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Abstract—A field experiment was done to study the residual
effect of biochar application on the growth and yield of red
chili (Capsicum annum L.). The experiment was done at
Wringinrejo Village, Blitar Regency of Indonesia. The
biochar treatment was applied to cassava crops from 2009
until 2013. The subsequent soil then was used for chili
planting in 2013 with the treatment of: (i) Biochar residue
(with and without biochar), and (ii) fertilizer application
(No fertilizer, Nitrogen, Farm Yard Manure (FYM), and
combination of N+FYM). These treatments were arranged
in a split plot design with biochar residue as the main factor,
and fertilizer application as the sub factor; with 4
replications. The collected data were: (i) the growth and
yield of chili, (ii) yield component, and (iii) soil quality. The
results show that after4 year of application, biochar still had
a significant effect on the growth and yield of red chili. In
general, chili planted on plot that given biochar before, tend
to be higher with more branches compared to the chili
planted on non-biochar applied plot. Thus it can be
concluded residual effect of biochar significantly influenced
the growth and yield of red chili. Application of nitrogen
fertilizer and farm yard manure increase the chili yield,
both on non-biochar, and applied biochar plot. The highest
fruit yield (14.6 tha™) was obtained by chili planted on
biochar-treated plot applied with nitrogen and Farm yard
manure.

Index Terms—chili pepper, organic farming, farm yard
manure, nitrogen fertilizer, sustainable agriculture

I.  INTRODUCTION

Since the discovery of terra preta in the Amazon valley,
biochar has been believed as attracted an extraordinary
attention. It is believed that biochar is the key of
sustainable agriculture in the humid tropics [1]. This
suggestion is based on the occurrence of recalcitrant
organic-C compound in biochar. It is believed that the
existence of recalcitrant organic-C compound in biochar
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will make biochar resistant to degradation, and hence
lasting for a longer time than conventional soil organic
amendment.

As a soil amendment, biochar has been proven to have
many positive effects in improving soil quality [2].
Biochar application had been proven able to improve soil
chemical fertility [3]-[5], physical fertility [6] and [7] as
well as soil biological fertility [8] and [9] and increase
crop yield [9] and [10]. The ability of biochar application
to increase fertilization efficiency has been shown by
Widowati et al. [11] and Utomo and Islami [12]. The
increase of crop yield with biochar application has been
reported elsewhere, such as for rice [5] and [13], maize [7]
and [10], cassava [14], soybean [15] and cowpea [10].

Due to its resistant to decomposition, it is believed that
the positive effect of biochar application will last for a
long time similar to the terra preta soil. Although there is
no evidence that the effect of man-made biochar is
similar to the natural biochar in the terra preta soil,
experiments had shown that the positive effect of biochar
application was still persists after several years of
application [16].

Chili is one of the important crops in Indonesian diet.
Therefore chili is one the favored cash crop because it
has a high potential returns per unit area per season. To
obtain high yield, farmers should use a high dose of
inorganic fertilizer. However, it has been shown that the
use of inorganic fertilizers alone cause problems for
human health and the environment. However, under
Indonesian ecological condition, effect of compost or
manure only persists in one season [16] so that the use of
manure or compost should be repeated per planting
season. This practice make farming is very expensive and
beyond the economic ability of the farmers. Therefore,
the use of biochar would be very prospective.

The use of biochar for chili production is limited, and
mostly done in a greenhouse [17]. It seems there is no
experiment to study the residual effect of biochar
application on chili. Therefore, the experiment discussed
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here was aimed to study the residual effect of biochar
application on the growth and vyield of red chili
(Capsicum annum L.). The information from this
reported experiment will be very helpful to red chili
farmers, because it will help them in soil organic
management for their crops.

Il. MATERIALS AND METHOD

A. Location

The experiment was carried out on an upland farmers’
field at Wringinrejo, Blitar, Indonesia. The location has a
distinct wet and dry season with an average annual
rainfall of about 2000mm with the rainy season started in
around November, and ended in March of the following
year. Before used for this study, the soil was used for
biochar experiment on cassava crops for 4 year [18].

B. Experimental Treatments

The experiment used a factorial split plot design with 4
replications. The main factor is biochar residue (no
biochar and the soil had been applied with biochar). The
sub-factor is fertilizer application, namely: (i) Control (no
fertilizer); (i) 135kg.ha™ N fertilizer; (iii) 5 t.ha™ Farm
Yard Manure (FYM); (iv) the combination of N fertilizer
and FYM. All treatments were given 100kg SP36 ha™,
and 100kg KCI ha™.

In accordance with the numbers of sub-factor, 4 ridges
of chili growth media was prepared on a 6 m width plot
(a plot of the biochar cassava experiment) at about 40cm
width and 30cm high were prepared for growth medium
of red chili. Distance between ridges was about 1.5m.
The ridge was covered with plastic mulch of about
0.03mm thick. About 15cm height seedling of red chili
(Gada MK F1 variety) was transplanted in a single row
ridge with 40cm plant spacing; thus there were 12 plants
per treatment.

Data collected were plant height, plant biomass, yield
and component yield. After harvesting the soil was
sampled soil organic-C, soil Nitrogen, and Cation
exchange capacity. Soil analysis was done with the
method developed by Centre for Soil Research, Bogor -
Indonesia [19].

C. Statistical Analysis

Analysis of variance (ANOVA) was performed for
analyzing the data. If there was a significant difference,
then LSD with the probability level of 5% was used to
see the differences.

I1l. RESULTS AND DISCUSSION

A. Chili Growth and Yield

It was observed that one month after planting, plant
height and the number of branches did not significantly
influenced by either biochar residue or fertilizer
application. The mean height and number of branches at
one month was 20.45cm and 2.35 branches per plant
respectively. Interaction between biochar residue and
fertilization significantly influenced plant height at 2
months after planting (Table I). However, the significant
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effect of interaction between biochar residue and
fertilization occurred only after 3 months measurement.

The experimental results presented in Table | show
that in general, the red chili planted on the plot given
biochar before, tend to be higher and had more branches
compared to the chili planted on non-applied biochar plot.
These results indicated that the biochar residue (after 4
year of application) had a significant effect on the growth
of red chili. The positive effect on chili growth had also
found by Carpenter [17]. Biochar application increased
plant height, and chlorophyll content of chili grown on
Anthrosols.

TABLE |. EFFECT OF BIOCHAR RESIDUE AND FERTILIZATION ON
PLANT HEIGHT AND THE NUMBER OF BRANCHES OF RED CHILI

. Branch
Treatments Plant height (cm) number/plant
Biochar Fertilizers 2 4 3 4
residue months | months | month | months
0 25.12a | 48.75a 2.25a 545a
Nitrogen | 3340 | 6928 | 286an | 867D
No (N) cd
biochar Manure 34.14 60.46
(FYM) b be 246ab | 9.85bc
N+FYM | 3877c | 75.60e | 3.04 b | 12.25c
0 27.48a | 55.67b | 235ab | 891b
Nitrogen 69.30
Biochar N) 38.75¢ de 4.14c 11.34c
residue Manure 64.25
(EYM) 38.44c¢c cd 3.98c | 9.86hc
N+FYM | 39.29c | 72.15e | 3.10ab | 12.45¢c

*) Means followed by the same letters in the same column are not
significantly different (P > 0.05)

The result presented in Table | also show that both on
non-biochar and biochar plot, nitrogen and farm yard
manure application improved red chili growth. The effect
of fertilizer application on plant growth was more
markedly on non-biohar plot. Khan et al. [20] studied the
effect of N and K application on the growth and yield of
chili. Their experimental result showed that nitrogen
application significantly improved chili growth.

Similar to the N fertilizer application, farm yard
manure application also improved the growth of chili.
The effect of organic fertilizer on chili growth and yield
had been studied by Narkhede et al. [21] who found that
the effect of organic fertilizer was better than that of in-
organic fertilizer. Furthermore, the result in Table |
shows that in non-biochar plot, the growth parameter of
the combination of farm yard manure and nitrogen
fertilizer treatment was better than nitrogen or FYM
alone. These phenomena indicated that biochar-treated
soil had a better soil fertility status. Thus although had
been applied 4 year before, the positive effect of biochar
application was still persist.

The experimental result presented in Table Il show the
effect of biochar residue and fertilizer application and
chili yield component performance. Similar to its effect
on plant growth, the performance of yield component of
red chili planted on biochar-treated plot was better than
that of on non biochar plot. The chili was longer with a
bigger fruit circumference. Again, this phenomenon
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indicated that the biochar-treated soil had a better soil
fertility status compared to that non-biochar treated soil.

TABLE Il. EFFECT OF BIOCHAR RESIDUE AND FERTILIZATION ON
YI1ELD COMPONENT OF RED CHILI

Fruit Fruit Fruit
Treatments . h
length circumference weight
Biochar - (g per 10
residue Fertiilizer (cm) (cm) fruit)
0 9.36a 2.33a 4555a
Nitrogen | 43 45he | 368ab 88.67 b
No (N\)
biochar Manure
(FYM) 14,05 bc 352ab 89.26 b
N +
EYM 16,76 ¢ 4.32b 118.69 ¢
0 12,45 ab 3.08ab 86.27 b
_ Nitrogen |15 75 e 411b 11927 ¢
Biochar (N)
residue Manure
(FYM) 15,08 bc 3.85ab 92.44 hc
N +
FYM 17,20 ¢ 4.66b 120.66 ¢

*) Means followed by the same letters in the same column are not
significantly different (P > 0.05)

In both non-biochar and biochar-treated soil the
performance of chili yield component improved with
application of either inorganic fertilizer or farm yard
manure. The fruit was longer, bigger and hence heavier.
The best performance was obtained by a combination of
N +FYM treatment, both on non-biochar and biochar-
treated soil. The heaviest fruit (120.66 g per 10 fruit) was
obtained by N + FYM planted on biochar-treated plot.

The experimental result presented in Table Il showed
that the interaction between biochar residue and fertilizer
application significantly influenced dry biomass and fruit
yield of red chili.

TABLE Ill. EFFECT OF BIOCHAR RESIDUE AND FERTILIZATION ON DRY
BIOMASS AND FRUIT YIELD OF RED CHILI

Treatments Dry biomass Fruit yield
'fe';fmr Fertilizer (g/plant) (t/ha)

0 58.78 a 6.05 a
No Nitrogen (N) 108.50 ¢ 11.66 bc
biochar | Manure (FYM) 118.45 cd 10.25 be
N +FYM 12456 d 12.30 ¢

0 76.45b 8.30ab

Biochar Nitrogen (N) 147.58 e 14.25 d
residue | mManure (FYM) 14455 ¢ 13.80 cd
N +FYM 148.50 e 14.60 d

*) Means followed by the same letters in the same column are not
significantly different (P > 0.05).

Although both, in non-treated and biochar-treated soil
biomass and fruit yield increase with fertilizer application,
in general the biomass and fruit yield of biochar-treated
soil were higher. This indicated that biochar, although
had been applied 4 year before, still had a positive effect
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on growth and yield of red chili. This result is different
from that obtained by Carpenter et al. [17]. Carpenter et
al. [17] found that biochar application on Anthrosol only
significantly influenced the marketable chili fruit yield,
but not influenced total fruit yield. This difference was
probably due the different in soil fertility status. It seems
that Anthrosol used for Carpenter et al. [17] experiment
had a better soil fertility status.

B. Soil Quality

The soil quality data after planted with red chili was
given in Table V. Soil organic-C of biochar treated soil
was higher compared to non-treated biochar soil.
Compared to the condition before the experiment, there
was an increase in soil organic content of biochar-treated
soil; this occurred for the treatment of FYM and N +
FYM treatments. Together with increasing soil organic-C
content, there was an increase in Cation Exchange
Capacity (CEC). This is a reasonable phenomenon,
because soil organic material is one of the negative
charge resources.

TABLE IV. EFFECT OF BIOCHAR RESIDUE AND FERTILIZATION ON SOIL
ORGANIC-C, NITROGEN CONTENT AND CATION EXCHANGE CAPACITY

Soil

Treatments . Soil-N CEC
organic-C
Biochar o o 1
residue Fertilizer (%) (%) cmol kg
0 095a 0.09a 10.55a
Nitrogen
092a 0.10a 10.06 a
(N)
No Manure
biochar (FYM) 0.92a 0.11a 10.95a
N+ FYM 0.93a 0.16b 11.05a
Before 0.91 0.08a 10.73
experiment
0 215b 0.10a 14.85b
N't(ﬁge” 208b | 018bc | 14.66b
Biochar Manure
residue (FYM) 236 b 0.20 bc 16.27 ¢
N+ FYM 240b 0.21c 15.40 bc
Before
experiment 2.12 0.09 14.12

*) Means followed by the same letters in the same column are not
significantly different (P > 0.05)

IV. CONCLUSION

Until 4 years after application, the positive effect of
biochar was still persisting. The red chili planted on
biochar-treated had a better growth with a higher yield
compared to the chili planted on non-biochar soil.
Application of inorganic fertilizer and farm yard manure
improved crop growth and fruit yield of the red chili
planted both in non-biochar and biochar treated soil. The
highest fruit yield (14.60 t.ha™) was obtained by chili
planted on biochar plot applied with nitrogen and Farm
yard manure. Soil organic-C content of biochar treated
soil was still high, and even higher compared to the
condition before experiment. Again, this phenomenon
proven that biochar was resistant to decomposition.



(1]

(2]

(3]

[4]
[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Journal of Advanced Agricultural Technologies Vol. 4, No. 1, March 2017

REFERENCES

B. Glaser, L. Haumaier, G. Guggenberger, and W. Zech, “The
Terra Preta phenomenon: A model for sustainable agriculture in
the humic tropics,” Naturwissenschaften, vol. 88, pp. 37-41, 2001.
D. Woolf. (2008). Biochar as a soil amendment: A review of the
environmental implications. [Online]. Available:
http://orgprints.org/13268/01/Biochar_as_a_soil_amendment_-
_a_review.pdf

J. Lehmann, J. P. D. Silva Jr., C. Steiner, T. Nehls, W. Zech, and
B. Glaser, “Nutrient availability and leaching in an archaeological
anthrosol and a ferralsol of the Central Amazon basin: Fertilizer,
manure and charcoal amendments,” Plant and Soil, vol. 49, pp.
343-357, 2003.

B. Liang, et al., “Black carbon increases cation exchange capacity
in soils,” Soil Sci. Soc. Am. J., vol. 70, pp. 1719-1730, 2006.

A. Masulili, W. H. Utomo, and Syekhfani, “Rice husk biochar for
rice-based cropping system in acid soil. 1. The characteristics of
rice husk biochar and its influence on the properties of acid sulfate
soils and rice growth in West Kalimantan, Indonesia,” J. Agric.
Sci. (Canada), vol. 3, pp. 25-33, 2010.

K. Y. Chan, B. L. V. Zwieten, . Meszaros, D. Downie, and S.
Joseph, “Agronomic values of greenwaste biochars as a soil
amendments,” Australian Journal of Soil Research, vol. 45, pp.
437-444, 2007.

W. H. Sukartono, Z. Utomo, Kusuma, and W. H. Nugroho, “Soil
fertility status, nutrient uptake, and maize (Zea mays L.) yield
following biochar application on sandy soils of Lombok,
Indonesia,” J. Trop. Agric., vol. 49, pp. 47-52, 2011.

M. A. Rondon, J. Lehmann, J. Ramirez, and M. Hurtado,
“Biological nitrogen fixation by common beans (Phaseolus
vulgaris L.) increases with bio-char additions,” Biology and
Fertility of Soils, vol. 43, pp. 699-708, 2007.

K. Y. Chan, B. L. V. Zwieten, . Meszaros, D. Downie, and S.
Joseph, “Using poultry litter biochars as soil amendments,”
Australian Journal of Soil Research, vol. 46, pp. 437-444, 2008.
M. Yamato, Y. Okimori, I. F. Wibowo, S. Anshori, and M. Ogawa,
“Effects of the application of charred bark of Acacia mangium on
the yield of maize, cowpea and peanut, and soil chemical
properties in South Sumatra, Indonesia,” Journal Soil Science and
Plant Nutrition, vol. 52, pp. 489-495, 2006.

W. Widowati, H. Utomo, L. A. Soehono, and B. Guritno, “Effect
of biochar on the release and loss of nitrogen from urea
fertilization,” J. Agric. Food Technol., vol. 1, pp. 127-132, 2011.
W. H. Utomo and T. Islami, “Nitrogen fertilizer requirement of
maize (Zea mays L.) on biochar-treated soil,” in Biochar for
Future Food Security: Learning from Experiences and ldentifying
Research Priorities, K. Hayashi, Ed., IIRRI-CFORD, Bogor, 2013.
H. Asai, et al., “Biochar amendment techniques for upland rice
production in Northern Laos 1. Soil physical properties, leaf
SPAD and grain yield,” Field Crops Research, vol. 111, pp. 81—
84, 2009.

T. Islami, B. Guritno, N. Basuki, and A. Suryanto, “Biochar for
sustaining productivity of cassava based cropping systems in the
degraded lands of East Java, Indonesia,” Journal of Tropical
Agriculture, vol. 49, pp. 40-46, 2011.

S. O. Tagoe, T. Horiuchi, and T. Matsui, “Effects of carbonized
and dried chicken manures on the growth, yield, and N content of
soybean,” Plant Soil, vol. 306, pp. 211-220, 2008.

T. Islami, S. Kurniawan, and W. H. Utomo, “Yield stability of
cassava (Manihot esculenta Crantz) planted in intercropping

©2017 Journal of Advanced Agricultural Technologies

31

system after 3 years of biochar application,” American-Eurasian
Journal of Sustainable Agriculture, vol. 7, pp. 306-312, 2013.

B. H. Carpenter, “Biochar's fitness as an amendment in bell
pepper transplant and field production,” Mater thesis, Digital
Resipotory@ lowaState University, lowa, 2014.

T. Islami, B. Guritno, and W. H. Utomo, “FYM biochar for
sustainable cassava (Manihot ecsulenta Crantz) production on the
degraded lands of East Java, Indonesia,” in Proc. Regional Asia
Cassava Conference, 2013.

Technical Manual of Chemical Analysis for Soil, Plant and
Fertilizers (in Indonesian), Soil Sugar Research Institute, Bogor,
Indonesia, 2005.

A. Khan, et al., “Influence of nitrogen and potassium levels on
growth and yield of chilies (Capsicum annum L.),” International
Journal of Farming and Allied Science, vol. 3, pp. 260-264, 2014.
S. D. Narkhede, S. B. Attarde, and S. T. Ingle, “Study on effect of
chemical fertilizer and vermicompost on growth of chili pepper
plant (Capsicum annum L.),” Journal of Applied Science in
Environmental Sanitation, vol. 3, pp. 327-332, 2011.

[17]

[18]

[19]

[20]

[21]

Erwin Ismu Wisnubroto is a Lecturer at
Tribhuwana Tunggadewi, Malang, Indonesia.
He received his Bachelor of Science in
Agriculture from the University of Brawijaya,
Malang, Indonesia in 2007.

He graduated from Massey University,
Palmerston North — New Zealand after
completing the Post Graduate Diploma course
in soil science (2010), and M.Phil in soil
science, majoring in soil carbon (2015). His
research interests includes agriculture management for soil carbon

sequestration, soil and water conservation, and sustainability farming
production.

Wani Hadi Utomo is a Professor at University
of Brawijaya, Malang, Indonesia. He got his
Agricultural engineer degree from University
of Brawijaya, Malang, Indonesia in 1974 and
his PhD from Adelaide University, Australia,
in 1981.

His interest is Soil Management, especially
Soil and Water and conservation. He works on
cassava since 1982. Lately he works on the
management of degraded land, especially the
use of biochar to improve soil quality. He also works in the restoration
of mining land with the use of phytoremediation technology.

Eko Rini Indrayatie is a Lecturer at the
Forestry Department of Lambung, Mangkurat

University Banjarmasin, Indonesia. ~ She
graduated from a Bachelor degree in
Agriculture  from Lambung Mangkurat

University, and received her Master degree
from the University of Brawijaya Malang.
She finished her PhD. Degree from the
University of Brawijaya Malang in 2008. Her
. .1 main interests include soil research includes
soil remediation and reclamation, and sustainable organic farming.






