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ABSTRACT

An attempt was made to quantify the dry matter 
production and nutrient uptake by PS1 oil palm 
planting materials during the immature stage. The 
results show that at 43 months after planting, the 
total fresh and dry weights of PS1 were 22.50% and 
6% higher respectively as compared to the commercial 
DxP, but the differences were not significant. The 
concentrations of nitrogen and phosphorus in 
various palm components of PS1 and DxP were not 
significantly different. However, the concentrations 
of potassium and calcium in the ‘cabbage’ of PS1 
were 77% and 113% higher respectively than those 
of DxP. The concentration of magnesium in the 
spears of DxP was 108% higher than that of PS1. 
The ranking order of nutrient content (kg palm-1) in 
the whole palm components of both types of planting 
materials was K > N > Ca > Mg > P. The total 
uptake of each nutrient for both materials was not 
significantly different. PS1 planting materials are 
comparable to the commercial DxP in terms of dry 
matter production and nutrient uptake.

ABSTRAK

Satu percubaan telah dijalankan untuk menentukan 
pengeluaran bahan kering dan pengambilan nutrien 
oleh bahan tanaman PS1 pada peringkat pra-matang. 
Keputusan kajian menunjukkan bagi pokok sawit 
yang berumur 43 bulan selepas ditanam, jumlah berat 
basah dan berat kering PS1 adalah masing-masing 
22.50% dan 6% lebih tinggi berbanding dengan 
DxP komersial, tetapi perbezaan ini tidak ketara.  
Kepekatan nitrogen dan fosforus dalam pelbagai 
komponen PS1 dan DxP juga tidak menunjukkan 
perbezaan yang ketara. Walau bagaimanapun, 
kepekatan kalium dan kalsium dalam umbut PS1 
adalah 77% dan 113% lebih tinggi berbanding 
dengan DxP. Kepekatan magnesium di dalam pucuk 
sawit DxP didapati 108% lebih tinggi berbanding 
dengan PS1. Aturan kandungan nutrien (kg pk-1) 

di dalam seluruh komponen sawit untuk kedua-dua 
bahan tanaman tersebut ialah K > N > Ca > Mg > P. 
Jumlah pengambilan setiap nutrien oleh kedua-dua 
bahan tanaman itu tidak menunjukkan perbezaan 
yang ketara. PS1 adalah setanding dengan DxP dari 
aspek pengeluaran bahan kering dan penyerapan 
nutrien. 

Keywords: PS1, Typic endoaquepts, dry matter 
production, nutrient uptake, oil palm components.

INTRODUCTION

The primary objectives of agronomy research in 
oil palm (Elaeis guineensis Jacq.) are to optimize 
yield and to reduce the cost of production. The 
cost of production can be reduced by increasing 
the efficiency of nutrient uptake, because fertilizers 
account for 30% of the total cost of production.  In 
view of the very low nutrient contents of most soils 
where oil palm is grown in Malaysia, adequate 
and balanced nutrient applications are required for 
optimal growth and high yield (Tarmizi et al., 2003).  
Therefore, basic studies are needed to understand 
the relationships between the soil, fertilizer and 
plant to maintain the optimum nutritional status in 
the palms.  Nutrient use efficiency can be achieved 
by balancing the external nutrient inputs.  From past 
work, much knowledge and information have been 
obtained on the nutrient management of oil palm. 

In oil palm, the above-ground vegetative dry 
matter production per palm at a given palm age 
is more or less constant at approximately 256 kg 
palm-1, regardless of palm age, with yield depending 
on the availability of excess assimilates after the 
requirement for vegetative growth is satisfied 
(Corley and Tinker, 2003). Corley and Breure 
(1981) found that more than 90% of the plant dry 
matter is produced from photosynthesis while 
the proportions of total dry matter in different 
plant components reflect the distribution of the 
photosynthates. Mature leaves are the primary 
source of assimilate from current photosynthesis. 
This can be supplemented by the mobilization of 
stored reserves from the oil palm trunk. 
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Despite many agronomic trials to estimate 
oil palm biomass at various ages and during 
replanting in Malaysia (Khalid et al., 1999), there is 
no published information on dry matter production 
and nutrient uptake by the MPOB-Nigerian dura 
x AVROS pisifera, PORIM Series 1 (PS1) planting 
materials in Malaysia. Therefore, this basic study 
is important as PS1 has become a popular planting 
material for its dwarfism and high yield. Progeny 
testing over four years on inland soil indicated 
that fresh fruit bunch yield of PS1 was 29 – 30 t ha-1 
yr-1. Besides the high yield and ease of harvesting, 
it is anticipated that the planting densities of PS1-
type planting materials could be increased to at 
least 170 palms ha-1 without any adverse effect due 
to competition, hence, increasing productivity per 
unit land area (Kushairi et al., 2001; 2003).

The objective of this study was to compare 
the dry matter production and nutrient uptake by 
PS1 and commercial DxP planting materials on 
Bengawat family (Typic endoaquepts – USDA) soil in 
Sabah. Any benefit would be reflected by increased 
PS1 productivity through greater efficiency of 
nutrient uptake. This article is aimed at providing 
information on the actual dry matter production 
and nutrient uptake by PS1 during its immature 
stage. 

MATERIALS AND METHODS

Destructive Sampling

A split-split plot trial involving oil palm at four 
planting densities (140, 160, 180 and 200 palms ha-1), 
two progenies (PS1 and the commercial DxP) and 
three levels of nitrogen (N0: control; N1: 0.63 kg N 
palm-1 yr-1; and N2: 1.26 kg N palm-1 yr-1), replicated 
three times, was initiated in May 2000 at MPOB 
Research Station in Lahad Datu, Sabah. The main 
objective was to investigate the effect of planting 
density and nitrogen fertilizer on PS1 yield, growth 
parameters and nitrogen use efficiency. The details 
of the study are given by Afandi et al. (2005). As part 
of the main study, an attempt was made to quantify 
the dry matter production and nutrient uptake by 
PS1 planting material during its growth. 

The palms selected for this study were at 43 
months after planting (MAP) at a density of 140 
palms ha-1 and with standard rate of nitrogen 
fertilizer (0.63 kg N palm-1 yr-1). The destructive 
sampling of oil palms was laborious, and, therefore, 
only three palms of each type of planting material 
were sampled. These palms were found to have 
trunk height and diameter ranging from 0.66 m to 
0.9 m and 0.54m to 0.69 m, respectively. The palms 
were separated into six components, i.e. leaflets, 

rachis (including petiole), spears (young unopened 
leaves), growing point or ‘cabbage’, trunk and frond 
bases. The fresh components were weighed, and 
two subsamples of each component were collected 
for determination of moisture content and analyses 
of nutrient content. All the sampling procedures 
followed that of Khalid et al. (1999). 

Analyses

Approximately 1 g of oven-dried plant tissue 
sample was weighed, placed into a silica basin and 
subsequently heated to 500ºC in a muffle furnace 
for 4 hr.  The ash sample was then mixed with 10 ml 
of 20% nitric acid, covered with a watch glass and 
digested on a steam bath for 1 hr.  After the digestion 
was completed, the sample was filtered through an 
Albet 502 filter paper into a 100-ml volumetric flask. 
Then, Ca and Mg were determined using an atomic 
absorption spectrophotometer. P was determined 
colorimetrically with a spectrophotometer using the 
vanadomalibdate yellow method, while K content 
was determined by a flame photometer. Plant N 
content was determined by wet digestion using 
concentrated sulphuric acid in the presence of a 
catalyst to convert the organic N to the ammonium 
form.  After alkaline distillation with sodium 
hydroxide, the solution liberated free ammonia.  
The distillate was collected in boric acid and diluted 
with HCl and with a mixed indicator (pH 4.5) and 
NH4 determined by titration until a red colour was 
obtained. 

Samples of fresh tissues (about 1-2 kg) for 
moisture content determination were weighed 
and oven-dried to constant weight at 105oC.  N, 
P, K, Mg and Ca uptake in oil palm components 
was determined by multiplying the dry weight 
of each component with their respective nutrient 
concentration. The t-test procedure of SAS software 
was used to detect any significant differences 
between the variables studied. 

RESULTS AND DISCUSSION

Tissue Fresh Weight and Dry Matter Production

The fresh weights of PS1 and DxP commercial 
planting materials are shown in Table 1. Palm height 
ranged from 0.66 m to 0.90 m and from 0.67 m to 
0.85 m for PS1 and DxP, respectively. Trunk diameter 
ranged from 0.54 m to 0.62 m for PS1 and from 
0.54 m to 0.69 m for DxP, the latter having a more 
consistent trunk diameter. Total fresh weight of PS1 
was 22.50% higher than that of the commercial DxP. 
Even though the fresh weight of PS1 was relatively 
high, a more useful measurement of plant growth is 
dry weight. 
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The dry weights of the various palm components 
of PS1 and the commercial DxP are shown in Table 
2. The average total dry weight (DW) of PS1 at 43 
MAP was 137.46 kg palm-1, distributed as 31.97% 
in trunk, 30.31% in rachis, 18.39% in frond bases, 
14.58% in leaflets, 3.55% in spears and 1.21% in 
‘cabbage’. The commercial DxP had a DW of 129.87 
kg palm-1, distributed as 32.70% in trunk, 24.32% in 
rachis, 23.20% in frond bases, 15% in leaflets, 3.97% 
in spears and 0.82% in ‘cabbage’ (Figure 1). Thus, the 
ranking of dry matter accumulation in PS1 and DxP 
planting materials in descending order was trunk, 
rachis, frond bases, leaflets, spears and ‘cabbage’. 
The mean dry weight of frond bases contributed 
to DW by 16%-21% and 14%-33% in PS1 and DxP, 
respectively, which is comparable with the value of 
18%-22% in mature palms (Khalid et al., 1999). The 
results show that PS1 planting materials produce 
more dry matter (by about 6%) compared to the 
commercial DxP; however, the difference was not 
statistically significant at p < 0.05. 

It was found that at 43 MAP, there was no 
significant difference between PS1 and DxP 
planting materials in dry matter production (Table 
2). The trunk, leaflets, rachis and ‘cabbage’ dry 
weights of PS1 were respectively about 3.5%, 
2.9%, 32% and 57% higher than those of DxP. The 
petiole cross-section of PS1 was 10% smaller than 
that of the commercial DxP as reported by Afandi 
et al. (2005), which probably contributed to the 16% 
lower dry weight of its frond bases compared to the 
commercial DxP. The dry weight of spears was also 
lower by about 5% for PS1 as compared to DxP.

Tissue Nutrient Concentration and Distribution

A summary of nutrient concentrations 
(% dry matter) in PS1 and DxP commercial palms is 
given in Table 3. The results show that the planting 
materials did not significantly affect the nutrient 
concentrations in trunk, leaflets, rachis and frond 
bases. The concentrations of K and Ca in the PS1 
‘cabbage’ were significantly higher by 77% and 
113% respectively, over that of the commercial DxP. 
This contributed to the higher content of total bases 
in the PS1 ‘cabbage’ by as much as 71%. Magnesium 
concentrations in DxP spears was 108% higher 
compared to PS1. The ability of DxP spears to 
accumulate magnesium would probably contribute 
to the better quality of bunch components such as 
increased mesocarp to fruit ratio and mesocarp to 
oil content (Prabowo and Foster, 1998). 

At 43 MAP, nitrogen was mainly present in the 
‘cabbage’ and leaflets, accounting for more than 
25% of total nutrients in the palm components 
of PS1 and DxP, while the rachis and frond bases 
had lower percentages of N by about 4% and 6%, 
respectively. The spears and trunk had 22% and 
12% of total N, respectively. Meanwhile, P in PS1 
was mainly in ‘cabbage’ and spears, accounting for 
about 43% and 20%, respectively, of total P in the 
whole plant. For DxP, P was lowest in the rachis and 
higher in the spears, accounting for about 5.4% and 
36% of total P, respectively. 

K was lowest in the leaflets with only 6%-9% of 
the total K in the palms. PS1 had higher K, i.e. 30% 

TABLE 1. VEGETATIVE PARAMETERS AND MEAN FRESH WEIGHTS OF THE ABOVE-GROUND 
COMPONENTS OF PS1 AND DxP PLANTING MATERIALS AT 43 MONTHS AFTER PLANTING 

Component PS1
(mean ± s.e)

DxP
(mean ± s.e)

% difference of
PS1 against DxP

Vegetative parameter

i. Palm height (m) 0.79 ± 0.07 0.77 ± 0.05 2.60

ii. Trunk diameter (m) 0.57 ± 0.03 0.62 ± 0.04 (8.06)

Weight of fresh component (kg)

i. Trunk 364.00 ± 37.45 286.67 ± 60.52 26.98

ii. Leaflets 57.50 ± 2.65 45.50 ± 2.31 26.37

iii. Rachis 156.83 ± 18.11 119.83 ± 9.21 30.88

iv. Spears 31.00 ±  3.69 25.83 ±  2.41 20.02

v. ‘Cabbage’ 13.00 ± 3.62 10.33 ± 4.11 25.85

vi. Frond bases 105.50 ± 19.64 106.00 ± 9.51 (0.47)

Total weight (kg palm-1) 727.83 ±  84.83 594.17 ±  55.99 22.50
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TABLE 2. MEAN DRY WEIGHTS OF THE ABOVE-GROUND COMPONENTS OF PS1 AND DxP PLANTING 
MATERIALS AT 43 MONTHS AFTER PLANTING 

Component PS1
(mean ± s.e)

D x P
(mean ± s.e)

% difference of
PS1 against DxP

Dry weight of palm components (kg)

i. Trunk 43.94 ± 7.34 42.47 ± 14.26 3.46

ii. Leaflets 20.04 ± 4.72 19.48 ± 1.19 2.87

iii. Rachis 41.67 ± 3.84 31.59 ± 2.66 31.91

iv. Spears 4.88 ±  0.34 5.16 ±  0.49 (5.43)

v. Cabbage 1.66 ± 0.68 1.06 ± 0.51 56.60

vi. Frond bases 25.28 ± 5.63 30.13 ± 7.13 (16.10)

Total weight (kg palm-1) 137.46 ± 21.84 129.87 ± 8.33 5.84

TABLE 3. NUTRIENT CONCENTRATIONS IN VARIOUS OIL PALM COMPONENTS AT 43 MONTHS AFTER 
PLANTING IN DIFFERENT PLANTING MATERIALS

Component Planting 
material

Nutrient content (% dry matter) Total bases ± 
S.E

N ± SE P ± SE K ± SE Ca ± SE Mg ± SE [cmol (p+) kg-1]

Trunk DxP 1.45 ± 0.21 0.23 ± 0.03 3.05 ± 0.38 0.64 ± 0.16 0.28 ± 0.06 133.13 ± 8.61

PS1 1.39 ± 0.19 0.20 ± 0.38 3.80 ± 1.02 0.73 ± 0.04 0.25 ± 0.02 154.03 ± 28.89

t-value 0.856ns 0.653 ns 0.528 ns 0.602 ns 0.614 ns 0.526 ns

Leaflets DxP 2.69 ±  0.14 0.15 ± 0.01 0.73 ± 0.13 0.55 ± 0.08 0.20 ± 0.04 62.13 ± 2.95

PS1 2.91 ± 0.10 0.16 ± 0.01 0.82 ± 0.06 0.70 ± 0.04 0.23 ± 0.05 75.42 ± 5.44

t-value 0.280 ns 0.557 ns 0.438 ns 0.143 ns 0.641 ns 0.098 ns

Rachis DxP 0.52 ± 0.01 0.12 ± 0.02 1.46 ± 0.06 0.36 ± 0.42 0.19 ± 0.02 70.79 ± 4.69

PS1 0.51 ± 0.03 0.08 ± 0.01 1.11 ± 0.16 0.49 ± 0.06 0.16 ± 0.03 65.71 ± 6.18

t-value 0.890 ns 0.126 ns 0.108 ns 0.139 ns 0.446 ns 0.548 ns

Spears DxP 2.53 ± 0.12 0.71 ± 0.11 4.32 ± 1.03 0.79 ± 0.27 0.52 ± 0.03 192.89 ± 42.30

PS1 2.61 ± 0.13 0.29 ± 0.07 2.04 ± 0.38 0.65 ± 0.06 0.25 ± 0.05 105.51 ± 16.55

t-value 0.702 ns 0.041 ns 0.088 ns 0.573 ns 0.029* 0.106 ns

‘Cabbage’ DxP 3.12 ± 0.35 0.58 ± 0.08 2.02 ± 0.06 0.40 ± 0.06 0.33 ± 0.03 98.90 ± 4.73

PS1 3.78 ± 0.25 0.64 ± 0.07 3.58 ± 0.13 0.85 ± 0.10 0.43 ± 0.01 169.06 ± 7.50

t-value 0.188 ns 0.557 ns 0.001** 0.021* 0.052 ns 0.001**

Frond bases DxP 0.63 ± 0.64 0.18 ± 0.05 1.65 ± 0.20 0.42 ± 0.08 0.22 ± 0.03 81.42 ± 4.46

PS1 0.66 ± 0.05 0.11 ± 0.11 1.32 ± 0.09 0.44 ± 0.04 0.19 ± 0.01 71.68 ± 3.89

t-value 0.745 ns 0.234 ns 0.265 ns 0.832 ns 0.382 ns 0.176 ns

Note: ns = not significant between planting materials, * and ** = significant at p < 0.05 and 0.01, respectively.
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and 28% in the trunk and ‘cabbage’, respectively. 
While in DxP materials, K was higher in the spears 
and trunk by about 33% and 23% as compared to 
total K in palm components. In mature palms, K 
concentration was the lowest in the leaflets, i.e. at 
0.98%, while K concentrations in trunk, rachis, 
spears and ‘cabbage’ were high at 1.62%, 1.52%, 
1.72% and 3.45%, respectively (Khalid et al., 1999). 
The ‘cabbage’ of PS1 had high Ca and Mg, i.e. 
22% and 28%, respectively, of total Ca and Mg in 
the whole plant, while the rest of the components 
had consistent levels of Ca and Mg. Similar results 
were obtained for DxP, except that Ca and Mg were 
higher in the spears than in the ‘cabbage’ tissues. 

Quantification of Nutrient Uptake

Figure 2 compares the nutrient uptake of N, P, K, 
Ca and Mg in relation to different planting materials 
and palm components. At 43 MAP, the total uptake 
in PS1 was 1.72 kg N palm-1, 0.19 kg P palm-1, 2.65 
kg K palm-1, 0.82 kg Ca palm-1 and 0.21 kg Mg 
palm-1. In commercial DxP, the uptake was 1.60 kg N 
palm-1, 0.25 kg P palm-1, 2.71 kg K palm-1, 0.62 kg Ca 
palm-1 and 0.33 kg Mg palm-1. The results show that 
the uptake of all these nutrients by both planting 
materials was not significantly different. The Ca 
uptake in PS1 was relatively higher, accounting for 
32% as compared to DxP. Even though Ca does not 

TABLE 4. NUTRIENT UPTAKE IN VARIOUS OIL PALM COMPONENTS AT 43 MONTHS AFTER PLANTING IN 
DIFFERENT PLANTING MATERIALS

Component Planting 
material

Macronutrient content (kg palm-1)

N ± SE P ± SE K ± SE Ca ± SE Mg ± SE

Trunk DxP 0.57 ± 0.13 0.10 ± 0.05 1.40 ± 0.64 0.23 ± 0.02 0.14 ± 0.07

PS1 0.59 ± 0.04 0.08 ± 0.01 1.54 ± 0.21 0.32 ± 0.57 0.03 ± 0.00

t-value 0.900 ns 0.709 ns 0.847 ns 0.213 ns 0.698 ns

Leaflets DxP 0.52 ± 0.01 0.03 ± 0.00 0.14 ± 0.02 0.12 ± 0.02 0.04 ± 0.01

PS1 0.57 ± 0.12 0.03 ± 0.01 0.17 ± 0.04 0.14 ± 0.03 0.04 ± 0.01

t-value 0.690 ns 0.788 ns 0.527 ns 0.478 ns 0.673 ns

Rachis DxP 0.16 ± 0.01 0.04 ± 0.01 0.46 ± 0.02 0.11 ± 0.00 0.06 ± <0.01

PS1 0.21 ± 0.01 0.03 ± 0.00 0.45 ± 0.02 0.20 ± 0.03 0.07 ± 0.01

t-value 0.037 ns 0.680 ns 0.831 ns 0.056 ns 0.629 ns

Spears DxP 0.13 ±  0.01 0.02 ± 0.01 0.17 ± 0.04 0.03 ± 0.01 0.02 ± 0.01

PS1 0.13 ± 0.02 0.01 ±  0.00 0.10 ± 0.03 0.03 ± 0.01 0.01 ± 0.00

t-value 0.981 ns 0.412 ns 0.256 ns 0.984 ns 0.450 ns

‘Cabbage’ DxP 0.03 ± 0.01 0.01 ± <0.01 0.02 ± 0.01 <0.01 <0.01

PS1 0.06 ± 0.03 0.01 ± <0.01 0.06 ± 0.02 0.01 ± <0.01 0.01 ± <0.01

t-value 0.315 ns 0.404 ns 0.218 ns 0.111 ns 0.428 ns

Frond bases DxP 0.19 ± 0.04 0.05 ± 0.01 0.52 ± 0.17 0.13 ± 0.04 0.07 ± 0.02

PS1 0.16 ± 0.03 0.03 ± 0.01 0.33 ± 0.07 0.12 ± 0.02 0.05 ± 0.01

t-value 0.609 ns 0.139 ns 0.357 ns 0.666 ns 0.395 ns

             Note: ns = not significant between planting materials.
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seem to have an optimum value in oil palm, it has a 
strong influence on the level of total leaf cations and 
must be balanced by K and Mg (Foster, 2003). 

K was the highest amount of nutrient 
accumulated in both types of planting materials, 
followed by N, Ca, Mg and P.  K is usually present in 
large quantities in plants especially in high-yielding 
crops such as oil palm. In oil palm, K concentration 
in vegetative tissues such as the rachis and leaves 
decreases with increasing palm age (Goh and Rolf, 

2003).  K contents in various vegetative dura palm 
components and fruit compositions range from 
0.80%-4.06% and from 0.08%-8.88%, respectively 
(Ng and Thamboo, 1967). K content in fresh fruit 
bunches of tenera palms was found to be 6% higher 
than dura (Tarmizi and Mohd Tayeb, 2006).

The total nutrient uptake in various palm 
components on a per palm basis is shown in Table 
4. More than 35% of N, P, K and Ca accumulated 
in the trunk, while spears and ‘cabbage’ tissues 

Note:  ns = not significant between planting materials.

Figure 1. Dry weight distribution (% of total) in various oil palm components in two different planting materials 
at 43 months after planting.

Note:  ns = not significant between planting materials.

Figure 2. Total nutrient uptake per palm in PS1 and commercial DxP at 43  months after planting.
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accumulated less than 10% of each nutrient. In 
summary, there was no significant difference in 
nutrient uptake by both planting materials. Even 
though there were discernible differences in K, Ca 
and Mg concentrations in ‘cabbage’ and spears, 
their values were not statistically significant. This 
was probably due to the dilution effect of the 
nutrients in the plant, when an increase in dry 
matter accumulation in response to the application 
of a nutrient element is accompanied by a decrease 
in the nutrient concentration within the plant (Jarrell 
and Beverly, 1981). 

CONCLUSION

The results show that at 43 MAP, the mean fresh and 
dry weights of PS1 were 22.50% and 6% higher than 
those of the commercial DxP. The slightly higher 
dry matter production of PS1 could lead to better 
production of yield. The order of magnitude of dry 
weight accumulation in the plant components of 
both planting materials was trunk > rachis > frond 
bases > leaflets > spears > ‘cabbage’. Total uptake 
of N, P, K, Ca and Mg by both planting materials 
was not significantly different. Therefore, nutrient 
uptake efficiency of PS1 is not lower than that of 
the commercial DxP planting material. This was 
supported by a 7% increase in N uptake in PS1 
as compared to the commercial DxP. The ranking 
of nutrient contents (kg palm-1) in the whole palm 
components of both planting materials was K > N > 
Ca > Mg > P, which is similar to that of 23-year-old 
palms as reported by Khalid et al. (1999).
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