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Abstract 

Isotope dilution techniques were used in a glasshouse experiment to compare seven P sources for oil palm seedlings 
grown on Rengam series soil (Typic Paleudult). The P sources were triple superphosphate (TSP) and six phosphate 
rocks from North Carolina, USA (NCPR), Tunisia (Gafsa PR), Jordan (JPR), Morocco (MPR), Christmas Island 
(CIPR) and China (CPR). The percent P derived from fertilisers (%PdfF) in the 3, 6, 9 and 12 months of growth 
ranged from 81% to 99%, indicating the poor P supplying power of the soil used. TSP was far superior than PR in 
supplying the required P at all times of measurement. Total amount of P taken up during the 12 months growing 
period was equivalent to 15.0% of the added P as TSP, it was 5.2% from NCPR, 4.2% from JPR, 4; 1% from MPR, 
3.2% from GPR, 4% from CtPR and 2.2% from CPR. The PR effectiveness based on the amounts of fertilizer P 
taken up by the oil palm seedlings at 12 months of growth was in the sequence of triple superphosphate > North 
Carolina PR > Gafsa PR > Jordan PR > Morocco PR > Christmas Island PR > China PR. This was due to the 
reactivity of these P sources when applied into the soil, triple superphosphate being water soluble is immediately 
available. PR sources reacted with the soil solution with time, making P slowly available. PR solubilised by neutral 
ammonium citrate (NAC) expressed as percentage of rock was shown to correlate better than 2% citric acid and 
2% formic acid with plant P uptake. Thus this method of extracting P from PR can be used as a basis for comparing 
PR effectiveness to oil palm seedlings. 

Introduction 

Oil palms in Malaysia that are planted on highly weath- 
ered soils, such as Ultisols and Oxisols, are largely 
dependent on inorganic fertiliser applications to max- 
imise and sustain high yield (Ng, 1986). Direct applica- 
tion of phosphate rocks (PR) to supply the P demand of 
the oil palm crop has been a standard practice since the 
1930s. Since Malaysia does not have indigenous phos- 
phate rock deposits, all the requirements are imported 
from various PR producing countries in the world. For 
the past five decades, the major source, of supply has 
been from Christmas Island, but since the closure of 
the phosphate rock mine on Christmas Island in the 
late 1980's, phosphate rocks from other countries like 
Jordan, Morocco, Tunisia, China and United States of 
America have been imported to compete in the local 

market. These PRs differ in their mineralogical prop- 
erties, thus their solubility and availability will also 
differ (Lehr and McClellan, 1972; Smyth and Sanchez, 
1982), Various P fertilisers have been evaluated for oil 
palm under nursery and field conditions (Foster et al., 
1988; Ng, 1986; Goh, 1994; Foong, 1993). Biological 
characteristics evaluated were plant growth, dry mat- 
ter yield and P uptake. These characteristics are unable 
to differentiate between the P derived from soil and 
the P derived from fertiliser and contradictory results 
were reported concerning comparative measurement 
of agronomic efficiency of various P fertilisers under 
field conditions (Bolland and Gilkes, 1987; Ghosh and 
Gilkes, 1987; Stephen and Condron, 1986). Thus this 
experiment was carried out to evaluate the contribution 
of triple super phosphate and PRs from USA (North 
Carolina), Morocco, Tunisia, Jordan, Christmas Island 
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Table 1. Some chemical and physical properties of TSP and phosphate rocks used in the experiment 

P sources Total P (%) Total Ca (%) 4- Solubility as percent of  rock --+ 

2% Formic acid 2% Citric acid Neutral Am. Citrate 

(FA) (CA) (NAC) 

TSP 20.4:1:0.3 11.6 :t: 0.4 43.3 4- 0.6 41.9 4- 0.9 40.3 -4- 0.7 

NCPR 13.1 -I-0.3 31.0:t :0.7 24.7::t::0.2 12.1 -f-0.2 5 .84-0.1 

GPR 13.44-0.3 31.8:t :0.6 20.8-I-0.2 11.74-0.1 5.04-0.1 

JPR 14.1 4- 0.3 32.6 4- 0.6 20.4 4- 0.1 10.8 ::t: 0.3 4.5 ± 0.1 

MPR 14.44-0.4 33 .44-0 .4  1 7 . 9 + 0 . 4  10.65:0.1 4.44-0.1 

CIPR 14.5 4- 0.4 24.2 4- 0.9 11.6 4-0.3 9.3 -t- 0.1 3.6 4- 0.I 

CPR 14.7 4- 0.5 29.2:1:1.2 8.0 -t- 0.2 7.5 -l- 0.1 2.7 4- 0.I 

Table 2. Dry matter weight of  oil palm seedlings accumulated during 0-3, 
3-6, 6-9 and 9-12 months of growth (g/plant) 

P sources 0 - 3 3 - 6 6 - 9 9 - 12 Total 
months months months months 0-12 months 

TSP 2.0 19.6 17.9 31.6 71.1 

NCPR 2.6 19.1 9.6 40.8 72.1 

GPR 2.1 18.9 11.1 38.4 70.5 

JPR 2.3 18.1 14.1 30.9 65.4 

MPR 1.6 21.5 10.9 29.0 63.0 

CIPR 1.0 21.3 14.2 31.1 67.5 

CPR 1.4 19.9 13.0 21.3 55.8 

LSD P--0.05 1.84 10.66 12.80 10.32 

n,s n.s n.s ** 

and China to P taken up by oil palm seedlings grown 
in the nursery during the first year prior to field plant- 
ing, using 32p isotope dilution technique (Zapata and 
Axmann, 1995). 

Materials and methods 

The top 30cm of a Rengam series soil (Typic Paleudult) 
was collected, air dried and prepared for nursery plant- 
ing of oil palm seedlings. The soil had a pH (water) 
of 4.5, organic carbon 1.2%, Bray-2 extractable P 5.0 
mg/kg, exchangeable K 1.5 cmol(+)/kg, exchangeable 
Ca 0.7 cmol(+)/kg, exchangeable Mg 0.2 cmol(+)/kg, 
and cation exchange capacity 7.4 cmol(+)/kg. Textu- 
ral analysis showed a clay content of 53%, silt 9% 
and sand 38%. The phosphate fertilisers tested were 
triple super phosphate (TSP), North Carolina phos- 
phate rock (NCPR), Moroccan phosphate rock (MPR), 
Gafsa phosphate rock from Tunisia (GPR), Jordan 
phosphate rock (JPR), Christmas Island phosphate rock 
(CIPR), and China phosphate rock (CPR). The total P 

content in the phosphate fertilizer was 20.4% for TSP 
and ranged from 13.1% to 14.7% for PR's (Table 1). 
Fifteen kg of the soil was weighed and placed in each 
polythene bag. A total of 128 bags were prepared. The 
first 32 bags were thoroughly wetted with 20% solu- 
tion (by weight) containing 1.0 x 101° Bq 32p with 5 
mg P as carrier. The soil was allowed to incubate for a 
week. Then these soils were mixed with 4 g P as TSP, 
NCPR, MPR, GPR, JPR, CIPR and CPR in four repli- 
cates. The remaining four bags were left without any 
addition of P to be used as controls and to reflect the P 
derived from the soil. Three-month old seedlings were 
planted into each bag. These seedlings averaged 9.9 g 
dry weight and 11.77 mg total P content. Nitrogen at 
2.94 g/bag, K at 3 g/bag and Mg at 2.34 g/bag were 
applied as urea, muriate of potash and kieserite at the 
beginning of the experiment. The plants were allowed 
to grow for 3 months. Another three sets using the 
same procedure were made and planted with 3-months 
old oil palm seedlings to be harvested at 6, 9 and 12 
months after planting. For the set of plants to be har- 
vested at 6 months after planting, the 32p solution with 



Table 3. Total P uptake accumulated by oil palm seedlings at different harvest times (mg/plant) 

P sources 0 - 3 months 3 - 6 months 6 - 9 months 9-12 months Total 
0-12 months 

TSP 31.6 159.4 208.8 214.0 613.8 
NCPR 13.0 56.5 21.4 128. I 217.5 
GPR 10,3 57.8 13.0 81.9 163.0 
JPR I 1.0 50.9 2 I. I 87.4 179.1 
MPR 10.0 59.4 3.3 91.8 177.2 
CIPR 6.6 61.8 3.5 95. I 176.9 
C PR 7. I 44.4 1.7 54.8 105.9 
LSD P=0.05 4.7 27.5 45.0 45.2 35.5 
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5 mg P as carrier was added to thoroughly wet the soil 
in the bag after the first set was harvested. For the set 
to be harvested at 9 months after planting, 32p solution 
was added after the harvest at 6 months, and for the 
set to be harvested at 12 months, 32p was added after 
the harvest at 9 months. This had to be done due to the 
short half-life of  32p (14.3 days), and it is impossible 
to measure for the whole year with just one applica- 
tion of  32p at the beginning of  the experiment. Similar 
amounts of  N, K and Mg were applied to all these 
plants. Destructive sampling of the oil palm seedlings 
were made at 3, 6, 9 and 12 months after planting. 
Tile samples were cut into pieces and dried at 70°C .  
The dry matter weight accumulated during the period 
of 0 to 3 months, 3 to 6 months, 6 to 9 months and 
9 to 12 months were calculated by substracting the 
total dry matter weights obtained at harvest minus the 
average dry matter weight obtained during the previ- 
ous harvest. Five g of  the dried samples were ashed at 
500°C. The ash was cooled and dissolved in 20 ml 1M 
HCI and filtered. 32p activity of  the sample was mea- 
sured by Cerenkov counting using a liquid scintillation 
counter. Inorganic P in the samples was analysed using 
the method of  Scheel (1934). 

L values were calculated using the formula of  
Larsen (1952) which was thought to be a measure 
of  the available soil P. The formula used was: L = 
Q[(R/Q)/(r/p) - 1], where, R is the initial radioactivity, 
Q is the amount of  carrier, r is the radioactivity in the 
plant and p is the quantity of  P in the plant. Phosphorus 
derived from fertilisers (PdfF) by the plant was calcu- 
lated using the isotope dilution formula described by 
Zapata and Axmann (1995), where: 

PdfF (%) = 100 [1 - (specific activity of  plants 
with fertiliser)/specific activity of  plants without 
fertiliser)] 

PdfF (mg) = [PdfF (%) × Total P yield]/lO0 

Results and discussion 

Dr), matter yield: 

All fertiliser P sources gave similar accumulated dry 
matter weights during the first 3 months after planting 
(Table 2). This indicates that during the initial growth 
period, very little response to P fertiliser sources 
occured, even though the P taken up was significant- 
ly different (p < 0.05) between the water soluble P 
source (TSP) and the PR (Table 3). At 6 months, there 
was a ten-fold increase in dry matter yield accumulat- 
ed during the 3 to 6 months growing period as com- 
pared to the first 3 months of  growth, but did not show 
any significant differences (p < 0.05) between these 
P sources. At 6 to 9 and 9 to 12 months growing 
periods, the dry matter accumulation were not signif- 
icant (p < 0.05) between the P sources. Thus plant 
growth response did not differentiate the effects of  
water soluble P source (TSP) and the PRs. Total P 
accumulated from TSP at 3 to 6 months growth period 
was three times greater than P from the P R .  At 6 to 
9 months of  growth, CIPR, MPR and CPR had the 
lowest P accumulation. NCPR and JPR gave only 10% 
of  the amounts provided by TSP, while GPR provided 
only 6% of  the amounts provided by TSP, MPR and 
CIPR provided about 1.6% and CPR only provided 
0.8%. Over the 12 months growth period TSP provid- 
ed 3 times as much P as the PR sources. Among the 
PR tested, NCPR provided the most P, giving 30% of 
the amounts provided by TSP. CPR provided the least 
P giving 17% of the amounts provided from TSP. This 
is due to the mineral structure of  the PR. NCPR has 
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Table 4. Specific activity of 32P in plant tissue (Bq 32pl#g p) and L value (mg P/kg 
soil) at different times of sampling 

Time (months) Treatments specific activity (Bq//zP) L value (mg P/kg) 

3 Control 1.47 a 44.2 c 
TSP 0.06 e 1073 a 
NCPR 0.08 b 786 b 
GPR 0.10b 779 b 
JPR 0.08 b 929 b 
MPR 0 . l i b  636 b 
CIPR 0.10b 670 b 
CPR 0.13 b 585 b 

Control 1.47 a 66.7 c 
TSP 0.06 c 1358 a 
NCPR 0.16b 467 b 
GPR 0.18 b 441 b 
JPR 0.20 b 367 b 
MPR 0.22 b 346 b 
CIPR 0.24 b 299 b 
CPR 0.28 b 227 b 

Control 47.4 a 34.9 d 
TSP 0.05 c 3428 a 
NCPR 0.15b 928 b 
GPR 0.15b 935 b 
JPR 0.18b 826 b 
MPR 0.23 b 674 bc 
CIPR 0.31 b 434 c 
CPR 0.47 b 394 c 

Control 5.98 a 25 e 
TSP 0.06 c 2401 a 
NCPR 0.11 b 1238 b 
GPR 0.16b 850 b 
JPR 0.19b 726 b 
MPR 0.23 b 592 c 
CIPR 0.38 b 357 d 
CPR 0.27 b 491 cd 

means m the same column followed by the same alphabet are not significantly 
different at p < 0.05 

a higher  carbonate  substi tution in its crystal structure, 

making  the minera ls  less stable and easily reacted by 

the acids in the soil solut ion (Sale and M o k w u n y e ,  

1993; Chien  and Menon ,  1995; Chien,  1995). C P R  is 

less react ive,  and lower  amounts  o f  P are solubi l ised 

for plant uptake. 

Labile P (L value) and Relative Agronomic 
Effectiveness 

The L value  o f  the untreated soil was 44 m g  P/kg  soil at 

3 months,  66 m g  P/kg soil at 6 months ,  35 m g  P/kg  soil 

at 9 months  and 22 m g  P/kg soil at 12 months  (Table 
4). The  L values decreased with t ime f rom 6 months  

to 12 months  due to plant uptake o f  P by the oil pa lm 

seedlings.  The  addit ion o f  T S P  increased the L value  to 

a lmost  100 t imes  the original  soi! L va lue  at 9 months  

after T S P  addit ion (Table 4). The  avai labi l i ty o f  T S P  



Table 5. P derived from fertilisers (percentage and mg/plant) in oil palm seedlings at different times of harvest 
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P sources PdfF (%) ~ +- PdfF (rag/plant) 
3 months 6 months 9 months 12 months 3 months 6 months 9 months 12 months Total 

TSP 94.83 96.13 98.73 99.02 29.95 153.40 206.01 211.88 601.24 
NCPR 93.14 89.17 96.34 98.22 12.10 50.53 20.58 125.82 209.03 
GPR 92.34 87.67 96.39 97.41 9.48 50.44 12.57 79.84 152.33 
JPR 93.05 86.64 95.63 96.90 10.20 43.86 20.50 84.79 I67.46 
MPR 91.16 84.83 94.44 96.26 9.06 50.13 3.71 88.36 163.09 
CIPR 91.87 83.79 92.32 93.72 6.05 51.70 3.06 89.30 159.40 
CPR 89.43 81.17 88.58 95.48 6.31 35.15 2.03 52.35 100.95 
LSD P=0.05 24.98 35.01 16.69 16.46 4.62 24.61 42.02 43.78 35.46 

n . S  n . s  n . s  I).S * *  * *  * *  * *  * *  

remained high even at 12 months after TSP application. 
Among the PR tested, NCPR gave the highest L value 
followed closely by GPR. Thus these highly reactive 
PR provided available P upon contact with this acid 
soil. Phosphorus availability in NCPR treated soil was 
highest amongst all the PR tested at 12 months after 
PR application. This increase in soil available P due to 
the addition of  NCPR and GPR is also shown in the 
specific activity o f  32p found in plant tissues (Table 4), 
where at all times of  sampling, NCPR and GPR treated 
plants had lower counts than CPR, CIPR, MPR and JPR 
treated plants due to the dilution of  the 32p activity in 
the soil with the P released from solubilization of  these 
two PRs. From the L values obtained at 12 months, the 
effectiveness of  these PR sources in releasing P can be 
ranked as NCPR = GPR = JPR > M P R > C I P R > C P R .  
These results show that P was still available 12 months 
after PR and TSP application, which is contradictory to 
some studies which conclude that a significant fraction 
of  added P becomes almost unexchangeable (Larsen, 
1967; Barrow, 1974). The relative agronomic effec- 
tiveness of  PR showed that there were no significant 
difference (p < 0.05) between these PR sources for the 
first 6 months of  plant growth. At 9 months, NCPR, 
GPR and JPR were equally as effective. At 12 months 
NCPR was seen to be far superior than all the other PR 
tested, and it is still about 50% as effective as TSP. 

Phosphorus derived from fertiIiser ( PdfF) 

The P-32 specific activity present in the plant samples 
in the control and treated palms were used to calculate 
the%PdfF following the formulas described by Zap- 
ata and Axmann (1995). More than 90% of the total 
P present in the palms were derived from the fertilis- 
ers tested at all stages of  growth (Table 4), showing 

Table 6. Correlation coefficient (r 2 values) of solubility tests with 
P uptake by oil palm seedlings grown for 12 months 

Variable r 2 value 

2% formic acid (as % of rock) 0.88 * 
2% citric acid (as % of rock) 0.90 * 
Neutral ammonium citrate (as % of rock) 0.92** 

*significant atp < 0.10 
**significant at p < 0.05 

the inadequate P supply present in the soil used. Soils 
in Malaysia are very deficient in P and plants can- 
not grow to maturity without P fertiliser application 
(Owen, 1953; Fuad, 1976). The total P in the palms at 
various stages of  harvest was calculated and showed 
that TSP supplied the highest amount of  P to the palms 
at 601.2 mg P for 12 months growth period (Table 
5). This corresponded to 15.0% of the total amount of  
P added at the beginning of  the experiment. Among 
the PR tested, NCPR had the highest PdfF at 208.4 
mg P/palm followed by GPR at 160.5 mg/palm. JPR, 
MPR and CIPR had equivalent PdfF values, while CPR 
showed the lowest value of  86.1 mgP/palm. Fertilis- 
er use efficiency of  the PR ranged between 5.2% for 
NCPR to 2.2% for CPR. 

Relationship between PR solubility to plant P uptake 

The magnitude of  PR solubility in 2% formic acid (FA), 
2% citric acid (CA) and neutral ammonium citrate 
(NAC) expressed as percent of  rock has been shown 
by Chien (1995) to be more related to chemical reac- 
tivity of  PR than if the values obtained were expressed 
as percent of  total P content. The latter expression 
gave misleading comparison especially for PR with 
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low total P content (Chien and Hammond, 1978). Cor- 
relation coefficients obtained when the three methods 
of PR solubility tests were correlated to plant P taken 
up showed that neutral ammonium citrate gave the best 
r 2 value (Table 6). Chien and Hammond (1978) using 
bean as the indicator plant, obtained better r2values 
when P uptake by bean was correlated with neutal 
ammonium citrate compared to 2% citric acid and 2% 
fo rmic  acid.  

C o n c l u s i o n s  

Dry ma t t e r  y ie lds  ob ta ined  due  to h igh  P app l ica t ion  

did not  ind ica te  the e f f ec t iveness  o f  a par t i cu la r  P fer- 

t i l iser  source  on  g r o w t h  oil pa lm  seedl ings .  T he  use  

of  the i so tope  3Zp has  m a d e  it poss ib le  to d i f fe ren t ia te  

the  P m a d e  ava i l ab le  f rom the  or ig ina l  soil and  the  fer- 

t i l iser  P sources .  The  e f f ec t iveness  o f  these  P sources  

used for  oil pa lm  p l an t i ng  was  r a n k e d  in the  o rder  o f  

N C P R  > G P R  _> J R  _> M P R  >_ C I P R  > CPR.  Th i s  

r a n k i n g  is s imi l a r  to the  r a n k i n g  m a d e  f rom the  solu-  

bi l i ty  o f  these  P R  by 2 %  fo rmic  acid,  2 %  ci tr ic  acid 

or  neut ra l  a m m o n i u m  ci t ra te  exp re s sed  as p e r c e n t a g e  

o f  rock.  Cor r e l a t i on  coef f ic ien ts  ob ta ined  w h e n  these  

three  so lubi l i ty  tests  wi th  p lan t  P up take  s h o w e d  that  

neutra l  a m m o n i u m  ci t ra te  cor re la ted  be t te r  to p lant  P 

up take  than fo rmic  acid or ci t r ic  acid. 
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