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RINGHASAN

Masakini, tandan hkosong kelapa sawit (EFB), satu hasil sompingan wiamg
perktlangan minyak sowit, digunokan sermula sebagal sungkupan di ladang kelapa
sewil. Selu percuboan menggunakan mini-lisimeter (55 cm garispusat dan 22 om
tingpi) telah dijalankan untuk menghaji kesan penambahan baje N dan P ke alas
pereputan BFE doan pembebasan nutrien. Mini-lisirmeter ditsikan dengan tanah
atasan (Typic Hupludox) dari topak percaboon dan mempunyai rewaten: kawalan
ftanpa EFB), EFR sahaje, EFB bersama N (EFB+N), bersama P (EFB+F), dan EFB
bersama N dan P (EFB+N+P). Sefinp rawatan EFB dilelnkkan dua tandan kosong
di atas permukean tanch den dibiorkan reput di bawah pohen kelapa sawit di
fadong. Larutan tanah yang keluar dori lisimeter disalurken ke dalam botel dan
dignalisishan setiap minggu.

FPada puratanya, didepati EFB yang digunokan mempunyat 18.5% selulosa,
28.9% Lignin, 0.84 - 0.92% N, 0.18% P dan 2.5% K, berasaskan berat kering jisim
(BE). Purata berat kering jisim setandan fwlah 1.55 + 0.06 kg dun nishoh O:N
bernilai 89-93. Thndan kosong EFB+N mereput ebih cepotl doripoda rowaton-
rawatan luin selepos minggu ke-6 dan mencopai 50% kehilangan BEJ dalam 11.5
minggu. Rowatan EFB+N+P mempunyai 50% kehilangan BREJ dalam 14 minggu
manakala rowatan EFB sahaja daon EFB4FP, masing-masing mempunyai 429 dan
47% kehilongan BEJ puda minggu ke-15. Nishoh C:N tandon kosong EFB+N
menurun daripade 91.2 kepada 582 dan membebashan N lebih cepat daripada
rawatan fuin, Pada beselurvhennya, 15.5% hinggo 27.2% kandungon N EFPE asal
telah dibebaskan dalam 15 mingge pereputan. Puda masa yang sama, fosforus yang
dibehaskan ialah 5% — 23% kandungan asal. Kalium pula dibebaskan dengan cepat
semasq pereputan dolam semua rawatan, iaitu > 50% daripada kandungan asal
EFR dibebaskan dalom hanya 3 minggu. Dalam 6 minggu pereputan, pembebusan
K dalam rowetan EFB bersama bajo N atos P atou kedug-dua N dan P lebih cepnt
daripada EFB tanpa baja. Hanya 5.0% - 8.8% kandungan K asal sahajo tinggal
dalam tandan selepas 15 minggu pereputan. Jumlah kumulatif N tak organik
dalam farutan vang kelvar dari lsimeter didapati tertinggi sekall dalam rowatan
EFB+N. Pereputan EFB juga menyebabkan K tukargonti dalam tanah meninghat
daripada 0.06 kepada 6.5 — 84 cmoli+)/kg tanah dan pH tanah meninghat
daripada 4.5 hingga 6.4 — 7.2,
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INTRODUCTION

The vil palm empty fruit bunch (EFB) is
a major by-product of the palm oil
industry in Malaysia. Tn the palm il
milling process, one tonne of fresh fruit
bunches (FFB) produces about (.22
tonne EFB. Under the 1991 Sixth
Malaysian Plan  an estimated 2.5
million hectares will be planted with oil
palm by the year 2000, resuliing in
increased amount of EFB produced. The
EFB, till a few years ago, were turned
into palm ash by ingineration, thus
polluting the environment. Fortunately,
with the present stringent regulation on
air pollution, maost of the EFE are now
used for mulching oil palms. Aboul 208
of the FFB harvested (ie. about 5
tonnes’ha out of 256 tonmes’ha yield) is
returned to the oil palm field (Loong ef
al., 1987). This means that a fifth to a
gixth of an oil palm area can be
maintained ' with mimimal  inorganic
fertilizer if all of the EFB were returned
to the feld.

The EFE mulch has been found to
be beneficial not only as a nutrient
aource but it also improves the snil
structurs, conserves soil  moisture,
reduces soil temperature and prevents
soil erosion {Gurmit Singh ef al., 1982,
Loong ef al., 1387), The EFE contains
an average of 0.8% N, 0.1% P, 24% kK,
and 0.2% Mg on fresh weighl basis
{Gurmit Singh ef al., 1982). According to
Loong et al. (1987), field trials had
shown distinct yield response to EFB
mulehing of up to 55.5 tonnes/ha on an
inland soil, and that supplements of P
and N chemical fertilizers were found to
inerease the wield further Lim and
Chan (1989) had also reported from
their fisld trialz that EFB applicd at the
time of field planting had resolted in
significantly higher FFB vyields than
plots without EFB. Their results also
showed that addition of minimal

chemical fertilizer supplements
increased the vegetative growth and
subseguently the yield. The maturity
period was alsu reduced by several
months when EFB were applied al the
time of field planting. Currently, it is
commeon practice for EFB to be placed in
heaps on the ground in the middle of
two or four mature palms in a row.
These are in helween altemate palm
rows or in a circle at the base of newly
planted palms.

Decomposition of EFB in the cil palm
field has been shown to be rapid. Lim
{1989} investigated the composting of
EFR and found 50% loss in dry matter
weight (DMW) in 12 weeks. The rate of
decomposition of organic materials is
influenced by several factors. Ome of
them is the particle size of the organie
material which pives the total surface
area for interaction by micro-organisms.
The EFB is placed on the ground in whole
bunches, thus, allowing for slower and
steady rtelease of nutrients during
decomposition. Lim ¢f al. (1983) reported
that the moisture content of the EFD
reached 31% — 81% in 32 weeks. Their
results further showed that percent N,
Mg and Ca eontent of the EFB increased
with time while the percent C and C:N
ratio decreased, percent K increased up
in the 12th weck and then decreased.
Investigations using mini-lysimeters in
the field, however, showed 0% DMW
loss in 7 — & weeks of decomposition of
EFB placed in a single or double layers
{unpublished data). Moisture iz one of
the main factors in influencing the
decomposition rate of organic matter,
Moisture of 50% — 680% (of fresh EFR
weight) is  most conducive for
decompositon as microbial activities are
highest at this level (Hoitink and Kuter,
19800, Lower or higher moisture levels
reduce microbial activilies.
Tlecomposition of EFDP generates heat
and increases the temperature in the
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heap. Thus, the microorganisms involved
in EFB decomposition are mainly
mesophilics (active at 30°C — 45°C) and
some thermophilics (Verstraete, 1984).
Although EFE mulching is now a
common  practice in most oil palm
plantations, greater knowledge of the
decomposition process of EFB in the
field is greatly needed in order to apply
EFB efficiently, i.e. applied at the right
time of palm growth at an optimum rate
to  synchronize  mineralization  of
nulrients  with plant uptake and
requirement. It has now become a
common practice in most plantations to
add N and P ferlilizer to EFBE in order
to increase wvield response. Although
added N fertilizer has been known to
enhance EFB decompoaition,
understanding of the extent of the effect
of these supplementary fertilizers on
EFB decomposition and nutrient release
is lacking. This study was condocted in
an attempt to understand the effect of N
and P fertilizer supplements on the
decompesition of EFB applied in a

Mylon mesh

]

single layer (EFB are normally applied
in a single layer, in a circle at the hase
of the palm trunk). The study was
carried out using mini-lysimeters which
were placed under the palm canopies in
the field (but without plant root
activities). The main  nutrients
investigated in this study were N and K
us EFB are applied as an important
source of N and K for the oil palms. The
data presented in this paper are from
observations and samplings done in the
first 15 weeks of decomposition and
nutrient release.

MATERIALS AN METHODS

The mini-lysimeters used in this study
were made from round  plastic
containers of 55 ¢m diameter and 22 cm
height with a hole at the base for
collection of the aoil solution, They were
filled with 18 em layer of top=oil of the
experimental area (Figure 1), The soil of
this arca was classified as Gajah Mati
seriea (Typic Hapludox), with 74.5%

Topsoil (15 cm)

—# Coarse sond

T Lo T T
LE

{Scm)

# Leachate

Figure 1. Schematic diagram of o mini-Lysimeter fliled with topsoil and 2 EFBs
{oid on a nylon mesh.
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clay, 6.7% silt and 18.8% sand, pH 4.5,
CEC of 10.1 emol(+) kg, 1.48% urganic
C and (15% ioktal N. The soil surface
was covered with a piece of mesh nylon
netting before placing two EFB, side hy
side, on top of iL. The treatments were:
without EFB (Co), EFB alone (EFB),
EFB with N fertilizer (EFB+N), EFR
with P fertilizer (EFB+P) and EFB with
both N and P fertilizers (EFB+N+F).
The treatments were replicated four
times and laid out in a completely
randomized design, Similar sized EFB
were used for the study. The N and P
fertilizers applied onte the EFE were
60g urea and 50 ftriple super
phosphate. They were allowed 1o
decompose under the oil palm eanopies.
As the EFB decomposed, the soluble
organic  amd  inorganic  constituents
{nutrients) were released into the soil,
depending on the precipitation. The
released nutrients in the soil solution
then leached out of the soil layer and
collected in the bottle at the bottom of
the lysimeter These nutrients were
considersd available for plant uptake
and also vulnerable to leaching losa.

To determine changes in DMW, CG:N
ratio, N, P and K content of the EFB
and soil pH, small samples of the EFB
tissue and soil were taken every thres
weeks, The total fresh weight of the
EFE was recorded and the moisture
content determined. The DMW of the
tissue samples removed every three
weeks was corrected in the ealenlation
of the total DMW of the EFB. This was
done in the following sampling time by
taking into account the rate of weight
loss in the 3-week period. After 15
weeks of  decomposition, the sail
samples were analysed for total N,
mineral N, organic carbon, pll, and
CEC (cation exchange capacity).
Leachates thalt drained out of the
lysimeters were collected and analysed
weekly for mineral N and K.

The organic carbon content of EFRB
tissue was determined according to the
Mebius method, and the Walkley-Black
method was used for organic carbon
content of soil (Nelson and Sommers,
19823, The gemimicro-Kjeldahl
procedure using salicylic acid to include
nitrate and mnitrite (Bremner and
Mulvaney, 1982) was used to determine
total N in the EFBE tissue and soil,
Polassium and P contents of the EFB
were  determined by ashing  and
dissolving in nitric acid then analysed
using the Autoanalyser. The NO_-N and
NH_-N concentrations in the leachates
were determined by steam distillation
and titration with hydrochloric acid
{Bremmer, 1965). The X concentration of
the leachate was determined using
flame photometer, afler dilution. Soil
pH was measured in a soil to water
ratic of 125 The CEC and
exchangeable calions were delerminad
using the leaching method with
ammonium acetate at pIl 7, Ca and Mg
were determined on Lhe  alomic
absorption speclrophotometer and K on
the flame photometer.

All  statistical analyses  were
performed using the Statistical Analysis.
System (SAS 1985),

RESULTS AND DISCUSSION

The average chemical composition of the
EFB used was 18.6% cellulose, 28.9%
lignin, 0.84% — 0.92% N, 0.16% P and
2.5% K, dry matter weight basiz. The
C:N ratio was 89 — 93 and the average
DMW per bunch was 1.66 £ 0.06 kg

EFB DECOMPOSITION

Results of the percent DMW remaining
aml the decrease in C:N ratio of the
EFB during decomposition seemed
almost parallel (Figure 2). The ITMW of
the EFB dropped rapidly in the first
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three weeks in all the {reatments,
indicating rapid deecomposition in the
initial stape. Initial stages  of
decomposition are usually dominated by
mineralization of the casily
decomposable  fractions, fe  sugars,
hemicellulose and cellulose (Green ef
al, 1995). Decomposition secemed to
slow down in the period between week
3 and week 9, and then accelerated
again up to week 15 The chemical
composition of plant residues regulates
strongly the mass-loss rates
iMeClaugherty and DBerg, 1987) but
environmental factors regulating
microorganism  activiles  are mosl
important in influencing decomposition
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Figure 2. Changes in CN rotio and
DMW of the EFE during decomposition,
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temperature, moisture, nutrient
availability and BNErgy BOLICE

availahility (Kowalenco et al, 1978;
FParr and Papendick, 1978). The
EFB+NMN, unlike the other treatments,
seemed to decompose al almost a
congtant rate during the 15 week
period. Addition of awvailable N to
residues has been known o accelerate
initial stapes of decomposition of high
M ratio residues (Parr and Papendick,
1978; Jantzen and Ladder, 1989) due to
enhanced microbial activity. Phosphorus
is alse immobilized fo form part of the
protoplasma  of microorganism  cells

(Verstraete, 1984} TIn  this study
howewver, it is8  unclear  why
decompesition in EFB+N+P scemoed

rietarded n Lhe Nrsl nine weeks and
accelerated afier that (not similar to
EFB+NL This could be seen trom
percenlt DMW remaining as well as the
C:N  ratio. The treatmenti FEFB+F
showed the most rapid decomposition in
the frst three weeks, then slowed till
week 15, This waz probably because
there was already some available N (as
in other treatments) and the added P
enhanced decomposition. However, N
became limited after week 3 and thus
decomposition slowed down as in the
treatment of EFB (without N or P).

At woek 15 there was statistically
significant differences hetween
treatments in the %DMW remaining
{P < .05 and the C:N ratic (P < 0.001),
The EFB+N decomposed more rapidly
than the other treatments in the 15
week period; the C:N ratio dropped from
81.2 to 58.2 and only 42.0% of DMW
remaining. Fifty percent weight loss
was achieved in 11.5 weeks and 14
weeks for EFB+N and EFB+N+B
respectively, and > 15 weeks for EFN+P
and EFB alone. Decompositon rate of
the EFR conld be expectad to decraaze
later as what remained of the EFB are
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the more lignified structures.

NUTRIENT RELEASE PATTERN
AND AVAILABILITY IN SOIL
SOLUTTON

Figure 3 shows the release patterns of
N, I' and K content of the EFBs in the
different treatments. Statistically, there
was no significant difference between
the treatments in the %N, %P and %K
remaining at the different sampling
times. This could probably be attributed
to non-uniformaity of  chemical
composition of EFBE Llissue samples
taken. Tuble I shows the hiph standard
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Figure 3. Percent N, P and K remaining
in the EFR fiseue during decomposition.

o

deviationsz in N, P and X contents of the
EFE between the replicates within the
treatments,

In general, Figure 37a} shows a
faster N release after week 3 tor EFB+IN
and week 6 for EFB+N+P aml EFB+P A
very slow rate of N release was oheerved
in the EFE treatment. This was,
phviously, due to its slow rate of
decomposition  and  mineralization,
compared to the olher treatments. After
15 weeks of decomposition, there were
only 15.6%, 23.5%, 27.2% and 27.8% of
initial EFB-N eonbent released from the
Lreatments EFE, EFB+P, EFB+N+F and
EFB+N, respectively. Acceleraled W
mineralization of organic matter often
occurs with fertilization. Jantzen and
Radder (1989  observed  highest
mineralization in cereal grain crop
receiving fertilizers. Figure 47 shows
the amounts of mineral N (NO,-N, NO,-
N and NII-N) available in the aml
solution as a result of N released from
the two EFB in each treatment. There
were very small amounts of mineral N
in the seil solution in the [irsl Lwo
weeks due Lo the low precipitation
during this period. Thereafter, therc
seemed to be a steady rate of N release
into the soil solution up to week 11. At -
week 12, the amounts of mineral N
ineraased greatly:  the  highest
precipitation was reeorded in Lhis week
(I'igure 4fc)). This indicates that high
precipitation would cause leaching of N
mineralized from decomposing EFB.
There was significant dilference (P =
4.001) between the l(reatments in the
cumulative amounts of mineral ¥ in the
so1l solutions collecied in the 15-week
period. There were higher cumulative
amounts of N in the EFB+N and
EFB+N+P than the EFB+P and EFB
treatments, This comicided with Lhe
slightly higher amounts of N released
from the former treatmenis. The
cumulative amount of mineral W at
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TABLE 1. CHANGES IN DRY MATTER WEIGHT (DMW) AND TOTAL N, P AND K CONTENT OF EFR
{per bunch haszis) DURING DECOMPOSTTION

DMW (kg)

Weels of N (g)
Decompusition TR T = ————
EFB EFB+N EFB+P EFQ+N+P EFB EFBE+N EFB+P EFB+N+P
4] LG5 L 06 155 + (.08 1.65 + (L06 1.56 j‘ 0.06 E.E i 1.3 138 1 15 142 + 10 13H+6E
3 1.826 £ 0.07 RS U 114 + (.14 127 £ 0.08 134+ 35 130 + 04 191 £ 22 129+ 14
L] 119 + 008 110 + 007 L3 £ 0:17 1.23 £ 0408 12,7 =30 121+ 12 131 + 1.0 128 1.1
0 116 + .14 Q8K + LK 105 + 0.13 1.18 + .09 136 + 0.5 11.9 » 0.4 T24+0.7 122+ 327
12 095 £ 016 074 + 004 82 4+ 017 07 £ 0,11 119 + 1.1 6 £ 0.7 131 2903 Pa=+18
15 080 £ 0.0 065 = 005 LHS A+ 068 .73+ 010 114+ 1.6 10 = 1.0 109 1 2.3 Lo + 0Ly
Weaeks of K (g} Pim
Decomposition — - = : = e
[ 0 £ EFB+N EFB+P EFR+MN+P EFR EFB+M EFE+P EFB+N+P
o i 3846 ;4_2 3ES+ 11 4.8 + 5.0 IH0 + 129 2;:1 T 0.3 26 £ 06 24t 0.5 2nh+ 14
i 192 =78 146 + 94 11.5 + 74 14.6 £ 1.6 24 + 2.0 26414 24+ 1.2 2.8+ 0.7
5 154 + 32 01 £ 25 1.6+ 1.2 a5+ 1.1 24109 23+ 140 23+ 1.0 26* 1.5
9 BT 28 600 + 1.5 531 05 6.H + 0.9 24+ 1.1 233211 244 0.5 25+ S
T2 4.3 % 1.6 2903 A8+ 14 ke LK 23z 16 d0+£11 21408 23 % 08
15 g4 x 1.1 2.0+ 08 3.2 1l 148+ 0.8 23 % L.h 20 £ 1.5 21110 2+ 14
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Figure 4. Cumulafive amounts of mineral N and K in the lecchoales collected
during the EFB decomposition and precipitation.

week 16, however, was only o small
pereenlage of the total amounl of N
released from the EFB. The remainder
of the N released could partly be in the
soluble organic forms in Lthe solution
{apart from  immobilization by
microcrganisms in the soil, fixation in
claya and loss through denitrification
and/or ammonia volatilization).
Phesphorus release pattern from the
decompeaing EFB was similar o N
release. However, less P was released
than N prebably due to the lower EFB-
P content (Figure 3. At week 15, the P
released was 8.9% — 22.6%; highest P
release came from EFB+N. Phoshorus

immohilization, like N, is expected in
plant residues with high C:P ratio and
0.3% P content {Singh and Jones, 19765

Pofassinm release from EFB was
very rapid in the first three weeks in all
the treatments; 50.4% — 68.7% of mitial
EFB-K contenl was released {(Figure
A(c)). Potassium released from the EFR
{without N or P) treatment seemed
slower than the other treatments. At
week 15, howaever, no  significant
difference was obszerved between the
treatments; only 5.0% — 88% K
remaining in the EFR. The K releasl
from the decomposing EI'D resulted in
high amounts of K in the soil solution



TABLE 2. EFFECT OF EFB TREATMENT ON THE CHEMICAL S0OIL PROPERTIRS
AFTER 15 WEEES OF DECOMPOSITION

Sofl Propertics . Week B Week 15
Lo EFE EFB+M ErFB+P EFR+NaP LA (P = (L0G)

CEC cmal (4 kgt 1-:1.;;:’1__ a0% (TR 12..“:.'2. 18166 11.02 e

Exech, 2% emol {+) kg? .08 006 0.1 0,20 0T 0.15 IR 1
Fach, B ool (4] byt [hith HRIH] {120} 114 116 1.740 0.1
Faxch, T cmnol (40 k! 0,005 0405 6,53 792 559 i 1.41

pH 1.5 4.4 A4 72 70 6.0 04t

% Organic O 48 L4 1.52 1.540 1.5H 156 T

e lidal ({4 (LR ni 114 I8 k18 na

N BRT 10.53 8194 .88 B.TH LN s

ne = freams are ot sigwdficond
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{Figure 4fb)) and =an increase in
exchangeable K in the soil (Table 20
Unlike N and P the amount of K
releascd at any particular time 15
preatly influenced by rainfall intensity.
Tian et al. {1992) observed rapid K
release in all the plant residues they
had tested; most of the K was released
in « 41 days, They reported that K
release was less affected by chemieal
characteristics of the plant residues and
fauna activities than N and P. Due to its
high mobility, it is easily leached out of
the plant residucs.

EFFECT OF EFB
DECOMPOSITION ON THF SOIL
CHEMICAL CHARACTERISTICS

In the short period of 15 weeks of EFB
decomposition {in the absence of root
activity}, there was an increase in soil
pH from 4.5 to 6.4 — 7.2 {(Fuble 2). It has
been recorded that the pH of soils under
oil palm with EIB mulching increased
by one vunit (Lim, personal comm.). All
the KEFB treatments significantly
increased the availability of K, Ca and
Mg in soils over the control (soil without
EFB, N and P fertilizer supplements). It
has heen reported that green manuring
resulted in inereased availability of K
(Bwarp, 1947) and Ca and Mg (Khind «f
al., 1987) in =oils.

CONCLUSION

Decornposition of EFB was accelerated
in treatments EFB+N and EFB+N+D
with 508 DMW loss at about 11.5 weeks
and 14.0 weeks, respectively, compared
to > 15 wecks for HFB+P and EFB
alone. However, there was no
significant difference between
treatments in the  nutrient release
pattern, In general K was rapidly
released in the treatments with EFB,
with only 50% — 85.8% K remaining

10

after 15 weeks of decomposition.
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