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Abstract
Leowarin, W.!, Maneepong, S.? and Nilnond, C.!
An assessment of phosphorus soil tests for some tropical acid soils in

Southern Thailand
Songklanakarin J. Sci. Technol., 2005, 27(2) : 239-256

Phosphorus deficiency is a major problem for tropical acid soils in southern Thailand, thus P
fertilizer and lime are usually applied to soils to improve crop yield. The objective of this study was to assess
4 different P soil tests (Bray 1, Bray 2, Double acid and Mehlich 3) for predicting P status of some tropical
acid soils in southern Thailand. Pot experiment was conducted in five acid soils [Bangnara (Ba): Clayey,
kaolinitic, Typic Paleaquults; Ao Luk (Ak): Clayey, kaolinitic, Rodic Paleudults; Na Thon (Ntn): Clayey,
mixed, Typic Tropudults; Phuket (Pk): Clayey, kaolinitic, Typic Paleudults; Kohong (Kh): Coarse-loamy,
siliceous, Typic Paleudults] which have different parent materials using completely randomized design with
3 replications. The treatments included 7 different P application rates of limed and unlimed soils. Corn was
grown for 4 weeks, then dry matter weight, P content in corn, P uptake by corn and soil test P were deter-
mined. Highly significant linear correlations among soil P tested by Bray 1, Bray 2, Double acid and Mehlich
3 were found in most soils (r = 0.909*%* - 0.998%*), but in Ba soil the correlation between soil P tested by
Double acid and other methods was relatively low (r = 0.723** - 0.745%%*). Soil P tested by Bray 1, Bray 2 and
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Mehlich 3 were significantly correlated with P application rate (R? = 0.802** - 0.975%%), P content in corn
(R? = 0.797%* - 0.944**) and P uptake by corn (R? = 0.671** - 0.909%%*) in all soils. However, the relation-
ships between soil P tested by Double acid and P content in corn or P uptake by corn were quite low in limed
treatments of Ba, Ak, Ntn and Pk soils. These results indicate that Double acid method was not appropriate
for tropical acid limed soils. Bray 1 and Mehlich 3 could be used for predicting P availability as well as Bray
2 for tropical acid soils in southern Thailand which are limed or unlimed with P fertilizer applications.
Therefore, it is suggested that Bray 1 and Mehlich 3 are very promising options for predicting P status of
tropical acid soils in southern Thailand due to the 4 times reduction of HCI used for Bray 1 compared with
Bray 2, whereas Mehlich 3 can be used for multi-element analysis.

Key words : phosphorus soil test, tropical acid soil, P uptake, lime, corn
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Table 1. Soil classification and their parent materials.

Soil Series

Classification

Parent material

Bangnara (Ba) Clayey, kaolinitic, Typic Paleaquults Alluvial Soil
Ao Luk (Ak) Clayey, kaolinitic, Rhodic Paleudults Limestone
Na Thon (Ntn) Clayey, mixed, Typic Tropudults Shale
Phuket (Pk) Clayey, kaolinitic, Typic Paleudults Granite
Kohong (Kh) Coarse-loamy, siliceous, Typic Paleudults ~ Sandstone

anudunia-ane (1: 5 ‘1,{’]) dunIadog (Walkley &
Black; ¢, 2537) lulasiaudansa (Kjeldahl;
Bremner and Mulvaney, 1982) wa wa3 FanNe
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Table 2. Chemical and physical properties of study soils.

Soil Series

Properties Units

Ba Ak Ntn Pk Kh
pH (1:5 H,0) 3.90 5.34 4.19 4.96 4.26
Organic Matter % 2.23 5.31 1.01 1.30 0.75
Total N % 0.14 0.27 0.08 0.06 0.05
Total P mg. kg! 299 704 178 66 41
Avail.P mg. kg! 3.37 247 2.17 2.81 591
Exch. K cmol(+). kg! 0.29 1.27 0.24 0.18 0.12
Exch. Ca cmol(+). kg! 1.17 3.84 0.08 0.09 0.08
Exch. Mg cmol(+). kg! 0.27 1.58 0.08 0.05 0.01
Fe mg. kg! 91 51 75 77 87
Mn mg. kg 4.03 25.68 5.79 9.14 .29
Cu mg. kg! 1.20 0.11 1.01 0.06 0.11
Zn mg. kg! 0.31 1.13 0.31 0.11 0.08
Exch. Acidity cmol(+). kg! 7.78 0.32 5.25 0.95 1.49
Exch. Al cmol(+). kg! 7.20 0.23 4.96 0.89 1.33
Clay % 51.08 67.59 28.32 15.74 16.54
Silt % 19.70 5.09 32.97 7.86 11.54
Sand % 29.22 27.32 40.51 76.40 71.92
Texture Clay Clay Clay loam  Sandy loam  Sandy loam
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Table 3. Forms and rates of nutrients used for soil fertility

improvement.
Nutrient/Lime Form Rate
(kg nutrient.hectare™)
N NH,NO, 200
K KCl 200
S Na,SO, 40
Ca CaCl,.2H,0 o
Mg MgCl,.6H,0 30
Zn ZnCl, 6
Cu CuCl,.2H,0 4
Lime Ca(OH), to raise soil pH to 6.0

*applied another 200 kg.hectare! at 15 days after germination
** applied only to unlimed treatments
*#%% the same rate as Ca applied in limed treatments
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Table 4. Description of P soil tests.
Soil test Extractant Soil : Shaking P Reference
solution period determination
Bray 1 (0.025 NHCI + 0.03N 1:7 1 min molybdate Olsen and
NH,F) ascorbic acid Sommer, 1982
Bray 2 (0.1 NHCI+0.03 N 1:7 1 min molybdate Hamazaki and
NH4F) ascorbic acid Paningbatan, 1988
Double acid ~ 0.05 N HCI + 0.025 N 1:4 5 min vanadomolyb-date  Olsen and
H,SO, Sommer, 1982
Mehlich 3 (0.2 N CH,COOH +0.25 N 1:10 3 min molybdate Mehlich, 1984
NH/NO, +0.15N NH,F + ascorbic acid
0.013 N HNO, + 0.001 M
EDTA)
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Table 5. Mean of dry matter weight (g pot™) of corn at different rates of phosphorus
in limed and unlimed treatments of each soil.

Soil Series

Rate of Phosphorus (kg hectare™)

0 50 100 200 400 600 800

Ba unLime 1.059 3.430 5.289 4.980 6.721 7.210 5.732
Lime 1.520 8.485 9.184 8.886 7.017 8.313 9.451
Control 1.282

Ak unLime 1.442 8.169 10.265  11.249 9.935 14426 17.573
Lime 1.857 11.571 14229 15245 13.873 21.656 15.694
Control 0.900

Ntn unLime 1.858 6.054 7.273 7.992 6.700 7.686 6.765
Lime 1.430 9.519 8.112 10.440 10.754 9.410 12.908
Control 1.841

Pk unLime 1.071 6.366 4.041 6.257 0.831 * *
Lime 1.269 6.479 6.765 12.935 6.086 7.200 *
Control 1.115

Kh unLime 1.356 2.906 2.873 5.263 3.783 0.304 *
Lime 3.222 8.024 9.097 7.475 7.164 4.649 6.774
Control 1.727

* corn died at the beginning of growth
"en e 0@ (P<0.01) 1um°mﬂwn\11ummuu ﬁ
madnyunazlaiifinyu (Figure 1)
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(** Significant at P < 0.01)

Figure 1. Relationship between P added and P uptake by corn in limed and unlimed treat-
ments of each soil.
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Figure 2. Soil P tested by Bray 1, Bray 2, Double acid and Mehlich 3 methods influenced

by rate of P added in unlimed treatments of each soil.
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Figure 3. Soil P tested by Bray 1, Bray 2, Double acid and Mehlich 3 methods influenced
by rates of P added in limed treatments of each soil.
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Table 6. Coefficient of determination (R?) for the relationship between
rates of P applied to soil and soil test P.

Treatment Bray 1 Bray 2 Double acid Mehlich 3
Ba unlime 0.880%** 0.8847%* 0.864%** 0.878%*
Lime 0.883%* 0.853%%* 0.608%** 0.841%*
Ak unlime 0.902%* 0.858%%* 0.829%%* 0.889%*
Lime 0.908** (0.894 % 0.863%%* 0.930%**
Ntn unlime 0.877%* 0.975%%* 0.950%%* 0.958**
Lime 0.869%* 0.827%%* 0.592%%* 0.820%*
Pk unlime 0.967#* 0.930%* 0.978** 0.964%%*
Lime 0.9127%%* 0.954%* 0.911%* 0.933%#%*
Kh unlime 0.802%* 0.805%%* 0.795%%* 0.823%**
Lime 0.904** 0.867*%* 0.863%%* 0.920%**

*% Correlation is significant (P<0.01)
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Figure 4. Relationships between P uptake by corn and soil P tested by Bray 1, Bray 2,
Double acid and Mehlick 3 in unlimed treatments of each soil.
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Figure 5. Relationships between P uptake by corn and soil P tested by Bray 1, Bray 2,
Double acid and Mehlick 3 in limed treatments of each soil.
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Table 7. Linear correlation coefficients (r) of relationships among various
P soil tests in unlime treatments.

Soil Series Test Methods Bray 1 Bray 2 Double Acid
Ba Bray 2 0.998**

Double Acid 0.995%%* 0.997+*

Mehlich 3 0.998%*%* 0.998%* 0.997**
Ak Bray 2 0.993**

Double Acid 0.974%* 0.971%*

Mehlich 3 0.984%* 0.973%%* 0.967+%*
Ntn Bray 2 0.940%*

Double Acid 0.945%%* 0.982%*

Mehlich 3 0.937%%* 0.987%* 0.987+*
Pk Bray 2 0.969%*

Double Acid 0.987+* 0.968**

Mehlich 3 0.972%%* 0.959%** 0.981%*
Kh Bray 2 0.993%*

Double Acid 0.994%*%* 0.989%*

Mehlich 3 0.995%%* 0.985%* 0.989**

*% Correlation is significant at the 0.01 level (2-tailed)
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Table 8. Linear correlation coefficients (r) of relationships among various
P soil tests in lime treatments.

Soil Series Test Methods Bray 1 Bray 2 Double Acid
Ba Bray 2 0.994 %%

Double Acid 0.723%%* 0.7447%%*

Mehlich 3 0.993%* 0.990%* 0.745%*
Ak Bray 2 0.909%*

Double Acid 0.964%** 0.953%%*

Mehlich 3 0.991%* 0.915%%* 0.957%*
Ntn Bray 2 0.985%*

Double Acid 0.914%* 0.923**

Mehlich 3 0.990%* 0.995%* 0.930%**
Pk Bray 2 0.986**

Double Acid 0.991%* 0.992%%*

Mehlich 3 0.992%%* 0.996%** 0.995%*
Kh Bray 2 0.990%*

Double Acid 0.987+%* 0.983%%*

Mehlich 3 0.989%* 0.980%** 0.972%*

#% Correlation is significant at the 0.01 level (2-tailed)
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