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ABSTRACT: Deficiencies of micronutrients including zinc (Zn), copper (Cu), iron (Fe) and
manganese (Mn) are important problems for crop cultivation in calcareous soils. Geochemical
forms are the controlling factors of these cationic micronutrients availabilities. Thus, this study
was to fractionate geochemical forms and investigate the relationship between the available
and geochemical forms of four cationic micronutrients in six agricultural calcareous soils, which
were distributed in Lop Buri and Nakhon Sawan provinces. The methodologies included,
chemical analysis, extractions of available contents and geochemical forms of Zn, Cu, Fe and
Mn by sequential extraction from the soil samples. The results showed that the available-Zn
contents in six soils were not sufficient, but the contents of the available-Cu, Fe, and Mn were
adequate. Zinc and Cu were mostly distributed in the residual fraction which were unavailable
to plant. Whereas Iron and Mn were mostly distributed in organic-bound and Fe-Mn oxides
fractions, respectively. In addition, the available forms of Zn, Cu and Fe were significantly
correlated with the organic-bound fractions. Whereas, available-Mn was not correlated
significantly with any geochemical forms.
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Table 1 Some chemical properties of studies calcareous soils

Chemical Properties Min Max Mean SD
pH (1:1) 7.2 8.4 7.7 0.3
OM (g kg™ 6.8 a4 25 13
CEC (cmol. kg™) 25 61 47 10
TN (g kg™) 0.03 2.0 1.0 0.6
Avai P (mg kg™) 0.1 120 17 34
Exch.K (cmol. kg™ 0.04 0.8 0.2 0.2
Exch.Ca (cmol, kg™) 28 94 59 17
Exch.Mg (cmol, kg™) 0.5 21 5.0 5.9
Exch.Na (cmol, kg™) 0.1 2.1 0.6 0.6
CCE (g kg™ 34 617 284 231
DTPA-Zn (mg kg™) 0.02 1.6 0.4 0.5
DTPA-Cu (mg kg™) 0.8 4.5 2.7 1.2
DTPA-Fe (mg kg™) 6.1 19 11 4.2
DTPA-Mn (mg kg™ a4 348 132 84
Mn (Pyro) (mgkg™) 5.4 97 aq 28
Mn (Ox) (mg kg™ 322 2945 1114 726
Mn (DCB) (mg kg™ 326 3109 914 779
Fe (Pyro) (mg kg™) 24 8008 1296 2769
Fe (Ox) (mg kg™ 514 7467 4053 2126
Fe (DCB) (mg kg 1224 26451 9966 7100

Remark: pH(1:1) = soil pH by 1:1 soil: H,O; OM = organic carbon x 1.724; TN = total nitrogen by Kjeldahl
method; Avail. P = available phosphorus by Bray Il; CEC = cation exchange capacity by NH4OAC at pH
7.0 displacement: Exch. = exchangeable basic cations (Ca, Mg, K, Na); CCE = calcium carbonate
equivalent by HCl dissolution and black titration; Pyro = Pyrophosphate extraction, Ox = oxalate pH
3.0 extraction; DCB = Dithionite citrate bicarbonate extraction (National Soil Survey Center, 1996).
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Tupdsll dempdosiunmsseauves Singh et al
(1988), Moral et al. (2005) wag Fathi et al. (2014)

swwan uannszaeegluguiivhiiussiu
BuvFeTanunitan (>50 wWosidus) sisludumuun
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Subsoils
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= Exchangeable-fraction
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Distribution of geochemical fractions of Zn, Cu, Fe, and Mn in Thai calcareous soils
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Table 2 Available and Total contents of Zn, Cu, Fe and Mn in studied calcareous soils

Available contents*

Total contents

Code Horizon Depth Zn Cu Fe Mn Zn Cu Fe Mn
(em) ( MG KG ™ hoorrreereeeeeeesveeses e se e )

Lnl Apk 0-30 0.22 4.00 19 118 69 89 72,038 1,049
Btk2 50-75 0.04 2.20 8.20 88 46 81 42,803 941
Ln2 Apk 0-20 0.11 1.20 12 121 76 57 60,778 1,447
Btckl 40-70 0.02 0.80 8.40 97 41 37 32,033 712
Lbl Ap 0-25 1.57 4.50 19 54 72 61 43,992 766
Bss1 50-75 0.09 2.40 13 50 63 65 48,958 754
Lb2 Apk 0-30 0.19 2.00 8.40 348 40 61 45,601 3,426
Bssk2 50-70 0.09 1.90 10 193 az 65 40,146 2,756
Tkl Apk 0-20 0.87 3.10 6.10 166 84 66 29,864 2,147
Bkl 45-70 0.07 4.10 6.50 160 69 72 29,725 1,755
Tk2 Apk 0-20 0.72 3.30 8.30 149 81 63 43,433 1,604
Bss2 50-65 0.40 2.40 12 a4q 68 60 49,657 922
Min 0.02 0.80 6.10 a4 40 37 29,725 712
Max 1.60 4.50 19 348 84 89 72,038 3,426
Mean 0.50 2.70 11 132 63 65 44,919 1,523

* Critical values of 0.005 M DTPA extractable contents: Zn < 1.0 mg kg" (Martens and Lindsay, 1990),
Cu < 1.0 mg kg”, Fe <4.5 mg kg, and Mn < 3.0 mg kg (Sharma et al., 2006)
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Figure 2 Linear correlation between available contents and geochemical fractions of Zn, Cu and Fe
in studied calcareous soils
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