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ABSTRAK

Satu eksperimen telah dijalankan bagi mengkaji penghimpunan dan perpindahan P yang
diberikan dalam bentuk Fosfat Batuan Pulau Christmas kepada kelapa sawit di tanah siri Kuala
Brang (Typic Paleudult). Pokok-pokok kelapa sawit ini telah dibaja selama 17 tahun berturut-turut
dengan kadar 0, 44 dan 88 kg P/ha/tahun. Kebanyakan darzpada P didapati terhimpun di dalam 10
cm lapisan atas tanah, dan berada dalam bentuk Ca-P > Fe-P > Al-P. Pertambahan kadar pem
berian P telah didapati menambah P yang diekstraks secara Olsen, jumlah P, P bukan organik, KPK,
dan nilaipH tanah.

ABSTRACT

An experiment was conducted to study the accumulation and migration ofP applied as Christ
mas Island Rock Phosphate (15% P) to an oil palm crop grown on Kuala Brang soil series (Typic
Paleudult). These oil palm trees were fertilized for 17 consecutive years at the rate of 0, 44 and 88 kg
P/ha/year. Most of the P was found to accumulate mainly in the top 10 cm of the soil and were
present in the order of Ca-P > Fe-P > Al-P. Olsen extractable P, total P, inorganic P fractions, soil
CEC and pH were found to increase with increasing rates ofP applied.

INTRODUCTION

In Malaysia, ground rock phosphate, espe
cially Christmas Island Rock Phosphate has been
extensively used for plantation crops like rubber
and oil palm. This is due to the acid soil condi
tions and the relatively cheaper price of the
natural phosphate fertilizer compared to manu
factured P fertilizers (Sharifuddin and Zaharah,
1980).

This study was initiated to investigate the
fate of P fertilizer that has been broadcasted
around the weeded circle of the oil palm trees for
17 consecutive years. The source of the P ferti
lizer used was Christmas Island Rock Phosphate

(15% P). The soils for this study were sampled
from an area where a 3 X 3 X 3 X 3 factorial
experiment was conducted to study the effects of
N, P, K and Mg fertilizers and their interactions
on oil palm performance and yield. This expe
riment was conducted by Harrison Malaysian
Plantation Berhad in Sg. Mahang Estate,
Kubang Division on oil plams grown on Kuala
Brang series soil (Typic Paleudult). The fertilizer
trial was started in 1964 until 1981. These soils
were sampled for the present study in May 1983.

MATERIALS AND METHODS

Soil samples were collected from plots that
received 0, 44 and 88 kg P/ha/year. The
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samples were collected using a core auger up to a
depth of 50 cm. Each soil core was divided into
different soil depths of 0 - 10 cm, 10 - 20 cm,
20 - 30 cm and 30 - 50 cm. A total of 4 core
samples were made for each fertilizer level.
These soils were air-dried, ground and sieved
through a 0.5 mm sieve for analyses. Soil
analyses carried out were: soil pH (1 :2.5), total P
Oackson, 1947), P fractionation (Chang and
Jackson, 1957), sodium bicarbonate extractable
P (Olsen et al., 1954), Bray and Kurtz no. 2
extractable P (Bray and Kurtz, 1945) and cation
exchange capacity using ammonium acetate at
pH7.0.

RESULTS AND DISCUSSION

Soil pH

The average soil pH for the zero P treat
ment was 4.45. A highly significant increase was

noted when the P fertilizer added was increased
to 44 and 88 kg P/ha/year (Table 1). This is due
to the effect of the Ca present in the rock
phosphate, which increased the base saturation
of the soil, thus increasing the pH value. The
highest pH value was found in the 0 - 10 cm soil
depth and decreased significantly with increas
ing soil depths.

Cation Exchange Capacity

At the highest rate of P application, the
CEC values of the top 10 cm of the soil increased
significantly (P = 0.05) from 0 to 44 kg P/ha/
year. A highly significant difference (P = 0.01)
was found between CEC value in the top soil
layer between 0 and 88 kg Pfha/year treatments
(Table 2). This may be due to the increase in the
negative charge resulting from the accumulation
of P in the soil (Tessens and Zaharah, 1982). The
increase of CEC values with depths for each P
level was found to be not significant.

TABLE 1
Soil pH values at different soil depths and Prates

Prates
kg/ha/year

o
44

88

Soil Depths (cm)
0-10 10 -20 20-30 30-50

4.67 a 4.40 a 4.24 a 4.25 a

4.91 b 4.80 b 4.63 b 4.50 b

5.39 c 4.93 c 4.84 c 4.76 c

Values in the same coloumn followed by the same letter are not significant at P = 0.01.

TABLE 2
Effect of P fertilizer on soil cation exchange capacity

(Cmol [ - ]/kg soil)

Prates
kg/ha/year

o

44

88

Soil Depths (cm)
0-10 10-20 20- 30 30 - 50

8.23 a 10.08 a 10.6 a 10.07 a

11.13 a 10.43 a 12.03 a 10.67 b

16.30 b 12.85 b 12.85 b 13.95 b

Values in the same coloumn followed by the same letter are not significant at P = 0.05.
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Total P

It was found that the soil in the zero P treat
ment has an average of 0.53 mg Pig soil in the
top 10 cm of the profile and the value decreased
significantly with soil depths. The higher P
content in the top soil horizon may be due to the
accumulation of P present in the organic matter
derived from the plant (Table 3). The addition
of 44 kg Pfha/year increased the P content signi
ficantly to 1.66 mg P/ g soil in the top 10 cm of
the soil profile. A significant increase was also
found in the 10 - 20 cm soil depths.

A highly significant increase was found in
the top 10 cm of the soil when 88 kg P/ha/year
was added. It was seen that the increase in total
P was two fold when the P rates was increased
from 44 to 88 kg Pfha/year. A significant
increase in the total P content of the 10 - 20 cm
soil layer was also observed. No significant in
crease in total P content was observed for all P
levels at soil depths below 20 cm. It can thus be

concluded that P movement in the soil below 10
cm depths is negligable.

P Fractions

The Ca-P, Fe-P and AI-P fractions of the
inorganic P present in the soil is shown in Table
4. Most of the added P was found to be in the
Ca-P fraction followed by Fe-P and AI-P. The
same trend was found by Pushparajah et al.
(1977) when rock phosphate was applied to
Hevea plants for 14 years. This is due to the rock
phosphates, which contain high values of mono
calcium phosphate which contributes to the
higher fraction of the Ca-P which can persist in
acid soils (Sauchelli, 1965).

The highest amount of Ca-P fraction was
found in the 0-10 cm soil depths at the highest
rate of P applied. It is significantly higher than
the Ca-P content at the 0 and 44 kg P/ha/year
treatments. A drastic reduction in the Ca-P
content with soil depths was also observed.

TABLE 3
Effects of different of different P rates on total P content of the soil (mg Pig soil) at different soil depths

Prates Soil Depths (cm)

kg/ha/year 0-10 10 -20 20- 30 30-50

0 0.53 a 0.07 a 0.06a 0.05 a

44 1.66 a 0.15 a 0.07 b 0.06 a

88 3.26 b 0.22 b 0.08 b 0.07 b

Values in the same coloumn followed by the same letter are not significant at P = 0.05.

TABLE 4
Effects of different rates of P fertilizer applied on P fractions present in the soil at different soil depths

Prates
kg P/ha/year

o
44

88

Ca-P (ug/g) Fe-P (ug/g) AI-P (ug/g)

Soil Depths (m)
2 3 4 2 3 4 2 3 4

456 21 9 5 80 42 37 31 11 6 5 5

1051 31 10 6 424 51 48 42 69 10 6 6

2398 38 15 9 581 77 48 45 43 17 17 12

Soil depths: 1 = 0 -10 cm, 2 = 10 - 20 cm, 3 = 20 - 30 cm, 4 = 30 - 50 cm.
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TABLE 5
Effects of.different P rates on extractable P at different soil depths

Prates
kg Pfha/year

o
44

88

Extractable P (ug Pig soil)
Olsen- P Bray 2 - P

S9il Depths (cm)
0-10 10-20 20-30 30-50 0-10 10-20 20-30 30-50

9.1 a 4.1 a 2.6 a 3.0 a 139.0 a 3.3 a 2.3 a 5.3 a

17.6 a 6.3 a 3.4 a 3.2 a 618.1 b 11.6 a 5.1 a 2.6 a

114.4 b 28.8 b 7.4b 4.1 a 1596.6 c 47.2 b 5.4 a 2.6 a

Values in the same coloum followed by the same letter are not significant at P = 0.05.

The amount of Fe-P fraction present in the
soil was also found to be highest in the top 10 cm
of the soil, and at the highest P rate applied·~ Fe
P content of the soil in the 10 - 20 cm soil depths
and lower were not significantly different for all
the treatments.

AI- P fraction was found to be the lowest
fraction present compared to Ca-P and Fe-P
fractions for all treatments. The same trend was
observed by Yost et al. (1981) and Pushparajah
et al. (1977).

Extractable P

The amount of P extracted by 0.1 M HCI +
0.03 M NHj' (Bray 2-P) and 0.5 M NaHCO 3'

pH 8.5 (Olsen-P) extracts were found to increase
with increasing rates of P applied (Table 5). The
higher P values were also found in the top 10 cm
of the soil. It was observed that Bray 2-P was
much higher than Olsen-P at all levels of P
application and at all soil depths. This indicates
that the Bray and Kurtz extracting solution is a
much stronger extractant compared to the Olsen
extract. This is confirmed by the fact that the
Bray 2-P values obtained were not significantly
different with soil depths, and different rates of
P applied (except the top 10 cm of the soil).

CONCLUSION

Continous application of rock phosphate
fertilizer in an oil palm plantation has resulted in

the P being accumulated mainly in the top 10
cm of the soil profile. M~st of the P added were
present in the order of Ca-P > Fe-P > AI-P.
There was a significant increase in the total P,
inorganic P fractions, extractable P, soil CEC
and pH with increasing rates of P applied. Olsen
extracts were fround to be a more sensitive
extractant than Bray and Kurtz no. 2 to estimate
available P in soils.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the
assistance given by Harrison Malaysian Planta
tion Bhd (HMPB) particularly Mr Yeow Kheng
Hoe for permission to use soil samples from the
Sg. Mahang Estate, Kubang Division, for this
study.

REFERENCES

BRAY, R.L. and KURTZ, L.T. (1945): Determination
of inorganic and available phosphorus in soils.
Soil Sci. 59: 39 - 45.

CHANG, S.C. and JACKSON, M.L. (1958): Fractiona
tion of soil phosphorus. Sod Sci. ~: 133 -144.

JACKSON, M.L. (1958): Soil Chemical Analysis. Pren
tice Hall, Englewood Cliffs, N.J.

OLSEN, S.R., COLE, C.V., WATANABE, F.S. and
DEAN, L.A. (1954): Estimation of available
phosphorus in soils by extraction with sodium
bicarbonate. USDA Circ. 939.

PUSHARAJAH. E., MAHMUD, H.A.W. and Low, C.H.
(1.977): Residual effect of applied phosphates on
performance of Hevea brasiliensis and Pueraria

320 PERTANIKA VOL. 8 NO.3, 1985



P ACCUMULATION AND MIGRATION

phaseolo£des.]. Rubber Res. Inst. Malay. 25(3):
101-108.

SHARlFUDDIN. H.A.H. and ZAHARAH. A.R. (1980):
Phosphorus in Malaysian agriculture. In Pushpa
rajah, E. (ed.) Proc. Can! So£l Sc£. and Agric.
Devt. in Malaysw. Malaysian Soc. Soil Sci. pp:
108 -119.

SAUCHELLI, U. (1965): Phosphate in Agriculture.
Reinhold Pub. Corp. New York. pp: 120 -121.

TESSENS. E. and ZAHARAH. A.R. (1982): The residual
influence of P application on soil pH values.
Pedologie 32: 367 - 368.

YOST. Y.R., KAMPRATH, E.J., LOBATO. E. and
NADERMAN, E.C. (1981): Phosphorus response of
corn on an Oxisol as influenced by rates and
placement. Soil Sc£. Soc. Am.]. 43: 338 - 343.

(Received 6 March, 1985)

PERTANIKA VOL. 8 NO.3, 1985 321


