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Oil pal111 
empty fresh bunches: 

back to earth 

C IRAD-CP has been working with the 
Indonesian group Sinar Mas since 
1996 on optimizing the manage-

ment of minerai and organic fertilization in 
its oil palm estates. 

Making use of oil mill by-products, 
notably empty fresh bunches (EFB), for 
both economic, agronomie and environ-
mental reasons, is one of the main research 
topics described here. These results are the 
fruit of cooperation involving researchers 
from SMARTRI (Smart Research Institute) 
and CIRAD-CP. 

For each tonne of palm oil produced, 
around one tonne of EFB , considered as 
waste, have to be disposed of. Such large 
quantities of EFB were once a considerable 
constraint: they were usually incinerated. 
The ash was then spread in the estates to 
take advantage of the relatively high potas-
sium content as a replacement for commer-
cial potassium fertilizers. 

Environmental concerns have led to 
incineration being banned in most recent 
crop development projects. A few compost-
ing units have been set up , but EFB are 
usually spread directly in the field. Farmers 
thereby benefit from the fertilizing value of 
this by-product, which is easily quantifiable 
(table 1) . This application of organic mat-
ter offers benefits in the longer term for 
the physico-chemical properties of the soi!, 
and more generally for soi! fertility, even 
though only a few data are yet available for 
assessment. 

Agricultural practices have been based 
on the results of field trials, such as the 
application of 60 tonnes of EFB/ha in a con-
tinuous single layer. These trials have made 
it possible to recommend application rates 
giving a level of oil palm minerai nutrition 
in line with production objectives. 
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However, optimization of EFB use 
requires better knowledge of the dynamics 
of organic matter mineralization and of 
minerai nutrient release depending on 
environmental conditions (rainfall, temper-
ature, etc.). 

Table 1. Fertilizing value of one tonne 
of EFB. 

Fertilizers Equivalence (kg) 

Urea 6.1 
Triple super phosphate 1 1 7 
Potassium chloride 1 16.3 
Kieserite 1 3.0 

Methodology 
An initial trial was set up under true appli-
cation conditions in the field, arranged so 
as to enable a study of the phenomena 
involved. EFB were placed in the interrows 
of plantings, after prior characterization 
(individual weight, average water and min-
erai contents of the batch) and separated 
inside wide-meshed plastic nets (photos 1 
and 2). At more or less regular intervals, 
from a few days to a few weeks depending 
on rainfall, the EFB were taken and 
analysed in the laboratory to determine the 
kinetics of minerai nutrition release and 
matter reduction. At the same time, analy-
ses of the soi! beneath the EFB were also 
carried out at different depths, to monitor 
changes in chemical properties. 

' 1.5 kg of ash l'or 1.0 kg of' KCI titrating 60% K20 , 
sometimes increased to 2 kg of' ash to take into account 
variability in water and potassium contents. 
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lnfiltrometry measurements have also 
been programmed to try and characterize 
the impact on the physical properties of 
soils. 

Dynamics of minerai 
nutrient release 
from EFB 

Figures 1 to 3 show the dynamics of EFB 
mineralization and release of the main min-
erai nutrients (N, P, K, Mg). In an initial 
approach, simple mathematical functions 
were adjusted so as to facilitate interpola-
tions for calculating the fertilizing capacity 
of EFB over time after their application 
(table 2). Rainfall recorded over open land, 
above the canopy, is also indicated. 

Weight loss from the EFB was very rapid 
in the first month, with a reduction of 
almost 50% (figure 1). It continued there-
after at a more modest rate: eleven months 
after EFB application, there only remained 
14% of the initial weight. Application of 
nitrogen to the EFB at the time they were 
spread (3 kg of urea per tonne of EFB) 
accelerated the process by almost 30% in 
the first ten days. This effect dropped to 
25% then 20% in the following months. 
Application of phosphate (2.25 kg of triple 
super phosphate) also accelerated the min-
eralization process, but only in the first 
three months. 

For minerai nutrients, the most notable 
result was the rapidity with which potassium, 
the major content of EFB, is released: one 
week after application in the field, 18% of the 
potassium was released, whilst 33 mm of 
rainfall were recorded in two showers. Three 
months after the start of the trial, there was 
virtually no more potassium in the EFB. 

Phosphorus and magnesium dynamics 
were much slower and seemed to follow rel-
atively similar kinetics. Nitrogen release 
was similar to that of magnesium in the 
first month, then it slowed down: eleven 
months after application, there still 
remained 40% of nitrogen in the EFB. 

The release time for 50% of the minerai 
nutrients seems to be a good indicator of 
the different kinetics observed (table 3) . 

Change 
in the physico-chemical 
properties of soils 

The above events occurring at the soi! sur-
face have a major impact on the physico-
chemical properties of the soi!. 

Spotlight on tree crops 

Photos. Monitoring of changes in separate EFB in their nets. 

Exchangeable potassium contents, which 
were initially very low-under 0.05 meq 
throughout the profile-were considerably 
increased by these ongoing supplies. These 
developments logically affected the surface 
horizons, then moved down: 0.40 m after a 
month, 0.80 m after 2-3 months (figure 4). 

ln addition, measurements taken deep 
down (1.40 m-1.50 m) did not seem to indi-
cate losses through leaching. 

When calculating variations in assimil-
able potassium over time totalized over a 
depth of one metre-zone extensively 
explored by the root system-a graduai 
increase was seen, reaching 20 times the 
initial K, three months after application, in 
accordance with the release kinetics for 
this nutrient. Eighteen months after the 
start of the trial, there existed eight times 
more exchangeable potassium compared to 
the outset. This potassium was then primar-
ily between the 0.15 and 0.80 m horizons. 

For exchangeable magnesium, only the 0 
to 0.15 m surface horizons underwent pro-
found changes (figure 5). Calcium seemed 
to be even less mobile, remaining in the 
first five centimetres of soi!. Magnesium 
and calcium, which are bivalent ions, are in 
fact generally more effectively held than 
monovalent ions by organic matter, which 
was more abundant in these surface hori-
zons. 

Whilst the set of analyses carried out did 
not reveal any significant variation in nitro-
gen and carbon contents, the pH profile was 
considerably disrupted. From an acid pro-
file at the beginning of the trial (pH ranging 
from 4.5 on the surface to 5.1 at a clepth of 
0.80 m), the pH increased very quickly on 
the surface, reaching neutral two months 
after the EFB were applied (figure 6). This 
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Figure 1. Kinetics of EFB mineralization after 
application in the field . 

nme after application (days) 

Figure 2. Dynamics of nitrogen and phosphorus 
release from EFB after their application in the 
field. 

Time after application (days) 

Figure 3. Dynamics of potassium 
and magnesium release from EFB after their 
application in the field. 

effect then spread downwards with less 
intensity (5.4 at 0.60 m after nine months). 
A return to more acid pH values began after 
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Table 2. Fertilizing power of EFB (60 t/ha) in equivalent fertilizer released over time, without additional urea or TSP. 

T1me after apphcat1on 

1 week 
2 weeks 
3 weeks 
4 weeks 
2 months 
3 months 676 
6 months 1540 
9 months 2287 
11 months 2605 
Total 
TSP: Triple Super Phosphate 

O·S 

5-15 

- 15-25 .s 25-40 
..c ë.. 40-60 

"' 0 70-80 

140·150 

- -18 months 3 months Initial 

12 months 2 months 

6 months 1 month 

1 2 3 4 
Assimi lable potassium (meq) 

Figure 4. Variation in exchangeable potassium 
in the soil after EFB application in the field. 

six months for the upper horizons, later 
deeper down. 

Opposing variations were recorded for 
exchangeable aluminium, which must un-
doubtedly have precipitated when the pH 
became higher than 5.5. 

The first observations regarding the phys-
ical properties of the soi! consisted in per-
meability measurements, comparing a con-
trol site that had never received any EFB 
and a site where applications had been car-
ried out two years earlier. The measure-
ments were taken using double Müntz cylin-
ders. The initial results indicated much 
lower permeability at the control site, be it 
at the start of measurements or during sta-
bilization of the infiltration rate (table 4 
and figure 7). 

Ail these phenomena could go some way 
to explaining the good performance of oil 
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palms generally seen after EFB applica-
tion, despite the apparent arithmetic 
imbalance in minerai nutrients (K and Mg) 
supplied. 

Conclusions 
and prospects 
The speed with which these nutrients are 
released prompts the following recommen-
dations: 
• hait minerai fertilizer applications 

(potash and kieserite) as soon as EFB are 
spread, 

• apply EFB in the field as soon as they 
leave the mill , so as to avoid any losses 
through leaching, notably K, which might 
occur during storage, even temporary, in 
an open area unprotected from the cli-
mate. 
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KCI equ1valent 
(kg/palm) 

1.225 
0.885 
0.545 
0.815 
2.310 
0.610 
0.340 

6.800 

Figure 5. 

Kléserlte 
equlvalent (kg/palm) 

0.100 
0.060 
0.025 
0.050 
0.190 
0.125 
0.235 
0 150 
0.060 
1125 

Variation in exchangeable magnesium 
in the soil after EFB application in the field. 

The persistence of the improvement in 
exchangeable K and Mg contents in the soi! 
indicates that, at the doses tested, applica-
tions every two years ensure generally satis-
factory minerai nutrition for oil palms. 
Nevertheless, routine monitoring of the 
nutritional status of the palrns is recom-
mended. 

Studies and analyses are continuing, with 
three main aims. 

The first is to try and acquire a deeper 
understanding of the phenomena involved, 
so as to enable modelling for simulations 

Table 4. Infiltration rate (cm/h). 

Time(min) Control EFB 

TO 55 114 
T15 
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applicable to other situations. Analyses are 
under way using models with compartments 
characterized by different release speeds. 
Initial indications are that potassium could 
be totally "contained" within a single com-
partment, whereas the other nutrients (N, 
P, Mg) seem to be divided between at least 
two compartments. 

The second consists in constructing rele-
vant models irrespective of the application 
season. To that end, new observations are 
being carried out with different seasonal 
climatic conditions, primarily rainfall. 

Lastly, work is continuing on a complete 
minerai nutrient cycle, from EFB to soi! to 
plant. • 
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Figure 6. 
Variation in soil pH 
after EFB application 
in the field. 

Figure 7. 
Impact of EFB 
applications on soil 
permeability. 


