
1254 951 569.3 4132 309.8 152.8
1926.3 14611 9874 7438 4969 2489
6.74 4.79 2.62 15 1.08 0.5
Soil 4
5.6 3.05 0.74 0.33 0.17 0.06
1944 1470 992.6 746.7 4983 2494
1231 922.3 582.3 4183 3109 1559
1935 1463.4  989.9 7446  496.6  248.6
9.05 6.1 2.69 2.06 1.71 0.81
Soil 5
7.42 3.26 1.02 0.48 0.22 0.06
1926 1467 989.8 745.2 4978 2494
1185 881.3 553 391.7 289.3  158.1
1920.1 14614  986.6 743.1 4967 2484
5.77 5.97 3.24 2.13 1.13 1.05

(mg/l) (Equilibrium concentration) _Jsks clls
(mg/kg) (Adsorbed Zn) s i
(mg/kg) DTPA-Zn
(mg/kg) (Specific adsorption) _olas Cle
(mg/kg) (Nonspecific adsorption) slawl s Cdx

(mg/l) (Equilibrium concentration) _Jsks clls
(mg/kg) (Adsorbed Zn) sas i
(mg/kg) DTPA-Zn
(mg/kg) (Specific adsorption) olas| Cds
(mg/kg) (Nonspecific adsorption) _slawl & Cds

(mg/l) (Equilibrium concentration) Jsls clale
(mg/kg) (Adsorbed Zn) s i
(mg/kg) DTPA-Zn
(mg/kg) (Specific adsorption) olas| ods
(mg/kg) (Nonspecific adsorption) ol & Cds

(mg/l) (Equilibrium concentration) Jsl clale
(mg/kg) (Adsorbed Zn) s i
(mg/kg) DTPA-Zn
(mg/kg) (Specific adsorption) olas| ods
(mg/kg) (Nonspecific adsorption) _oslawl & Cds

(mg/l) (Equilibrium concentration) Jsls clale
(mg/kg) (Adsorbed Zn) i i
(mg/kg) DTPA-Zn
(mg/kg) (Specific adsorption) olas| Cds
(mg/kg) (Nonspecific adsorption) _ olawsl & Cdo

)Y}A'/'\ MJSJ%JJSLZa“dﬁw@d))\{o.\.ig;\?d_j)&jwZwl«ab'-‘g.la—

ND U\J‘,.a o/ (.:_..JSJ_:JJSMAM&;UW X3 ‘_;.él.,a.::-b:&u.)\;-

Specific adsorption: difference between adsorbed Zn and extracted Zn by 0.01 M CaCl,
Nonspecific: and extracted Zn by 0.01 M CaCl,, ND: Non detectable
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Table 5. Percentage of adsorbed Zn as available, non-available and specific.

(%) Specific _.sla (%) none-Available oslial L .2 (%) Available oslix. 15 chble Sl

Cr NO; HPO4 Cr NO;  H,PO4 CI NO; H,PO,  Concentration (mg/l)  Soil
99.94 9999  99.97 41 49 55 59 51 45 25 1
99.94 9999 99.83 44 58 57 56 42 43 50

99.88 99.99 99.74 48 50 54 52 50 46 75

99.81 99.99 99.52 42 45 57 58 55 43 100

99.74  99.99  99.27 41 47 57 59 53 43 150

99.57 99.99  98.96 32 57 63 68 43 37 200

99.74  99.99 9955 41 51 57 59 49 43 (Mean) .St

100 100 100 43 49 56 57 51 44 25 2
99.99 9999 99.88 42 60 56 58 40 44 50

99.89 99.92 99.85 45 43 57 55 57 43 75

99.79  99.84 99.64 43 34 56 57 66 44 100

99.69 99.86  99.36 41 43 63 59 57 37 150

99.44 99.81 99.24 35 46 65 65 54 35 200

99.8 99.9  99.68 42 46 59 58 54 41 (Mean) .Sl

99.8  99.94 100 39 52 56 61 48 44 25 3
99.78  99.93  99.87 38 57 55 62 43 45 50

99.8 9991 999 45 54 56 55 46 44 75

99.74  99.87 99.64 42 37 56 58 63 44 100

99.67 99.89  99.28 35 48 64 65 52 36 150

99.65 999  99.12 35 51 69 65 49 31 200

99.74 9991  99.63 39 50 59 61 50 41 (Mean) -l

99.68 99.83 99.91 38 47 54 62 53 46 25 4
99.66 99.78  99.86 38 44 54 62 56 46 50

99.72  99.83  99.8 44 47 57 56 53 43 75

99.73  99.84  99.66 41 37 55 59 63 45 100

99.59 99.87  99.55 37 47 64 63 53 36 150

99.53 99.89  99.27 37 53 66 63 47 34 200

99.65 99.84  99.68 39 46 58 61 54 42 (Mean) ;KL

99.58  99.87 100 37 45 58 63 55 42 25 5
99.77  99.84  99.93 42 56 54 58 44 46 50

99.71  99.86  99.92 47 42 54 53 58 46 75

99.67 99.88  99.69 44 35 58 56 65 42 100

99.59 99.89  99.49 40 47 62 60 53 38 150

99.7 9986 99.31 38 52 66 62 48 34 200

99.67 99.87  99.72 41 46 59 59 54 41 (Mean) -, Sl
99.73b 99.9a 99.65b 40.4c 478b  58.4a 59.6a 52.2b 416c  (Meanofsoils) sl Kl

oslizal LG (55, A3 = (DTPA-ZN / susdr ZN) x Vv

oslinsl BB 8 (g5, Ao ys = ((edad- ZN— DTPA-ZN) / edsd ZN) x Vo

el O sons sl der (655 doys = (elids ZN— CaCly-Zn) /eaids Zn x Vs

sl Ao ;3 0 mla ;3 LSD Ol bl Jls me sl sdasOlis Soglize oy (gl slaSles
Zn adsorbed as available (%) = (DTPA-Zn / Zn adsorbed) x 100
Zn adsorbed as non-available (%) = (Zn adsorbed — DTPA-Zn / Zn adsorbed) x 100

Zn adsorbed as specific (%) = (Zn adsorbed — CaCl,-Zn) / Zn adsorbed x 100
Means with different letters are difference based on LSD (5%).
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Abstract

Background and Obijectives: Nowadays, the use of zinc (Zn) fertilizers has been expanded to
alleviate the deficiency of this element and improve the yield and quality of agricultural
products. The knowledge about the availability and release of adsorbed Zn after application in
soil is necessary to achieve the best fertilization management and soil and water conservation
against Zn accumulation in soil. On the other hand, presence of anions in irrigation water,
agricultural fertilizers and sewage sludge can affect adsorption, desorption and availability of
nutrients such as Zn. Zinc adsorption characteristics was usually studied using isotherm
coefficients; while availability of adsorbed Zn in soil is important in soil fertility. In this study,
the effects of orthophosphate, nitrate and chloride anions on adsorption and desorption capacity
were investigated in five calcareous soil of Chaharmahal - Va - Bakhtiari province.

Materials and Methods: In this study, a solution containing concentrations of 25, 50, 75, 100,
150 and 200 mg I* of Zn as ZnSO, source in the presence of KH,PO,, KNO; and KCI
electrolytes (50 mM) was used. After Zn adsorption in soils, availability and desorbed of Zn
was measured by DTPA-TEA and 0.01 M CacCl,, respectively. The amount of Zn desorbed in
0.01M CacCl, is adsorbed Zn as non-specific. The adsorbed Zn as specific was calculated from
the difference between the amounts of adsorbed Zn and desorbed Zn by 0.01 M CaCl..

Results: According to the results, the highest amount of Zn adsorbed in the presence of all three
anions was specific. Percentages of adsorbed Zn in all soils in the presence of nitrate anion were
more than two other anions (P<0.05) and ranged from 99.65 to 99.80 in the chloride solution
(more than other anions P<0.05), 99.84 to 99.99 in the nitrate solution and 99.55 to 99.72 in the
orthophosphate solution. Availability of adsorbed Zn ranged from 41 to 43% in orthophosphate
solution, 49 to 54% in nitrate solution and 58 to 61% in chloride solution.

Conclusion: The result showed that highest amount of available adsorbed Zn was extracted in
the presence of chloride, nitrate and orthophosphate (P<0.05). About 50% of the Zn adsorbed
extracted by DTPA-TEA. In the presence of all studied anions, more than 99% Zn adsorbed as
specific. Therefore, zinc at specific adsorption sites and 0.01 M CaCl, were not able to release
this element. The results of this study showed the application of P and Zn as fertilizers in
calcareous soils can lead to a reduction in extracted Zn by DTPA-TEA in treated soils with
these nutrients.

Keywords: Nonspecific adsorption, Orthophosphate, Availability, Zinc

* Corresponding Author; Email: motaghian@sku.ac.ir
yev


mailto:motaghian@sku.ac.ir

