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Fertility Capability of Calcareous Soils in Thailand
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Abstract: Calcareous soil is an important soil resource for the production of cash crops in Thailand. Soil fertility
capability classification system can indicate fertility status and important limitations of the soil to provide
guidance for proper soil management. This study aims to analyze the soil properties and to classify the fertility
capability of 5 representative calcareous soils in Lop Buri and Nakhon Sawan provinces. The study consists of
describing morphology, soil physicochemical analyses based on standard methods, soil fertility evaluation, and
classifying fertility capability of soils. The results showed that most of soils are clayey soil, alkaline, and having
high cation exchangeable capacity, but low levels of available phosphorus and potassium, extractable zinc, and
copper which were major fertility limitations of these soils. The evaluation of fertility levels of soils found that
studied calcareous soils have a medium to high fertility level. Results of soil fertility capability classification
revealed that calcareous soils have significant limitations e.g. highly swelling clay minerals (v), alkaline reaction
(b), and low potassium reserve (k). Such alkaline reaction makes phosphorus and micronutrients especially zinc

less soluble and unavailable to plant which is first priority for fertility management of Thai calcareous soils.

Keywords: Soil chemical limitation, soil fertility evaluation, fertility capability, calcareous soils
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Profiles and field morphology of Thai calcareous soils
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Table 1. Some Identifying criteria for soil fertility capability classification version 4.0

Identifying criteria Symbol'
Fertility capability class
Surface soil texture (Type) SL,CO
Subsurface soil texture (Substrata type) SLCORR
Selected Identifying criteria modifiers
1 >60% Al saturation within 50 cm a
2 free CaCO, within 50 cm (fizzing with HCI) or pH>7.3 b
3 pH<3.5 after drying : jarosite mottles with 2.5Y or yellower and chroma 6 or more c
4 Ustic or xeric soil moisture regime ; dry>60 consecutive days/year d
5 <4 cmol /kg soil as ECEC , 7 cmol /kg soil by sum of cations at pH 7 e
6  Aquic soil moisture regime ; mottles <2 chroma within 50 cm for surface g
7 <10% weatherable minerals in silts and sand fraction with in 50cm, or siliceous mineralogy k
8  >15% saturation of ECEC within 50 cm ; most Solonetz n
9 >4 dS/m of saturated extract at 25 °C within 1 m s
10 >35% clay and 50% of 2:1 expanding clays %
11 Within 50 cm pH>10 (in 1M NaF) X
12 Where desirable place range in % slope %
13 <80% total organic C saturation in the topsoil compared with nearby undisturbed m

'Symbol; S = Sandly texture, L = loamy texture (<35 % clay but not loamy sand) C = clayey texture (>35% clay), O = organic soil (>12%

of organic carbon), R = rock or other hard root-restricting layer, R" = as R but layer can be ripped, plowed or blasted

Source: modified from Sanchez et al. (2003)
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Table 2. Environmental settings of Thai calcareous soil

Pedon Depth Drainage Permeability Elevation (m) Surrounding
Parent material
(cm) Runoff Slope (%) landform
Well moderate 108 Residuum derived
1 200+ Undulating
drained slow 2 from andesite
Well slow 36 Colluvium derived
2 200+ Undulating
drained slow 2 from basalt
Well rapid 90 Local alluvium from
3 200+ Undulating
drained slow 2 limestone
Well rapid 43 Local alluvium from
4 150+ Undulating
drained slow 2 limestone
Well moderate 68
5 200+ Undulating Alluvium over marl
drained moderate 2
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Figure 2. Particle size distributions of Thai calcareous soils
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Figure 3. Bulk density (a) and saturated hydraulic conductivity (Ksat) (b) of Thai calcareous soils
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Figure 4. Nutrient statuses of Thai calcareous soils
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Figure 5. Exchange properties of Thai calcareous soils
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Figure 6. Micronutrients status of Thai calcareous
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Table 3. Semi-quantitative mineralogical of clay and silt fractions of Thai calcareous soil estimated by XRD

Pedon Horizon Clay fraction Silt fraction
/Depth Kao 1l Smec Vm Qtz Qtz Cal
Pedon 1 Btk2/50-75 X - XXXX - tr XX XXX
Pedon 2 Btck1/40-70 tr - XXXX - - X XXXX
Pedon 3 Bss1/50-75 tr - XXXX - - XXXX -
Pedon 4 Bck1/70-100 - - XXXX - tr XXX XXXX
Pedon 5 Bk2/45-70 - - XXXX - X XXX XXX
Remarks: xxxx = Dominant (> 60%), xxx = Large (40-60%), xx = Moderate (20-40%), x = Small (5-20%), tr = trace (< 5%), - = non-detectable,
Smec = smectite, Kao = kaolinite, Vm = vermiculite, Ill =illite, Qtz = quartz, Cal = calcite
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Table 4. Fertility level of Thai calcareous soils

o

Wud1edaiNiaggendn 7.3 (b) Auyninaus
Yeaniafdnd Ty A ﬁummumumﬁ@mmﬁqqq (v)
videiuAuAR usAumTenawn ndiduusisy uashu
dmunaidaudrsesnn (exchangeable K <0.2
Tneiannziinet 1 uaz 4 uananniiay
eyuiBunnueadunluugeinldfaaal
annaeesnInunadianazanmuiiul sz Taad
m@aﬁwﬂ‘wme%ﬂuaumdﬁﬁ% uazaNnMsAALL

daannanauilusnedn nlifauinaanaFanilu

cmol /kg) (k)

Soils Horizons oM’ Avail. P* Avail. K’ CEC’ PBS Total Fertility
(cm) (g/kg) (mg/kg) (mg/kg) (cmol /kg) (%) score level
Pedon 1 Topsoil®  22.43 (2) 2.76 (1) 71.06 (2) 44.6 (3) 42.27 (2) 10 medium
Subsoil” 7.7 (1) 0.9 (1) 30.1 (1) 22.9 (3) 4317 (2) 8 medium
Pedon 2 Topsoil 32.43 (2) 3.98 (1) 139.4 (3) 60.8 (3) 55.06 (2) 11 medium
Subsoil 18.56 (2) 1.97 (1) 35.61 (1) 30.1(3) 67.51 (2) 9 medium
Pedon 3 Topsoil 28.96(2) 12154(3)  301.5(3) 52.6 (3) 50.78 (2) 13 high
Subsoil 24.77 (2) 2.52 (1) 62.2 (2) 59.4 (3) 54.14 (2) 10 medium
Pedon 4 Topsoil 20.69 (2) 2.25 (1) 41.8 (1) 49.3 (3) 65.47 (2) 9 medium
Subsoil 11.38 (1) 1.06 (1) 30.8 (1) 40.4 (3) 56.78 (2) 8 medium
Pedon 5 Topsoil 18.27 (2) 113 (1) 112.4 (3) 49.3 (3) 62.00 (2) 11 medium
Subsoil 11.04 (1) 121 (1) 2075 (1) 4095 (3)  62.01(2) 8 medium

'OM = organic matter, “Avail P = available phosphorus by Olsen extractant, *Avail K = available potassium, “CEC = cation exchange capacity,

°PBS = base saturation percentage , “Topsoil = Ap, 'Subsoil =

base of Ap or from 20 to 60 cm. Scoring is used for the assessment of fertility level

(the score is presented in blanket within the table) where score < 7 = fertility level is low , 8-12 = fertility is medium , > 13 fertility level is high

Table 5. Fertility capability classification of calcareous soils in this study

Horizon' 2:1 expanding pH K reserve’ FCC
Pedon Texture 3
(cm) clay 1.1H0 (cmol /kg) unit
Pedon 1 Topsoil Clay >50% 7.9 0.18 CLvbk
Subsoil Clay loam >50% 8.4 0.08
Pedon 2 Topsoil Clay >50% 7.8 0.36 Cvb
Subsoil Clay >50% 7.8 0.10
Pedon 3 Topsoil Clay >50% 7.6 0.77 Cvb
Subsoil Clay >50% 7.7 0.16
Pedon 4 Topsoil Clay >50% 8.0 0.1 Cvbk
Subsoil Clay >50% 8.0 0.08
Pedon 5 Topsoil Silty Clay >50% 7.9 0.29 Cvb
Subsoil Clay >50% 8.1 0.05
"Topsoil = Ap or 0-20 cm , Subsoil = horizon under Ap or 20-50/60 cm depth interval,

’K reserve = exchangeable K were determined by ammonium acetate extraction (1 M NH,0Ac) at pH 7.0,
*FCC unit= fertility capability classification unit, C = Clayey, L = Loamy , b = free CaCO, within 50 cm (fizzing with HCI) or
pH >7.3, v = >35% clay and 50% of 2:1 expanding clays, k = exchangeable K < 0.20 cmol /kg
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