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AbstrAct

Fertiliser application practices to increase oil palm 
productivity have been discussed extensively in 
many forums. This article investigates how to 
increase the efficiency of fertiliser use in oil palm 
plantations so as to contribute towards the saving 
of fertiliser inputs and to ensure maximum returns. 
Application of organic fertiliser alone was unable 
to produce high yield for oil palm due to low and 
inconsistent nutrient contents in organic fertiliser. 
The effects of integrating inorganic and organic 
fertilisers on soil quality and oil palm productivity 
are discussed. The soil quality was improved as 
shown by an increase in soil pH, which enhanced 
the availability of nutrients, thus increasing the 
efficiency of the fertilisers applied. This would result 
in a reduction in fertiliser inputs and contribute to 
an increase in oil palm productivity. The results 
of soil and foliar analyses in relation to yields of 
oil palm with different fertiliser treatments were 
also discussed. Integrating inorganic and organic 
fertilisers can increase the efficiency of nutrients 
uptake by the crops and enhance the retention of 
nutrients in the soil in the long-term to improve the 
soil quality. In addition, recycling of organic wastes 
from the palm oil mill, which can be turned into 
a high value-added product, will help the oil palm 
industry remain competitive and more sustainable. 
For example, utilisation of decanter cake and boiler 
ash from palm oil mill as alternative sources of 
nutrients, especially potassium, is a workable 
scheme to reduce the use of chemical fertilisers by 
the industry. 

AbstrAk

Amalan penggunaan baja untuk meningkatkan 
produktiviti sawit telah dibincangkan secara 
meluas dalam banyak forum. Kertas kajian 

ini mengkaji bagaimana untuk meningkatkan 
kecekapan penggunaan baja di ladang sawit supaya 
dapat menyumbang ke arah penjimatan input baja 
dan memastikan pulangan yang maksimum. Sawit 
tidak dapat mengeluarkan hasil yang tinggi dengan 
penggunaan baja organik sahaja kerana kandungan 
nutrien yang rendah dan tidak konsisten. Kesan 
mengintegrasikan baja bukan organik dan 
organik ke atas kualiti tanah dan produktiviti 
sawit juga dibincangkan. Kualiti tanah menjadi 
lebih baik dengan peningkatan pH, di mana ia 
akan menambahkan ketersediaan nutrien, sekali 
gus meningkatkan kecekapan penggunaan baja. 
Ini menjadikan pengurangan input baja dan 
menyumbang kepada peningkatan produktiviti 
sawit. Keputusan analisis tanah dan foliar dengan 
rawatan baja yang berbeza serta kesan ke atas hasil 
sawit juga dibincangkan. Mengintegrasikan baja 
bukan organik dan organik boleh meningkatkan 
kecekapan pengambilan nutrien oleh tanaman dan 
juga meningkatkan pengekalan nutrien dalam 
tanah untuk jangka masa panjang, dan seterusnya 
memperbaiki kualiti tanah. Di samping itu, kitar 
semula sisa organik daripada kilang minyak sawit 
boleh dijadikan produk tambah nilai yang tinggi. 
Ini akan membantu industri sawit mengekalkan 
daya saing dan lebih mapan. Sebagai contoh, 
penggunaan kek dekanter dan abu dandang 
daripada kilang minyak sawit digunakan sebagai 
alternatif sumber nutrien, terutama kalium, 
adalah satu cara yang boleh digunakan untuk 
mengurangkan penggunaan baja kimia dalam  
industri sawit.

Keywords: biofertiliser, organic fertiliser, inorganic 
fertiliser, oil palm.

IntrOductIOn

In the oil palm production system, fertiliser 
application represents a major cost but it is an 
important input for achieving high yield (MPOB, 
2010). During the immature stage, fertilisers alone 
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comprise around 10%-20% of the total development 
cost, and fertiliser cost gradually increases to 25%-
45% of the production cost at the mature stage. 
Fertiliser application is affected by the increase 
in cost of fertilisers recently. The more practical 
approach countering the current situation of high 
fertiliser cost is to apply more sustainable practices 
and use natural products derived from oil palm 
wastes. In addition, an alternative means such as 
the use of bio-fertilisers which can reduce the use of 
chemical fertilisers can be considered.

As fertiliser is an important input, its application 
has to be carried out efficiently and judiciously to 
ensure optimum returns. The aims are to optimise 
fertiliser use and improve fertiliser efficiency for 
sustainable high yields and profits. Integrating 
inorganic and organic fertilisers for oil palm is one 
way that can help to reduce the dependence on 
inorganic fertiliser inputs and provide benefits in 
terms of monetary value (Taryo-Adiwiganda et al., 
2006).  The objectives of the project were:
• to study the effect of integrating inorganic and 

organic fertilisers on soil chemical properties 
and on the nutrient uptake by crops;

• to study the effect of applying only organic 
fertilisers on oil palm growth and yield; and

• to study the growth performance and yield of oil 
palm under different fertiliser treatments.

MAterIAls And MetHOds

The project was implemented in March 2004 at 
Ladang Anak Yatim, Keratong, Johor. The trial was 
carried out in plots of 5-year old palms planted on 
Segamat soils series.

Experimental Design and Treatments

The plots were laid out in a randomised 
complete block design (RCBD) with four replicates 
and a total of 20 plots. Each plot consisted of 6 x 
6 palms with data collected from the central 16 
palms.  

Five types of fertilisers were tested as follows:
• inorganic fertilisers: N – ammonium sulphate 

(AS), P – phosphate rock (PR), K – muriate of 
potash (MOP) and Mg – kieserite (Kies.);

• bio-compound fertiliser (8:8:20); 
• bio-compound fertiliser (11:11:11); 
• bio-organic fertiliser (5:5:5); and
• compacted chemical fertiliser (10:5.4:16.2:2.7:0.5).

The fertiliser treatments (combination of 
fertiliser types and rates) were as follows:
• T1 – 4 kg AS + 2 kg PR + 2 kg MOP + 1 kg Kies.
• T2 – 2 kg AS + 1 kg PR + 2 kg MOP + 0.5 kg Kies. 

+ 4 kg bio-organic fertiliser (5:5:5);

• T3 – 18 kg bio-organic fertiliser (5:5:5);
• T4 – 5 kg bio-compound (8:8:20:2) + 2.5 kg 

bio-compound (11:11:11:2) + 2 kg bio-organic 
fertiliser (5:5:5); and

• T5 – 9 kg compacted chemical fertiliser 
(10:5.4:16.2:2.7:0.5).

The fertilisers were applied twice a year 
following the estate’s manuring programme.

Parameters Measured

Data were collected on the following 
parameters:
• soil samples at 0 - 15 cm depth;  
• leaves  of Frond 17 were sampled and analysed 

once a year;
• palm growth measurements  (i.e. height at Frond 

33 and girth at breast height) were taken once a 
year; and

• fresh fruit bunch (FFB) yield recordings were 
carried out twice a month at 15 days interval.

results And dIscussIOn

Research data over a period of four years were used 
to discuss the effect of fertiliser treatments on soil 
chemical properties, leaf nutrient concentration, 
palm growth and yield.

Effect of Fertiliser Treatments on Soil Chemical 
Properties

The changes in soil chemical properties over 
four years of treatments are shown in Table 1. 
Total soil N, available P, exchangeable K, Ca and 
Mg, total soil organic carbon and soil pH were 
compared among the fertiliser treatments.
                      

Total soil N content ranges from 0.08% in T3 
treatment to 0.13% in T5 treatment. The total soil 
N in the T3 treatment which received only organic 
fertiliser was significantly lower compared to other 
treatments except T1 treatment. The T1 treatment 
which received only inorganic fertiliser also had 
lower total soil N (0.10%) compared to T2 and T4 
treatments which received inorganic, organic and 
bio-compound fertilisers, and to T5 treatment 
which used compacted inorganic fertiliser had 
probably reduced the losses of N. The integration of 
inorganic fertiliser and organic fertiliser treatments 
(T2 and T4) shows slightly higher level of soil N 
(0.12%N) as compared to T1 treatment. The organic 
content in the fertiliser  had probably reduced the 
losses of N through leaching which helps to bind 
the N. 

The soil available P was the lowest in T1 
treatment (81 ppm) compared with other 

Efficient Use of Inorganic and Organic Fertilisers for Oil Palm



10

Oil Palm Bulletin 71

treatments. The high available P in T2, T3 and T4 
treatments (121.9 ppm, 221.8 ppm and 172.2 ppm 
respectively) indicate that application of organic 
fertiliser and fertiliser that contains organic such 
as bio-compound fertiliser helped to increase 
the available P in the soil. A similar result was 
observed by Zulkifli et al. (2003) who reported that 
the application of organic residues increased the 
soil available P. The T5 treatment which contained 
some di-ammonium phosphate (DAP) had the 
highest available P (280.6 ppm) as compared to 
the other treatments. This agrees with the fact 
that DAP has a higher content of soluble P which 
is more available than other sources of P such as 
phosphate rock.

The exchangeable K concentrations ranged from 
the lowest of 0.36 meq.100 g soil-1 in T3 treatment 
(only organic fertiliser) to the highest of 0.61 
meq.100 g soil-1 in T5 treatment, indicating that the 
application of organic fertiliser alone was unable 
to supply enough K to the soil. This would affect 
palm growth and FFB yield. Similarly, application 
of inorganic fertiliser alone in T1 treatment (0.44 
meq.100 g soil -1) gave a lower exchangeable K 
content as compared with T2 and T4 treatments 
(0.55 meq.100 g soil-1 and 0.57 meq.100 g soil-1 
respectively) which were integrated with organic 
fertiliser.  This was probably due to less leaching 
losses of K when organic fertiliser was added. The 
T5 treatment had the highest exchangeable K (0.61 
meq.100 g soil-1) among the fertiliser treatments 
at the recommended rate. This is probably due to 
compacted fertiliser which has high concentration 
of K in every granule which is more effective than 
non-compacted fertiliser.

The exchangeable Mg concentrations ranged 
from the lowest of 0.47 meq.100 g soil-1 in the T1 
treatment to the highest of 0.76 meq. 100 g soil-1 in 
the T5 treatment. It was observed that the levels of 

exchangeable Mg in the T1, T2 and T3 treatments 
were quite similar. However, the T4 and T5 
treatments had slightly higher exchangeable Mg 
compared with the other treatments, which was 
probably due to the use of compacted and granular 
types of fertilisers. 

The levels of total soil organic carbon in the 
T2, T3 and T4 treatments (0.93%, 0.94% and 0.86% 
respectively) were higher compared to the T1 
and T5 treatments (0.76% and 0.78% respectively) 
even though not significant. This was probably 
due to the combined application of inorganic and 
organic fertilisers which contributed to increase in 
organic C in the soil over time. The most important 
feature is the increase in soil organic carbon will 
directly improves the soil quality and palm growth. 
Continued application of inorganic and organic 
fertilisers will help to increase the level of organic 
carbon in the soil over time.         

Soil pH is one of the important soil parameters 
affected by fertilisation. The decrease in soil 
pH by application of inorganic fertiliser such as 
ammonium sulphate as source of N over longer 
periods of time is very common. As shown in 
Table 1, the effect of fertiliser treatments on soil pH 
was obvious. Soil pH values in the T2, T3 and T4 
treatments (4.79, 4.96 and 4.76 respectively) which 
received both inorganic and organic fertiliser 
inputs were higher than for T1 and T5 treatments 
(4.40 and 4.37 respectively) which received 
inorganic fertilisers only. The T3 treatment which 
received only organic fertiliser had the highest soil 
pH as compared to the other treatments. Similar 
observations were reported by Rosenani et al. 
(1996) and Khalid et al. (2000) who found significant 
increases in soil pH through the application of 
organic matter of palm residues. This indicates 
that application of organic fertilisers over longer 
periods of time will directly increase the soil pH 

TABLE 1.  EffECT Of fERTILISER TREATMENTS ON SOIL ChEMICAL 
PROPERTIES (0-15 cm depth)*   

Treatment
N

(%)
Avail. P 
(mg kg-1)

K Ca Mg C
(%) ph

(cmol kg-1)

T1 0.10ab** 81.10a 0.44a 1.44a 0.47a 0.76a 4.40a

T2 0.12a 121.90ab 0.55a 2.40a 0.55a 0.93a 4.79a

T3 0.08b 221.80b 0.36a 2.34a 0.56a 0.94a 4.96a

T4 0.12a 172.20ab 0.57a 2.29a 0.72a 0.86a 4.76a

T5 0.13a 280.60b 0.61a 2.27a 0.72a 0.78a 4.37a

Note:  *  Samples were taken from the weeded circle four years after the treatments commenced.
 ** Values with the same letter are not significantly different at p = 0.05.
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which benefits the soil by increasing the availability 
of other nutrients.         

Effect of Fertiliser Treatments on Leaf Nutrient 
Levels and Palm Growth 

Data on leaf nutrient and vegetative growth 
measurements are summarised in Tables 2 and 3, 
respectively. The levels of N ranged from 2.23% 
in the T3 treatment to 2.65% in the T5 treatment. 
The lower level of N observed in the T3 treatment 
compared with the other treatments was probably 
due to inadequate supply of N from the organic 
fertilisers alone. This low level of leaf N in the 
T3 treatment which is below the critical level is 
in agreement with the low level of total soil N. 
Nitrogen in the form of organic N needs to be 
transformed through the mineralisation process to 
inorganic N before it can be taken up by the palm. 
Immobilisation of N will probably occur if the 
source of N is limited, under which circumstances 
the microbes will consume the N before it can be 
taken up by the plant.  This will affect the uptake of 
N by the palm. The levels of N for other treatments 
were satisfactory which ranged between 2.53%-
2.65% for optimum palm growth.

Leaf P concentrations ranged from 0.140% to 
0.147% showing quite small differences among 
the treatments. Similarly, leaf K, Ca, Mg and boron 

levels also showed quite small differences among 
the treatments and are adequate for optimum 
palm growth. This suggests that only leaf N was 
the limiting factor, which probably affected the oil 
palm growth and yield.    

   
Data on the vegetative growth of the palms 

in the T3 treatment showed slightly smaller 
palms with smaller fronds compared to the other 
treatments (Table 3). This response matched the 
nutrient levels in both soil and leaf. As mentioned 
earlier, this was probably due to limited nutrients 
available in the T3 treatment which received only 
organic fertilisers, and thus would contribute to an 
imbalance of nutrients.

Effect of Fertiliser Treatments on FFB Yield

Tables 4, 5 and 6 showed the FFB yields recorded 
during the study period. The FFB yields in the first 
and second years of the experiment were omitted 
to ensure that the response obtained was from the 
effect of fertiliser treatments, and to minimise the 
residual effect from the fertiliser applications prior 
to the implementation of the project. 

The FFB yields recorded in the third year of 
experiment ranged from the lowest 18.75 t ha-1 
yr-1 in the T5 treatment to 21.33 t ha-1 yr-1 in the T2 
treatment with a mean value of 20.16 t ha-1 yr-1 (Table 

TABLE 2.  EffECT Of fERTILISER TREATMENTS ON LEAf NUTRIENT CONCENTRATIONS

Treatment
Nutrient concentrations (% dry matter)                        mg kg-1

N P K Ca Mg Boron

T1  2.62a* 0.145a 1.16a 0.50a 0.32a 18.50a
T2 2.56a 0.140a 1.16a 0.50a 0.33a 14.65a
T3 2.23a 0.141a 1.15a 0.51a 0.30a 16.58a
T4 2.53a 0.147a 1.13a 0.49a 0.32a 15.41a
T5 2.65a 0.142a 1.14a 0.45a 0.34a 16.75a

          Note: *Values with the same letter are not significantly different at p = 0.05.

TABLE 3.  EffECT Of fERTILISER TREATMENTS ON VEGETATIVE GROwTh Of PALMS

Treatment frond dry
weight  (kg) frond length (m) Total leaf area/ 

frond (m2)
Palm height

(m)

T1 3.38a* 5.53a 9.79a 2.03a
T2 3.21a 5.26a 9.03a 1.91a
T3 2.95a 5.13ab 8.24a 1.79a
T4 3.16a 5.24a 8.66a 1.90a
T5 3.33a 5.30a 8.85a 1.95a

          Note: *Values with the same letter are not significantly different at p = 0.05.
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TABLE 4.  EffECT Of fERTILISER TREATMENTS ON fRESh fRUIT BUNCh (ffB)  yIELDS* 
(third year after treatment)

Treatment ffB yield
(t ha-1 yr-1)

Bunch weight
(kg)

Bunch number
(No. palm-1 yr-1)

T1 21.31a** 14.27a 10.07a
T2 21.33a 13.75a 10.72a
T3 19.21a 12.24a 10.63a
T4 20.21a 14.02a 10.00a
T5 18.75a 14.05a 9.00a

Mean 20.16 13.67 10.08

Note:  *  FFB yields were recorded in the third year after the treatments commenced.
 ** Values with the same letter are not significantly different at p = 0.05.

TABLE 5.  EffECT Of fERTILISER TREATMENTS ON fRSh fRUIT BUNCh (ffB) yIELDS* 
(fourth year after treatment)

Treatment ffB yield
(t ha-1 yr-1)

Bunch weight 
(kg)

Bunch number
(No. palm-1 yr-1)

T1 25.48ab** 17.80a 9.71a
T2 29.09a 17.79a 11.00a
T3 22.86b 14.41b 10.16a
T4 26.83ab 16.41a 11.01a
T5 28.25ab 17.29a 11.03a

Mean 26.50 16.94 10.58

Note:  *  FFB yields were recorded in the fourth year after treatments commenced.
            ** Values with the same letter are not significantly different at p = 0.05.

TABLE 6.  TwO yEARS’ CUMULATIVE fRESh fRUIT BUNCh (ffB) yIELDS wITh DIffERENT
fERTILISER TREATMENTS

Treatment ffB yield
(t ha-1 yr-1)

Bunch weight 
(kg)

Bunch number
(No. palm-1 yr-1)

T1 46.78ab* 32.08a 19.78a
T2 50.42a 31.55a 21.73a
T3 42.07b 27.65ab 20.78a
T4 47.04ab 30.43ab 21.00a
T5 47.00ab 31.35ab 20.05a

Mean 46.66 30.61 20.67

                      Note: *Values with the same letter are not significantly different at p = 0.05.
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4). The FFB yields for every treatment increased 
in the fourth year, ranging from 22.86 t ha-1 yr-1 to 
29.09 t ha-1 yr-1 (Table 5). The bunch weight during 
the fourth year after treatment was increased 
slightly as compared with the third year. However, 
the number of bunches were quite similar for the 
two consecutive years (Tables 4 and 5). A similar 
upward trend in the FFB yields in the fourth 
year after treatment was observed in the oil palm 
plantations surrounding the experimental area, and 
was probably due to prevailing rainfall patterns.

The cumulative FFB yields over two years for 
all the treatments are presented in Table 6. The 
FFB yields for two years ranged from the lowest 
of 42.07 t ha-1 in the T3 treatment to the highest of 
50.42 t ha-1 in the T2 treatment. The low FFB yield 
in the T3 treatment was in agreement with the low 
total soil N and leaf N which was probably due to 
an inadequacy or imbalance of nutrients, especially 
of N. The highest yield in the T2 treatment suggests 
efficient use of nutrients by integrating inorganic 
and organic fertilisers. A similar observation was 
reported by Goenadi (1998), who found that a 
combination of bio-fertiliser with conventional 
fertilisers doubled the fertiliser use efficiency of 
oil palm. This practice would reduce the use of 
conventional fertilisers, while achieving an FFB 
yield equivalent to the full application rate of 
inorganic fertilisers; thus translating into cost-
savings of more than 35%. Application of other 
types of fertilisers (T4 and T5 treatments) also 
produced comparably high yields. A similar result 
was reported by Taryo-Adiwiganda et al. (2006) 
on the effect of bio-fertiliser on mature oil palm in 
North Sumatra and Riau when they applied 75% 
chemical fertiliser plus bio-fertiliser as compared to 
100% chemical fertiliser. This provides an economic 
alternative fertiliser application practice especially 
in the current situation of high fertiliser price.

 
cOnclusIOn

Integrating inorganic and organic fertilisers can 
increase the efficiency of nutrient uptake by the 
crops and enhance the retention of nutrients in 
the soil in the long-term to improve soil quality. 
Application of organic fertiliser alone was unable 
to produce high yield in oil palm due to low, 
inconsistent and in-balanced nutrient contents in 
the organic fertiliser.  

The sound management of fertiliser application 
must ensure an enhanced and safeguarded the 

environment; therefore, a balanced fertiliser 
application strategy that combines the use of 
chemical and organic or bio-fertilisers must be 
developed and evaluated.  In addition, the wastes 
from palm oil mills such as palm oil effluent, 
decanter cake and boiler ash can be used as raw 
materials to produce bio-fertiliser which can be 
further fortified and turned into a high value-
added product. 
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