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Abstract. The utilization of sandy clay is done by adding organic materials to
minimize excessive chemical input. The purpose of this study was to determine
the soil's characteristics after applying cocoa husk compost and Pleurotus sp to 2
types of biochar, namely rice husk and corn cob biochar. Furthermore, the appli-
cation of them can reveal the growth and production of shallots. The field re-
search was arranged using a factorial design with 3 factors, namely factor 1 was
the application of 2 types of biochar, namely rice husk biochar and corncob bio-
char. Factor 2 was the adding the Pleurotus sp inoculant, namely, without and
with the adding of Pleurotus sp. The third factor is the application of cocoa pod
husk compost, including 1 kg.m? and 2 kg.m?. Soil nutrient characterization was
carried out before and after application. The results showed an increase in the soil
water content by up to 30% after applying organic matter, and the highest was in
the application of rice husk biochar, which was 17%. The organic C, P, and K
percentage increased in all treatments and corn cob biochar having the highest.
Meanwhile, adding compost and Pleurotus increased the N content by 80%. Pleu-
rotus and compost were added to the highest plant tissue of biochar husk at a dose
of 2 kg/m, while the highest wet weight was rice husk. In general, the finding of
this study indicated that to increase shallot production, we can process plant bio-
mass, both as compost or as biochar, with the addition of Pleurotus sp in sandy
clay soils.
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1 Introduction

Sandy clay textured soils cannot hold water and nutrients properly because their unsta-
ble aggregates. It has a reasonably fast permeability reaching 89.82 cm/hour with a very
loose consistency (Tewu, Theffie, & Pioh, 2016), so cultivating plants, will require
quite a large amount of input. The utilization of this land can be done with shallot plants
whom high economic value. Shallots fertilized with excessive N can increase the veg-
etative growth and reduce tuber weight. So it is recommended to combine it with or-
ganic fertilizers such as agricultural waste, manure, and mulch which will support the
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advantages of shallot cultivation (Askari-Khorasgani & Pessarakli, 2020; Gu et al.,
2019).

Cocoa pod husk is one of the agricultural wastes that can be composted and used as
organic fertilizer. Composting is a green method that convert organic waste into organic
fertilizer and soil conditioner through biological processes [3]. Rahim, Meriem, &
Abdallah (2022) used cocoa pod husk compost with the addition of fungi proven to be
able to improve the shallots performance. It is because cocoa pod husk compost con-
tains nutrients, hormones, and organic acids (I. Rahim, Nasruddin, Kuswinanti, Asrul,
& Rasyid, 2018; I Rahim & Nasruddin, 2019). Compost can improve the physical prop-
erties of the soil, as well as biochar.Biochar can be used to improve the physical prop-
erties of sandy clay to shallots cultivation. Biochar is a carbon-rich biomass obtained
from thermochemical conversion (pyrolysis or gasification) in an oxygen-limited envi-
ronment. Agriculture biomass waste such as straw, peanut shells, rice husks, wood
chips, corn cobs, tree bark, and switch grass [7] can be a solution for improving soil
fertility, adsorption potential toxic elements, and climate change mitigation [8]. Appli-
cation of biochar can stimulate leaf number and increase lettuce biomass, increase total
N, P, and C content, and microbial community [9].

Biochar positively affects on plant growth and soil quality, indicating that using bi-
ochar is one way to overcome nutrient deficiencies, soil stability, and promote plant
growth [10]. This study also included the addition of Pleurotus sp inoculant. Pleurotus
sp is a fungus from the division Basidiomycota, which has a fruiting body and is edible.
Pleurotus sp could produce 1,794 ng/l IAA and 2,554 pg/l GA3, and the compost in-
oculated by Pleurotus had levels of 6.70% P,0s, 0.71% K-0, 0.28% Mg, and 0.19% S
[11]. This paper monitors the application of compost, biochar, and Pleurotus sp to in-
crease the growth and production of shallots on sandy loam soils.

2 Materials and Methods

2.1  Study area

The research took place at the end of February to May 2022 which is the dry season on
farmer's land in Ciro-ciroe Village, Watang Pulu District, Sidrap Regency, South Sula-
wesi. Located at 3°43'- 4°09' South Latitude and 119°41'-120° East Longitude, with an
altitude between 10 m - 150 m above sea level (Figure 1) with daily temperatures rang-
ing from 23-33 oC (https:// www.accuweather.com/id/en/ciro-ciroe/3480733/may-
weather/3480733?year=2022)

Soil sampling was done twice: once at the start of the study, before the application,
and once at the end. Soil samples were collected in a composite manner by taking soil
samples at 5 points diagonally and then mixing them. Composite soil samples were
collected in small quantities at several sampling points but represented an area consid-
ered homogeneous in a specific stretch of land [12].
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Fig. 1. Locations of sampling sites in Ciro-ciroe Village, South Sulawesi, Indonesia. The Map is
modified from Google Maps Platform.

2.2 Propagation of Pleurotus sp

Pleurotus sp was obtained from cocoa plantations and propagated on PDA media and
identified morphologically and in vitro [13]. Pleurotus sp in cocoa, missellium, and
hyphae plantings is presented in Fig. 2. Pleurotus sp inoculant in a petri dish containing
PDA media was taken with a Bohrer cork as many as 9 points, put into fine corn media
which was soaked for 24 hours and was sterilized using an autoclave for 25 minutes.
The corn media was then stored for 7-9 days at room temperature until it was filled with
Pleurotus sp. mycelium.

Fig. 2. Pleurotus sp in cocoa (a), misellium (b), and hyphae (c) plantations (private collection)
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2.3  Application of biochar, Pleurotus sp, and cacao compost

The biochar used is corn cobs and rice husks which are burned without smoke at a
temperature ranging from 200 - 300 oC. While the compost used is compost from cocoa
pod skin fermented with superior rotting fungi for 40 days. A week before planting,
biochar is applied to the land together with compost and Pleurotus a week before plant-
ing, by mixing it evenly with the top soil in the land.

2.4  Experiment setup

The field experiment was arranged using a 3-factor factorial design based on a random-
ized block design. Factor 1 was the application of 2 types of biochar, namely rice husk
biochar and corncob biochar. The second was the adding of Pleurotus sp inoculant,
namely without and with added of Pleurotus sp. The third factor was the application of
cocoa pod husk compost, including 1 kg.m-2 and 2 kg.m-2. Shallot tuber seeds were
planted in plots measuring 1 m x 7 m with a spacing of 20 cm x 25 cm. The final results
in the form of diameter, fresh weight, and dry weight of shallot bulbs were measured at
harvest, which was 55 days after planting.

2.5  Plant tissue analysis

Plant as a sample from the field were washed thoroughly with ion-free water before
drying in the oven at 70 oC. The dried plant samples were ground with a 0.5 mm grinder
and then put in tightly closed plastic bottles [14]. The sample plants were then analyzed
for N using the Kjeldahl method, while the analysis for P and K content was determine
by wet ashing using a mixture of concentrated acids HNO3 and HC1O4. The levels of
macro and micro elements in the extract were measured using an atomic absorption
spectrophotometer (AAS), a flame photometer, and a spectrophotometer [15].

3 Results and Discussion

3.1  Characteristics of the land applied biochar and compost

The biochar used as a treatment in this study has a different performance (Figure 3).
Rice husk biochar is dark black and very crumbly. Likewise with corncob biochar
which is dark black and dry (Figure 3, P2). The biochar that was given Pleurotus was
black but not thick, and white fungus mycelium was seen covering the entire surface of
the biochar (Figure 3, P3 and P4). Figure 3 also shows rice husk biochar mixed with
cocoa pod husk compost which is denser and forms granules compared to rice husk
biochar alone.
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P3

Fig. 3. Performance of rice husk biochar (P1), corncob biochar (P2), rice husk biochar + Pleuro-
tus (P3), corncob biochar + Pleurotus (P4), and husk biochar + compost (P5).

Table 1. Soil characteristics before and after the application of 2 types of biochar, cocoa pod
husk compost, and Pleurotus

Cation
Variety of biochar Water Texture Organics P20s K ex
content pH matter (%) change
and Pleurotus class H
capacity
% C N ppm (cmol (+)kg-1)
Before application 12.8 sandy 6.15 1.54  0.10 9.09 0.13 17.09
clay
loam
Rice husk biochar 17.0 sandy 6.25 1.89  0.19 11.38 0.19 18.79
loam
Rice husk biochar + 13.6 sandy 635 202 0.3 10.14 0.18 23.60
Pleurotus + compost clay
loam
Corncob biochar 14.6 sandy 6.65 238 0.23 12.18 0.23 22.87
clay
loam
Corncob biochar + 15.6 sandy 6.74 232 028 11.19 0.22 24.77
Pleurotus + compost clay
loam

Table 1 shows the land characteristics before and after the application the organic
matter was different. It is indicated by an increase in soil water content from 12.8%
before application to 13 - 17% after application. The increase of water content about
30% and the highest was in biochar rice husk. The results of the study [16] showed an
increase in soil water holding capacity by applying biochar up to 33% - 45% on coarse-
textured soils. Straw biochar was also reported to have a higher water holding capacity
than woody plants [17], so that it was in line with this study that the highest water
content was in rice husk biochar.

Biochar application raises soil pH slightly, but not significantly. The soil pH before
applying biochar was 6.15, and it increased to 6.74, which is close to neutral. A study
by [18], biochar significantly reduced the relative net production of NO and N,O from
denitrification in two acid soils, resulting in a trend toward lower NO and N,O emis-
sions. An increase in soil pH with the addition of biochar was identified as the main
factor mediating the suppression.

There was an increase in soil nutrient levels with the addition of biochar and Pleu-
rotus-enriched compost. The percentage of organic C content increased in all treatments
and was highest in corn cob biochar. After application, the water that enters the pores
of the biochar dissolves organic and mineral compounds dissolved on the surface of the
biochar. These solutes then increase dissolved organic C, cations, and anions in the soil
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solution [19]. Corn cob biochar has larger pores than rice husk biochar, so it has the
highest organic C compared to other treatments. The addition of compost and Pleurotus
sp reduced the biochar pores so that the dissolved organic C content was lower. The
highest P and K levels were also found in the soil applied with corncob biochar. It
happens because these elements enter the biochar's pores and water into the larger pores
of the corncob biochar. The opposite happened to the soil nitrogen content. Compost
and Pleurotus addition to the land increased N content to 0.28% after application from
0.10% before application, or an increase of 180%. Biochar can increase microbial ac-
tivity, accelerate nutrient cycles, and reduce nitrogen leaching and evaporation [20].

Interaction with substrate when composting can increase the nutrient load, including
N but changes the surface properties of the biochar. The surface area of biochar de-
creases during the composting process due to the blockage of micro pores because ab-
sorbed compost derivatives [21].

3.2 Yield of Shallot by application with Biochar, Pleurotus, and compost

Analysis of shallot tissue that has been applied to various treatments of biochar, Pleu-
rotus, and compost is shown in Table 2.

Table 2. N.P,K uptake in shallot tissue which treated with biochar, compost, and Pleurotus

Nutrient uptake (% per plant)

Organic matter

P K N
Corn cob biochar + compost 1 kg.m! 0.83 0.74 1.13
Corn cob biochar + compost 2 kg.m! 1.13 0.63 1.11
Corn cob biochar + Pleurotus + compost 1 kg.m"! 1.05 0.43 1.41
Corn cob biochar + Pleurotus + compost 2 kg.m"! 1.08 0.57 1.63
Rice husk biochar + compost 1 kg.m™! 1.13 0.84 1.21
Rice husk biochar + compost 2 kg.m™! 1.01 0.92 1.52
Rice husk biochar + Pleurotus + compost 1 kg.m"! 1.18 0.87 1.71
Rice husk biochar + Pleurotus + compost 2 kg.m"! 1.4 0.76 1.63

Table 2 shows the highest levels of P absorbed by shallots by rice husk biochar
added with Pleurotus and 2 kg.m-1 compost. In addition to genetic characters and agro-
climatological factors, shallot growth and production are also strongly influenced by
cultivation methods. Cultivation methods consist of plant spacing, planting time, plant-
ing materials, and agricultural management such as fertilization and addition of growth
hormones [1]. Nutrient absorption in shallots is influenced by the presence of cocoa
pod husk compost with Pleurotus sp added to the planting medium in this research.

This is in line with research [22] which 9000 kg.ha-1 of livestock manure com-
posted with Trichoderma biofertilizer, has a stronger positive impact on plant produc-
tivity and inhibits the negative effects of excessive use of organic and synthetic ferti-
lizers. Other reports that the highest yield of shallot bulbs is obtained by applying 50%
of the dose of N combined with 5 ton.ha-1 vermicompost [23], which can also reduce
N leaching into groundwater and runoff to surface water, reducing N20 emissions, pro-
moting N uptake through N2 fixation and soil health [24].
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In this study, the absorption of N in shallot bulb tissue was also highest in the com-
bination of biochar with Pleurotus and compost, corn cob biochar as well as rice husk
biochar. However, according to reports [25], the compost given to shallots has a more
significant effect than biochar. Giving 1 kg.m™ of municipal waste compost was more
effective in increasing the yield of the Super Philip variety over the Bima Brebes and
Medan varieties than just giving biochar. It is also proven by adding 2 kg/m of cocoa
pod husk compost, which can increase shallot production by adding biochar alone or
by adding Pleurotus (Table 3).

Table 3. Shallot yield with the addition of cocoa pod husk compost combined with biochar and
Pleurotus sp

. S . Bulbs wet  Bulbs dry Bulbs
Organic application with 2 kg/m cacao weight weight diameter
compost

g/plot cm
Rice husk biochar 103.442 69.89° 54.13*
Rice husk biochar + Pleurotus sp 96.14* 66.832 52.60*
Corncob biochar 80.8" 57.28% 48.40°
Corncob biochar + Pleurotus sp 94.50* 68.28* 54.50*

The addition of Pleurotus sp increased the shallot bulbs dry weight compared if only
being given biochar alone. Sulfiani, Rahim, & Ilmi, 2020, reported that the combination
of corn cob biochar treatment with Pleurotus sp increased the wet weight of shallot
bulbs. It shows that composting cocoa pod husks, biochar, and Pleurotus sp are effec-
tive treatments to increase shallot production on sandy clay-textured land.
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