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ABSTRACT

To achieve food-self sufficiency in Indonesia, it is necessary to apply sustainable agriculture practices to
improve soil quality. Most of paddy fields have been applied with chemical fertilizers intensively for more than
40 years without the addition of organic matter. The purpose of this study was to understand the effects of
lignite-based organic fertilizer application on the quality of paddy soil and yield of rice. The study was
conducted in April until August 2014 in the irrigated rice fields in Belitang, Ogan Komering Ulu Timur District.
The study was arranged in a Factorial Randomized Block Design, with 9 treatment combinations and 3 repli-
cates. The first factor was the types of fertilizers, consisting of recommended chemical fertilizers (250 kg urea
ha'+ 150 kg SP36 ha'! + 50 kg KCI ha'!), organic fertilizer from plant residue at 5 Mg ha'!, and lignite-based
organic fertilizer (namely Baranik fertilizer) at 0.75 Mg ha'!. The second factor was rice varieties, consisting
of Mentik Wangi, Gogo Aromatik and Ciliwung. The application of Baranik fertilizer at 0.75 Mg ha™! has
improved the quality of paddy soil with the increase of organic-C content from 1.44% to 2.90%. Application of
Baranik fertilizer at 0.75 Mg ha'! has increased the vegetative components and the yield of rice about 7.17 Mg
ha"'compared to the organic fertilizer from plant residue, but the yield is still the same as that in the recomended
dosages of chemical fertilizers. Among the rice varieties, the yield of Ciliwung variety was higher than other
varieties, i.e. 7.62 Mg ha''. The yield of Gogo Aromatik variety is significantly lower than that of Ciliwung
variety. Baranik organic fertilizer can be used to improve soil fertility for food security purpose.
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ABSTRAK

Untuk tercapainya Swasembada Pangan di Indonesia, perlu adanya penerapan pertanian berkelanjutan guna
meningkatkan kualitas tanah. Rendahnya kualitas tanah di sebagian besar sawah di Indonesia, disebabkan
lebih dari 40 tahun tanah sawah mendapatkan asupan pupuk kimia jumlah besar dan dalam jangka waktu lama,
serta kurangnya penggunaan bahan organik dalam sistem produksi padi sawah. Tujuan dari penelitian ini
untuk mempelajari pengaruh pemberian pupuk Baranik (Batubara Organik) untuk meningkatan kualitas tanah
dan hasil tanaman padi di lahan sawah irigasi. Penelitian ini dilaksanakan pada bulan April sampai Agustus
2014 di lahan sawabh irigasi Belitang, Kabupaten OKU timur, menggunakan Rancangan Acak Kelompok Faktorial,
dengan 9 kombinasi perlakuan dan diulang 3 kali dengan 10 tanaman contoh. Faktor pertama adalah jenis
pupuk dengan 3 taraf yaitu; pupuk kimia anjuran (250 kg urea ha' + 150 kg SP-36 ha' + 50 kg KC1 ha'), pupuk
organik limbah tanaman dosis 5 Mg ha'' dan pupuk Baranik (Batubara organik) dosis 0,75 Mg ha! dan varietas
padi dengan 3 taraf yaitu; Mentik Wangi, Gogo Aromatik dan Ciliwung. Aplikasi pupuk Baranik pada 0,75 Mg
ha' telah meningkatkan komponen vegetatif dan hasil padi sekitar 7,17 Mg ha' dibandingkan dengan pupuk
organik lainnya, tetapi masih sama dengan dosis yang direkomendasikan pupuk kimia. Di antara varietas, hasil
varietas Ciliwung lebih tinggi dari yang lain, yaitu 7,72 Mg ha!. Produksi varietas Gogo Aromatik nyata lebih
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rendah daripada varietas Ciliwung. Pupuk organik Baranik dapat digunakan untuk meningkatkan kesuburan

tanah untuk ketahanan pangan.

Kata kunci: Bahan organik, pertanian berkelanjutan, padi, swasembada pangan

INTRODUCTION

Rice plays an important role in agricultural
development in Indonesia because rice is the main
staple food in Indonesia. Therefore it is necessary
to develop technology that can support food-self
sufficiency through sustainable agriculture
practices. Pramono (2004) indicated that the
quality of most rice fields in Indonesia has been
declined due to long term and intensif chemical
fertilizer input and lack of organic matter
application. The preservation of soil fertility is
mainly dependant on the organic matter content
of the soil. The use of alternative organic
fertilizers needs to be promoted in order to maintain
soil fertility and further achieve sustainable
agriculture. Hakim et al. (2013) reported that the
use of organic fertilizer will reduce the amount
of inorganic fertilizers applied on rice field by 50%.
Nandakumar et al. (2004) used a lignite-based
humic acid to increase nutrient availability in
Vertisol and Alfisol of rice fields.

The declined quality of paddy soils is
indicated by the decrease of soil organic matter
content. Karama et al (1990) showed that about
68% of a random sample of 30 paddy soils in
Indonesia contain <1.5% of organic-C and only
9% of paddy soils contain >2% of organic-C.
Budianta and Tambas (2004) reported that the
quality of soils in the rice productive areas in South
Sumatera, especially in Ogan Komering Ulu
District has been declined with the average of
organic-C content <1.5%.

The application of organic fertilizer can be
an option to improve the quality of agricultural
soils and crop yields. Organic fertilizer is in general
derived from plant residue and animal manure.
Another material that contains high C and can be
used to make organic fertilizer is lignite (soft
coal). Lignite contains of C (69%), H (5.5%), O
(25%), N (0.5%), P,0O (0.04%), and K,O (36%).
Use of lignite as organic fertilizer can increase
the amount of macronutrients N, P, K, Ca, Mg, S,
and micronutrients Fe, Mn, Cu, Zn, Mo, and Cl in
soil (Auliarahman 2010). Lignite has long been
tried out as a mineral-organic fertilizer that can
increase crop growth and yield (Baris and Dincer

1983; Hoffmann and Hoffmann 2007; Sangeetha
and Singaram 2007). Haris and Dincer (1983) has
used lignite-based fertilizer as a source of nitrogen
fertilizer, indicating that lignite is a potential fertilizer.
Lignite based fertilizer, of course, contains high
amount of humic acids (Garcia et al. 1993),
therefore it can be used as a soil amendment as
well in order to improve soil organic carbon content.

The drawback of the use of organic fertilizer
is that the fertilizer must be applied in a high
amount (Mg ha') due to the low nutrient content
in it. For example, Gofar et al. (2009) reported
that the application of organic fertilizer enriched
with biofertilizer produced by PT Pupuk Sriwidjaja
(Pusri) at 15 Mg ha'! increased yields of long
beans, mustard greens, lettuce, and chili. Further,
Sudarsono et al. (2014) showed that the cow
manure applied for rice cultivation improved the
yield of rice with double row planting space.

Syafrullah (2011) reported that in order to
reduce the amount of organic fertilizer applied
on the field, the organic fertilizer is previously
extracted into humic acids, so that the amount of
fertilizer applied can be minimized. In addition, to
improve the nutrient content in the organic
fertilizer, certain nutrients from natural fertilizer
materials and inorganic fertilizers can be added,
which further becomes a model of organic plus
fertilizer.

The objective of this study is to understand
the effect of application of lignite-based organic
fertilizer (namely, Baranik fertilizer) on the
quality of paddy soil and yield of rice.

MATERIALS AND METHODS

Study Site and Experimental Design

The study was conducted in April until
August 2014 in a paddy field in Belitang, Ogan
Komering Ulu Timur Disctrict, South Sumatera,
Indonesia (Figure 1). Soil and fertilizer analyses
were conducted in the Laboratory of Soil
Chemistry, Biology and Fertility, Faculty of
Agriculture, Sriwijaya University. Chemical and
physical properties of the soil used in this study
are presented in Table 1.
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Figure 1. The location of the study.

The study was arranged in a Randomized
Block Design with two factors and three
replications. The first factor was types of
fertilizers applied, consisting of P inorganic
fertilizers at recommended dosages (250 kg urea
ha' + 150 kg SP-36 ha"' + 50 kg KCI ha™); P :
organic fertilizer derived from plant residue at 5
Mg ha''; and P,: lignite-based organic fertilizer
(Baranik fertilizer) at 750 kg ha'. The second
factor was rice variety used in the study, consisting
of V : Mentik Wangi; V,: Gogo Aromatik; and

V,: Ciliwung. Chemical properties of Baranik
fertilizer are presented in Table 2. Ten rice plants
were choosen per plot as samples to determine the
vegetative growth and yield.

Rice Planting

The land was cleared from weeds and plant
residue from previous planting. After that, the soil
was flooded, ploughed and harrowed until the soil
became crumbly. Further, 27 plots were set up in
which the size of each plot was 3 m x 2 m. The

Table 1. Initial characteristics of paddy soil in Belitang, Ogan Komering Ulu Timur District.

Soil Characteristic Unit Value Criteria
pH (H,0) - 4.36 Slightly acid
Total-N (%) 0.20 Low
Organic-C (%) 1.44 Low
Available-P (Bray-1) (mg kg™) 20.5 High
Exchangeable-K (me 100 g™) 0.23 Low
Na % 0.33 Low
Ca % 0.70 Very low
Mg % 0.18 Very low
C/N ratio % 10.05 Low
Soil fraction:

Sand % 11.03
Silt % 40.50
Clay % 48.05
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Table 2. Characteristics and nutrient content of lignite-based organic fertilizer (Baranik fertilizer).

Parameter Unit Value

Standard Quality according to SNI No 70/SR-

140/10/2011
pH - 7.40 4-9
Water content % 11.07 8-20
Organic-C % 15.08 Minimum 15
N % 14.05 Minimum 4
P % 6.71 Minimum 4
K % 5.01 Minimum 4
Mg % 1.10 -
Ca % 3.69 -
S % 0.09 -
B mg kg! 0.08 250 — 5000
Mo mg kg! 0.10 2-10
Fe mg kg 0.975 Maximum 500
Mn mg kg! 0.044 Maximum 5000
Cu mg kg™ 0.003 250 — 5000
Zn mg kg! 0.577 Maximum 5000
Co mg kg™ 0.002 5-20

distance between replicated plots was 1 m, and
the space of planting is 30 cm x 30 cm. The rice
seeds from each variety (Mentik Wangi, Gogo
Aromatik, Ciliwung) have been seeded for 21 days.
In P1 treatment the organic fertilizer derived from
plant residue was applied at 5 Mg ha'! during initial
soil tillage, i.e. two weeks before planting. Nitrogen
fertilizer was applied two times, i.e. half dosage
at 7 days after planting (DAP) and the rest was
applied at 42 DAP. Phosphorus and potassium
fertilizers were applied at 7 DAP. Irrigation was
supplied since the beginning of planting period until
10 DAP at 5 cm of water height. On the next days,
the irrigation was supplied following to the stage
of plant growth. Weeding was conducted manually
at 15 DAP, and the next weeding was conducted
if it necessary. Pest and disease control was
conducted by applying a home-made organic
pesticide. The rice was harvested at 90 DAP.

Observation and Statistical Analysis

Quality of paddy soil after treatment and
parameters of vegetatif growth of rice inlcuding
plant height, number of tiller per clump and number
of leaf per clump were determined. In addition,
parameters of generatif growth of rice, namely
number of grain per panicle, dry weight of 1000
grains, dry weight of grains per plot and per ha
were determined.

The data of rice growth and yield were
statistically analyzed using analysis of variance

(ANOVA). The differences among treatments
were tested using Least Significant Difference
(LSD) at 5% level.

RESULTS AND DISCUSSION

Quality of Paddy Soil after Treatment

Table 1 showed that the fertility status of the
soil before treatment was in general poor in
nutrient content, except for available-P. Therefore,
it is necessary to improve the soil fertility. An
effort that can be choosen to improve soil fertility
is by applying fertilizer as indicated by Pramono
(2004).

Table 3 indicated that the application organic
fertilizer derived from plant residue at 5 Mg ha'!
and Baranik fertilizer at 750 kg ha™' on paddy
soil can improve several nutrient status of the soil
from low to high, especially for organic carbon
and available P. In addition, Baranik fertilizer
application (P,) can improve total N and K more
than organic fertilizer derived from plant residue
(P1). The results showed that the quality of paddy
soil has improved after application of Baranik
fertilizer, which is indicated by the increase of
soil organic-C content from 1.44% to 2.90%.
Although the humic acid content in the Baranik
fertilizer was not analyzed, several studies indicates
that the humic acid content in lignite is quite high,
in which lignite contains various kinds of aromatic
groups that are difficult to decompose (Garcia et
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Table 3. Nutrient content of paddy soil in Belitang after fertilization treatments.

Nutrient content

Treatments Organic.C (%) __ TotalN (%) _ Available-P (mgkg") _ Total-K (%)
Tnitial T4 0.20 205
Py .44 0.20 9 0.55
P, 3.00 0.20 24 0.65
P 2.90 0.44 23 0.80

al. 1993; Stefanova et al. 1993; Tahir et al.
2011). The humic acids contained in the Baranik
fertilizer has resulted in the increase of soil organic
matter content. The humic acids are more
resistant to soil microorganism activity. The result
obtained in the current study is in line with the study
of Luttge et al. (2005), which indicated that humic
acids in soil can increase soil organic-C content
and the humic acids are more resistent to soil
microorganism activity, so they can improve soil
physical, chemical and biological chararcteristics.
Further, Riley er al. (2008) reported that the
application of organic fertilizer can improve soil
physical characteristics because the organic
matter can cement the soil particles or stabilize
soil aggregates, so it can help the roots to
penetrate the soil deeper. Consequently, the roots
can take up more nutrients and water. In addition,
organic fertilizer can improve the rhizosphere
condition, therefore, it can improve the nutrient

cycle and root exudates that further play roles in
soil organic matter decomposition and N-
mineralization (Morgan et al. 2005).

The improvement of soil physical, chemical
and biological characteristics due to the application
of Baranik fertilizer is in line with the study of
Hsu et al. (2009), which indicated that the
application of organic matter can increase soil
biological activity and water availability. The
increase of water availability in the soil will improve
the uptake and transport of nutrients to the plants,
as a result the photosynthesis process to produce
food supply for plant growth would be assured
(Muhakka et al. 2006).

Table 3 showed that the total-N content in the
soil did not increase after fertilization, presumably
due to the nature of nitrogen that is quickly lost
from the soil because it is taken up by plants, leached
out or denitrified. This result is consistent with the
study of Gusmini et al. (2013), which show that

Table 4. The effects of application of different types of fertilizers and variety of rice on the vegetatif

growth of rice.

Parameter of vegetative growth

Treatment Plant height (cm) Number of tiller per Number of leaf per
clump clump

Type of fertilizer
-P0: Control (recommended doses of 106.97 ab 28.50 ab 65.83b

anorganic fertilizers)
-P1: Organic fertilizer of plant 102.02 a 28.36b 65.78 b
residue

5Mgha 111.92b 2.96a 66.05 a
-P2: Baranik fertilizer 0.75 Mg ha™
Variety of rice: 103.87 a 29.67 a 66.31 a
-V1: Mentik Wangi 99.87 a 27.59¢ 65.29 ¢
-V2: Gogo Aromatik 117.18b 30.84b 66.86 b

-V3: Ciliwung

Note: The numbers in the same column followed by the same letters are not significantly different according to Least Significant

Difference Test at 5% level.
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Table 5. The effect of application of different types of fertilizers and variety of rice on yield of rice.

Yield of rice
Treatments ' Dry weight of Dry wellght of Dry Welght
Number of grains . grains of grains per
. 1,000 grains .
per panicle (@ ha (Mg ha™)
& per plot (kg)
Type of fertilizer:
-P0: Control (recommended doses 141.29 ab 31.77 ab 3.30 ab 5.50 ab
of anorganic fertilizers)
-P1: Organic fertilizer of plant 11247 a 29.16 a 2.65a 441 a
residue 5 Mg ha™
-P2: Baranik fertilizer 750 kg ha™ 172.09 b 32.25b 433D 7.170b
Variety of rice
-V1: Mentik Wangi 140.35 ab 30.75 ab 3.52 ab 5.87 ab
-V2: Gogo Aromatik 134.12 a 29.10 a 2.68 a 447 a
-V3: Ciliwung 164.37b 3220b 4.570b 7.62b

Note: The numbers in the same column followed by the same letters are not significantly different according to Least

Significant Difference Test at 5% level.

NO, can be leached out from the soil by percolation
of water during the cultivation of rice. Furthermore,
the amounts of available-P and K increased due to
the application of organic fertilizer from plant
residue and Baranik fertilizer.

Vegetative Growth of Rice Plants

The effects of application of different types
of fertilizers and variety of rice on the
parameters of vegetatif growth of rice are
presented in Table 4.

Table 4 indicated that the plant height and the
number of tiller per clump in the plots applied with
Baranik fertilizer are significantly higher than
those in the plots applied with organic fertilizer from
plant residue and recommended inorganic
fertilizers. The lowest plant height, number of tiller
and number of leaf per clump were measured in
the plots applied with organic fertilizer from plant
residue. The plant height, number of tiller per clump
and number of leaf per clump of variety of Ciliwung
are significantly different from other rice varieties.

The number of leaf per clump in the plots
applied with Baranik fertilizer is significantly
different from that in the plots applied with
organic fertilizer from plant residue and inorganic
fertilizers at recommended doses (control).
However, the number of leaf per clump in the plots
applied with organic fertilizer from plant residue
and inorganic fertilizers are not significantly
different.

Tabel 2 showed that the Baranik fertilizer
contains higher organic matter and nutrients than
organic fertilizer from plant residue, although the
N, P, and K contents in the coal-based organic
fertilizer are not as high as in the inorganic
fertilizers. This result is supported by the fact that
the vegetative growth of rice in the plots applied
with Baranik fertilizer are better than in other
fertilization treatments. The recommended
inorganic fertilizers contain high amount of N, P,
and K, however, the inorganic fertilizers do not
contain other macro and micronutrients that are
needed by plants. In contrast, the Baranik fertilizer
contains various macro and micronutrients. The
organic fertilizer from plant residue contins high
organic matter, but the macro and micronutrient
content in it is lower than in Baranik fertilizer. As
a result, the vegetatif growth of rice applied with
Baranik fertilizer is better than that in other
fertilization treatments.

The vegetative growth of Ciliwung variety is
better than other rice varieties (Mentik Wangi and
Gogo Aromatik), due to the Ciliwung variety is the
preeminent rice variety, while Mentik Wangi and
Gogo Aromatik are included as upland rice varieties
that are commonly grown on upland area.

Yield of Rice

The parameters of generatif growth of rice
indicated that the number of grains per panicle,
dry weight of 1,000 grains, dry weight of grains
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per plot and dry weight of grains per ha in the plots
applied with Baranik fertilizer are significantly
different from those in the plots applied with the
recommended inorganic fertilizers and organic
fertilizer from plant residue. Further, the yield of
Ciliwung variety is higher than that of Mentik Wangi
and Gogo Aromatik varieties. The results showed
that the application of Baranik fertilizer at 750 kg
ha'! can improve soil fertility or soil quality, which
is indicated by the increase of soil organic-C
content from 1.44% to 2.9%. Consequently, the
generative growth (yield) of rice in the plots applied
with Baranik fertilizer is better than in other
fertilization treatments.

The application of Baranik fertilizer resulted
in higher yield of rice than the application of
inorganic fertilizers and organic fertilizer from plant
residue. This phenomenon is due to the fertility
status of the soil used in the current study is low,
therefore, the application of the recommended
inorganic fertilizers is less effective since the initial
organic-C content of the soil is low (1.44%). As a
result the capability of the soil to retain nutrients is
low as well. In addition, the nutrients contained in
the inorganic fertilizers are readily available, in
which most of them are probably lost from the soil
and only small amounts can be taken up by plants.
This phenomenon is in line with the study of
Goenadi (2010), which showed that inorganic
fertilizers can be lost from the soil through surface
runoff (21%), volatilization (19%), fixation by clay
minerals (30%), leaching (13%), immobilization by
soil microorganisms (5%), consequently only about
12% of the nutrients can be taken up by plants.

The application of Baranik fertilizer at 750
kg ha' on paddy soil resulted in higher yield of
rice than the application of the recommended doses
of inorganic fertilizers, due to the inorganic
fertilizers release fast available nutrients, which
are easily lost through leaching, fixation by clay
minerals, immobilization by soil microorganisms,
and others. Most of the nutrients in the Baranik
fertilizer can be utilized by plants due to the slow
release of nutrients from the organic fertilizer. One
of the characteristics of organic fertilizer is that
the nutrients are slowly available, as a result the
rate of plant growth is relatively slow but obvious
(Morgan et al. 2005).

Baranik fertilizer is made from humic acid
extracts of lignite enriched with a certain nutrients
from natural fertilizer and inorganic fertilizer,
therefore, the nutrients contained in the Baranik

fertilizer is higher than in the organic fertilizer from
plant residue. This result corresponds to the study
of Pangaribuan et al. (2012), which indicated that
the application of bokashi fertilizer or chicken
manure combined with half recommended dose of
inorganic fertilizer can increase yield of plants and
reduce the use of inorganic fertilizer. Further,
Widowati (2009) reported that the application of
organic fertilizer combined with half recommended
dose of inorganic fertilizer can improve growth and
yield of vegetable crops.

Besides applying the right type of fertilzer,
another factor that determines the increase of plant
yield is the variety of plant used. Atman (2007)
indicated that variety of plant is an important factor
that determines yield of rice. The results showed
that the Ciliwung variety used in the current study
resulted in higher yield, which is probably due to
the Ciliwung variety is the recommended variety
for paddy soil, therefore, the yield of Ciliwung
variety is better than the upland rice varieties, i.e.
Mentik Wangi and Gogo Aromatik. Boutman et al.
(2007) reported that upland rice is more tolerant
to drought than paddy rice. In short, the
environmental factors determine the yield of rice.
The optimum plant growth due to the suitability of
the rice variety with the location and right
fertilization technique will result in an increase of
plant height, number of productive tiller, dry weight
of 1,000 grains and dry weight of milled grains
(Tubur et al. 2012).

To evaluate the results of current study, the
yield of Ciliwung variety used in the current study
is then compared to its natural yield grown on paddy
field with irrigation. The results showed that the
yield of Ciliwung variety in the current study is
about 7.62 Mg ha’!, while the natural yield of
Ciliwung variety is on average 6.5 Mg ha’,
indicating that the yield of Ciliwung variety obtained
in the current study is higher than its average yield.
The results of current study implied that the
application of Baranik fertilizer at 750 kg ha’!
has successfully improved the yield of rice grown
on paddy field.

CONCLUSIONS

Lignite-based organic fertilizer (Baranik
fertilizer) is a potential fertilizer because it can
increase the growth and yield of rice. The
application of Baranik fertilizer at 750 kg ha’
has improved the quality of paddy soil, which is
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indicated by the incrase of organic-C content from
1.44% to 2.9% and available-P. In addition, the
application of Baranik fertilizer at 750 kg ha! has
increased the yield of Ciliwung rice variety up to
7.62 Mg ha'!, while the natural yield of the Ciliwung
variety is on average 6.5 Mg ha™.
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