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Abstract— Soil fertility is one of the key success factors for managing independent smallholder oil palm plantation sustainably. To
improve soil fertility, the smallholder oil palm farmers depend highly on the chemical fertilizer which emits greenhouse gasesCN
and are fragile to chemical fertilizer shortage. This dependency to chemical fertilizer and increased price of chemical fertilizer may
cause some independent smallholder plantations are neglected and fruitless due to late nor absence of fertilizers. In the country with
plentiful of oil palm plantations, biomass of oil palm empty fruit bunch should be considered as a sustainable source of organic
fertilizers. This research examined the effect of dosage of composted oil palm empty fruit bunch enriched with multi functions multi
microbial biofertilizer implanted within the soil below canopy edges of oil palm plants towards the growth and yield of oil palm
plants. The treatments consisted of 3.5, 7.0, and 10.5 ton biofertilizer/ha and standard chemical fertilizer treatment as control. Each
treatment was applied on ten plants. The results of this study showed that the biofertilizer application at 10.5 ton/ha improved the
quality of soil better than other treatment of biofertilizer and standard chemical fertilizer. The production yield of fresh fruit
brunches of 10.5 ton biofertilizer/ha treatment was 31.5 ton/hectare/year. If the oil palm production is compared to farmer’s practice
that produces 24 ton/hectare/year, these research results may promote better organic wastes management of oil palm plantation to
better nourish the plants and improve sustainability of oil palm land system.
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resources, such as waste organic materials which is plenty in
[. INTRODUCTION the area of oil palm plantations is needed.
Reference [2] shows that the level of soil compactness

particularly in Sumatra and Kalimantan. Currently the and the soil clay content in oil palm plantations are generally

production of palm oil has contributed nearly 50% of the V€'Y high. In addition, the soils are low pH and organic
total percentage of the value of Indonesian exports, as welfMattér content. These conditions, together with the increase
as the largest manufacturer and exporters of CPO (crudé’f depgndengy on qhem|cal fer_'uhzers may Ieaq to the
palm oil) with production of 23 million tons/year [1]. mcreas[ngly |mppver|sh the. soil to support oil paim
Bengkulu province also has developed this commodity on aprom_:iuctlon sus_talnably. It will also eventually affect th‘?
large scale, primarily by people independently in Muko- social economic welfare of the small holder farmers. If oil
Muko Nortiw Bengkulu, Bengkulu Central, Seluma, South palm plantations are not fertilized, the fruit production is
Bengl’<ulu and Kaur éegency However' with eitensive also very low or even not fruiting at all. Eventually, farmers

smallholding, there are various problems faced by oil palm may aban_don their farm bec"_mse .O.f the low producti\(ity.
growers in the province of Bengkulu, possibly more Lately, improvement of soil fertility have been carried out

complex than other palm oil production centers. The with the supplement of organic matter. The addition of

problems are among others, the scarcity of supply 0forganic materials on agricultural land reported effective to

chemical fertilizers that can be happened at any time andPrevent erosion, also increased crop produptm_n and
esistance to environmental stress [3], [4]. Application of

barriers related application season. These problems ma); ; . v ai ich 15
negatively affect the productivity of oil palms. Therefore, ordanic manures is generally given as a mulch [S] or a

the development of culture systems further ensure themixture of the growing med‘.?' especially_ in_horticultural
continuity of production with the usege of avalable local crops of vegetab_les. The aqqmon of organic matter can also
affect the microbial composition of the soil [6] - [9]. Annual

crops such as oil palm, the addition of organic matter is

Palm oil has become an important economic commodity,
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mostly in the form of empty fruit bunches and shredded [ll. RESULTS ANDDISCUSSION
fronds abundance in the plantations. However, this source ) L
of organic matter takes a long time to decompose.”- SOil Characteristics
Introduction of microbes that degrade organic matter is Changes in soil properties observed by comparing the
likely to accelerate the decomposition process of addedproperties of the soil prior to treatment with the
empty fruit brunches and increase the availability of characteristics of the soil 12 weeks after treatment and
nutrients for growth and crop production. For that purpose, fertilization with BIOM3G SOP. Statistical analysis showed
the use of organic waste enriched with multi-use multi that the characteristics of the soil before and after treatment
microbes (BIOM3G) is expected to accelerate the process ofwere not significantly different, except for the electrical
decomposition of organic matter and can immediately conductivity (EC) and soil phosphorus content. The
improve or maintain soil fertility of oil palm smallholders. electrical conductivity was higher after treatment, increased
With the application of BIOM3G especially to unproductive from an average of 48 microseconds/cm to 74 microseconds
oil palm plantation due to not properly fertilized, it is /cm. While the ROs content of the soil increased from 5 mg/
expected to be productive again and increase production s&g before treatment increased to 8.4 mg/kg. In general,
that the farmer welfare will also increase. treatment and fertilization BIOM3G SOP did not result in
This study specifically aims to test the ability of multi- significant changes in soil acidity. However, there was a
microbial biofertilizer multi-use (BIOM3G) to improve soil trend of higher pH after treatment BIOM3G-75 kg/plant and
fertility and substitute the use of chemical fertilizers partially fertilization treatments compared BIOM3G SOP-25 and 50
or completely through the addition of empty fruit bunches kg/plant. In conditions of higher soil pH, the exchange of
organic waste material to support the growth of palm oil cations in the soil to the roots could continue to a maximum,
production in oil palm cultivation systems that are so that nutrient needs of the plants were supplied to the
environmentally friendly. Furthermore, it is expected that fullest. In contrast to the condition when the soil pH was
the use of BIOM3G will reduces farmer dependency of lower. It would be more adsorbed cations were exchanged
external chemical inputs. with aluminum and hydrogen ions so that supply of nutrients
for plant growth was minimal [10].

II. METHODS The results also showed that soil characteristics were not
significantly different due to the different treatment doses of
BIOM3G and fertilization of SOP, except on the content of
exchangeable aluminum and hydrogen. The content of
exchangeable Al and H in the treatment of BIOM3G 25 and
50 kg/plant was significantly different with treatment
BIOM3G-75 kg/plant. The content of exchangeable Al and
H in the treatment BIOM3G 75 kg/plant was not
significantly different from SOP fertilizer treatment.
Although, the trend in the treatment BIOM3G-75 kg/plant

Research was carried out in May to November 2013 in oil
palm farm in the village of Jum’at, Talang Empat District,
Central Bengkulu Regency and Laboratory of Plant
Protection and Soil Sciences, Faculty of Agriculture
University of Bengkulu. BIOM3G starter multiplication was
done using empty fruit bunches of oil palm waste organic
material considering it was more readily available and
abundance than other organic matter. In addition, oil palm

empty fruit bunches were considered as major waste X i |
products from the palm oil industry. The composted empty contained Al-dd (3.8 me / 100g) and H-dd (1.1 me / 1009)
smaller compared to most other treatments. This

I:ggtr?;?ﬁ?es was then applied on crops according to dosephenomenon indicates that the addition of 75 kg BIOM3G

Testing the effectiveness of BIOM3G conducted on 10 per plant in soil have sjmilar im_pact on the declining
crops for each treatment. Treatments consisted of three (3 xchangeable Al and H with dolomite application of 1.5 kg

dosage of BIOM3G and SOP, namely A = 25kg er plant in the treatment of SOP. Treatment of BIOM3G

BIOM3G/plant (3.5 tons/ha), B = 50kg BIOM3G/plant (7.0 and SOP were not significantly different in influencing the

d - content of exchangeable potassium, the overall content of
tons/ha), C = dose of chemical fertilizer SOP (1.5 kg Urea, 2 )
kg and 1.5 kg dolomite MOP per plant) and D = 75kg the exchangeable K tended to be higher after the treatment

BIOM3G/plant (10.5 tons/ha). BIOM3G was applied once in applied and the content of exchangeable K was the highest in

A . treatment of BIOM3G-75 kg/plant.
every crop samples for all treatments, by digging the soil g L .
near the root tip on ¥ circle separated into 3 sections the Thus, fertilizing soil with BIOM3G was able to improve

same depth of 30 cm, width 15 cm, and BIOM3G in sacks soll properties, especially increasing the electrical
placed there in. conductivity and phosphate content as well as reduce the
Soil characteristics were analyzed before treatments anocontent of ~exchangeable ~ aluminum and hydrogen.

3 months after treatments. Observed vegetative variables'éf)g:\'/fggoncsou?é ?nC::TepéSgeiheerr::%tr)]/te;rtwtofbtér)l(iut; g\gglle
such as the number of leaves, plant height, and crop Y

chlorophyll content were observed since the application potassium and other cations as indicated by differences in

. . . electrical conductivity. However, regarding to the

three monthly. While production variables such as the . ;

. . _mechanism of nutrient supply to the plants affected by
number of fruit bunches harvested, harvested bunch weight o . )

. BIOMS3G, it still needs to be further investigated.

total weight of bunches harvested of each harvest were
observed. Data were analyzed statistically and if significant B, vegetative Variables
then further tested to detect the smallest real difference and

X Vegetative variables analyzed were the number of leaves,
the best dosage interval.

plant height and leaf khlorofil content as shown in Table 1.
The average of all crops in all experimental treatments had
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total leaves, plant height, leaf khlorofil content were not TABLE Il
statistically different. However, the application of BIOM3G AVEF;’:Eﬁf%ﬁ\f;i‘;;gﬁ?oﬁit’CF:EUSITV;E'SQJEZE;{E:’;TXE?T PER
75 kg/plant tended to have higher leaf chlorophyll content ’

compared to the application of SOP and treatment of Harvested | VYVeight Total
BIOM3G 25 and 50 kg/plant. This supports the notion of | No Treatment Fruit st Vggﬂ?ta%e)r
BIOM3G effectiveness in maintaining the vegetative growth Bunches (k)
of crops, including the formation of leaf as the plants treated[ A BIOM3G-25 kg 6 18 87
treated with chemical fertilizer (SOP). B BIOM3G-50 kg 7 20 94
C SoP 6 17 67
D BIOM3G-75 kg 7 21 106
TABLE |
AVERAGE OFTOTAL LEAVES, PLANT HEIGHT, INCREASEDPLANT HEIGHT
AND LEAF CHLOROPHYLL CONTENT 1,200
Plant Leaf Luou
No Treatment Leaves Height Chlorophyll "~
(cm) Content 400
A BIOM3G-25 kg 50 177 67.4
B BIOM3G-50 kg 51 164 69.8 .
C SOP 47 218 67.3 ' M Total Weight of FFB
D BIOM3G-75 kg 46 209 70.1 a00 | samples (<g]
200 A
C. Production Variables
Production variables observed included number of A25kgfobnt-S0 kyplart  CSOF D75
harvested fruit bunches, average weight of fresh fruit ke/plant

bunches (FFB) per harvest and total weight of fresh fruit Fig. 1 Total weight of fresh fruit bunches of samples for 5 months

bunches per plant as presented in Table 2 and total weight of

fresh fruit brunches of samples for 5 months. Statistically,

BIOM3G and SOP treatment had not influence differently IV. CONCLUSIONS

on the opserved production variables. The total weight of Aplication of BIOM3G and chemical SOP did not

fresh fruit brunches of 10 samples per treatment was not. - : .
o . fa— influence significantly on the observed vegetative variables,

analyzed statistically and presented visually in Figure 1.

The results of data analysis showed that the averagen"’”m:"Iy the number of leaves, plant height and leaf

number of fruit bunches harvested per plant over the periode(;hlor0phy|| content. However, the application of BIOM3G
of 5 months were not affected by treatment. On this variable 5 kg/plant tended to influence better than the application of

the number of bunches harvested per plant on average for hemical fertilizer SOP, BIOM3G-25 and 50 kg/plant.

imilarly, the observed production variables included the
months was between 6 and 7 bunches. The average number , .
number of fruit bunches harvested, average weight of fresh

of bunches harvested also showed a similar trend to the dat‘?ruit bunches (FFB) per harvest and total weight of fresh

of average weight per harvest per plant as well as the, . - :
4 . fruit brunches of samples were not statistically different.

average total weight of fresh fruit brunches of samples for 5 ; o R, -
However, this condition still indicated the ability of

months. These data showed the ability of BIOM3G to X o S

) - i . BIOM3G to replace chemical fertilizer application of
replace chemical fertilizers with dosage recommendations of dation d f chemical fertil
SOP recommendation dose of chemical fertilizer (SOP).

' The total weight of the fresh fruit brunches of sample
treatment during the period of 5 months demonstrated that
the application of BIOM3G-75 kg/plant capable of
producing 1058 kg, followed by treatment of BIOM3G 50
kg/plant with the production of 942.5 kg. The conversion of
units would produce fresh fruit bunches weighing of 35.5
tons/hal/year for treatment of BIOM3G-75 kg/plant and 31.5
tons/hal/year for treatment BIOM3G 50 kg/plant.

The total weight of fresh fruit brunches per treatment
during the period of 5 months indicated that the application
of BIOM3G-75 kg/plant capable of producing 1058 kg,
followed by treatment BIOM3G 50 kg/plant with the 942.5
kg (Figure 1). If the unit is converted in hectares and over
the year it will produce 35.5 tons/halyear for treatment of
BIOM3G-75 kg/plant and 31.5 tons/ha/year for treatment
BIOM3G 50 kg/plant. The conversion gave a very good
overview of the prospects for the development and
application of BIOM3G on wider oil palm farming
community. However, we still need a more convincing proof ~ This research was made possible with the support of
of a test in scale of hectares to reconfirm the results of thisfunding through the National Priorities Research Programs
study to improve and support sustainable oil palm of Masterplan for Acceleration and Expansion of Indonesian
production of independent smallholder plantation. Economic Development 2011-2025 (MP3EI) Fiscal Year

2013.
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