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ABSTRACT

Biochar is a charcoal used as a soil amendment. It is a stable solid, rich in carbon, and can endure
in the ground for thousands of years. The process of producing biochar is the same when making charcoal,
but with the aid of a modified burner. This study was conducted to determine the growth and yield perfor-
mance of potted bell pepper using Biochar as soil amendment. The growth parameters were plant height
(cm.) and leaf growth while the yield parameters were fruit weight (grams) and fruit diameter (cm.). The
research design was Complete Randomized Design. There was no significant difference in the growth per-
formance during the first data gathering, but the number of leaves showed a significant difference, wherein
bell pepper planted on a soil media added with different levels of Biochar showed better performance than
those with no Biochar. Furthermore, a significant difference was observed during the second to fourth data
gathering for both plant height, and leaves. The potted bell pepper applied with different levels of Biochar
showed better performance than those with no Biochar applications. As to yield performance of bell pep-
per, the fruit diameter and weight showed a significant difference when because some bell peppers without
biochar additive did not bear fruits. Therefore, the different levels of Biochar application as soil amendment
significantly resulted in better yield performance of bell pepper up to the fourth harvest. The Biochar applica-
tions of up to 3.0kgs significantly resulted in better growth and yield performance of the potted bell pepper.
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INTRODUCTION
Background of the Study

Black carbon produced through pyrolysis of organic materials is known as ‘biochar’ (Lehmann, Gaunt
& Rondon, 2006). Biochars are carbon-rich materials that were produced through heating under high tem-
perature in the absence of oxygen (pyrolysis) of biomass (Lehmann, 2007; Laird, Brown, Amonette & Leh-
mann, 2009). Pyrolysis of organic residues is perceived to be an alternative to produce energy as well as
return carbon and nutrients to the soil (Laird, 2008). The process produces gases, bio-oil and biochar that
can be used as fuel sources (Ioannidou & Zabaniotou, 2007). Biochar has highly condensed aromatic struc-
tures that are resistant to decomposition in soil (Baldock & Smernik, 2002; Lehmann, et al., 2006) and has
the ability to sequester some of the applied carbon for even hundred years (Lehmann, et al., 2006). This
can be produced from a wide range of biomass materials under different conditions resulting to different soil
amendment values (Baldock & Smernik, 2002; Nguyen, Brown & Ball, 2004; Guerrero, Ruiz, Alzueta, Bilbao,
& Millera, 2005).

There has been an increasing interest on the use of biochars in agriculture as soil amendments to improve
and maintain soil fertility and to increase soil carbon sequestration (Chan et al., 2008). Its use offers an op-
portunity to reduce the potential negative impacts of biomass removal for energy production on soil quality
(Lehmann, 2007; Laird, 2008). Application in soils has the potential to increase soil waterholding capacity.
Biochar could retain more water increasing crop production in non-irrigated dryland regions (Jeffery, et al.,
2011), and decreasing the required volume of irrigation water to grow crops in irrigated regions (Basso, Mi-
guez, Laird, Horton & Westgate, 2013). Biochar is thought to resist microbial degradation (Sombroek, et al.,
1993; Schmidt & Noack, 2000; Baldock & Smernik, 2002; Lehmann et al., 2006). Therefore, the N content of
biochar may not be available for plant use (Gaskin et al., 2010).
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Studies reported that application of high amount of carbon (C) could cause nitrogen (N) immobili-
zation (Gaskin, et al., 2010). A decrease in plant tissue N in cowpea treated with biochar was observed in
the study of Lehmann, et al. (2003). In the study of Rondon, Lehmann, Ramirez & Hurtado (2007), they
also observed that high application rates of biochar (90 g kg—1) decrease biomass and N uptake of common
beans. Biochar is similar to charcoal and hence may pose similar effects (Gaskin, et al., 2010). Researches
on charcoal in soils indicates that charcoal has important effects on application exchange capacity (Liang et
al., 2006), soil water retention (Glaser, Lehmann & Zech, 2002; Jeffery, et al., 2011), soil fertility (Steiner et
al., 2007), and soil biology (Pietikdinen, et al., 2003; Warnock, Lehmann, Kuyper & Rillig, 2007).

Biochar exhibits various potentials based on some studies conducted in other countries. However,
little had been known about the effects of biochar on plant growth and yield particularly in tropical coun-
tries like the Philippines. Hence, the study focused on the growth and yield performance of bell pepper as
test crop applied with different levels of biochar. We hypothesized that the application of biochar made from
carbonized rice hulls will positively affect the growth and yield of potted bell pepper due to changes in soil
fertility and plant nutrient status.

Objectives of the Study

Generally, this study aims to determine the growth and yield performance of potted bell pepper
applied with different levels of biochar. Specifically, it aimed to determine the: (a) Growth performance of
potted bell pepper applied with different levels of biochar in terms of plant height (centimeters), number of
leaves, planting to flower initiation (days), flowering to fruiting (days), fruiting to maturity (days); and (2)
Yield performance of potted bell pepper applied with different levels of biochar in terms of weight of fruit
(grams), average diameter of fruits (centimeters), average number of fruits per plant and yield per plant.

MATERIALS AND METHODS
Materials

The materials used in the study were bell pepper (OPV), biochar (carbonized rice hull), plastic plots,
foot bath, disinfectant, bamboo sticks, twine straw, spades, shovels, seed trays, sprinkling cans, pruning
shears, meter stick, tape measure, weighing scale, pen and record book.

Methods

The first thing done was to collect and do laboratory analysis of the soil samples. The soil samples were
collected from the site where the soils will be taken. Five (5) representative soil samples were taken to form
one (1) composite soil sample. After processing the soil sample, it was sent Soils Laboratory for analysis for
determination of Nitrogen-Phosphorous and Potassium (NPK) contents of the soil.

The study used Complete Randomized Design (CRD) with four (4) treatments replicated five (5) times. Each
treatment had five (10) potted bell pepper plants with five (5) plant samples. The treatments used were:
Treatment A — 1 kg biochar, Treatment B - 2 kgs biochar, Treatment C — 3 kgs biochar, and Treatment D —
Control.

The garden soil was collected from the site where the soil samples were taken for laboratory analysis. The
soil was then sterilized by heating the soil to eliminate the harmful microorganisms or soil born organisms
that can affect the seed germination.

Soil media used for sowing was a combination of 1/3 garden soil, 1/3 carbonized ricehull and 1/3 compost.
The materials were cleaned of plant residues and stones, or other impurities, and were mixed and pulver-
ized thoroughly before placing inside the seedbox. The soil media was then watered and sown with seeds.
The greenhouse was disinfected by applying chemical disinfectant. This was done prior to the placement of
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pots filled with garden soil inside the greenhouse. A foot bath was placed at the entrance of the greenhouse
to avoid pests and diseases from entering the place that might be carried by the researchers or other people
visiting the area.

Polyethene pots measuring 12 x 12 x 15 inches were used in the study. They were placed inside the green-
house and were filled with biochar according to their assigned treatments. The seedlings were transplanted
the moment they had 4-5 true leaves. There were two (2) seedlings per pot. The plants were thinned to
have one seedling per pot. The potted plants were arranged in the area at a distance of 30 cm between
rows and 30 cm between hills. A walkway of 60 cm was provided for easier movement inside the green-
house. It was done in the afternoon where the sun is not too hot to avoid seedling shock. It was watered
immediately to promote good root-soil contact and to maintain good texture and condition.

Bamboo stick was placed beside the plants to serve as support. The plants were tied to the sticks using
plastic twine. Since bell pepper is less tolerant to drought, it was watered every day early in the morning
and late in the afternoon with the aid of sprinkler. Pruning was conducted when dead branches and dried
leaves were observed. It was done from the vegetative stage until maturity with the use of pruning shear.
The weeds are controlled by just cutting them. This is to avoid the plants from being disturbed when the
weeds are pulled near the base of the plant. The bell pepper was harvested 60-80 days after transplanting.
The fruits were harvested when they have deep green color turning dull or red. Harvesting was done early
in the morning with 3-4 days harvest interval.

The following growth and yield parameters were gathered for the whole duration of the study:(a) Plant
height (cm); (b) Number of leaves; (c) Days from planting to first flowering; (d) Days from flowering to first
fruiting; (e)Days from first fruiting to maturity; (f) Weight of fruit (g) Diameter of Fruits (cm); and (h) Num-
ber of fruits per plant.

All data gathered were subjected to analyses of variance using One-Way Analysis of Variance at 1% and 5%
level of probability. Comparison of treatment means was done using Duncan’s Multiple Range Test (DMRT).

RESULTS AND DISCUSSIONS
Initial chemical properties of the soil

Initial chemical analysis of the soil used as the potting medium is shown in Table 1. Chemical anal-
ysis showed that the soil used was slightly acidic (pH = 4.8.1) with low total N (0.10%), P (0.01%) and K
(1%).

Table 1. Initial chemical properties of the soil before the experiment.

Property Amount
pH 4.81
Total (%)
N 0.10
P 0.01
K 1.00
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Chemical properties of biochar (CRH)

The chemical properties of biochar (CRH) are shown in Table 2. The biochar derived from carbonized
rice hull (CRH) had a strongly alkaline pH (8.89). It had very high organic carbon (OC) (28.03%), low total
N (0.55%), P (0.07%) and K (0.48%) with low concentrations of Ca, Mg and Na.

Table 2. Chemical properties of biochar (carbonized ricehull) (Rollon, Galleros, Galos, Villasica &
Garcia, 2017).

Property Amount
pH 8
0C (%) 28.03

Total (%)
N 0.55
P 0.07
K 0.48
Ca Trace
Mg 0.01
Na 0.03

Plant height and number of leaves

The effect of the application of biochar (0, 1, 2, and 3 kg) on plant height is presented in Table 1
(2nd to 5th column). Biochar application did not affect plant heights at 10 DAT but did affect plant heights
at 20, 30 and 40 DAT. At 20 DAT, plant heights of biochar treatments (1, 2 and 3 kg) were significantly high-
er over control (0 kg), with no difference among biochar treatments. At 30 and 40 DAT, biochar treatments
(1, 2 and 3 kgs) were significantly higher than control (0 kg). Among biochar treatments, application of 3
kgs produced the tallest plant. The result confirms the findings of Graber, et al. (2010) where he found out
that tomato plant heights were significantly greater in biochar treatments (1 and 3%) than in control plots
(0%). On one hand, this was contrary to the findings of Rondon et al., (2007) where they also observed
that high application rates of biochar (90 g kg-1) decrease biomass and N uptake of common beans. On
the other hand, this was supported by the study of Carter, et al., (2013) who found out that there was an
increase in plant height in all the cropping cycles compared to no biochar applications.

Biochar application was found to increase nitrogen (N) retention (G”"uere”na et al., 2013) by reducing N
leaching (Zheng, et al., 2013), and increased plant uptake (Steiner et al., 2008). Moreover, French & Iyer-
Pascuzzi (2018) believed that biochar affects Gibberellic acid-related traits. Gibberellic acid (GA) is a plant
hormone that stimulates growth and development that include triggering of transitions from meristem to
shoot growth (Gupta, et al., 2013). Hence, increases plant height.

Table 3 (6th column) reflects the number of leaves of bell pepper at 40 days after transplanting. Results
show that there was no significant difference among treatment means in terms of the number of leaves.
This implies that biochar application did not affect the number of leaves of bell pepper plants.
Days from transplanting to flowering, flowering to fruiting, and fruiting to maturity

Biochar did not show a significant effect on the number of days from transplanting to flowering (Ta-

ble 4). However, when it comes to the development of flowers to fruit set, a significant effect was observed
where biochar treated (1, 2 and 3 kg) plants have faster fruit development over control (0 kg).
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This confirms the findings of French & Iyer-Pascuzzi (2018) in their study under greenhouse condi-
tion that they observed that biochar treatments decreased the days to flowering and increased the number
of flowers of tomato at eight weeks after planting. As previously mentioned, biochar affects Gibberellic
acid-related traits. Apart from its contribution mentioned in the earlier section, GA stimulates growth and
development that includes vegetative to flowering (Gupta, R., & Chakrabarty, S.K., 2013).

Table 3. Plant height of bell pepper at 10, 20, 30 and 40 DAT, and number of leaves at 40 DAT.

Treatment Days After No. of leaves
Transplanting at 40
(DAT)
10 20 30 40 DAT
A 16.53 27.36° 39.08° 47.67° 36.50
B 15.87 28.092 39.45> 48.35% 38.00
C 16.42 28.66° 42.17° 53.152 37.4
D 15.58 21.83° 30.27¢ 38.30¢° 34.2
f-test Ns *ok *ok *ok Ns
cv 4.2% 7.6% 12.4% 8.2% 3.9%

Conversely, fruits under control treatment did not reach maturity as there was an observed fruit
abortion under this treatment. Only the biochar treatments were determined, where the levels of biochar
application significantly affect the number of days from fruiting to maturity. Plants treated with biochar at 1
and 3 kg mature faster than those treated with 2 kg biochar. According to Stephenson (1981) abortions of
undamaged fruits seems to result from limited resources. Once these are limited, competition among fruits
and subsequent abortion would expectedly increase. In treatments without biochar application, the nutrient
resources and moisture are limited than those with biochar application. This is supported by the statements
from different researchers that biochar improves soil water retention (Glaser, et al., 2002; Jeffery, et al.,
2011), and soil fertility (Steiner, et al., 2007). Hence, the soil could not provide the required amount of nu-
trients the plants need for growth and fruit retention.

Table 4. Number of days flower initiation to flowering, flowering to fruiting and fruiting to maturity

Treatment Planting to Flowering Number of days Flower- Fruiting to
ing to Fruiting Maturity
A 24.99 12.22 12.5%
B 23.52 11.42 23.5P
C 23.94 12.82 20.52
D 27.93 22.4¢ 0c
f-test ns *ok *ox
cv 10.5% 15.9% 15.7%

Average diameter of fruits, weight of fruits, and number of fruits per plant

Biochar significantly affected the average diameter of fruits (Table 5, 1st column). Control (0 kg)
plants were not able to retain its fruits because of early fruit abortion. Hence, the value was zero (0) in
terms of diameter. Plants treated with biochar at 3 kg per plant had significantly wider fruit diameter than
plants treated with lower levels of biochar (1 and 2 kg). The increase in fruit diameter could be attributed to
the increased available nutrients in the presence of biochar, which stimulates plant growth and development
(Amin & Eissa, 2017). Result was contrary to the findings of Ke, et al., (2018) where an increased level of
biochar application did not significantly affect the length and width index of cherry radish fruit. The result
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may be different because cherry radish and bell pepper came from different botanical families thus, exhibit-
ed different responses to biochar application.

The same with the diameter of fruits, biochar significantly affected the weight of fruits (Table 5, 2nd
column). Since control (0 kg) plants were not able to retain its fruits because of early fruit abortion, the
weight per fruit was zero. The result showed that plants treated with biochar at 2 and 3 kg per plant were
significantly heavier than plants treated with a lower level of biochar (1 kg). This agreed with the findings
of Amin & Eissa (2017) where they found out that fresh and dry weights of zucchini fruits significantly in-
creased with the increased level of biochar application calcareous sandy soil. The increase could be attribut-
ed to the increased available nutrients in the presence of biochar, which stimulates plant growth and devel-
opment.

The average number of fruits per plant differed significantly from biochar treated plants and control (Table
5, 4th column). Since control (0 kg) plants were not able to retain its fruits because of early fruit abortion,
the number of fruits per plant is zero. The result showed that plants treated with biochar at 2 and 3 kg per
plant were significantly higher in number than plants treated with a lower level of biochar (1 kg).

Table 5. Yield performance of bell pepper applied with different levels of biochar based on average diameter
of fruit, average weight of fruit and number of fruits per plant.

Treatment Average diameter of fruit Fruit yield Average Number of fruits per

(cm) weight per fruit (g) plant

A 5.64° 61.89° 12.32

B 5.64° 78.67° 13.12

C 5.872 79.26° 12.22

D 0.00¢ 0.00¢ 0.00°
f-test *x ** kK
cv 5.1% 11.5% 5.2

CONCLUSIONS

The biochar treated plants had faster fruit development than control plants. Moreover, plants treated
with biochar at 3 kg per plant matured faster and had better performance than those applied with lower
levels of biochar. Thus, biochar application generally improved the growth and yield performance of bell

pepper.
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