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Abstract The oil palm empty fruit bunches (EFB), a

major waste product of the palm oil mills, were earlier

incinerated at the mills and had contributed to air

quality problems in Malaysia. This lead to the

introduction of the Malaysian Environmental Air

Quality Regulation in 1978 which prompted mills to

look for alternative management methods in disposal

of the EFB. A convenient method is applying the EFB

to the oil palm field near the mill for nutrient cycling.

A study was conducted to investigate the effects of

10 years of EFB yearly application in an oil palm

plantation, as a source of nutrients, on the chemical

properties of a well-drained, highly weathered acidic

soil, classified as Typic Kandiudult. The experimental

plots receiving 3 treatments, i.e. chemical fertiliza-

tion, without EFB application (CHEM)), application

of 150 kg EFB palm-1 year-1 (EFB150) and appli-

cation of 300 kg EFB palm-1 year-1 (EFB300) with

four replications, from 1983 to 1992. The EFB was

applied in heaps in the middle of every 4 palms. The

cumulative addition of EFB had increased the soil pH

by two units with application of EFB300 and a one

unit increase with EFB150 in the 0–60 cm soil layer,

compared to CHEM. The application of EFB even at

the lower rate decreased significantly exchangeable

Al contents and the cation exchange capacity

increased up to 60 cm soil depth. Overall increases

in exchangeable bases were also observed in soils

treated with EFB. The increase was more evident in

EFB300 compared to EFB150. Organic C in the

topsoil increased from 1.49 to 2.50% and 2.73% in

EFB150 and EFB300, respectively. There was also an

increase in total nitrogen with EFB application but

only in the topsoil. An overall analysis of the yield

response in the 10 year-period shows that EFB300

resulted in higher fresh fruit bunch (FFB) yield than

EFB150 and CHEM while the yield of EFB150 was

not significantly different from CHEM. This study

showed that it is beneficial to dispose the EFB by

applying them in the oil palm fields around the mills.

Keywords Soil carbon � Soil nitrogen � Crop waste

management � Mulch � Nutrient cycling

Introduction

Malaysia is a producer and exporter of palm oil, with

an area of 4.49 million hectares of oil palm cultiva-

tion in 2008. One of the main waste products of the
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palm oil industry is the empty fruit bunch (EFB). For

every tonne of oil palm fresh fruit bunch (FFB) that

goes to the mill, 20–25% is EFB which is the residue

after the FFB is steamed and the fruitlets removed for

oil extraction. In 2005, there were 395 palm oil mills

in the country, producing about 17 million tonnes of

EFB (MPOB, 2005).

Traditionally, the EFB was incinerated in the mill as

fibre fuel which caused severe air pollution problems.

With the introduction of the Malaysian Environmental

Air Quality Regulation in 1978, an alternative disposal

or management method of the EFB became necessary.

As most mills are located in the plantation, a conve-

nient alternative is to transport the EFB to the oil palm

estates around the mill and apply as a mulch and

nutrient source. Composting of EFB is also a possible

alternative but this adds operational cost and requires

technology for rapid composting.

Malaysian soils are mostly highly weathered and

have low inherent fertility, i.e. low in soil organic

matter (SOM), cation exchange capacity (CEC) and

exchangeable bases, and high soil acidity which

causes low crop productivity. Thus, disposing or

application of the EFB as a mulch and nutrient source

in nearby oil palm fields may lead to improvement of

soil fertility and reduce the use of chemical fertilizers

in that field. Application of crop residues not only

promotes nutrient recycling and improves soil fertil-

ity by adding soil organic matter (Agboola and

Unamma 1991; Unger 1997; Makinde et al. 2006) but

also promotes C sequestration in soil as a way of

mitigating global warming (Feller and Bernoux

2008). Results of field trials have shown that EFB

applied as a mulch around the base of the palm from

the time when seedlings were transplanted, with

addition of minimal rates of chemical fertilizer

supplements, increased significantly the vegetative

growth of the palm and subsequently the FFB yield

compared to plots without EFB mulching (Loong

et al. 1987). The maturity period of the palm was also

found to be reduced by several months when EFB

was applied from the time of field planting (Chan

et al. 1991). According to Loong et al. (1987), field

trials with mature palms had shown yield responses to

rates of EFB mulching up to 55.5 tonnes/ha on an

inland soil. However, only marginal yield increases

were recorded when EFB was applied on coastal

soils. Application of EFB has been found to improve

soil structure and water holding capacity and reduce

soil temperature (Hoong and Nadarajah 1988). The

application of EFB, at 100 kg palm-1 around the base

of palm seedlings as a mulch at transplanting is

currently being practised by most planters. However,

for mature palms, the EFB are currently applied only

in the estates near the palm oil mill as a convenient

and cheap method of disposal. However, the optimum

rate and method of application are not standardised.

Although the application of EFB as a nutrient

source and mulch in oil palm fields is already a

common practice, there is still lack of documented

information on the changes in soil chemical proper-

ties due to continuous EFB application. In most of the

field trials carried out earlier, mainly yield and plant

parameter were measured. The EFB was normally

applied in a heap between 2 palms or in the middle

between 4 palms, as most of the palm roots grow out

radially for quite a distance. The feeder roots of the

palm also tend to concentrate in areas of high organic

matter and moisture. Thus, in 1982, a long-term field

trial was established in a plantation by Golden Hope

Plantation Sdn. Bhd. to investigate the long-term

effects of 2 rates of EFB application as a nutrient

source on the oil palm yield, from 1982 to 1993. The

EFB in this trial were applied in a heap in the middle

between four palms. This paper reports the results of

a study conducted in 1992 to investigate the impact of

the 10 years application of EFB in this trial on the

chemical characteristics of the soil up to 1 m depth in

the sites where EFB was applied.

Materials and methods

The study was conducted in an oil palm plantation,

Sepang Estate, Golden Hope Malaysia Sdn. Bhd. in

Sepang district where a long-term field trial

(1982–1992) was already established by the estate to

study the oil palm yield response to EFB applied as an

alternative nutrient source. The area receives an

average annual rainfall of 2,500 mm. The soil is well

drained with silty clay texture up to 1 m depth and

classified as isohyperthermic Typic Kandiudult. The

properties of the topsoil (0–20 cm) are as follows: pH

4.3–4.5, total N 0.120–0.205%, organic C 0.36–0.37%

and CEC 7.8–12.4 cmol(?) kg-1.

The oil palms were 8 years old at the time of

establishment of the trial in 1982 and the treatments

involved were recommended chemical fertilization
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and zero EFB application rate (CHEM), 150 kg EFB

palm-1 year-1 (EFB150) and 300 kg EFB palm-1

year-1 (EFB300) application, i.e. 22.2 and 44.4 Mg

EFB ha-1 year-1, respectively. The plots with EFB

application were without chemical fertilization. These

treatments were given annually for 10 years, with 4

replications, in a randomised complete block design.

The EFB contains 0.65–0.94% N, 0.08–0.12% P,

1.7–3.2% K, 0.11–0.34% Ca and 0.15–0.24% Mg on a

dry weight basis; each EFB weighed 1.2–2.1 kg (dry

weight basis). The palms were planted at a density of

148 palms per hectare and each treatment plot had 36

palms. The EFBs were placed in a heap in the middle

of every 4 palms; each heap amounted to 600 kg

(150 kg EFB palm-1) or 1,200 kg (300 kg EFB

palm-1) covering an area of about 6 m2 (see Plate 1).

There were nine EFB heaps in each treatment plot. No

chemical fertilizers were applied in the EFB plots. In

the treatment plots with chemical fertilization, the

fertilizers (ammonium sulphate, Christmas Island

Rock Phosphate, muriate of potash and kisserite) were

applied by broadcasting on the soil surface each year,

following the recommended rates according to the age

of the palms (see Table 1). In 1993, soil sampling in

the EFB heap areas was carried out to investigate the

effects of the 10 years application of EFB on the soil

properties up to 1 m depth. At the time of sampling,

the EFB had completely decomposed.

Four EFB heap sites were randomly selected from

each treatment plot for soil sampling. Soil sampling

was done with an auger at depths of 0–20, 20–40,

40–60, 60–80 and 80–100 cm. In each treatment plot,

samples were taken from three auger points per EFB

heap site at the various depths. Altogether, a total of

12 subsamples (3 auger points 94 heap sites) from

each depth per treatment plot were mixed to form one

composite sample. In the CHEM plots, the same

numbers of subsamples were taken to form a

composite sample but they were taken randomly from

the area between 4 palms. A portion of the fresh

topsoil (0–20 cm) sample was extracted for mineral N

analysis and the rest was air dried and sieved through

2 mm mesh for determination of soil chemical

characteristics.

Soil pH was measured with a pH meter using soil to

distilled water ratio of 1:2.5. Exchangeable alumin-

ium or KCl-extractable Al was determined by the

aluminon method using 5 g of soil and 50 ml 1 M

KCl as an extractant (Barnhisel and Bertsch 1982).

The ammonium acetate at pH 7 method was used to

determine the soil cation exchange capacity (CEC)

(Anderson and Ingram 1993). In the same analysis,

the concentration of exchangeable K? in the leachate

was determined by flame photometer and exchange-

able Ca2? and Mg2? concentrations by atomic

absorption spectrophotometer. The Walkley and

Black procedure was used for the determination of

organic C (Nelson and Somners 1982). Total N was

determined by the micro Kjeldahl method (Bremner

and Mulvaney 1982) and an autoanalyzer, and min-

eralizable N was measured according to the short

term incubation method (Anderson and Ingram

1993), incubated for 2 weeks under anaerobic condi-

tion at 40�C and extracted with 1:5 ratio of soil to

2 M KCl and followed by micro-Kjeldahl digestion
Plate 1 Oil palm empty fruit bunches (EFB) applied in a heap

in the middle between 4 oil palms in an EFB treatment plot

Table 1 Chemical fertilizer rates applied in the treatment

plots with chemical fertilizers (CHEM) from 1982 to 1991

Fertilizer N

(kg ha-1

year-1)

P

(kg ha-1

year-1)

K

(kg ha-1

year-1)

Mg

(kg ha-1

year-1)

1982 204 44 276 43

1983 204 44 276 43

1984 222 44 257 30

1985 185 44 295 30

1986 185 33 295 36

1987 185 33 295 36

1988 185 33 295 36

1989 207 33 295 36

1990 167 33 295 36

1991 171 33 295 36
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to determine the amount of NH4
?–N liberated.

Inorganic N (NH4
?–N and NO3

-–N ? NO2
-–N)

was also determined by extracting 10 g soil with

2 M KCl (1:4 ratio). Distillation of the extract with

magnesium oxide was used to determine NH4
?–N and

Devarda’s alloy to determine NO3
-–N ? NO2

-–N

(Keeney and Nelson 1982).

Annual yield data over the 10-year period

(1983–1992) were obtained from the Oil Palm Research

Station, Golden Hope Malaysia Sdn. Bhd., Banting,

Selangor, now known as Sime Darby Research Sdn

Bhd R and D Centre.

Statistical analysis

Statistical analysis was done using the Statistical

Analysis System (SAS) package. Analysis of vari-

ance and mean comparison between treatments at

various depths was determined using Duncan’s

Multiple Range Test and Pearson’s Correlation

Coefficient analysis was used to determine correla-

tion between the soil chemical properties.

Results and discussion

Yield response

The mean yield produced over the 10 years period

ranged from 25.2 to 27.9 tonne FFB ha-1. Statistical

analysis of the annual yield data collected over the

10 years period of 1983–1992 shows that there was no

significant difference between the treatments CHEM

and EFB150. The mean yield of EFB300 was

significantly higher than EFB150 but only by about

9.0%. This means that EFB applied alone as a nutrient

source at 150 kg palm-1 year-1 was sufficient to

produce the same yield as chemical fertilization.

Effects of EFB application on soil chemical

characteristics

Figure 1a–d shows concentrations of the SOC, total

N, pH and exchangeable Al in the different soil layers

after 10 years of chemical fertilizer and EFB appli-

cation. There was a significant increase (P = 0.01) in

soil organic carbon (SOC) in the topsoil with EFB

application. In the sub-soils, organic C had also

increased significantly (P = 0.01) but only with the

application of EFB300. The EFB had been reported

to decompose rapidly with 50% loss of dry matter

weight in 7–15 weeks (Rosenani and Hoe 1996;

Rosenani et al. 1996; Rosenani and Wingkis 1999;

Lim and Zaharah 2000). Although lignin content of

EFB is quite high (25–30%, dry weight basis), total

decomposition of EFB in the oil palm field occurs in

less than 12 months (Rosenani and Wingkis 1999;

Lim and Zaharah 2000). The rapid decomposition is

probably because the EFB had undergone a steaming

process in the mill to remove the fruitlets. Continuous

application of EFB over the 10 years period, partic-

ularly with EFB300, obviously had contributed to the

significant increase in SOC in the top 0–40 cm layer

of this well-drained sandy clay soil compared to soil

without EFB application. Burket and Dick (1997), in

their review paper on long-term vegetation manage-

ment in relation to accumulation of C and N, stated

that within a certain climate, the amount of SOC that

accumulates in aerobic agricultural soils seems to be

related more with the amount of C rather than the

type of organic residue.

The application of EFB also resulted in significant

increase in pH of the topsoil and sub-soils when

compared to chemical fertilization (Fig. 1c). Cumu-

lative additions of EFB at 300 kg palm-1 year-1

increased significantly (P = 0.01) the soil pH by

about two units; a one unit pH increase was found

with the lower EFB rate (EFB150). Although

decomposition is generally slower in the very acid

soils resulting in only a small difference in pH values,

the EFB in this study resulted in significant increase

in the soil pH. Soil pH has been shown to increase

even after 15 weeks of EFB application, together

with increases in exchangeable Ca, Mg and K in the

soil (Rosenani et al. 1996; Rosenani and Wingkis

1999). Several processes had been suggested to

account for the increase in soil pH by addition of

organic materials or plant residues. Noble et al.

(1996); Yan and Schubert (2000) and Mokolobate

and Haynes (2002) suggested that the ash alkalinity

(organic anion content) affects the pH of the soil.

However, other workers (Pocknee and Sumner 1997;

Tang and Yu 1999; Marschner and Noble 2000; Xu

and Coventry, 2003; Li et al. 2008) attributed the

increase in soil pH with addition of plant materials to

mineralisation of basic-cation-containing compounds.

The potassium content of EFB is particularly high

and this may be the cause in the increase in pH.
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Exchangeable Al values were predominantly

higher in the 0–20 cm soil depth of the CHEM plots

than the plots with EFB (Fig. 1d). Application with

150 kg EFB palm-1 year-1 had resulted in a decrease

in exchangeable Al concentration only in the topsoil

layer. However, the higher rate EFB300 resulted in

significantly (P = 0.01) lower exchangeable Al con-

centrations than the other treatments up to the 1 m

soil depth. Pypers et al. (2004) also reported a

decrease in salt extractable Al (exchangeable Al) in

soil applied with organic amendments. They attrib-

uted this to substitution with excess cations and

precipitation reactions due to pH increase. Another

possible mechanism is complexation reaction with

organic compounds (Hoyt and Turner 1975; Hue

et al. 1986; Hue 1992). However, the lower rate

EFB150 was not sufficient to reduce exchangeable Al

in the subsoil.

Application of EFB over the 10 year-period also

increased significantly the total N content in the

0–40 cm soil layer in the EFB300 plots (Fig. 1b). No

significant difference in total N in the soil profile was

observed between the CHEM and EFB150 plots.

Other studies also showed an increase in total N

content of the soil applied with EFB at only 317 days

of application (Rosenani and Wingkis 1999) and with

application of oil palm residues such as frond and

chipped or shredded trunk at replanting (Khalid et al.
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Fig. 1 Organic C (%) (a),

total N (%) (b), soil pH

(c) and exchangeable Al

(cmol(?)kg-1) (d) in

0–100 cm soil profile after

10 years application of

chemical fertilizers

(CHEM), 150 kg EFB

palm-1 year-1 (EFB150)

and 300 kg EFB palm-1

year-1 (EFB300).

Horizontal bars indicate

standard deviation
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1999). Burket and Dick (1997), in their review paper

stated that the net stabilization input N is likely to be

controlled by soil type and climate. Figure 2a shows

the concentrations of mineral N present in the

topsoils (0–20 cm) which were quite low; most

probably due to plant uptake and leaching. However,

the concentration of NH4
?–N was found to be highest

in the topsoil of EFB300. Mineralizable N in the top

20 cm layer soils with EFB applications were signif-

icantly higher than in the CHEM soil but not

significantly different in the subsoil (Fig. 2b).

Figure 3a shows the effects of long-term EFB

application on the cation exchange capacity (CEC)

and exchangeable cations of the soil. The soils with

EFB application exhibited an overall significant

increase (P = 0.01) in the CEC throughout the 1 m

soil profile. A correlation-coefficient analysis carried

out in this study implicated a strong positive relation-

ship between the CEC and SOC (Table 2). According

to van Raij and Peech (1972), organic matter or more

specifically, humus, is the main component responsi-

ble for negative charge development in soils with

variable cha. At the same time the CEC seemed to be

also correlated to the pH. The CEC in the 0–20 cm

topsoil of CHEM was about 8.2 cmol(?)kg-1 soil.

With the addition of EFB150 and EFB300 over the

10 years period, the pH increased to 5.5 and 6.5 and

the CEC increased to 11.0 and 13.3 cmol(?)kg-1,

respectively. This may indicate a dependence of the

CEC on pH variations which was also demonstrated in

a study by Dynia and Camargo (1998), when they

investigated the effects of liming and green manuring

and phosphate addition for an Oxisol soil from Central

Brazil.

There was also an obvious positive long-termed

effect of EFB application on the exchangeable

cations in the soil profile. Exchangeable K increased

from 0.08–0.10 cmol(?)kg-1 in the CHEM top-

soil to 0.6–1.06 cmol(?)kg-1 in the EFB150 topsoil

and 1.29–1.18 cmol(?)kg-1 in the EFB300 topsoil

(Fig. 3b). The concentrations of exchangeable K in

the lower depths were quite high, indicating move-

ment of K? in the soil profile which was not observed

with the exchangeable Ca and Mg (Fig. 3c, d).

Although K is easily leached through the soil profile,

EFB is rich in K and continuous application of EFB

could result in K accumulation in the soil due to

increased CEC, as indicated in this study. Substantial

accumulation of exchangeable Ca and Mg in the

topsoil (Fig. 3c, d) was observed compared to the

subsoil, implicating stronger adsorption of these

cations than K in the topsoil which also had higher

CEC and organic matter. Table 2 also shows that

there were positive correlations between these
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exchangeable cations and CEC and between these

cations and SOC (Table 2). Khalid et al. (1999), had

also reported improvement of total N, CEC and

exchangeable K, Ca and Mg in soils that had received

application of oil palm residues (shredded or pulver-

ised trunk and frond), after felling of old palms for

replanting over a period of only 36 months.

A study with 32P isotope (Zaharah et al. 1989)

showed that roots of oil palm grow out radially and

laterally to up to 36 m and may absorb nutrients for

the entire soil area between the palms. So, although

the EFB heap sites cover a small percentage of the

soil surface area between the palms, the feeder roots

could grow well and absorb nutrients in these areas

due to enhanced fertility of the soil with EFB.

We conclude that applying EFB as a mulch and

nutrient source in the oil palm field near the palm

oil mill is a good and practical alternative method

for the disposal and management of the palm oil

waste. The application of EFB improves soil fer-

tility and sustains crop production in the long-term.

However, the amount of the EFB produced by the

mill is only sufficient for application to only

20–25% of the oil palm area around the mill. In

practice, the planter may apply the lower rate of

EFB over a bigger palm area and reduce fertilizer

cost while maintaining the FFB yield or apply the

higher rate over a smaller area nearer the mill to

reduce transportation cost and produce a slightly

higher yield.

S
oi

l d
ep

th
 (

cm
)

0

20

40

60

80

100

S
oi

l d
ep

th
 (

cm
)

0

20

40

60

80

100

S
oi

l d
ep

th
 (

cm
)

0

20

40

60

80

100

0 2 4 6 8 10 12 14 0.0 0.5 1.0 1.5 2.0 2.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0

S
oi

l d
ep

th
 (

cm
)

0

20

40

60

80

100

CHEM

EFB150

EFB300

(a) CEC (cmol(+)kg-1) Exch. Potassium (cmol(+)kg-1) (b) 

(c) (d) Exch. Calcium (cmol(+)kg-1 gk)+(lomc(muisengaM.hcxE) -1) 

Fig. 3 Cation exchange

capacity (a) and

exchangeable bases

(b, c, and d) in 0–100 cm

soil profile after 10 years

application of chemical

fertilizers (CHEM), 150 kg

EFB palm-1 year-1

(EFB150) and 300 kg EFB

palm-1 year-1 (EFB300).

Horizontal bars indicate

standard deviation

Nutr Cycl Agroecosyst (2011) 89:341–349 347

123



Acknowledgments We would like to extend our great

appreciation and thanks to Sime Darby Sdn Bhd (earlier

known as Golden Hope Plantation Sdn Bhd) for collaborating

with us in this study.

References

Agboola A, Unamma A (1991) Maintenance of soil fertility

under traditional farming systems. In: Lombin KG,

Adeoye BK, Chude OV, Torunana AMJ, Agbede OO,

Nwaka MG, Omueti IAJ, Olayiwola OS (eds) Organic

fertilizer in the nigerian agriculture: present and future.

Federal Ministry of Agriculture, Abuja, pp 7–10

Anderson JM, Ingram JSI (1993) Tropical biology and fertility:

a handbook of methods. CAB International, Wallingford,

p 221

Barnhisel R, Bertsch MP (1982) Aluminum. In: Page AL,

Miller RH, Keeney DR (eds) Methods of soil analysis, part

2: chemical and microbiological properties, 2nd edn.

American Society of Agronomy, Inc, Madison, pp 275–300

Bremner JM, Mulvaney C (1982) Nitrogen-total. In: Page AL,

Miller RH, Keeney DR (eds) Methods of soil analysis, part

2: chemical and microbiological properties, 2nd edn.

American Society of Agronomy, Inc, Madison, pp 595–622

Burket ZJ, Dick PR (1997) Long-term vegetation management

in relation to accumulation and mineralization of nitrogen

in soils. In: Cadisch G, Giller EK (eds) Driven by nature

plant litter quality and decomposition. Cab International,

Wallingford, pp 283–295

Chan KW, Lim KC, Alwi A (1991) Fertilizer efficiency studies

in oil palm. In: Proceedings of the 1991 PORIM inter-

national palm oil development conference, Kuala

Lumpur. Palm Oil Research Institute of Malaysia, Bangi,

pp 302–311

Dynia JF, Camargo OA (1998) Effects of liming, green

manuring, and phosphate addition on electrochemical

attributes of an oxisol from Central Brazil. Commun Soil

Sci Plant Anal 29:755–762

Feller C, Bernoux M (2008) Historical advances in the study of

global terrestrial soil organic carbon sequestration. Waste

Manag 28:734–740

Hoong HW, Nadarajah MN (1988) Mulching of empty fruit

bunches (EFB) of oil palm. In: Proceedings of the SLDB/

PORIM workshop on oil palm milling technology, Kuala

Lumpur, Malaysia. Palm Oil Research Institute of

Malaysia, Bangi, pp 38–50

Hoyt PB, Turner RC (1975) Effects of organic materials added

to very acid soils on pH, aluminum, exchangeable NH4,

and crop yields. Soil Sci 119:227–237

Hue NV (1992) Correcting soil acidity of a highly weathered

ultisol with chicken manure and sewage sludge. Commun

Soil Sci Plant Anal 23:241–264

Hue NV, Craddock GR, Adams F (1986) Effect of organic

acids on aluminumtoxicity in subsoils. Soil Sci Soc Am J

50:28–34

Keeney DR, Nelson DW (1982) Nitrogen-total. In: Page AL,

Miller RH, Keeney DR (eds) Methods of soil analysis, part

2. Chemical and microbiological properties, 2nd edn.

American Society of Agronomy, Inc, Madison, pp 643–693T
a

b
le

2
C

o
rr

el
at

io
n

co
ef

fi
ci

en
t

(R
)

b
et

w
ee

n
so

il
ch

em
ic

al
p

ro
p

er
ti

es
in

0
–

1
0

0
cm

so
il

d
ep

th
af

te
r

1
0

y
ea

rs
o

f
y

ea
rl

y
ap

p
li

ca
ti

o
n

o
f

ch
em

ic
al

fe
rt

il
iz

er
s

an
d

E
F

B
s

p
H

E
x

ch
.

A
l

(c
m

o
l

(?
)

k
g

-
1
)

C
E

C

(c
m

o
l

(?
)

k
g

-
1
)

E
x

ch
.

K

(c
m

o
l

(?
)

k
g

-
1
)

S
O

C
(%

)
T

N
(%

)
E

x
ch

.
C

a

(c
m

o
l

(?
)

k
g

-
1
)

E
x

ch
.

M
g

(c
m

o
l

(?
)

k
g

-
1
)

p
H

E
x

ch
.

A
l

(c
m

o
l

(?
)

k
g

-
1
)

-
0

.8
0

*
*

*

C
E

C
(c

m
o

l
(?

)
k

g
-

1
)

0
.8

9
*

*
*

-
0

.5
8

*

E
x

ch
.

K
(c

m
o

l
(?

)
k

g
-

1
)

0
.8

3
*

*
*

-
0

.9
1

*
*

*
0

.6
2

*

S
O

C
(%

)
0

.7
4

*
*

0
.5

4
*

0
.9

0
*

*
*

0
.5

1
*

T
N

(%
)

0
.7

2
*

*
-

0
.4

7
n

s
0

.9
0

*
*

*
0

.4
0

n
s

0
.9

5
*

*
*

E
x

ch
.

C
a

(c
m

o
l

(?
)

k
g

-
1
)

0
.6

7
*

*
-

0
.5

0
n

s
0

.8
1

*
*

*
0

.4
1

n
s

0
.8

8
*

*
*

0
.9

1
*

*
*

E
x

ch
.

M
g

(c
m

o
l

(?
)

k
g

-
1
)

0
.7

2
*

*
-

0
.5

7
*

0
.8

0
*

*
*

0
.4

7
n

s
0

.8
5

*
*

*
0

.8
9

*
*

*
0

.9
8

*
*

*

S
ig

n
ifi

ca
n

ce
le

v
el

s
ar

e
*

0
.0

5
,

*
*

0
.0

1
,

*
*

*
0

.0
0

1
,

re
sp

ec
ti

v
el

y
,

n
s

n
o

t
si

g
n

ifi
ca

n
t

E
xc

h
.

ex
ch

an
g

ea
b

le
,

C
E

C
ca

ti
o

n
ex

ch
an

g
e

ca
p

ac
it

y
,

S
O

C
so

il
o

rg
an

ic
ca

rb
o

n
,

T
N

to
ta

l
n

it
ro

g
en

A
ll

d
at

a
o

b
ta

in
ed

fr
o

m
th

e
th

re
e

tr
ea

tm
en

ts
in

th
is

st
u

d
y

w
er

e
u

se
d

fo
r

th
is

an
al

y
si

s

348 Nutr Cycl Agroecosyst (2011) 89:341–349

123



Khalid H, Zakaria Z, Anderson JM (1999) Effects of oil palm

residues management at replanting on soil nutrient

dynamics and oil palm growth. In: Proceedings of the

1999 PORIM international palm oil congress (Agricul-

ture). Palm Oil Research Institute of Malaysia, Bangi,

pp 235–246

Li ZA, Zou B, Xia HP, Ding YZ, Tan WN, Fu SL (2008) Role

of low-molecule-weight organic acids and their salts in

regulating soil pH. Pedosphere 18:137–148

Lim KC, Zaharah AR (2000) Decomposition and N & K

release by oil palm empty fruit bunches applied under

mature palms. J Oil Palm Res 2:55–62

Loong SG, Nazeeb M, Letchumanan A (1987) Optimizing the

use of EFB mulching on oil palm on two different soils.

In: Hassan H et al. (eds) Proceeding of progress and

prospects. Palm Oil Research Institute of Malaysia, Bangi,

pp 605–639

Makinde AE, Oluwatoyinbo IF, Ayoola TO (2006) Intercrop-

ping and crop residue incorporation: effects on soil

nutrient status. J Plant Nutr 29:235–244

Marschner B, Noble AD (2000) Chemical and biological pro-

cesses leading to the neutralization of acidity in soil

incubated with litter materials. Soil Biol Biochem 32:

805–813

Mokolobate MS, Haynes RJ (2002) Comparative liming effect

of four organic residues applied to an acid soil. Biol Fert

Soils 35:79–85

MPOB (2005) Malaysian oil palm statistics, 25th edn. MPOB

Publisher, Kuala Lumpur

Nelson DW, Somners LE (1982) Total carbon, organic carbon

and organic matter. In: Page AL, Miller RH, Keeney DR

(eds) Methods of soil analysis, part 2. Chemical and

microbiological properties, 2nd edn. American Society of

Agronomy, Inc, Madison, pp 539–579

Noble AD, Zenneck I, Randall PJ (1996) Leaf litter ash alka-

linity and neutralization of soil acidity. Plant Soil 179:

293–302

Pocknee S, Sumner E (1997) Cation and nitrogen contents of

organic matter determine its soil liming potential. Soil Sci

Soc Am J 61:86–92

Pypers P, Verstraete S, Cong Phan T, Merckx R (2004)

Changes in mineral nitrogen, phosphorus availability and

salt-extractable aluminum following the application of

green manure residues in two weathered soils of South

Vietnam. Soil Biol Biochem 37:163–172

Rosenani AB, Hoe SF (1996) Decomposition of oil palm

empty fruit bunches in the field and mineralization of

nitrogen. In: Van Cleemput O, Hoffman G, Vemoesen A

(eds) Progress in nitrogen cycling studies. Kluwer, Neth-

erlands, pp 127–132

Rosenani AB, Wingkis R (1999) Empty fruit bunch application

to newly transplanted oil palm: its decomposition and

nutrient release. In: Zauyah S, Rosenani AB, Saud HM (eds)

Proceedings of the soil science conference of Malaysia

1999. Malaysian Soil Science Society, pp 112–129

Rosenani AB, Badran RD, Zaharah AR, Zauyah S (1996) A

lysimetric study of the effect of N and P fertilizer appli-

cation on decomposition and nutrient release of oil palm

empty fruit bunches. PORIM Bull 32:1–11

Tang C, Yu Q (1999) Chemical composition of legume resi-

dues and initial soil pH determine pH change of a soil

incorporation of the residues. Plant Soil 215:29–38

Unger PN (1997) Tillage and research management in rain fed

agriculture: present and future trends. In: Renard C (ed)

Crop residues in sustainable mixed crop/livestock farming

systems. ICRISAT, Patancheru, pp 307–340

van Raij B, Peech M (1972) Electrochemical properties of

some oxisols and alfisols of the tropics. Soil Sci Soc Am

Proc 36:587–593

Xu RK, Coventry DR (2003) Soil pH changes associated with

lupin and wheat plant materials incorporated in a red-

brown earth soil. Plant Soil 250:113–119

Yan F, Schubert S (2000) Soil pH changes after application of

plant shoot materials of faba bean and wheat. Plant Soil

220:279–287

Zaharah AR, Sharifuddin HAH, Ahmad Sahali M (1989) Fer-

tilizer placement studies in mature oil palm using isotope

technique. The Plant Kuala Lumpur 65:384–388

Nutr Cycl Agroecosyst (2011) 89:341–349 349

123


	Effects of ten year application of empty fruit bunches in an oil palm plantation on soil chemical properties
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results and discussion
	Yield response
	Effects of EFB application on soil chemical characteristics

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


