
157J Trop Soils, Vol. 17, No. 2, 2012 : 157-163

Application of Bokashi Botom Ash for Increasing Upland Rice
Yield and Decreasing Grain Pb Content in Vitric Hapludans

Nunung Sondari and Ervina Siti Nurkhalidah

  Faculty of Agriculture, Winaya Mukti University, Jl. Raya Bandung - Sumedang km 29 Tanjungsari 45462,
West Java, Indonesia, e-mail: nunung_1962@yahoo.com, telp: +62-22-7912585.

Received 22 December 2010 / accepted 28 April 2012

ABSTRACT

Greenhouse experiment was conducted at Agricultural Faculty of Winaya Mukti University Tanjungsari Sumedang
Regency, from May to October 2009.  The objective of this experiment was to study the effect of bokashi bottom ash
on the growth, yield, and Pb content of upland rice.  The experiment used a Randomized completely Block Design
(RBD) which consisted of five treatments and five replications. The treatments were level of bokashi bottom ash i.e.
0, 5, 10, 15, and 20 Mg ha-1.  The results showed that the application of bokashi bottom ash increased the growth and
yield of upland rice of Situbagendit variety except plant height at age of 21 days after seedling (DAS). Application
15 Mg ha -1 of bokashi bottom ash gave the best effect to the plant height, number of leaves, number of tillers and
shoot/root ratio, while applications of 10, 15 and 20 Mg ha -1 increased number of productive tillers, amount of filled
grains, and weight of grains. Bokashi bottom ash did not affect the heavy metal content of upland rice grain of
Situbagendit variety.
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The utilization of coal combustion waste is
beneficial to increase the agricultural productivity.
Bottom ash is one of the coal combustion waste.
In America and India, bottom ash has been utilized
as an ameliorant (a substance to make the marginal
soils better) (Kishor et al. 2010;  Sondari 2005;
Stevens and Dunn 2004).  Kumar et al. (2000)
reported that the ash from the residual burnt coal
can be utilized as a soil ameliorant for subtropical
plants such as oats, wheat, and barley.  Bokashi
bottom ash as a solid organic fertilizer is made from
mixed raw materials fermentation which are 50%
bottom ash, 20% rice straw, 20% chicken manure,
10% bran, Effective Microorganism (EM

4
),

molasses, and water.  Bokashi bottom ash can be
used as a solid organic fertilizer after 14 days of
fermentation.

One of the efforts in utilizing bottom ash is by
using it as the main substance in bokashi production.
According to ACAA (1997), the chemical substance
in bottom ash is highly depended on the coal source.
Chemically, bottom ash contains some nutrients,
especially the micro elements. The nutrients are

highly potential and necessary for better plant growth
where the fertile soils have fell on the degradations
(Sondari 2005). Bokashi bottom ash is expected to
increase the plant productivity. However, the use of
bottom ash is feared to be the contributor of heavy
metal in the soils which is absorbed by the plant.

The application of bottom ash which is mixed
with the green manure can improve the soil physical
and chemical properties and also increases the result
of sorghum in the  typic kanhaplidults (Sondari
2006).  Sondari (2009) further suggested that the
result of the bokashi bottom ash application
compared to the bottom ash that was created to be
manure (bokashi bottom ash), showed that bokashi
bottom ash was better in increasing the upland rice
production than the one with bottom ash only.

Bottom ash as one of coal combustion waste
is a solid waste which is produced by the coal
combustion. The coal combustion waste can be
classified into a Dangerous and Poisonous
Substance, based on PP No. 18/1999, and PP No.85/
1999 about The Management of Waste as
Dangerous and Poisonous Substance (KLH RI
2010). Bottom ash contains oxides heavy metal
which will leach naturally and pollute the
environment (Chen et al. 2008; Veli et al. 2008).

Increasing of metal concentration in agricultural
lands, especially heavy metal, produces serious
effect to the whole form of life. The use of bottom
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ash combining with chicken manure, EM, bran, hay
and chaff as the main substance of bokashi can
decrease the content of heavy metal because of
the chelate process. According to Cooper et al.
(1999) chelate is the reaction between heavy metal
and organic compounds which are produced in the
decomposition of organic matter. After becoming
bokashi, the bottom ash will give more positive
contributions to the soils and the plants.

Every plant has different sensitivity to heavy
metal and also shows different ability in accumulating
the heavy metal. Upland rice which is one of food
crops is classified in gramineae family, which is
highly potential to be planted in dry lands. The
average results of upland rice in Indonesia are still
relatively low, less than 2 Mg ha-1, and it is for
behind compared to the potential of its production
(CRD 2008).

Low productivity of upland rice in Indonesia
due to it is planted in dry lands. Planting rice in dry
lands has some constrains which are caused by the
land limitation. Dry lands in Indonesia mostly include
Red Acid Soils in which easily eroded, less nutrients,
high level of acidity, and also content of organic
matter easily decrease if the soil is used.

The objective of this research was to study the
effect of bokashi bottom ash on upland rice (Oryza
sativa. L) growth, yield, and Pb content grain in
Vitric Hapludants.

MATERIALS AND METHODS

Study Site and Materials

Soil was taken from Tanjungsari, West Java
with some properties which were soil pH 5.27,
organic -C (4.05%), total-N 0.22% (medium), K

2
O

18.43 mg 100 g-1 (low), available P 4.51 mg kg-1

(very low); exchangable Na (0,007 cmol kg--1, very
low); Ca (5.9 cmol kg--1, medium); Mg (0.91 cmol
kg--1, low); K (0.26 cmol kg--1, low).  Soil is
classified as Vitric hapludant.  Upland rice seed
was certified Situbagendit variety and bottom ash
bokashi of coal combustion waste was taken from
a textile factory in West Java. Others materials
were chicken manure, rice husks, straw, bran,
Effective Microorganism (EM 4), sugar water,
Furadan 3 G, urea (45% N), SP-36 (36% P

2
O

5
)

and KCl (58% K
2
O).

The properties of Bokashi bottom ash were
water content (12.19%), acidity (pH) 8.7 (base),
organic-C (7.08%); macro element: total-N (0.61
%), C/N ratio (12), P

2
O

5
 (0.53%); K

2
O (0.57%);

CaO (5.376%); total-Mg (1.53%) and S (0.17%);
micro element: total-Fe (1.71%); total-Cu

(0.0014%); total-Zn (0.006%) and total-B (0.027%)
and  Pb heavy metal (5.9 mg kg-1).

Experimental Set Up

 The experiment used a Randomized
completely Block Design (RBD), consisted of 5
treatments and 5 replications. The treatment was
the application rate of bokashi bottom ash, i.e. 0, 5,
10, 15, and 20 Mg ha-1.

Soils (10 kg) were filled into  polybag (without
hole). Fertilizers were applied together with the
application of bokashi bottom ash  in each polybag
in accordance with each treatment a two weeks
before planting.  Fertilizers and bokashi bottom ash
were mixed thoroughly the soil, then they were
incubated for two weeks. Fertilizers used were urea
(45% N), SP-36 (36% P

2
O

5
), and KCl (58% K

2
O)

with the dosage  of 150 kg ha-1, 135 kg ha-1,  and 135
kg ha-1, respectively. Then, the upland rice seed was
planted two seed per polybag.  The plants were
maintained everyday for water, pest and plant
disenses.

Data Observation and Analysis

The observations were done at harvest time
when the age of upland rice was 126 days.  Data of
plant height, number of leaves per hill, number of
tillers per hill, shoot root ratio, number of productive
tillers per hill, amount of filled grains per hill, weight
of grains and content of Pb in rice grain were
collected. Determination of heavy metals in rice
grains was done through dry ashing method with
MgNO

3
 reagents in ethanol.  Data were analyzed

by respons curve and regression analysis.

RESULTS AND DISCUSSION

Plant Growth Component

The application of bokashi bottom ash for
upland paddy rice reached optimum plant height was
at the rate of 15 Mg ha-1.  The more dosage applied
yielded stable plant height for all day after seedling
(DAS)  as shown in Figure 1.  The number of leaves
per hill and tiller per hill also reached maximum
number with the rate of bokashi bottom ash 15 Mg
ha-1 at 6 DAS (Figure 2 and Figure 3), and the higher
rate of bokashi showed the decreasing number of
leaves.

Shoot /Root Ratio

The application of bokashi bottom ash for upland
paddy rice reached optimum  shoot/root ratio  at the
dosage of 15 Mg ha-1.  More higher dosage
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decreased shoot/root ratio as shown in Figure 4. It
is shown that without application of  bokashi caused
the low rate of shoot/ root ratio. The highest rate of
bokashi application 20 Mg ha-1 reduced shoot root
ratio, the optimum rate of bokashi 15.31 Mg ha-1

gave the highest rate of 2.3 shoot /root ratio.
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Figure 4. Effect of bokashi bottom ash rates on the
shoot/root ratios.
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Figure 1. Effect of bokashi bottom ash rates on plant
height of upland rice.  (21 DAS), y =
22.11+ 2.20x - 0.08x2, R2 = 0.81,  (35
DAS), y = 43.63+ 2.21x - 0.08x2, R2 =
0.85,  (49 DAS), y = 51.86+ 3.01x -
0.11x2, R2 = 0.90, and  (63 DAS), y  =
62.22+ 3.08x - 0.10x2, R2 = 0.94.

Yield Component

The number of productive tiller per hill reached
maximum with the dosage of 20 Mg ha-1, however,
without the application of bokashi the filled grain
per hill number and the number of productive tiller
decreased. It also happened when it was applied
with the higher rate of bokashi. The maximum
number of productive tillers which was 16.82 pieces,
was reached from the optimum application of bokashi
19.15 Mg ha-1

.
(Figure 5) and the weight of grain

per hill  reached maximum with the rate of  bokashi
bottom ash 14.30 Mg ha-1 (Figure 6). It showed that
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Figure 2. Effect of bokashi bottom ash rates on num-
ber of leaves per hills.  (21 DAS), y =
5.50 + 0.18x, R2 = 0.77,  (35 DAS), y
= 10.65+ 2.01x - 0.07x2, R2 = 0.82, 
(49 DAS), y = 21.41+ 3.74x - 0.15x2, R2

= 0.82, and  (63 DAS), y = 36.09 +
5.62x - 0.22x2, R2 = 0.83.
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Figure 3. Effect of bokashi bottom ash rates on the
number of tiller per hills.  (21 DAS), y
= 1.22 + 0.07x, R2 = 0.73,  (35 DAS), y
= 3.20 + 0.60x - 0.24x2, R2 = 0.78, 
(49 DAS), y = 6.57 + 1.04x - 0.04x2, R2 =
0.81, and  (63 DAS), y = 10.20 + 1.20x
- 0.04x2, R2 = 0.82.
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without the application of bokashi, amount of filled
grains were low, and also the higher rate of bokashi
application also reduced amount of filled grains. The
optimum rate of bokashi showed the highest amount
of filled grains which were 13,553.58 pieces. Figure
7 showed that the optimum rate of bokashi 14.28
Mg ha-1 gave the best effect to the highest weight
of grains which was 28.6  g per hill.

Pb Uptake  by Grain

The application of bokashi bottom ash
decreased slightly grain Pb uptake by the grain of
upland rice as shown in Figure 8. There was a
tendency that the highest rate of bokashi application
caused the low Pb content.
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Figure 5. Effect of bokashi bottom ash rates to
number of productive tiller per hill.

Figure 6. Effect of bokashi bottom ash rates on
number of filled grain per hill.

Discussion

Application of the bokashi bottom ash could
affect the growth components and yield. The effect
of bokashi bottom ash to the plant growth was seen
at 35, 49 and 63 DAS age. At 21 DAS age, however,
bokashi bottom ash did not show a significant effect
to the plant growth. Number of leaves per hill and
number of tiller per hill at 21, 35, 49 and 63 DAS
age increased significantly with application of
bokashi bottom ash. It way likely that the plants still
had enough food supplies, from rice seed attached
to the root-shoots so that the addition of nutrients
from the soil was still in a small quantity and only
increased number of leaves and tillers.

The application of bottom ash bokashi increased
shoot-root ratio where the better results of shoot-
root ratio were at the dosage of 15 Mg ha-1 and 20

Figure 7. Effect of bokashi bottom ash rates to
weight of grains per hill.
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Figure 8. Effect of bokashi bottom ash rates on the
Pb grain uptake by upland rice.
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Mg ha-1, and quantitatively decreased when the rates
was more than 20 Mg ha-1. At 15 Mg ha-1 level the
plant could absorb the nutrients from the soils well,
so that the addition of bokashi did not have any effect
to the plant.

Bokashi bottom ash is an organic material,
however it can supply nutrients for the plant growth.
Bottom ash is solid waste from coal combustion and
contains important nutrients, namely sodium,
magnesium, and potassium. Moreover, it can
improve the pH of acid soils so that Al activity
decreases.

The effect of bokashi bottom ash to the plant
growth showed that the lowest rate of plant growth
was when it was not applied with bokashi. However,
the higher rate of bokashi application showed the
decreasing of plant growth.

In accordance to Figure 2 showed that number
of leaves which were applied with the higher rate
of bokashi showed the decreasing number of leaves.
This was because of micro nutrient content in
bokashi such as Fe (1.71%), Zn (0.006%), and B
(0.03%) which were absorbed exceeding the needs
of the plant .

Decreasing growth when bokashi bottom ash
was added to 20 Mg ha-1 happened because of the
excess nutrients, such as Fe (1.708%) and Zn
(0.006%) which were absorbed exceeding the needs
of the plant because sufficient limit of Fe for rice
20 – 250 ppm and Zn 20 – 70 ppm (Mengel and
Kirkby 1987; Jones et al. 1991), in accordance with
the growth curve which consists of three parts.  In
the first part, the growing rate increased together
with the increasing of nutrient supply (deficient), on
the second part the growing rate reached maximum
and was not affected by the nutrient supply
(sufficient) and on the third part, the growing rate
decreased with the increasing of the nutrient supply
(toxic) (Marschner 1986).

Bokashi bottom ash gave the significant effect
to the number of productive tillers, amount of filled
grains and grain weight.  Meanwhile, to the weight
of 100 grains, bokashi bottom ash did not give a
significant effect. This was because of the genetic
traits of the upland rice of Situbagendit variety itself.

Bokashi bottom ash increased the component
of the upland rice production and the better results
were in the dosages of  bokashi at 10 Mg ha-1,
15 Mg ha-1 and 20 Mg ha-1, however quantitatively
there is a regression when the dosage was 20 Mg
ha-1. The increase of the variable was caused by
bokashi bottom ash which was able to create a
favorable environment so that the soil provided
nutrients for plants. Plants require macro and micro

nutrients which are important for their growth, such
as nitrogen, phosphorus, potassium, calcium,
magnesium, zinc, iron, boron, sulfur, and copper,
so that it will increase the harvest.  Application of
bokashi bottom ash produced the availability of the
macro and micro nutrients which were important
for plant growth. According to Harjadi (1991), the
carbohydrates from the photosynthesis process is
stored mostly in food reserves such as leaf, stem,
and root as starch or amilum. This caused the weight
of grains in bokashi bottom ash treatment increased.

The decrease of the grain yield at application
of  20 Mg ha-1 bokashi bottom ash was due to the
plant has received the optimal nutrients at 15 Mg
ha-1 bokashi level so that when the level is increased
then it would not give any effect. When the supply
of growing factors such as sunlight, CO

2
, water and

nutrients are increasing, the growing rate and the
plant production will increase too although with the
decreased increasing or called Law of Diminishing
Yield Increment (Willcox 1954).

The use of bokashi bottom ash affected plant
growth and yield, in the other hand, the use of
bokashi bottom ash did not directly affect the
content of heavy metal lead (Pb) in the grains.

The lead is mostly accumulated by the plant
organs, such as leaf, stem, root and the root tubers.
The transfer of Pb from the soil to the plant depends
on soil and CEC. High concentration of Pb (100 –
1,000 mg kg-1) will cause the toxic effect to the
photosynthesis and growing process. Lead only
affects the plants if its concentration is high (Sharma
and Dubey 2005). The plant absorbs the Pb metal
at low of fertile soil condition, content of the organic
matter, and also CEC.  In this condition, the heavy
metal Pb will detach from the soil bond, transform
into ion which moves freely in the soil solution.  If
the other metal cannot obstruct its existence, the
root plant will absorb the Pb.

According to the statistical analysis, application
of bokashi bottom ash did not give any significant
affect to the Pb content in the rice grains. The biggest
Pb content in the rice grains was at central
treatment, where the Pb content in the soil
contributed the Pb content in the rice grains. Based
on the soil analysis before experiment, Pb content
in the soil was high which was about 30 mg kg-1.
The smallest Pb content in the plant (1.034 mg kg-

1) was at bokashi rates of 20 Mg ha-1. This was
because it contained highest organic matter than
other treatments. Organic matter was able to bind
heavy metal Pb through chelasilisation so that the
heavy metal Pb in the rice grains was low. Nurjaya
et al. (2006) mentioned that the mechanism of  Pb
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adsorption by organic matter treatment through the
negative charged carboxyl group that bind the Pb
to form chelate so that plant did not absorb it.

Soil acidity  is one of the factors that affect
the labile fraction of heavy metals in the soil. The
labile fraction of heavy metals decreases as the
soil acidity increases and this decreasing is caused
by the increasing of soil’s adsorption potency as a
result of the dehydrogenises of various functional
groups in the soil that is stimulated by the
increasing of the ion OH- activity. The addition
of organic matters can increase rate of adsorption
of heavy metals (Sauve et al. 1998; Park et al.
2011).

To obtain a safe grain or rice, it is required a
planting media and production input which are not
polluted.  According to Kasno et al.  (2000), paddy
rice from polluted land contained cadmium  > 0.12
mg kg-1 and lead > 0.5 mg kg-1.  Bokashi bottom
ash dosage decreased heavy metal Pb content in
rice grains, although it was still above the permitted
threshold which was above 1 mg kg-1.

CONCLUSIONS

The application of the bokashi bottom ash
increased the growth and yield of upland rice of
Situbagendit variety, except for plant height at age
of  21 DAS.   Bokashi bottom ash at 15 Mg ha-1

level gave the best effect to the plant height,
number of leaves, number of tillers, and shoot root
ratio, while at 10, 15 and 20 Mg ha-1 level increased
number of productive tillers, amount of filled
grains, and weight of grains.  Bokashi bottom ash
did not affect the heavy metal content in the upland
rice grain of Situbagendit variety.   This research
is preliminary, it is necessary to do further research
on the same soil and on different place (field) with
a rate of 10 Mg ha-1 to 20 Mg ha-1 so that the
information about bokashi bottom ash dosage can
be known completely. Besides that, it is necessary
to study the effects of the application of bokashi
bottom ash.
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