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Techniques of Soil and Water Conservation and 
Nutrient Recycling in Oil Palm Plantations on Inland 
Soils
Khalid Haron* and Tarmizi, A M*

ABSTRACT

This article discusses various techniques of soil 
and water conservation, and nutrient recycling 
practices in oil palm plantations with the aims of 
achieving the yield potential while safeguarding the 
environment using the most appropriate techniques 
for managing soils, water and nutrients so as to 
reduce soil deterioration and erosion.

 During the early stage of plantation 
development, there is a need to terrace slopes and 
build silt pits, establish legume covers and plant the 
oil palm as quickly as possible, all of which will help 
to reduce run off and soil erosion.

 Other recommended practices at replanting are 
adoption of the zero burning technique, mulching 
with empty fruit bunch (EFB), placement of pruned 
fronds and trunk chips, land application of mill 
effluent (POME) and using Ecomat®, and soil water 
management through suitable irrigation practices. 
Such techniques increase the soil productivity and 
constitute sustainable practices.

ABSTRAK

Artikel ini membincangkan pelbagai kaedah 
bagi pemuliharaan tanah dan kelembapan, serta 
kitaran nutrien di ladang sawit untuk mencapai 
potensi hasil dan melindungi alam sekitar dengan 
menggunakan kaedah yang baik bagi mengurus 
tanah, air dan nutrien untuk mengurangkan 
kemerosotan kualiti dan hakisan tanah. 

Pada awal pembangunan ladang, teres dan 
lubang kelodak perlu dibina bagi kawasan cerun, 
menanam kekacang penutup bumi dan anak sawit 
secepat mungkin untuk mengurangkan aliran air 
di permukaan dan hakisan.

Antara amalan ketika tanam semula sawit ialah 
penggunaan teknik pembakaran sifar, sungkupan 
dengan buah tandan kosong, letakan pelepah yang 
dipangkas dan racikan batang sawit, penggunaan 

Keywords: soil and water conservation, nutrient 
recycling, oil palm, replanting.
       

INTRODUCTION

Oil palm is the most important plantation crop in 
Malaysia, with 4.3 million hectares planted and 
producing more than �5.8 million tonnes of palm 
oil in 2007 (MPOB, 2007). The achievement is due, 
in part, to dedicated agronomists and plantation 
managers supplying the controllable inputs at 
optimum levels for the crop and site in order to 
obtain the highest yield. 

Maximum realization of the site yield potential 
using the best management practices is not new and 
has previously been expounded by Ng and Thong 
(�985). The concept of fully exploiting the site 
potential was defined by Goh et al. (�994) as getting 
the highest yields possible for a given site through 
correct agronomic decisions. The excitement in 
going for the maximum yield has been buoyed 
by numerous reports recently of large commercial 
fields giving yields of over 40 t ha-� yr-� fresh fruit 
bunch (FFB). In experimental and small scale 
planting, yields as high as 46 t ha-� yr-� FFB  have 
been reported (Corley, �985; Ooi et al., �990). 

One of the strategies towards achieving the site 
yield potential is to conserve the environment by 
applying some of the advanced technologies for 
managing soils, water and nutrients so that there 
will be less soil deterioration and erosion. Earlier, 
Chan (2000) had discussed the various soil and wa-
ter conservation practices adopted by most planta-
tion managers (Figure 1).

SOIL AND WATER CONSERVATION

An appropriate understanding is needed for the 
constraints posed by the soil physical, chemical 
and microbiological factors, and by problem soils, 
for the full potential of the soil to be realized by 

efluen kilang sawit dan Ecomat®, serta pengurusan 
tanah dan air melalui pengairan. Semua amalan 
ini dapat meningkatkan produktiviti tanah dan 
merupakan amalan mapan.

*   Malaysian Palm Oil Board, 
 P. O. Box �0620, 50720 Kuala Lumpur, 
 Malaysia.
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adopting conservation practices. Soil fertility is 
defined as its nutrient supplying capacity to the 
growing palms. It must be viewed in terms of both 
its physical properties (which include  the soil 
physical conditions and water availability) and 
chemical fertility, which would affect the nutrient 
uptake, export and potential nutrient losses from 
the soil.

VARIOUS DEVELOPED MANAgEMENT 
PRACTICES TO CONSERVE SOIL AND WATER

The various soil and water conservation practices 
following forest clearing and replanting are shown 
in Figure 1.

After Forest Clearing

In a natural forest, the soil and organic matter 
act as a reservoir regulating 90% of the fresh water 
supply to rivers and streams. The erosion rate 
of forest soil is minimal at 0.03 to 6.2 t ha-� yr-� of 
sediment (Wiersum, �985). Following land clearing 
and planting of oil palm in a water catchment, 
studies by the Drainage and Irrigation Department  
Malaysia (DID, �989) showed that erosion is very 
much related to the slope, with the rate increasing 
with the slope. For example, in the second to fourth 
years after planting, the erosion rates on Munchong 
series soil with newly established ground covers 
were �8.8, 24.0, 35.4 and 50.0 t ha-� yr-� on slopes of 

2o, 5o, 9o and �5o, respectively. Therefore, there is a 
need to build terraces on slopes and to construct 
silt pits to reduce the path of water flow, establish 
a legume cover and plant the oil palm quickly. 
This will reduce soil erosion especially with full 
establishment of ground cover and palms. Thus, in 
the DID study, the soil losses were quickly returned 
to the pre-clearance levels with establishment of 
both the cover crops and oil palm.

After Replanting

Role of nutrient recycling in conserving soil 
fertility. Nutrient recycling by leguminous cover 
crops, pruned fronds, empty fruit bunches and 
palm oil mill effluent (POME) is well documented. 
The recycling of oil palm biomass to provide plant 
nutrients for succeeding oil palm crops is not a new 
practice, but its management needs to be optimized. 
Appropriate management of this biomass following 
felling may enhance the carry-over of nutrient 
reserves to support the growth of the following 
crop. This can provide a significant pool of nutrients 
required to achieve the maximum yield potential.

Similarly, the concept of POME utilization is 
to recycle plant nutrients on cropped land by con-
trolled application techniques with a view to deriv-
ing agronomic benefits with minimal environmen-
tal impact. The rationale behind this concept is that 
whatever is removed from the soil-crop system is 

Source: After Chan (2000).

Figure 1. Systems approach to assess soil and water conservation practices.
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safe enough to be returned or recycled back to the 
plantation after appropriate treatment.

Innovative technique of residue management at 
replanting. Large quantities of oil palm biomass are 
available during replanting. The adoption of zero 
burning replanting in which the old stand felled 
is not burnt but chipped and left to decompose in 
situ ensures not only an operation free from smoke 
pollution but also the return of organic matter to the 
soil. Most of the felled stand would be the trunks 
and fronds which, for a 23-year crop, would total 
85 t ha-� of dry matter, with an additional �6 t ha-� 
of the bole and roots below ground. Together, they 
would contain a considerable pool of nutrients of 
about 642 kg N, 58 kg P, �384 kg K and �56 kg Mg, 
or the equivalent 3.06 t sulphate of ammonia, 0.37 t 
rock phosphate, 2.77 t muriate of potash and �.00 t 
kieserite (Khalid et al., �996), worth more than RM 
�0 000 at present day prices (in 2008). The nutrients 
contributed by recycling the biomass can reduce 
the fertilizer requirement of the new palms. There 
would be less run off losses of nutrients using 
this replanting technique, improving the nutrient 
levels.

Under conventional zero  burning replanting, 
the seedlings are planted in between the widely-
spaced windrows of oil palm residues from the 
old stand. However, this practice maximizes the 
spatial and temporal uncoupling between the 
release of nutrients from the decomposing residues 
and plants uptake. There must thus be better 
synchronization between the nutrient release and 

Figure 2.  Innovative oil palm replanting. 

new plant requirements in both space and time. A 
way to achieve this is to plant the new palms in the 
rows of residues (Figure 2). Khalid et al. (�996; �999) 
investigated this practice and found that the growth 
and nutrient uptake of the new palms, (without any 
inputs of inorganic fertilizer application except for 
some phosphate rock in their planting holes) to be 
very impressive.

Table 1 shows the FFB yields produced by the 
new crop compared with other palms similarly 
planted in the same area with complete removal 
of the old stand. The palms planted in the residue 
piles significantly out-performed those planted 
without biomass, indicating that the fertility in the 
treatment plots must have been much better than 
in the control plots (Khalid et al., �996; �999). The 
mulched areas showed excellent soil structural 
properties and were rich in organic matter.

Application of crop residues can improve the 
soil moisture holding capacity. The mulching effect 
on soil moisture was more pronounced initially, 
and decreased gradually with decomposition of the 
residues. Khalid et al. (2000a) reported that during 
a dry period, significantly higher soil moisture con-
tent was recorded in the treatment plots than in the 
control plots. The size to which the residues were 
chopped affected their decomposition rate and 
thus, the effect of the mulching on the soil moisture 
content. For example, pulverized materials decom-
posed faster than chopped materials, shortening the 
effect of the mulching on the soil moisture.  

                           Source: Khalid (�996).
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The new technique developed improved the 
soil fertility and physico-chemical properties.

Soil Erosion Under Mature Oil Palm

Erosion under mature oil palm in replanted 
areas is low. On Rengam series soil with a moderate 
slope of 3o–5o, Lim (�990) found erosion rates 
of �6.3, �9.7 and 28.0 t ha-� yr-�, for two times the 
normal amount of frond mulching, normal frond 
mulching and uncovered soil (where all the pruned 
fronds were removed from the field), respectively. 
On Munchong series soil of less than 5o slope, 
uncovered soil had an erosion loss of �2.5 t ha-� 
yr-� (PORIM, �990). These results showed that both 
pruned fronds and the oil palm canopy are effective 
in preventing the direct impact of rain drops thus 
reducing erosion.

As the main objectives of soil and water 
conservation are to reduce soil degradation and 
environmental pollution, conservation practices 
should be implemented immediately to reduce 
or protect bare areas to reduce run off. Erosion 
and run-off commence with dispersion of the soil 
particles in the topsoil from the impact of rain. The 
dispersed soil particles and exposed compact hard 
subsoil slow down infiltration of rainwater into the 
soil. Run off occurs when the rate of rainfall exceeds 
the soil infiltration rate. Loss of topsoil reduces the 
soil fertility and affects its water holding capacity. 
Therefore, soil conservation must commence 
immediately after clearing the land. Lim et al. 
(�994) suggested that soil and water conservation 
measures be instituted on slopes of 3o or more. 

Depending on the soil type, Goh (1995) suggested 
that highly erodible soils steeper than 6o should be 
terraced, especially if the area experiences high and 
frequent intense rains of more than 25 mm hr-�.  

Terracing and Silt Pits

Generally, there are two kinds of terraces 
– planting terraces and conservation terraces. 
Planting terraces are made to facilitate harvesting, 
crop evacuation and field maintenance, apart from 
the conservation of soil and water. They have a lip 
about 50 cm higher than their rear and trap run 
off water through regular stops along their length. 
Conservation terraces are cut at about 30 m intervals 
on long slopes of less than 8o to break up the length 
of slope and, hence, the water flow.

 In some areas, soil erosion and run-off can be 
very severe even with terraces. In such areas, silt 
pits should be dug in addition to the terraces. Silt 
pits are currently used widely in oil palm planta-
tions. However, their effectiveness in conserving 
soil and water is moot. This is compounded by the 
touting of their benefits in soil and water conserva-
tion without statistically sound evidence on oil palm 
yield. The significantly higher average soil moisture 
content in the plots with silt pits is due to the pits 
being full of water at most times. However, the soil 
moisture content can be lower above the silt pit or 
at the lip of the silt pit. Therefore, silt pitting does 
not increase the soil moisture in the top 20 cm of 
soil. However, its effectiveness in soil conservation 
for the whole soil profile of 90 cm requires further 
study (Arif et al., 2003).  

TABLE 1. YIELDS OF OIL PALM PLANTED IN ROWS OF RESIDUES OF THE PREVIOUS 
STAND AS COMPARED WITH THAT OF PALMS PLANTED IN THE SAME AREA WITHOUT 

ANY RESIDUES ( Rengam series soil)

Treatment          Months after         FFB yield        Bunch wt.    Bunch (No. palm-1 yr-1)                   
 treatment              (t ha-1 yr-1)              (kg)      

With residues           25-36                 �0.5            4.0                  �8.8                 
                37-48                 �5.2            6.5                  �7.2   
                                 49-60                 23.0                �0.8                    �5.4   

Without residues      25-36                  4.6            3.6                     9.� 
                                 37-48                 ��.�            5.�                   �6.7 
                                 49-60                 �6.6            8.6                   �4.0

LSD (0.05) 25-36 2.3�* 0.54 (ns) 3.94*
 37-48 �.92* �.23* 4.75 (ns)
 49-60  3.47* �.68* 2.30 (ns)

Notes: * Significant at p = 0.05.
 ns -  non-significant.
Source: Khalid et al. (�999a).



5

Oil Palm Bulletin 56 Techniques of Soil and Water Conservation and Nutrient Recycling in Oil Palm Plantations on Inland Soils

TABLE 2. ESTIMATED DRY MATTER AND NUTRIENTS (kg ha-1) CONTAINED 
IN COVER CROPS, WEEDS AND LITTER IN 18-MONTH-OLD OIL PALM ON 

INLAND RENGAM SERIES SOIL

Biomass Dry matter   Nutrients (kg ha-1)      
 (kg ha-1) 
  N             P             K             Ca             Mg   

                       Recovered in: 

Legumes 5  370            ��3.3        ��.28     �05.8         27.92         9.�3    

Asystasia, Mikinia �  930             3�.3          2.49       5�.53         6.37           5.2�   
and other weeds                        
 7 300           �44.6         �3.77     �57.33      34.29         �4.34      

Litter (from covers) 4 �40           �08.9           5.42       23.�8      2�.94         �3.25    
                                               
Total  �� 440          253.5          �9.�9     �80.5�      56.23        27.59    

       Source: Khalid et al. (2000b).

Establishment of Leguminous Cover Crops

In addition to the above soil conservation 
practices, legume cover crops are established to 
fully cover the soil as quickly as possible after 
land preparation. Besides the beneficial effect of 
the legume cover on soil fertility, the soil physical 
properties and microbiological activities are also 
improved (Chan et al., �977). Legumes provide 
organic matter and nutrients, particularly N fixed 
from the atmosphere. 

 The total dry matter and nutrient content of leg-
umes, weeds and litter (from legumes and weeds), 
18 months after field planting of oil palm are pre-
sented in Table 2 (Khalid et al., 2000b). The total dry 
matter of legumes and weeds was 5370 kg ha-� and 
�930 kg ha-�, respectively, or a combined 7300 kg 
ha-�.  The nutrient contents of the legumes were 
quite high, contributing ��3 kg N ha-�, �� kg P ha-�, 
�06 kg K ha-�, 28 kg Ca ha-� and 9 kg Mg ha-�. The 
dry matter and nutrient contents of the legumes in 
this study (mostly Pueraria phaseoloides and Centro-
sema pubescens) were close to the values of Han and 
Chew (�98�) of 5�67 kg ha-� dry matter at 20 months 
after planting (on Selangor series soil) containing 
�25 kg N ha-�, 9.5 kg P ha-�, �05 kg K ha-� and �� kg 
Mg ha-�.   In a more recent study (Table 2), the weeds 
(mostly Asystasia and Mikinia) contained only 3� kg 
N ha-�, 2.5 kg P ha-�, 52 kg K ha-�, 6 kg Ca ha-� and 
5 kg Mg ha-�. The dry litter from the cover (both 
legumes and weeds) amounted to 4�40 kg ha-� and 
contained �09 kg N ha-�, 5.4 kg P ha-�, 23 kg K ha-�, 
22 kg Ca ha-� and �3 kg Mg ha-�. The nutrients in the 
legume cover and weeds represent a transient pool 
that will be recycled in the plantation.

Mulching with Empty Fruit Bunches and Trunk 
Chips

Recycling plant nutrients through empty 
fruit bunches (EFB) mulching is one of the best 
means to maintain soil productivity in an oil palm 
plantation. The beneficial effects of EFB on oil palm 
growth and productivity and improvement in the 
soil properties have been studied by many workers 
(Chan and Goh, 1978; Gurmit et al., �989; Lim 
and Chan, 1989). The expected benefits of organic 
mulching with EFB include improvement in soil 
structure due to better aeration, increased water 
holding capacity, improved soil pH and nutrient 
status, increased cation exchange capacity, better 
root growth, increased microbial activities and 
reduction in surface wash, leaching and soil surface 
temperature, which can help to improve oil palm 
growth and productivity. EFB minimizes erosion 
and run off from the bare soil round the palm and 
reduces soil moisture evaporation, especially during 
the dry months (Lim and Messchalck, �979). Studies 
by Hamdan et al. (�998) on the effects of mulching 
EFB on soil chemical properties showed that soil 
mulched with EFB had significantly higher total 
soil N, exchangeable K, Ca and Mg, total C and pH. 
Nutrients were released from the decomposition 
and mineralization of the EFB. The increase in 
exchangeable K was the highest because EFB has a 
high K content (2.4% K on dry weight basis).  

However, the benefits of EFB mulching will 
taper off over time as it decomposes. It is probably 
ineffective in conserving soil moisture after about 
240 days from application. Thus, re-mulching is 
necessary after about 200 days to ensure effective 
soil moisture conservation (Arif et al., 2003). 
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During replanting, the old palm trunks can be 
chipped into pieces of 4 cm to 5 cm and used for 
mulching in lieu of EFB. Besides their conservation 
effects, the residue can supply all the nutrients for 
immature palms if spread in a circle �-2 m wide 
around them.

A comparative field trial on mulching immature 
palms with EFB and palm trunk chips (PTC) at 
30 t ha-� (about 200 kg palm-�) by Lim et al. (�993) 
indicated that palms did better with PTC than EFB. 
This could be due to the better moisture conserving 
effect of PTC. The nutrient composition of three-
month-old PTC was quite similar to that of fresh 
EFB. The cost of mulching immature palms with 
PTC is estimated to be about 50% lower than for 
EFB mulching, due mainly to savings in not having 
to transport the EFB from mill to the field.

Pruned Frond Management 

Oil palm fronds, removed during harvesting 
and pruning rounds are major sources of biomass 
produced by oil palm plantations. The fronds 
are recycled in the field as a source of nutrients 
and organic matter, and play an essential role 
in maintaining the soil fertility in the oil palm 
ecosystem. In mature oil palm, the standard practice 
is to stack the pruned fronds across the slope to 
cover as much ground as possible to act as mulch, 
and to reduce run off and soil erosion.

Effect of pruned frond removal on soil fertility. 
Khalid and Tarmizi (�999) studied the effects of 
frond removal on soil fertility. Table 3 shows the 
data for soil under the frond piles at different 

rates of frond removal. The R0 treatment (fronds 
not removed) had significantly higher soil N, 
exchangeable Ca, and exchangeable Mg than the 
R2 treatment (all fronds removed). The levels of 
soil N and exchangeable K were lowest in the R� 
treatment (50% fronds removed). Soil available 
P, showed an anomalous result with R2 having a 
significantly higher level than R0 or R1 treatments. 
This could be due to the residual effects of previous 
rock phosphate applications on the frond piles. In 
addition, small amounts of P were released from 
the decomposed pruned fronds in the R0 and R� 
treatments.  In the case of potassium, R0 gave the 
highest exchangeable K (0.22 meq.�00 g-� soil), 
although the difference was not significant over R1 
and R2. This indicates that frond removal (even at 
50%) affected the soil nutrient content and the results 
were correlated to the leaf nutrient concentrations. 
Soil Ca and Mg were significantly higher in R0 and 
R� than R2. This indicates that the pruned fronds 
released considerable Ca and Mg to the soil pool.

The frond removal treatment was also observed 
to have lower organic carbon in the soil as shown 
in Table 3. The levels for R0, R� and R2 were 2.2�%, 
2.01% and 1.72%, respectively, after five years of 
treatment. Thus, the level of organic carbon tended 
to be lower with the percentage removal of pruned 
fronds. However, the total soil organic C in R0 
(which received pruned frond inputs about �0-�4 t 
ha-� yr-�) and R� (5-7 t ha-� yr-�) over a longer time 
did not reflect the amounts of input given due to 
localization, or placement, of the pruned fronds on 
the soil surface. Soil organic matter is an important 
component of soil nutrient and becomes an indicator 
in determining the fertility of a mineral soil.

TABLE 3. SOIL NUTRIENT LEVELS BELOW THE OLD FROND PILES ON RENGAM SERIES SOIL AFTER 5 
YEARS OF MULCHING

Treatment N (%) P (ppm) meq /100 g soil C (%) C:N
ratio

pH

K Ca Mg

R0 0.208 �.9�7 0.224 0.90 0.254 2.2� �2.�9 4.45

R� 0.�37 �.833 0.�85 �.�4 0.253 2.0� �4.89 4.38

R2 0.�74 3.046 0.�89 0.64 0.�92 �.72 ��.80 4.26

LSD (0.05) 0.030 �.�3 0.047 (ns) 0.�54 0.052 0.�99 �.90   0.08�

MSE 0.0079 2.533 0.0�32 0.�4�7 0.0�6� 0.2386 2�.64 0.039

Notes:  R0 : pruned fronds not removed (0% removal).
 R� : pruned fronds removed 50%.
 R2 : pruned fronds removed �00% (complete removal).

Source: Khalid and Tarmizi (�999).
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Frond removal also had a significant effect on 
the soil pH (Table 3). The R0 and R1 had significantly 
higher soil pH than R2. The increase in soil pH 
may have resulted from the release of base cations, 
particularly Ca from the decomposed pruned 
fronds and also through mineralization of organic 
anions to CO2 and H2O, with the removal of H+. Lim 
et al. (�993) and Rosenani et al. (�996) had similarly 
observed significant increases in soil pH through 
the application of oil palm residues. The higher soil 
pH will improve soil microbial activities and also 
help in the release of other nutrients, particularly 
micronutrients, for uptake by the palms.

Use of Palm Oil Mill Effluent in Conserving Soil 
Fertility

Palm oil mill effluent (POME) generated from 
the palm oil mill is voluminous and polluting. It 
therefore requires proper management and handling 
by the industry and government authorities. After 
its biological oxygen demand (BOD) level has been 
reduced to below 5000 ppm, treated digested POME 
is suitable for land application (Zin et al., �995). 
With POME application, there is a need to assess 
the impact on the environment, especially water 
sources, on both the short- and long-term basis, to 
ensure that the regulatory standards are being met 
(Zin et al., �995).

When POME is applied on land, its organic and 
inorganic constituents may be retained by the soil, 
taken up by the palms, leached through the soil or 
lost as surface run off. Various investigators have 
found such applications beneficial to oil palm, with 
tremendous savings in fertilizer costs. Long-term 
studies have also established that the water quality 
of the treated area was not affected (PORIM, �998).

The application of POME significantly im-
proved the soil physical and chemical properties 
(Lim et al., �984; Lim, �987; Mohd Hashim, �99�; 
Lim et al., �99�; Khalid and Zin, �994). It also has 
beneficial effects on the FFB yield and yield com-
ponents. The FFB can be higher by �0% - �9% over 
the control plots without POME treatment (Lim, 
�987; Lim et al., �99�). Lim (�987) reported that an 
application of �0 cm rey (rain equivalent yr-�) in-
creased the FFB yield up to 20% compared to with-
out POME treatment.

The Use of Ecomat® as a Mulching Mat for Young 
Palms

 This fibremat, is produced from EFB by Ecofibre 
Technology  Sdn Bhd. It is made from �00% natu-
ral oil palm fibres with no chemicals added. It is 
therefore an environmental-friendly product and 
biodegradable. It has been shown to improve the 

soil organic matter, soil nutrient contents and nu-
trient uptake by plants, soil structure and moisture 
retention capacity, and reduces soil erosion and fer-
tilizer loss. Further, it is light, easy to handle and 
moulds easily with the soil. The favourable natural 
attributes of Ecomat® have been utilized to good ef-
fect in mulching, turfing, landscaping and in pre-
venting erosion on slopes (Figure 3).

Studies conducted by MPOB (2003) showed 
that the growth of young palms planted on terraces 
with Ecomat®, was superior to that of other similar 
palms planted without Ecomat®. Leaf samples six 
months after field planting showed significantly 
higher N, P, and K, levels in the palms planted with 
Ecomat® (Table 4). However, Ca and Mg showed 
no significant difference although the levels were 
slightly higher. This suggests that Ecomat®, was able 
to retain the nutrients already in the soil or applied 
in fertilizers by reducing leaching losses. This will 
benefit the growth of the young palms.

In other experiments where young palms were 
planted on a flat area of cleared ex-jungle, prelimi-
nary findings showed that using Ecomat®, pro-
duced more feeder roots and a significantly higher 
root density (Table 5). Most of the feeder roots devel-
oped under the Ecomat®, which had created more 
favourable conditions for root growth compared to 
the bare soil. The development of the underground 
root mass will normally be proportionate to the 
vegetative growth above ground. Table 6 shows the 
vegetative growth of the young palms. Using Eco-
mat®, produced a significantly larger leaf area and 
longer fronds.

Soil Water Management Using Irrigation

The soil moisture must be adequate for good 
growth and yield of oil palm. Good responses to 
irrigation have been reported by Chan (�979), Chan 
et al. (�985) and Kee and Chew (�993). However, in 
Malaysia, irrigation is often uneconomic because 

Figure 3. Mulching a young palm with Ecomat®. 
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TABLE 4. LEAF NUTRIENT CONCENTRATIONS+ (% dry matter) IN YOUNG PALMS PLANTED 
WITH/WITHOUT ECOMAT® (Bungor series soil)

Treatment   % Nutrient concentrations
  
 N P K Ca Mg

With Ecomat® 2.68 0.�55 �.45 0.52 0.49

Without Ecomat® 2.44 0.�29 �.�7 0.49 0.46

t-value 2.07 4.7� 3.34 �.�4 (ns)      �.90 (ns)

Significance at p 0.0056 0.0001 0.0030 0.26 0.07

Notes:   +Frond 9, sampled six months after field planting.
 ns - non-significant.

TABLE 5. ROOT DENSITY NEAR THE PALM BASE (dry matter) OF OIL PALM 
AFTER 12 MONTHS PLANTING WITH/WITHOUT ECOMAT® ON BUNGOR 

SERIES SOIL

Treatment Root density+ (g 1000 cm3)

With Ecomat �.25

Without Ecomat 0.52

t-value 3.�7*

Notes:   + Sampling depth to �0 cm.
 * Significant at p = 0.05.

TABLE 6. VEGETATIVE MEASUREMENTS+ OF 12-MONTH-OLD PALMS 
PLANTED WITH/WITHOUT ECOMAT® ON BUNGOR 

SERIES SOIL

Treatment Leaf area (m2) Frond length (cm) Frond dry wt. (kg)

With Ecomat®, 2.07 �52.7 0.79

Without Ecomat®, �.8�      �45.5 0.78

t-value 2.80 2.0� 0.29 (ns)

Significance at p 0.0088 0.05 0.77

Notes:  + Frond 9.
 ns - non-significant.
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of the lack of a nearby steady water supply, high 
installation and running costs, poor returns and 
relatively low response (Goh, 1995).

Irrigation studies by MPOB in collaboration 
with ESPEK at Tanjung Genting, Kedah and with 
Guthrie at Padang Buloh, Kedah, using drip irriga-
tion, showed that the 3-year-old palms had better 
growth compared with the unirrigated controls. 
However, it is still too early for any definitive con-
clusions.

CONCLUSION

Various techniques in soil and water conservation 
have been summarized in this article. The findings 
on soil properties, soil water and soil nutrients have 
been discussed in order to integrate the theoretical 
and practical aspects of the subjects for further field 
application by plantation managers. The maximum 
exploitation of the best developed management 
techniques to conserve soil and water in oil palm 
plantations together with appropriate agronomic 
management based on a scientific approach will, 
without doubt, help to realize the site yield potential 
of the oil palm planted. The various techniques 
developed for soil and water conservation practices 
discussed here are shown to be viable for increasing 
soil productivity and constitute economically 
sustainable practices.
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