@ woawasaluduidoyu

ﬂ’]iLLEJﬂﬂ’JuW’é]ﬁ‘WEJ‘JﬂEJuuVI‘JEJLLﬁ“”e’J‘I.WIi‘c’J u,a“au‘umwauwuﬁﬂu
m'mLﬂuﬂi‘"‘[a%u*’uaawgaWasa’LuﬂutuaUuwaanumwﬂma
Inorganic and Organic Phosphorus Fractlonatlon and Soil Properties
Related to Availability of Phosphorus in Calcareous Soils of Thailand

236 uALABS" alga IAUING* LE1IYY aTWANYE WA ITYIR IANHAIL
Varis Khaenkhong"?, Natthapol Chittamart"*, Saowanuch Tawornpruek' and

Worachart Wisawapipat'

't AdYUgIIven AMSNEAT ANTINEIRENYATANENT NTANNY 10900
? nauideUgiine norideiaudadan1snaanIanNIsNEns NSUATINITNEAT NFLNN 10900
' Department of Soil Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900
? Soil Science Research Group, Agricultural Production Sciences Research and Development Division, Department of
Agriculture, Bangkok 10900
fudes 17 wwieu 2566 Received: 17 April 2023
Ysuudle: 13 nangiau 2566 Revised: 13 July 2023
JuRTL: 19 nINgIAY 2566 Accepted: 19 July 2023
* Corresponding author: fagrnpc@ku.ac.th

UNANED

ﬂmmﬂuumavﬁ'ﬁlnﬂi“aaﬁ Woanloda (P )LUuﬁwwaﬂwmﬂmmsmuIWLLa“ﬂﬂiiwmamaWW%mUaﬂiuﬂu
Luaﬂu mmﬂmwmqmmaﬂ P gaelinisdanisifiediuanudulszlevives P iumumaﬂuu
Usednsnm miﬂﬂmummﬂsuammaLLaﬂmumaLﬂmaawaaWaiaauumaLLauaumsJLLamﬂmmm
ﬁuwuﬁiw‘WJ’NiUﬂJENWE]ﬁWE]ﬁﬁﬂUﬁQJUWUaQﬂum@ﬂu“uaﬂﬂiwLV]FIVLV]EJ

Aanduniside: Inmeieanefaeiunidfemsatadidutunarsiiavomoaesaduridieds
P faedesunniuinislowund CP NMR) Tushesnsdudeyulususuneaduoaduasineifivoadly
JadnanySuasdminuasanssd wagmanuduiussenigunearesaduandanulaensiaen
sddsznoundnuazmsinnausiuusilessyunamleaneafididndidulsslovisodiv

NANISIVY: ﬁuﬁaﬂuﬁﬁﬂmﬁwaaWa%aaﬁw’%éazﬂuiﬂﬁLi“]uﬂiviaszjﬁ%maviﬂﬁmumu wazaglugy
LLsauwﬂmmmrmam %ummWaaWaiaaumaaﬁusﬂ orthophosphate monoester mm/lam 9998930
7 DNA-P, RNA, lipid-P wag aromatic diester auanau wanani 31P NMR aunsansianunoanasa
31Jauﬂimmuaa laun pyrophosphate, phosphonate uay orthophosphate luansanin mamiammv‘w
WUUTANGUAILUT LAY aﬂﬂﬂi“ﬂaU%aﬂﬁlﬂﬂauﬂi“ﬁﬂﬁﬁ%ﬁiﬁWUﬁi”WJ’NiU‘Uaﬂ P ﬂuauummuaﬂu
mmamLLmﬂqmme‘waawaiawmﬂammmwsﬂwu 16 4 nau leun ﬂqmn 1P gUmUuUiﬂmﬁu
yiud Gaflamduriusgety P luguozmilnd nquil 2) P fleglusymeavinadumies nguil 3) P fleglu
Suvideing uazngud 4) P flegluamsuszneuunaiBumiueius

240 Agricultural Sci. ). 2023 Vol. 54 (3)



a9U: veavleSaetuvidlugosminduasneanasadunidlugu orthophosphate monoester wusn
Taaluiuiloyu usesnilng eumedumiles duvseng uazyuesueiunluwramleanesaniidng
< a & a < L3 v a & ! a
autudsslenilufuiloyu nmsiiuanududsslevivemlearlesalufuileyumsduaiunmsazany
vosloalesaluguseznilvg uaznisUantdesneanesanndurseinglufu

o o w a

AEARY: Aiudng, JUnnessaliadl, Woaneasadun3d, exmnlng, *'P NMR
ABSTRACT

Background and Objectives: Phosphorus (P) is a major limiting element for plant growth and
crop yield in calcareous soils. The study on the chemical form of P can provide effective P
management in calcareous soils. Therefore, this study aimed to fractionate inorganic and organic
P forms and to study the correlation of P forms with the properties of Thai calcareous soils.

Methodology: The analysis of inorganic P by sequential extraction and the identification of
organic P species by *'P nuclear magnetic resonance (*'P NMR) were investigated in six calcareous
soil samples of Mollisols and Vertisols in Lop Buri and Nakhon Sawan provinces. The correlation
between P forms and soil properties was studied using principal component and cluster analyses
to categorize potential plant-available P pools.

Main Results: Most studied calcareous soils had inorganic P primarily distributed in slowly
available and residual P fractions, and the dominant form was apatite mineral. Organic P species
were dominant in orthophosphate monoester, followed by DNA-P, RNA, lipid-P, and aromatic
diester, respectively. In addition, ’'P NMR could detect other P forms, such as pyrophosphate,
phosphonate, and orthophosphate, in small proportions in soil extracts. The principal component
and cluster analyses, based on the correlation coefficient between P forms and soil properties,
categorized potential available P pools into four groups: 1) readily available P with a high
correlation with apatite, 2) clay-associated P, 3) organic matter-associated P, and 4) CaCO}—
associated P.

Conclusions: Apatite mineral P is the dominant inorganic P form, while orthophosphate
monoester is the dominant organic P form in calcareous soils. Apatite, clay, organic matter, and
carbonate were identified as potential available P pools in calcareous soils. Increasing available
P in calcareous soils should emphasize promoting the solubility of apatite-P and releasing
organic-P from the decomposition of organic matter in the soil.

Keywords: Alkaline soil, geochemical form, organic phosphorus, apatite, *'P NMR
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Fuuy (Auppathumpanont et al., 2018)
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contents) Asansly Table 1 wuan AudUN
Tulmsiousaluduiuuusanndsliunans (0.80-
3.10 n3usienlanda) warilrmunndwnluduiu
874 (0.30-1.40 nJusenlansu) Usunaveanesa
wwmmmuuummaﬂuwaa 0.83-1.71 n5ume
Alansu LLavasﬂuwas 0.27-0.73 n3umenlaniu
Tududuan ‘Uilﬂml‘uimiLQULLﬁuW@ﬁWaﬁﬁ%Q%NW
TuAuuuilAIgInIIAuEI msmmaauﬂuam
Usgnavegivduvseinglufu (Brady and Weil,
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Table 1 Physiochemical property of soil used in the experiment

Topsoils” Subsoils”
Soil properties
Min Max Mean SD Min Max Mean SD

Physical properties

Sand (g kg™ 11 101 61 39 15 121 72 40

Silt (g kg™) 149 468 292 106 38 494 236 149

Clay (g kg? 442 750 647 106 446 841 692 132
Exchange properties

pH (1:1) 7.50 8.00 7.72 0.17 7.20 8.40 7.82 0.42

ECe (dSm™) 0.30 1.57 0.70 0.50 0.28 1.64 0.68 0.53

OM (g kg™") 21 aa 31 10 7 38 18 12

CEC (cmolc kg™ a5 61 51 5 25 56 a2 12

CCE (g kg?) 37 97 66 20 15 98 71 42
Nutrient contents

Total N (g kg™ 0.80 3.10 1.82 0.77 0.30 1.40 0.58 0.43

Total P (g kg?) 0.83 1.71 1.38 0.36 0.27 0.73 0.45 0.17

Extr. Ca (cmoLC ke™) a5 7 60 13 28 94 58 22

DTPA-Fe (mg kg 6 19 12 6 7 13 10 3

Bray II-P (mg kg™) 2.84 124.60 38.10 45.70 0.34 5.58 1.75 1.92

Olsen-P (mg kg™) 1.13 121.50 23.30 48.20 0.86 1.66 1.12 0.28
Oxides (Total)

Fe O, (g kg™ 43 103 70 21 43 71 58 12

ALZO3 (g kg™ 117 208 172 32 108 194 141 38

CaO (g kg™) a9 219 110 59 24 317 184 128

MgO (g kg™) 11 26 16 6 9 52 18 17
Fe-Forms

Fe-DCB (g kg™) 243 26.45 10.81 8.45 1.22 17.85 9.12 6.14

Fe-Ox (g kg™) 1.96 7.47 a.67 1.90 0.51 6.80 3.34 2.40

Fe-Pyro (g kg™) 0.06 8.01 1.44 3.22 0.05 6.34 1.15 2.54
Biological properties

MBC (mg C kg") 57 139 102 28 31 60 39 10

MBN (mg N kg™) 10 38 24 9 5 21 9 5

n = 6, Min = minimum, Max = maximum, SD = standard deviation of all soil samples, ECe =

electrical conductivity, OM = organic matter, CEC = cation exchange capacity, CCE = calcium

carbonate equivalent, Total N = total nitrogen, Total P = total phosphorus, Extr. Ca = extractable

calcium, DCB = dithionite citrate bicarbonate extraction, Ox = oxalate pH 3.0 extraction, Pyro

= pyrophosphate extraction, MBC = microbial biomass carbon, MBN = microbial biomass nitrogen.
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Figure 1

Absolute concentration of P fractions in topsoil (A) and subsoil (B) samples of Thai

calcareous soils. A small figure in (B) magnified the P fractions lower than 100 ppm.

Ln = Lam Narai series, Lb = Lop Buri series, Tk = Takhli series.
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Figure 2 Phosphorus contents in inorganic and organic P forms in topsoil (A) and subsoil (B) and

apatite and non-apatite P in topsoil (C) and subsoil (D) of Thai calcareous soils. Ln =
Lam Narai series, Lb = Lop Buri series, Tk = Takhli series.
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Table 2 Phosphorus species determined by *'P NMR spectroscopy and molybdate colorimetry

in NaOH-EDTA extracts in the topsoil of Thai calcareous soils

NaOH- Proportion of organic P by *'P NMR spectroscopy result (%)
Soil EDTA-
series extracted P Ortho-P  Mono-P RNA, DNA-P  Aromatic Pyro-P  Phosphonates
(mg kg)? Lipid-P diester

Lnl 78 +5 0.57 65.07 1.27 16.84 9.57 nd 0.67

Ln2 63+5 2.40 66.28 10.27 9.94 5.58 352 2.01

Lbl 69 +3 nd 63.36 7.21 17.22 10.01 2.20 nd

Lb2 80 + 8 0.85 71.63 7.19 13.14 6.54 nd 0.65

Tk1 48 + 5 2.36 68.17 7.23 12.16 6.95 1.18 1.95

Tk2 80+3 1.04 61.00 10.32 15.25 6.49 3.05 2.86
Mean 70 1.20 65.92 8.25 14.09 7.52 1.66 1.36
“Mean + standard deviation (n = 2). Ln = Lam Narai series, Lb = Lop Buri series, Tk = Takhli

series, Ortho-P = orthophosphate, Mono-P = orthophosphate monoester, Pyro-P = pyrophosphate,

nd = not detected.
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Figure 3 >'P NMR spectra of NaOH-EDTA extracts of Thai calcareous soils. Ln = Lam Narai series,

Lb = Lop Buri series, Tk = Takhli series. Dash lines identify chemical shift peak.
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(A) Variables (axes F1 and F2: 61.72 %)

(B) Observations (axes F1 and F2: 61.72 %)
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