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Abstract
Background and Objective: Most of the previous research on biochar amendment to soil reported improvement in soil bio-physical
properties. Durian shell availability and its management is a key issue in Asian region, therefore, its conversion to biochar can be viewed
as a potential strategy. The application of durian shell biochar (DSB) may improve nutrient availability and water holding capacity for
supporting growth and yield of crop. Materials and Methods: The experiments were conducted to improve soil fertility, plant growth
and yield of field grown chilli, by applying different amount of durian shell biochar. The experiment was conducted in the dry lands of
Kambu Subdistrict, Kambu, Kendari, Southeast Sulawesi on a randomized block design with 5 replications from May, 2018 until August,
2018. Biochar treatment consisted of 3 doses of durian shell biochar: no durian shell biochar (control), 0.5 kg mG2 durian shell biochar and
1 kg mG2 durian shell biochar. Soil moisture, soil hardness, plant height, shoot dry weight, number of fruits and fruit weight were
measuring during the study. Results: The results showed that durian shell biochar increased soil nutrient content and decreased soil
hardness. Durian shell biochar significantly affected plant height, shoot dry weight, number of fruits and fruits weight. However, dose
of biochar application did not showed significant effect on growth and yield. Conclusion: The findings suggest that the conversion of
durian shell biomass to biochar and its application to agricultural field can be a better approach for managing this waste in the Asian
region.
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of the fresh weight of leaves and stems of sugarcane and is

INTRODUCTION

not significantly different from the application of biochar
10 t haG1. The response of plants to biochar, among others, is

Chili (Capsicum annum L.) is one of the horticultural
commodities that received a lot of attention because it has a
very high economic value and is widely used for food needs
and demands by people in Asia, so the needs of chili continue
to increase every day. High demand for chilli some times is not
fulfilled by the availability of supplies1. Productivity and the
quality of chilli in Indonesia is still low2 with a national harvest
area of 123, 404 ha and a national production reaching3 of
8.47 t haG1, with a national production reaching of 6.45 t haG1,
while, the potential productivity of chilli to reach4 up to
20 t haG1.
The low productivity of chilli plants is due to, among
others, poor land quality and improper cultivation techniques.
One of the efforts to increase the growth and productivity of
chili plants is the need for improved techniques of cultivation
technology, one of which is the application of biochar.
Reported by Yang et al.5 biochar prepared from biomass and
solid wastes such as agricultural and forestry waste, livestock
and poultry manure. In Indonesia the potential use of biochar
is quite large, considering that raw materials such as coconut
shells, rice husks and other plants are quite available 6.
Biochar produced by the lack oxygen conditions through
pyrolysis of agricultural and forestry wastes is a material with
well-developed pore structure, large specific surface area,
abundant oxygen-containing functional groups and excellent
adsorption performance7,8. Biochar is composed of aromatic
carbon rings so that it is more stable and durable in the soil9.
Biochar has high levels of carbon sequestration as reported by
Santi and Goenadi10, a very stable carbon (C)-rich material not
only capable of improving physical and chemical soil
properties but also increasing soil C storage on a large scale11,12
and biochar is considered as a more stable nutrient source
than others13.
The addition of organic material in the form of biochar in
the soil, can increase the activity of microorganisms that
play a role in recycling organic matter and stabilize soil
aggregates14,15. Biochar applications have the ability to bind
and store CO2 from the air to prevent it from being released in
the atmosphere and increase pH in acid soils16 , increase soil
CEC17, provide nutrients N, P and K as well as biochar to
maintain soil moisture so high water holding capacity and can
increase plant growth and production18. The results of
research by Nisa19, stated that the application of biochar at a
dose of 10 t haG1 can increase the soil pH value from an initial
condition of 6.78-7.40% or increase to 9.14%. While the results
of the study performed by Kurniawan et al.20 stated the
provision of biochar with a dose of 5 t haG1 gives a high value

determined by the type of plant and soil type.
Research on the application of biochar to chilli plants
has not been done much thus, it is necessary to do further
research on the effect of biochar on the growth and
production of chili plants. This study aims to determine the
effect of Durian Shell biochar on the growth and production
of chili plants.
MATERIALS AND METHODS
A field experiment was conducted in experimental station
of Agricultural Faculty, Haluoleo University, Kampus Hijau
Anduonohu, Kendari during the months May-August, 2018.
The experimental site was located at an altitude of 25 m above
the mean sea level with geographic coordinate 4E4ʼ45” SL,
122E33ʼ42” EM, with annual rainfall was 100-468 mm (Fig. 1).
The soil was consisted of 37% sand, 44% silt and 19% clay and
their chemical properties shown in Table 1. The mean daily
temperature varied from 22-32EC and the relative humidity
ranged from 62-92%.
The initial soil properties of experimental site are
presented in the Table 1.
The experimental design was a randomized block
design with three levels of DS biochar (i.e., B0 = Without
biochar as a control, B1 = 0.5 g of DS biochar mG2 and
B2 = 1 g of DS biochar mG2) in five replications.
The detailed characteristics of biochar used in this
experiment are presented in Table 2.
Biochar and land preparation, treatment and field
maintenance: Biochar was produced from durian shell (DS) by
using a drum kiln Dsb cocoa pod husk Pembuatan biochar, in
which carbonization was done within 4-6 h21,22. The hot DS
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Fig. 1: Annual rainfall during the experimental period
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Table 1: Chemical properties of the experimental soil
Chemical properties

were watered after transplanting. Fertilizer (SP36) was
applied for the experimental plots at rate of 200 kg haG1 at
transplanting time and NPK fertilizer was applied at rate of
200 kg haG1 at 21 days after transplanting.
Different rates of DS biochar were applied at 2 weeks after
seedling transplanting at a rate based on the treatments. The
maintenance including weeding, watering, pest and disease
control were applied for all the plots. Weeding was done
manually by using a hoe and watering was done by springking
on each plot equal to 4 mm unless it rained. Pest and disease
control was carried out by using pesticides.
The soil hardness, soil temperature and soil moisture were
monitored at the depth of 10 cm below the surface by using
a soil hardness tester, soil temperature measured and by
gravimetric method, respectively. Plant height and shoot dry
weight were determined at the first harvest time. Three
samples of the plant were removed from the plot and sent to
the laboratory in order to obtain their shoot dry weight. Fruit
number and fresh fruit weight were collected during 4 harvest
time. At the last harvest time, three soil samples were taken at
the depth of 15 cm below the surface from each plot at
random position and mixed to measure organic C, nitrogen,
phosphorus, potassium, calcium and cation exchange capacity
(CEC).

Values

pH (in H2O)

6.50

pH (in KCl)
C (%)

5.81
1.65

N (%)
P2O5 (mg/100 g), Extract HCl 25%
P2O5 (ppm), Olsen/Bray

0.07
19.00
70.00

K2O (mg/100 g), Extract HCl 25%

26.00

K2O (ppm), Olsen/Bray

35.00

Ca (me/100 g)
Mg (me/100 g)

6.51
5.54

K (me/100 g)
Na (me/100 g)

0.07
0.11

Kapasitas Tukar Kation (me/100 g)

6.30

Table 2: Chemical properties of Ds biochar
Chemical properties
pH
Organic C (%)
N-total (%)
P2O5 (%)
K2O (%)
Mg (ppm)
Na (ppm)
Kapasitas Tukar Kation (me/100 g)

Values
12.30
30.00
0.36
0.78
0.47
3429.00
1610.00
41.65

water, collected, air-dried, crushed and sieved through a 2 mm
sieve before being used22. DS biochar was collected and
carried to Laboratory to measure its chemical properties.
Land was cleared from grass, remaining plant roots and all
other materials. Soil processing is done twice, namely the first
tillage was done at a depth of 15-20 cm using a hoe or
reversing the soil. After that, a second soil management was
carried out until there are no more lumps of soil, then plots
were made with a size of 3.5×1.4 m as the experimental unit.
The whole experimental field was divided into 5 blocks each
containing 3 plots. The distance between block was 80 cm
and the distance of beds in a block was 50 cm. Soil sampling
from each plot was performed at 15 cm soil depth by using
drill soil to look for the existing soil fertility.
The seeds used were hybrid keriting chili seeds of Lado
variety. Before doing the nursery, the chilli seeds were soaked
for 24 h using hot water at 30EC. Further, the chilli seeds that
were floating and still sinking were separated. The sinking
chilli seed were used for seeding, then drain on a tissue and air
dry until it is completely dry.
Chilli seedlings were raised on seedlings plastic bag
with a dimension of 6×8 cm size which had been filled
with seedling media of dry top soil and manure (1:1) at the
plastic lid whose dimension was 3×1 m. Healthy, uniform and
3 weeks old seedlings were transplanted at spacing of 60 cm
between rows and 40 cm between plants. There were
6 seedlings in each row and 18 plants/plots. The seedlings

Statistical analysis: Statistical analysis was performed using
analysis of variance. The data of different growth, yield and soil
parameters were analyzed by 2 way analysis of variance
(2-way ANOVA), if the ANOVA indicated significant at the
p<0.05 level, then least significance differences (LSD) at
0.05 level of significance was applied.
RESULTS
Durian shell (DS) biochar significantly influence soil
hardness and soil temperature as shown in Table 3. DS biochar
under different rates was statistically similar on soil hardness
and soil moisture, however, soil temperature did not show
significant variation with the rate of biochar application. DS
biochar was insignificantly influence soil moisture.
DS biochar increased carbon, nitrogen, phosphorus,
potassium, calcium contents and CEC as shown in Fig. 2
and 3. The application of 0.5 kg mG2 of DS biochar increased
carbon and nitrogen contents by 90 and 14%, respectively as
compared to the control, whereas the application of 1 kg mG2
of DS biochar increased carbon and nitrogen contents 95 and
29%, respectively as compared to the control (Fig. 2a and b).
The application of 0.5 kg mG2 of DS biochar increased
the phosphorus content by 215% as compared to control,
45
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Fig. 2(a-b): Effect of DS biochar on (a) Carbon and (b) Nitrogen contents
80

30

(a)

28
K2O5 (mg/100 g)

60
Phosphorus (mg/100 g)

(b)

40

26

20

24

0

22
B0

B1

B2

B0

DS biochar rates

B1

B2

DS biochar rates

Fig. 3(a-b): Effects of DS biochar on (a) Phosphorus and (b) Potassium content
Table 3: Effect of different DS biochar on soil hardness, soil moisture and soil

biochar increased the calcium content and CEC by 12%

temperature
Soil hardness

Soil

Soil temperature

and 49%,

respectively

as

compared

to the control

(Fig. 4a and b).

(kg mG ) (%)

moisture (%)

(kg mG % EC)

Without biochar

13.62a

9.08tn

30.30b

DS biochar significantly influence plant height, shoot dry

0.5 kg DS biochar mG2

10.02b

10.85tn

30.38b

9.87b

10.72tn

30.92a

weight, fruit number and fresh fruit weight as shown Table 4.

Treatments

1 kg DS biochar mG2

2

2

DS biochar under different rates was insignificantly different

Values in the same column with different superscript letters are significantly

but significantly different from control on plant height and

different according to LSD test at p<0.05 for each variable

fruit number. Table 4 also showed that soil treated with 0.5 kg
whereas the application of 1 kg mG2 of DS biochar increased

mG2 was insignificantly different from soil treated with 1 kg

the phosphorus and potassium content by 269 and 8%,

mG2 in plant height and fruit number. Table 2 also showed

respectively as compared to the control (Fig. 3a and b).

that soil treated with 0.5 kg DS biochar mG2 was in significantly

2

of DS biochar increased

different from control, however, significantly different from

calcium content and CEC by 5 and 43%, respectively as

soil treated with 0.5 kg DS biochar mG2 on shoot dry weight

The application of 0.5 kg mG

2

compared to the control and the application of 1 kg mG of DS

and fresh fruit weight.
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Fig. 4: Effects of DS biochar on (a) Calcium content and (b) CEC
Table 4: Effects of durian shell (DS) biochar on the growth and yield of field grown chilli

Treatments
Without biochar
0.5 kg DS biochar mG2
1 kg DS biochar mG2

Application rates
---------------------------------------------------------------------------------------------------------------------------------------------------------------Plant height (cm)
Shoot dry weight (g)
Fruit number
Fresh fruit weight (g)
51.41b
54.91a
55.78a

11.56b
13.35ab
14.87a

29.08b
37.43a
41.28a

91.04b
108.3ab
119.2a

Values in the same column with different superscript letters are significantly, different according to LSD test at p<0.05 for each variable

and water availability29, improve soil structure30 the soilʼs
ability to retain moisture31-33 .Soil treated with 0.5 kg mG2 was
insignificantly different with control (without biochar) in soil
moisture. The statistically similar on soil moisture of the soil
treated with 0.5 kg DS biochar mG2, 1 kg DS biochar mG2 and
control is difficult to explain. A probable reason for this can
be high frequency and daily rain fall during the crop season
(Fig. 1).
DS biochar significantly influence plant height and shoot
dry weight as shown Table 4. The tallest plant height and the
highest shoot dry weight were obtained from the plot
treated with 1 kg DS biochar mG2, these could be due to the
fact that biochar decreased soil hardness and modified the
soil properties (Fig. 3). Biochar addition may cause significant
decrease in bulk density as reported by Laird et al.23,
Jones et al.24, Chen et al.34. This decreased bulk density may
improve porosity and soil water holding capacity23,35 and
facilitating biomass gain36. Another way biochar may affect
plant growth is through biochar-changes in soil nutrient
conditions37-39.
In general, DS biochar application increased fruit number

DISCUSSION
Durian shell biochar significantly influence soil hardness
as shown in Table 1. This result is in accordance with the
findings of Laird et al.23 and Jones et al.24, who observed
application of biochar can decrease the bulk density of
soils. Soil treated with 0.5 kg DS biochar mG2 and 1 kg DS
biochar mG2 decrease the soil hardness by 36 and 38%,
respectively, than the control (Table 3) may be due to
differences in their bulk density. Bulk density decreases
with increase in rate of biochar application25,26. Further,
Rogovska et al.27, indicated that the rate of compaction
decreased with increasing biochar application biochar
significantly influence soil temperature as also shown
Table 3. An increased amount of DS biochar was followed
by an increase in soil temperature. Similar results showed
that biochar increased soil temperature as reported by
Bahrun et al.22, Glaser et al.28, possibly due to its color, biochar
is expected to change in the albedo of the soil surface dan
increase the capture of radiation.
Table 1 also showed that DS biochar was insignificantly
influenced the soil moisture. However, many researches had
reported that biochar application to soil increase pore aeration

and fresh fruit weight of field grown chilli. Biochar amended
soil was generally characterized by a higher content of C, P, N,
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K, Ca and CEC than in the control plot. Table 4 showed that
the positive effect of biochar on yield of chilli was possibly due
to the nutrient ameliorating effects. This result was in
conformity with the findings of Farrell et al.40, who reported
that the addition of biochar of N, P, K and Mg and higher
grain yield. Table 4 showed that an increase in number and
fresh fruit weight with increasing biochar rates. The
application 0.5 kg mG2 of DS biochar increased fruit number
and fresh fruit weight 29 and 19%, respectively as compared
to the control without biochar, whereas the application
1 kg mG2 of DS biochar increased fruit number and fresh
fruit weight by 42 and 31%, respectively as compared to the
control without biochar (Table 4). This result was in agreement
with findings of Spokas et al.41 that amendment of soils with
biochar under certain circumstances, significantly improve
crop yield. Further, Kraska et al.42 reported on winter rye that
incorporation of biochar into the soil at the rate of 20 and
30 t haG1 caused significant increase in the soil content of
total C as well as of available P, K, Mg, Fe and B, relative to the
control without biochar. Likewise, Lehmann et al.43 found that
addition of high rates biochar in the tropical environments
have been associated with the increased plant uptake of
P, K, Ca, Zn and Cu. As found from our results that DS biochar
increased carbon, nitrogen, phosphorus, potassium, calcium
and CEC reaching up to 95, 29, 269, 8, 12 and 49%,
respectively, compared with control without biochar as
shown in Fig. 1, 2 and 3 as results, plant growth and yield of
chilli increased due to biochar amendment. This is consistent
with the previous studies that application of biochar to soil
help improve yield and its components of the crops14,44-46.
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