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ABSTRACT
Oil palm is one of intensively planted in Indonesia, large-managed for industrial oil palm. This
study aimed to know the influences of urease and nitrification inhibitor on loss of N and oil
palm harvest in peat. The research was conducted at Sukamandang Village Coconut Plantation,
Seruyan Tengah District, Seruyan Regency, Central Kalimantan Province. The research used
a single factor of field experimental method with Randomized Completely Block Design (RCBD).
Urea and ZA fertilizer were used in this study with the following treatment: N0= Without N,
N1= Urea (195 kg.ha-1 N), N2= Urea + 0.12% NBPT-NPPT (195 kg.ha-1 N), N3= Urea (156 kg.ha-1

N), N4= Urea + 0.12% NBPT-NPPT (156 kg.ha-1 N), N5= Ammonium Sulfate (427 kg.ha-1 N),
N6= Ammonium Sulfate + 0.8% DMPP (427 kg.ha-1 N), N7= Ammonium Sulfate (324 kg.ha-1

N), N8= Ammonium Sulfate + 0.8% DMPP (324 kg.ha-1 N). The research result indicated
that the use of NBPT and DMPP inhibitors did not affect N levels in the leaves and the free
fatty acids. Urea + NBPT treatment had no N loss for about 30–50% which was lower than
urea without N, whereas ammonium sulfate + DMPP had smaller N loss than all treatments
without N fertilization. Fertilization using urea + NBPT and ammonium sulfate + DMPP
increased the production of FFB and yield of oil palm.
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INTRODUCTION

Oil palm is one of the main plantation commodity
in Indonesia. Regardless being one of the foreign
exchanges, oil palm plantation opens wide employment
for community (Sudrajat dan Fitriya, 2015). Compared
to other plantation commodities, oil palm is one of the
fastest growing plantation commodities. The vegetable
oil trade/Crude Palm Oil (CPO) in the international
market is also is very competitive. It can be seen from
the last few years  in which CPO from Indonesia still
has its competitiveness compared to other countries
(Susila, 2006). To meet the market needs, a good quality
of CPO is needed. One of the parameters used as a
standard for palm oil quality is the content of free
fatty acids. That is, palm oil contains the lowest possible
free fatty acids, not less than 2%. Factors affecting

free fatty acid levels in palm oil are inadequate
harvesting, delay in collection, and transport of fruit
to palm oil mills, longer time of fruits in piles and
fruit shipment (Andreas et al., 2017).

The increasing production of palm oil can be
done by land expansion. One of the efforts to
increase productivity of oil palm plantation is the use
of peatlands. The results of the research indicated
that fertilization and water management can improve
peatland productivity and increase the growth of
oil palm crops (Gusmawarti and Wardati, 2012).
Fertilization of oil palm is one of the major components
in oil palm plantation management which requires
intensive attention. Fertilization takes up about 24%
of the total production cost or is equal to 40%–60% of
the total maintenance of oil palm crops (Darmosarkoro
et al., 2003). Good fertilization can increase production
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and achieve standard productivity based on the land
suitability class (Arsyad et al, 2012).

Urea is a widely used type of fertilizer to provide N
in oil palm crops. However,  N fulfillment urea can also
be obtained from ammonium sulphate (ZA) fertilizer.
Nitrogen losses in the field reach 40% mainly due to
volatilization. Fertilization on peatland should be
done gradually in low doses due to the low absorption
power of peatland. It makes fertilizer does not lose
easily. The use of slow release fertilizer will be more
efficient because N will release slowly and increase
uptake N (Hartatik and Wibowo, 2018).

Currently, the absorption and utilization of N by
oil palm crop are quite low. Increased N uptake
becomes important, because N is easily lost due to
volatilization (evaporation). The potential for loss
of N can be suppressed by the use of N–(n_butyl)
thiophosporic triamide (NBPT) and nitrification of 3,4–
dimethyl pyrozole phosphate (DMPP) in ammonium
sulphate. NBPT compounds (C4H14N3PS) and NPPT
(C3H12N3PS) are urease inhibitors that bind urease
into the urease active cycle to prevent urea hydrolysis
and reduce ammonia formation so urea fertilizer will
be available gradually. The treatment of NBPT in urea
fertilizers can reduce the loss of ammonia by 68% when
compared to urea without NBPT (Suter et al., 2012).
Loss of N fertilizer also occurs due to nitrification
process. Nitrification is the oxidation of ammonium
to nitrate by outotrof bacteria. Compound 3,4–
simethyl pyrazole phosphate (DMPP) with chemical
formula C5H11N2O4P plays a role in reducing the
ammonium conversion to nitrate and the N production
in gas and nitrate leaching (Menendez et al., 2012).

This study was conducted to test the ability of NBPT
and DMPP to inhibit urease activity on urea fertilization
and the ability of DMPP to inhibit nitrification in
ammonium sulfate fertilization, especially in oil palm
crops. NBPT and DMPP were expected to reduce N loss
in gaseous form so as to increase N uptake in plants
and increase yields of oil palm crops.

MATERIALS AND METHODS

The research was conducted at Oil Palm Plantation
in Sukukai, Seruyan Tengah District, Seruyan Regency,
Central Kalimantan Province from November 2016
to Mei 2017. The research used a single factor of field
experimental method with Randomized Completely
Block Design (RCBD). Urea and ZA fertilizer were used
in this study consisted of nine fertilizer combination.

The experiment consisted of three blocks and five
replication in each treatment. Therefore, total number
of plants that used in this experiment were 135.

The fertilizer package consisted of (1) N0 = Without
Nitrogen, (2) N1 = Urea (46% N) fertilization dose of
N 195 kg.ha-1, (3) N2 = Urea + 0.12% NBPT-NPPT
fertilization dose of N 195 kg.ha-1, (4) N3 = Urea (46%
N) fertilization dose of N 156 kg.ha-1, (5) N4 = Urea +
0.12% NBPT-NPPT fertilization dose of N 156 kg.ha-1,
(6) N5 = Ammonium Sulfate (21% N) fertilization dose
of N 427 kg.ha-1, (7) N6 = Ammonium Sulfate + 0.8%
DMPP fertilization dose of N 427 kg.ha-1, (8) N7 =
Ammonium Sulfate (21% N) fertilization dose of N
324 kg.ha-1, (9) N8 = Ammonium Sulfate + 0.8%
DMPP fertilization dose of N324 kg.ha-1.

The mature oil palms (aged 8–10 years), urea
fertilizer, ammonium sulfate, limus, novatec solub
21, TSP 130 kg.ha-1, KCl (K2O) 217 kg.ha-1, dolomite
130 kg.ha-1, were used in this study. Ring placement
were used for fertilization. The parameters that
observed included N leaf, the amount of the loss and
evaporation of N fertilizer, fresh fruit bunch (FFB), OER,
and free fatty acid. The obtained data were analyzed
using the Varian Analysis (ANOVA) with α = 5% and
Duncan Multiple Range Test (DMRT), if the result of
variance analysis showed significant difference.

RESULTS AND DISCUSSIONS

The results of the analysis of variance are presented
in Table 1. It indicated that the treatment of the
fertilizer package affected to the loss of N in the
form of volatilization. The research result showed
that the highest nitrogen volatilization was found
in urea fertilization without NBPT-NPPT (195 kg.ha-1)
followed by urea without NBPT-NPPT at a lower
dose of 156 kg.ha-1. The lowest evaporation of N was
in fertilization without N treatment, followed by
ammonium sulfate +DMPP (N 324 kg.ha-1) treatment.
The volatilization of urea +NBPT-NPPT was significantly
different from urea volatilization without NBPT. Urea
fertilization with NBPT-NPPT inhibitors had a smaller
N volatilization for about 30% to 50% from urea
fertilization without NBPT. Ammonium sulfate +DMPP
fertilization had lower volatilization compared to
ammonium sulfate fertilizer without DMPP and urea
either without NBPT-NPPT or with urea +NBPT-NPPT.
However, the ammonium sulphate fertilization
with DMPP or without DMPP were not significantly
different, due to the fact that DMPP function was to
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Table 1. The amount of N evaporation and N fertilizer losses in the oil palm
plantation during 1 month after sowing N fertilizer

Treatments The amount of
N evaporation (ppm)

The amount of
N fertilizer losses (kg.ha-1)

N0 00184.00 d 00.00 d
N1 10528.00 a 94.92 a
N2 07525.00 b 67.85 b
N3 04263.00 a 38.44 b
N4 02263.00 c 28.44 c
N5 00483.33 d 04.33 d
N6 00233.33 d 02.09 d
N7 00207.00 d 01.49 d
N8 00203.00 d 01.46 d

Remarks: N0= Without N, N1= Urea (46% N) N 195 kg.ha-1, N2= Urea + 0.12% NBPT-
NPPT N 195 kg.ha-1, N3= Urea (46% N) N 156 kg.ha-1, N4= Urea + 0.12%
NBPT-NPPT N 159 kg.ha-1, N5= Ammonium Sulfate (21% N) N 427 kg.ha-1,
N6= Ammonium Sulfate + 0.8% DMPP N 427 kg.ha-1, N7= Ammonium
Sulfate (21% N) N 324 kg.ha-1, N8= Ammonium Sulfate + 0.8% DMPP N 324
kg.ha-1. The means in one column followed by the same letter were not
significantly different according to DMRT (α = 5%).

Table 2. Total N on leaves aged 3 and 6 months after N application on oil
palm crop

Treatments 
N concentration in the Leafs (%)

3 Months after
broadcasting N fertilizer

6 Months after
broadcasting N fertilizer

N0 2.41 a 2.42 a
N1 2.18 a 2.56 a
N2 2.36 a 2.44 a
N3 2.36 a 2.53 a
N4 2.49 a 2.55 a
N5 2.48 a 2.39 a
N6 2.43 a 2.38 a
N7 2.43 a 2.52 a
N8 2.30 a 2.54 a

Remarks: N0= Without N, N1= Urea (46% N) N 195 kg.ha-1, N2= Urea + 0.12% NBPT-
NPPT N 195 kg.ha-1, N3= Urea (46% N) N 156 kg.ha-1, N4= Urea + 0.12%
NBPT-NPPT N 159 kg.ha-1, N5= Ammonium Sulfate (21% N) N 427 kg.ha-1,
N6= Ammonium Sulfate + 0.8% DMPP N 427 kg.ha-1, N7= Ammonium
Sulfate (21% N) N 324 kg.ha-1, N8= Ammonium Sulfate + 0.8% DMPP N 324
kg.ha-1. The means in one column followed by the same letter were not
significantly different according to DMRT (α = 5%).

reduce the loss of N in the nitrification process. The
use of NBPT-NPPT as an urease inhibitor showed that
NBPT-NPPT can delay urea hydrolysis 2 to 14 days
when compared with urea without NBPT. According
to Cantarella et al. (2018) urease inhibitors may reduce

N-loss rates by 21–53% compared to urea fertilizers
without urease inhibitors, whereas according to
Menendez et al. (2012) the 3,4–dimethyl pyrazole
phosphate nitrification inhibitor (DMPP) plays a role in
reducing the conversion of ammonium to nitrate  and
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N production in the form of gas through denitrification.
In addition, Ruser and Schulz (2015) stated that
nitrification inhibitors are chemicals that delay or slow
the conversion of ammonium to nitrate by affecting
the activity of the bacterium Nitrosomonas and
provide the potential to reduce nitrate leaching and
loss of denitrification.

Table 1 showed that fertilizer treatment also
affected the loss of fertilizer. The highest yield after
fertilizer application was urea without NBPT-NPPT
(195 kg.ha-1), and the lowest was a treatment
without N fertilizer. Urea fertilization + NBPT-NPPT
had lower fertilizer compared to fertilization urea
without NBPT-NPPT. Ammonium sulfate + DMPP
fertilization also got lower volatilization when it was
compared with ammonium sulfate fertilization
without DMPP. The research results indicated that the
use of inhibitor on N fertilization was able to suppress
the loss of N fertilizer applied to oil palm plantation.
This will give a positive impact on oil palm plantation
as it decreases the usage of fertilizer dose applied
so that it can save the budget used in the fertilization
of oil palm plantation.

According to the results of N level analysis on
the leaves of oil palm plant (Table 2), N fertilization
treatment with or without the use of urease and
nitrification inhibitors did not give significant effect
on N palm leaves, either in 3 months after application

or in 6 months after application. Leaf with the highest
N content was in 3 months after application, which
was urea + NBPT-NPPT (156 kg.ha-1) and the lowest
one was after application urea (195 kg.ha-1). Also, leaf
with the highest N content was in 6 months after
application of urea by dose of 195 while the lowest
one was Ammonium Sulfate + 0.8 % DMPP (427
kg.ha-1).

Generally, N fertilization increased the N content
on leaf plants at the age of  6 months after application,
although statistically it was not significantly different.
Based on the nutrient status of N on the leaves, the
applied fertilization package can meet the needs of
n crops. Referring to status of leaf nutrient content
of oil palm in mature plants or plants with age more
than 6 years, Hannum et al. (2014) revealed that the
optimum nitrogen nutrient status on oil palm leaves
was for about 2.4–2.8% The unavailability of N in
crops was caused by the loss of N and it can be used
by microbial activity in the soil which affected the
absorption of nitrogen.

The result of weight analysis of fresh fruit bunches
(Table 3) indicated that the fertilization treatment had
no significant effect on the weight of ffb per stem,
ton, weight and per hectare. The highest yield of
fresh fruit bunches took the use of Ammonium Sulfate
+ DMPP (427 kg) and urea + NBPT-NPPT (195 kg)
treatment, while the lowest fresh fruit bunch was

Table 3. Results of fresh fruit bunches per bunch, per stree, per ton, per hectar,
and per year in oil palm crops

Remarks: N0= Without N, N1= Urea (46% N) N 195 kg.ha-1, N2= Urea + 0.12% NBPT-NPPT N
195 kg.ha-1, N3= Urea (46% N) N 156 kg.ha-1, N4= Urea + 0.12% NBPT-NPPT N 159
kg.ha-1, N5= Ammonium Sulfate (21% N) N 427 kg.ha-1, N6= Ammonium Sulfate +
0.8% DMPP N 427 kg.ha-1, N7= Ammonium Sulfate (21% N) N 324 kg.ha-1, N8=
Ammonium Sulfate + 0.8% DMPP N 324 kg.ha-1. The means in one column followed
by the same letter were not significantly different according to DMRT (α = 5%).

Treatments The weight of FFB
per bunch (kg)

The weight of FFB
per tree (kg)

The weight of FFB
(ton.ha-1.year-1)

N0 08.94 ab 09.09 ab 09.09 ab
N1 06.59 b0 07.23 b0 07.23 b0
N2 11.60 a0 11.60 a0 11.60 a0
N3 08.72 ab 08.72 ab 08.72 ab
N4 10.21 ab 10.30 ab 10.30 ab
N5 09.04 ab 09.28 ab 09.28 ab
N6 12.03 a0 12.03 a0 12.03 a0
N7 08.07 ab 08.07 ab 08.07 ab
N8 08.18 ab 08.18 ab 08.18 ab
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by treatment of urea (195 kg.ha-1). At the same urea
dose, the use of NBPT-NPPT caused an increase in
FFB production per hectare per year by 59% (urea
dose 195 kg.ha-1) and 18% (urea dose 156 kg.ha-1).
Meanwhile, the use of N sources in the form of ZA,
the combination of ZA with DMPP, only had a positive
effect on the yield component and the result of TBS
compilation of ZA dose was 427 kg.ha-1. At lower ZA
doses (324 kg.ha-1), the addition of DMPP did not
increase the yield component and FFB yield. It is
because the application of ammonium sulfate and
urea fertilizers applied with DMPP and NBPT-NPPT
inhibitors can reduce N loss, so N is available for plants
and can improve crop production.

According to Hartatik and Wibowo (2018), crop
production is the result of interaction between the
genetic potential and the growing environment.
Fertilization can increase soil fertility and nutrient
supplement supply in the soil and the availability of
nutrients can meet the needs of plants and achieve
maximal production (Arsyad et al., 2012). The use
of slow release fertilizer significantly influences oil
palm production and  reduces the amount of fertilizer
needs on the plants, but reducing the amount of
fertilizer by 50–60% can achieve the same level of
FFB production (Wigena et al., 2005). Alonso-Ayuso
et al. (2016) mentioned that the application of
ammonium sulfate + DMPP at a dose reduction of

23% in the following year after application does
not result in the reduction of the corn yield and
corn quality. The research results of Kawakami et al.
(2012) showed that the use of NBPT improved
cotton lint yield by 14% compared to a similar urea
application rate without NBPT.

OER is  the ratio between the products produced
in the form of oil palm (CPO) and FFB as raw materials
used (Setyaji, 2016). Table 4 showed that the treatment
of fertilizer package with or without urease and
nitrification with different dose was not significantly
affected to the oil palm yield, but the use of Urea +
NBPT-NPPT (195 kg.ha-1), ammonium sulfate + DMPP
(427 kg.ha-1) and (324 kg.ha-1) resulted significantly
different from the use of urea (159 kg.ha-1) without
NBPT. Generally, N fertilization treatment using
inhibitor leads to a higher yield of oil palm compared
to other treatments. The highest rendement was by
the treatment of Ammonium Sulfate + DMPP (427
kg.ha-1) and (324 kg.ha-1) and urea + NBPT–NPPT
(195 kg.ha-1), while the lowest rendement was by urea
(156 kg.ha-1). The higher fertilization dose application
increased the yield of oil palm. It means the higher the
dose application of N in the oil palm crop, the more
increasing the  oil content in fresh fruit bunches of oil
palm will be.

The result of analysis variance of free fatty acid
(FFA) seen on Table 4 showed that free fatty acid level

Table 4. The result of of oil extraction rate (OER) and free fatty acid in 6
months of age after broadcasting the N fertilizer

Treatments Oil extraction rate (%) Free fatty acid (%)
N0 30.04 ab 0.36 a
N1 30.04 ab 1.13 a
N2 33.27 a0 0.60 a
N3 28.08 b0 0.79 a
N4 32.44 ab 0.62 a
N5 31.64 ab 1.61 a
N6 34.48 a0 0.92 a
N7 31.31 ab 1.41 a
N8 34.17 a0 1.48 a

Remarks: N0= Without N, N1= Urea (46% N) N 195 kg.ha-1, N2= Urea + 0.12% NBPT-
NPPT N 195 kg.ha-1, N3= Urea (46% N) N 156 kg.ha-1, N4= Urea + 0.12%
NBPT-NPPT N 159 kg.ha-1, N5= Ammonium Sulfate (21% N) N 427 kg.ha-1,
N6= Ammonium Sulfate + 0.8% DMPP N 427 kg.ha-1, N7= Ammonium
Sulfate (21% N) N 324 kg.ha-1, N8= Ammonium Sulfate + 0.8% DMPP N 324
kg.ha-1. The means in one column followed by the same letter were not
significantly different according to DMRT (α 5%).
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was not significantly different to one another. The
lowest treatment of AFB was without N fertilization
and the highest treatment of ALB used ammonium
sulfate (427 kg.ha-1) the application of NBPT-NPPT
to urea can suppress free fatty acids. The research
observation result presented that the application of
NBPT-NPPT to urea generated lower lever of free fatty
acid. ALB is formed by the reaction of hydrolysis in oil
palm, and ALB is the main parameter to determine
the quality of CPO from oil palm FFB (Lukito and
Sudrajat, 2017). The higher number of free fatty acids
indicates that the quality of oil is reduced (Alifikri,
2019). According to the Department of Industry,
(2007), best quality oil palm (SQ, Special Quality)
contains free fatty acids of not more than 2% during
shipment. Standard quality of oil palm should not
contain ALB of more than 5%. 

CONCLUSIONS

Urea fertilization combined with NBPT-NPPT
can reduce N exposure and N loss by 30–50%.
Ammonium sulfate+DMPP treatment increases the
yield of TBS per stem, per stand, per hectare, per
year and it is not significantly different by applying
urea NBPT-NPPT treatment.
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