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ABSTRACT

Various kinds of substrates have been widely used for vegetables grown in soilless culture systems. The
use of biochar is getting a lot of attention. However, the ideal proportion of biochar in the substrates combined
with the use of vermicompost for high yields has not been thoroughly studied. This study aimed to examine
in the pot experiment the effect of a combination of rice husk biochar (15% and 30%) and vermicompost (50,
100, 150, 200, and 250 g per pot) in growing substrate on nutrient uptake and yield of green lettuce. The other
components of the substrates were cocopeat and sand. The results showed that the 30% of rice husk biochar
in the growing substrate resulted in a significantly higher uptake of N, P, and K in leaves compared to lower
biochar content with an average increase of 52%, 67%, and 117%, respectively. Maximum total fresh weight
of marketable yield was obtained with 30% of biochar and 250 g per pot vermicompost in the substrate.
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INTRODUCTION

The issues faced by human beings are being
resolved through research and development, which
has laid the foundation of human civilization.
Along with basic needs, the development of auxil-
iary needs making life easier has proceeded. To ad-
vance technology further, research is going on in
various fields such as fuel cells (Ahmed et al. 2022a,
b, ¢; Wu et al. 2022), solar cells (Khadtare et al.
2014; Khadtare et al. 2019), semiconductors (An-
sari & Sartale 2016a; Lee et al. 2020; Choi et al.
2021), catalysis (Sartale & Ansari 2013; Ansari &
Sartale 2015a, b, 2016b), 2D materials (Raya et. al.
2020; Raya et al. 2021), and CO- reduction (Ansari
et al. 2021). At the same time, human beings’ basic
needs, namely food, have to be addressed, which is
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becoming a serious issue. The agricultural sector
will face many problems in the future, especially
a decrease in agricultural land and agricultural pro-
duction. These issues will arise due to many reasons,
for example, land degradation. The arable land of
Indonesia was degraded and became critically dam-
aged and barren in 1993, covering an area of 18 mil-
lion hectares in 1993 (CSARD 2004), 23.2 million
hectares in 2003 (Baja 2005), and 27.3 million hec-
tares in 2005 (CBS 2013). Based on these data, one
can know that the damage to critical land in a pe-
riod of 20 years increased by 9.3 million hectares.
On the other hand, the restoration of degraded
land is challenging and takes a long time. The in-
crease in degraded land is caused by excessive use
of chemical fertilizer, conversion of agricultural
land to residential land with increasing human
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population, increasing temperature and water short-
age as a result of climate change, etc. (Thornton et
al. 2018). In the future, there will be a major threat
to the sustainability of crop production and food se-
curity (Power & Jones 2016). Such a situation has
begun to occur in Indonesia where a reduction in the
agricultural land area and a decrease in soil quality
due to the application of conventional agricultural
systems along with high external chemical input. To
meet this challenge, an agricultural production
model is needed that not only limits the use of agri-
cultural resources but also uses them thoroughly.
Such an agricultural production model will be the
goal of the agricultural sector in the future.

Based on the data on vegetable production in
Indonesia from 2017 to 2021, one can observe that
lettuce production increases continuously year by
year. The production of lettuce in 2017 was 627,598
tons and increased to 635,990 tons in 2018. A major
increase in lettuce production occurred in 2019,
which was 652,727 tons, and continues in 2020 and
2021, which was 667,473 and 727,467 tons, respec-
tively (CBS 2022). This is due to the increasing
need for lettuce commodities in line with the devel-
opment of the catering business, hotels, and the
level of public awareness of the importance of nu-
trition. This need will continue to increase along
with the increasing population of Indonesia and the
world. Green lettuce is generally consumed fresh;
therefore, the cultivation system should lead to
a safe product. Soilless crop cultivation systems,
which use nutrient solutions, are developing rapidly
to provide food crops (Resh 2022). This cultivation
system is widely applied to vegetable crops such as
green lettuce. It has several advantages such as high
crop yield, high-quality crop products, less water
consumption, and precise management of water and
nutrients for crop production. Accurate water and
nutrient management results in the fast and healthy
growth of crops. Further, the soilless and short
growing life of plants results in relatively few prob-
lems of disease and pests (Maucieri et al. 2019).
Suitable practice for plant production in soilless
crop cultivation leads to less use of pesticides;
thereby, it is an environmentally friendly crop culti-
vation system (Resh 2022).

Various solid materials other than soil, either
alone or in a mixture, can be used as a substrate or
growing media in soilless culture systems, including
natural organic and inorganic materials. The appropri-
ate solid substrates should have high water retention
and air capacity, be cost-effective, and have less pollu-
tion; furthermore, they should not release toxins (Wal-
lach 2008; Maucieri et al. 2019). Additionally, a good
substrate must be able to promote plant growth. Along
with soilless crop cultivation systems, various at-
tempts are going on to enhance soil quality. One of
them is the use of biochar, which enhances soil health
in degraded tropical soils by improving both soil’s
physical and chemical properties. Use of biochar re-
sults in the increase of water retention in sandy and
highly weathered soils (Lehmann et al. 2003; Novak
et al. 2009), pH enhancement of acidic soils, improve-
ment in nutrient uptake and cation exchange (Novak
et al. 2009; Atkinson et al. 2010; Clough & Condron
2010; Nurhidayati & Mariati 2014). Awad et al. (2017)
reported that the use of biochar in a soilless culture
system enhances the nutritional status and growth of
leafy vegetables, with restricting algal growth. It was
also found that the population of beneficial microbes
in the soil increased after the use of biochar (Lehmann
et al. 2003). Although the effect of biochar on mineral
soil systems has been extensively studied (Lehmann &
Joseph 2015; Spokas et al. 2012), its effect on the
soilless culture system has not yet been fully ex-
plored. Given the features of biochar and the charac-
teristics of a soilless culture system, the interest in us-
ing biochar in soilless culture systems is obvious.

Many organic fertilizers such as biogas manure
and vermicompost have been tested in soilless cul-
ture systems, which showed encouraging results to
promote plant growth and yield in several plant spe-
cies like lettuce, mustard, and cabbage (Liu et al.
2009; Manyuchi et al. 2013; Nurhidayati et al. 2017b;
Nurhidayati et al. 2018). The purpose of these studies
was to take advantage of the good properties of both
manure and vermicompost fertilizers to enhance the
nutrient in plants and microbes in substrates. Espe-
cially, vermicompost fertilizer results in higher
macro and micronutrients than conventional organic
fertilizers, which are essential for plant growth
(Lazcano & Dominguez 2011; Celes et al. 2018).
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Considering all these, the present study aimed
to examine the effects of vermicompost and rice
husk biochar on nutrient uptake and yield of lettuce
plants in the soilless culture system.

MATERIALS AND METHODS

Site experiment

This paper is based on the results of a pot experi-
ment conducted in the polyethylene house of the
Faculty of Agriculture, Islamic University of Ma-
lang, Lowokwaru District, Malang City, East Java,
Indonesia with an altitude of approximately 550 me-
ters above sea level. The daily average temperature
was in the range of 23-30°C. This study was per-
formed from the beginning of August 2020 till the
end of December 2020. The making of vermicom-
post was carried out at the Compost Laboratory of
the Faculty of Agriculture, Islamic University of
Malang.

Vermicompost preparation

The vermicompost was made in a bin of size 80 cm x
120 cm % 30 cm. The materials used for making ver-
micompost were cow dung, leaf litter, fresh vegetable
residue, spent mushroom media, Lumbricus rubellus
earthworms, and additives consisting of fish bone meal,
Tithonia diversifolia leaves, and eggshell flour. The
complete processes consist of different stages, which
are organic matter preparation, mixing the media, inoc-
ulating Lumbricus rubellus earthworms, vermicom-
posting, and composting process. The duration kept for
vermicomposting and composting was one month and
two weeks, respectively (Nurhidayati et al. 2017a). The
vermicompost produced in this study contained total
nitrogen (2.05%), total organic C (29.14%), C/N ratio
(14.2), pH (8.81), total P (0.92%), total K (1.55%), total
Ca (7.96%), total Mg (2.27%), and total Na (1.14%).
Treatments, plant material, and preparation
Two factors were studied. The first factor was the
composition of the growing substrate, where M1 con-
sisted of 55% cocopeat, 15% rice husk biochar, and
30% sand, and M2 consisted of 55% cocopeat, 30%
rice husk biochar, and 15% sand. The size of the pots
used was 14 cm in height and 18.5 cm in diameter, thus
the volume of the pot was 3,761.3 cm3. The weight of
the growing media material in the pots was 1 kg. The
second factor was the amount of vermicompost in the

substrate: V1 — 50 g per pot, V2 — 100 g per pot, V3
— 150 g per pot, V4 — 200 g per pot, and V5 — 250 g
per pot. Each treatment involved five pots/plants in
three replications.

Seeds of green lettuce (Lactuca sativa L.)
‘Grand Rapids’ were sown into seedbeds, filled with
a mixture of coconut husk media and cow dung. The
substrate was sprinkled with water every day morn-
ing for 3 weeks. The growing substrates were mixed
evenly and incubated for one week in the pots. After
that, two seedlings of green lettuce were trans-
planted into each pot. Watering was done twice
a day in the morning and evening with 100 ml of
water per pot each time. After two weeks, the water
volume increased to 150 ml per pot.

Data evaluation

At the harvesting date, 30 days after transplanting
seedlings (DAT), the variables were analyzed in
terms of nitrogen (N), phosphorus (P), and potas-
sium (K) nutrient uptake in plant and plant yield.
Plant yield was evaluated as total fresh and dry
weight of the plant, fresh weight of marketable yield,
and fresh and dry weight of roots. Nutrient uptake is
calculated by multiplying the nutrient content (%)
by the dry weight of the plant to obtain nutrient up-
take (gram per plant).

The content of N, P, and K in leaves was meas-
ured by using the wet combustion method. N con-
tent was analyzed using sulfuric acid (H2SO4) by
adopting the Kjeldahl method. The plant samples of
0.250 g (< 0.5 mm) were taken into a digestion tube.
A mixture of 1 g sulphuric acid and selenium pow-
der and 2.5 ml H,SO, p.a. was added to the tube.
The digestion process was carried out at 350°C
(4 hours) until white vapor was released and a clear
extract was obtained. Measurement of N content was
carried out by distillation process. P content was an-
alyzed by a spectrophotometer using nitric acid
(HNO3) and perchloric acid (HCIO4). A sample
extract of 1 ml was taken into a chemical tube. De-
ionized water (9 ml) was added to the tube and
shaken (10x dilution). 2 ml of the aqueous sample
extract was pipetted and calculated the standard se-
ries P (020 ppm POy) into the test tubes. 10 ml of
reagent P was added to the sample extract and
shaken with a tube shaker till it become homogene-
ous, thereafter, left for 30 minutes. P content in the
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solution was measured by means of a spectropho-
tometer at a wavelength of 693 nm. The K content
was analyzed by using nitric acid (HNOg3) and per-
chloric acid (HCIO,) with a flame photometer with
a standard series as a comparison. 1 ml of extract
samples were pipetted into a chemical tube and 9 ml
of 0.25% La solution was added. The solution was
shaken using a tube shaker until it became homoge-
neous. The K content was also measured with a flame
photometer as well compared to a standard series.
The element uptakes by the plants were calculated by
multiplying the nutrient content with the total dry
weight of the plant.

Experimental design and data analysis

The study was conducted as a 2x5 factorial in a ran-
domized complete block design (RCBD) with three
replications. The obtained data were tested by using
analysis of variance (ANOVA) at the significance
level of 5%. If the results of the variance analysis
showed a significant effect, then the Tukey test was
employed with a level of 5% significance to deter-
mine the differences between treatments.

RESULTS AND DISCUSSION

Yield characteristics

Significant differences derived from the composi-
tion of the growing substrates were observed be-
tween the yield-related averages. They were espe-
cially important in the fresh and dry weight of the
total yield and fresh weight of the marketable yield.
Increasing the proportion of rice husk biochar from
15% to 30% resulted in a significant increase in the
values of all yield parameters. Similarly, these
yield elements concerning aboveground parts were
positively influenced by increasing the share of
vermicompost to 250 g per pot in the M1 substrate
and to 200 g per pot in the M2 substrate. The higher
proportion of rice husk biochar also increased the
fresh and dry mass of the roots, but for these fea-
tures, the content of vermicompost was effective
only up to 150 g per pot. For fresh plant weight,
a medium containing more rice husk biochar and
200 g per pot of vermicompost was the most pre-
ferred (Table 1).

Table 1. The effect of growing substrate composition on yield components of green lettuce

Total fresh weight ~ Total dry weight Fresh weight Fresh weight Dry weight

Treatments of plant of plant of marketable yield of roots of roots
(g per plant) (g per plant) (g per plant) (g per plant) (g per plant)

M1Vl 40.71d 38lb 36.64 ¢ 4.06b 0.37 ab
M1V2 41.46 d 3.86b 37.21e 425h 0.38 ab
M1V3 49.99 ¢ 4.76 ab 4475 d 523 ab 0.47 ab
M1Vv4 51.69c 468b 47.90 cd 3.79b 0.30b
M1V5 54.77 bc 4.76 ab 50.99 cd 3.78b 0.35b
M2V1 60.15 ab 5.03 ab 53.92 bc 6.24 a 0.58 a
M2V2 61.04 ab 5.62 ab 54.73 abc 4.97 ab 0.44 ab
M2V3 62.33 ab 6.11 ab 56.28 ab 4.70 ab 0.45 ab
M2V4 66.06 a 6.38 ab 61.62 a 4441 0.53 a
M2V5 59.85 ab 7.18a 54.62 abc 3.84b 0.45 ab
HSD 5% 8.084 2.47 7.46 1.54 0.22
M1 4772 b 437b 43.46 b 422 b 0.37b
M2 61.89 a 6.06 a 56.23 a 4.84 a 0.49 a
HSD 5% 4.65 1.43 5.32 0.54 0.06

Note: M1 — growing media: 55% cocopeat, 15% rice husk biochar, and 30% sand, and M2 — growing media: 55% cocopeat, 30%
rice husk biochar, and 15% sand, V1-V5 — vermicompost rates of 50, 100, 150, 200, and 250 g per pot. Means followed by different
letters in the same column are statistically significantly different at Tukey test, p = 0.05
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The average total fresh weight of green let-
tuce grown on the M2 (61.89 g per plant) was
higher than on the M1 substrate (47.72 g per plant).
In addition, the fresh weight of marketable yield in
the M1 (43.50 g per plant) was lower than in the
M2 substrate (56.23 g per plant). The addition of
30% rice husk biochar proportion (M2) to the
growing media was able to increase total crop
yields by 29% compared with 15% (M1). An in-
crease in rice husk biochar from 15% to 30% in the
mixture resulted in a reduction in the amount of
sand from 30% to 15%, which certainly changed
the physical and chemical properties of the sub-
strate. The rice husk biochar reduces the porous-
ness and extremely low holding capacity of the
sand. It removes a barrier to soilless cultivation.
Sand has a low cation exchange capacity, which
makes it simple for nutrients in the media to drain.
When irrigated, sand gets moist quickly and,
thanks to evaporation, also dries out quickly
(Rosalina et al. 2019). Biochar is able to increase
nutrient availability in the substrates, leading to en-
hance nutrient uptake by plants (Lehmann et al.
2003). Biochar enhances water and nutrient reten-
tion and promoted beneficial microbial activity,
suggesting high input of biochar can lead to an in-
crease in the yield of green lettuce (Sohi et al.
2010). Vaughn et al. (2013) examined different
contents of biochar from 0% to 15% in the soilless
substrate in the greenhouse. They found that in-
creasing biochar amount increases the residual ni-
trate and phosphate release. The application of rice
husk biochar alone and in combination with perlite
has been tested on cabbage, red lettuce, dill, and
mallow plants and has shown high plant yields
(Awad et al. 2017). Graber et al. (2010) reported
that biochar enhances the growth and productivity
of pepper (Capsicum annuum L.) and tomato (Ly-
copersicum esculentum Mill.). The 50 g per pot of
vermicompost in combination with 30% rice husk
biochar was found to be beneficial for total fresh
weight (M2). The higher quality of plants in the
marketable yield was observed for the amendment
of vermicompost > 100 g per pot in M2 growing
medium. Vermicompost supplies plants with N, P,
K, Ca, and Mg, increases the amount of organic

matter in the soil, improves soil quality, gives plant
development hormones, and acts as soil support. It
shows that vermicompost directly influences plant
growth and yield (Lazcano & Dominguez 2011). Ver-
micompost has been shown to improve soil water re-
tention, particularly in porous soils like the growing
medium used in this study (Jouquet et al. 2010;
Jouquet et al. 2011). The growth of organically
grown vegetable plants in pots, such as Phak-coi
mustard and broccoli, was accelerated by the use of
vermicompost (Nurhidayati et al. 2015, 2016; Nurhi-
dayati et al. 2017b).

The amount of dry matter in shoots and roots
is determined by environmental factors, especially
the availability of nitrogen nutrients. Low nitrogen
concentrations in the soil reduce the shoot-to-root
ratio (Laghari et al. 2004). They found that high
rates of vermicompost can increase dry matter;
meanwhile, lower vermicompost rates increases
more fresh and dry weight of roots. Nitrogen supply
increases shoot and root growth of the plant, but
usually shoots grow relatively much more than the
roots (Marschner 1988; Laghari et al. 2004).

It suggests that an increase in biochar to 30%
in growing media provides a more efficient at
a lower amount of vermicompost. This is probably
because biochar is able to retain water and nutri-
ents so that it can reduce nutrient leaching on po-
rous growing media such as soilless culture. Nev-
ertheless, the application of biochar combined
with vermicompost may enhance and sustain the
biophysical and chemical characteristics of grow-
ing media, so that plant growth and yields increase
significantly.

N, P, and K uptake

N, P, and K uptake in lettuce plants were depend-
ent on substrate composition and was signifi-
cantly higher in the substrates containing 30% of
rice husk biochar compared with 15% (Fig. 1A—
C). Also, an increase in vermicompost content in
the substrates increased N, P, and K uptake, be-
ing the highest in the treatments with 200 and
250 g per pot (Fig. 2), although the reaction to
the higher rate of vermicompost was not signifi-
cant in the substrates with 15% rice husk biochar
(Fig. 1A-C).
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The magnitude of the increase in nutrients up-
take with the higher proportion of rice husk biochar
30% versus 15% was 52%, 67%, and 117% for N, P,
and K, respectively. This may be dependent on
higher water or nutrient retention in M2 compared
to the M1 substrate.

This is consistent with the earlier report of
Wiedner et al. (2013). They showed that the change
in water and nutrient retention in substrates affect the
ability of the plant to absorb the nutrient, which en-
hances plant growth. Cai et al. (2016) reported that
biochar can be produced from several organic matters
at a higher temperature. It showed excellent retention
ability in holding cations such as NH4", which is re-
lated to the carboxyl and keto groups present in bio-
char-making process at a temperature of 200 °C. Bio-
char acts as a slow-releasing agent of nitrogen which
is absorbed via the roots. Furthermore, biochar can in-
directly affect nutrient availability by reducing nutri-
ent leaching so that fertilizer application becomes
more efficient (Lehmann et al. 2003; Major et al.
2009; Yao et al. 2012). Along with N, biochar in-
creases the availability of P (Li et al. 2019). In addi-
tion, biochar provides a habitat for beneficial micro-
organisms because it increases pore size, and surface
area (Ajema 2018). Moreover, biochar was reported
as a useful carrier for increasing the population of En-
terobacter cloacae (Hale et al. 2015) and Azospiril-
lum lipoferum (AZ 204) (Saranya et al. 2011).
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In the uptake of N, P, and K in lettuce plants,
significant differences (p < 0.05) were observed, re-
sulting from vermicompost rates. There was a ten-
dency that the higher the vermicompost rates, the
greater nutrients uptake. The N uptake in the plants
grown in the substrates possessing 200 and 250 g
per pot vermicompost was higher compared with
lower vermicompost rates but they differed signifi-
cantly only at the higher dose of rice husk biochar
(Fig. 1A). Similar pattern was observed in P and K
uptake (Fig. 1B, C). Generally, the increase of bio-
char dose increased significantly N, P, and K uptake
(Fig. 2), which means that macro elements uptake
was stimulated by biochar. Also, increased doses of
vermicompost were accompanied with increasing
uptake of macroelements (Fig. 3).

Vermicompost contains complete nutrients,
the amounts of which vary depending on the raw
materials used (Nurhidayati et al. 2017a). The ver-
micompost used in this study contained 2.05% N,
0.92% P, and 1.55% K. The nutrient contents in ver-
micompost are lower compared to inorganic fertiliz-
ers, but the advantage of this source is that they re-
lease nutrients gradually, up to four planting periods
(Nurhidayati et al. 2018). Vermicompost contains
higher nutrient contents compared to conventional
compost and they are more balanced so their uptake
by plant roots is more effective for plant growth
stimulation (Vinothini et al. 2016).
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Figure 1. Nutrient uptake (a) N, (b) P, and (c) K in green lettuce leaves at different compositions of the planting substrate
M1 — growing substrate: 55% cocopeat, 15% rice husk biochar, and 30% sand, M2 — growing substrate: 55% cocopeat, 30% rice
husk biochar, and 15% sand, V1-V5 — vermicompost amounts: 50, 100, 150, 200, and 250 g per pot. The means accompanied by
the same letter show no significant difference in the Tukey test 5%
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Figure 2. Comparison of the N, P, and K uptake in green lettuce plants grown in substrates containing different
proportions of rice husk biochar 15% (M1) and 30% (M2)
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Figure 3. Comparison of the N, P, and K uptake in green lettuce plants grown in substrates containing different amounts
of vermicompost (V1-V5: 50, 100, 150, 200, and 250 g per pot)

CONCLUSIONS

The present work sheds light on the effects of
different proportions of rice husk biochar and ver-
micompost on green lettuce grown in a soilless cul-
tivation system. The increase of rice husk biochar
from 15% to 30% increased the uptake of N, P, and
K by 52%, 67%, and 117%, respectively. As a con-
sequence of the better uptake of macronutrients, the
general and marketable yield expressed by fresh and
dry weight increased with an increase of rice husk
biochar and vermicompost doses. The results sug-
gest that to increase the efficiency of nutrients and
improve the productivity of green lettuce grown in
soilless culture, the addition of high rice husk bio-
char (30%) along with vermicompost is beneficial.

Acknowledgments

The authors would like to thank the Directorate of
Higher Education, Ministry of Education and Cul-
ture, Indonesia, for their financial support through
the research grant scheme of the University Excel-
lent Research 2020-2021.

REFERENCES

Ahmed A.T.A., Ansari A.S., Kim H., Im H. 2022a.

lon-exchange synthesis of microporous Co3Ss

for enhanced electrochemical energy storage. In-
ternational Journal of Energy Research 46(4):
5315-5329. DOI: 10.1002/er.7501.

Ahmed A.T.A., Sekar S., Lee S., Im H., Preethi V., Ansari
A.S. 2022b. Nitrogen-doped cobalt sulfide as an ef-
ficient electrocatalyst for hydrogen evolution reac-
tion in alkaline and acidic media. International
Journal of Hydrogen Energy 47(95): 40340-40348.
DOI: 10.1016/j.ijhydene.2022.04.076.

Ahmed A.T.A,, Lee C.H., Ansari A.S., Pawar S.M., Han
J., Park S. 2022c. Hybridized heterostructure of
CoS and MoS; nanoparticles for highly-efficient
and robust bifunctional water electrolysis. Applied
Surface Science 592; 153196; 13 p. DOI:
10.1016/j.apsusc.2022.153196.

Ajema L. 2018. Effects of biochar application on
beneficial soil organism. Review. International

of Research Studies in

Journal Science,

Engineering and Technology 5(5): 9-18.
www.ijrsset.org/pdfs/v5-i5/2.pdf

Ansari A.A., Sartale S.D. 2015a. Effect of processing pa-
rameters on size, density and oxygen reduction re-
action (ORR) activity of Pd nanoparticles grown by
spin coating. Surface and Coatings Technology

281: 68-75. DOI: 10.1016/j.surfcoat.2015.09.021.



Biochar and vermicompost improve nutrient uptake and green lettuce yield 63

Ansari A.A., Sartale S.D. 2015h. Controlled growth of
thermally stable uniform-sized Ag nanoparticles
on flat support and their electrochemical activity.
Applied Physics A 119(2): 503-516. DOI:
10.1007/s00339-014-8981-3.

Ansari A.A., Sartale S.D. 2016a. The calculation of elec-
tronic parameters of Al/TiO2/p-Si MOS structure
formed using TiO- thin films grown by thermal oxi-
dation of sputtered Ti films. Advanced Science Let-
ters 22(4): 1013-1016. DOI: 10.1166/asl.2016.6938.

Ansari A.A., Sartale S.D. 2016b. Narrow size distributed
Ag nanoparticles grown by spin coating and ther-
mal reduction: Effect of processing parameters.
Materials Research Express 3(8); 085023. DOI:
10.1088/2053-1591/3/8/085023.

Ansari A.S., Han J.W., Shong B. 2021. Intermediates for
catalytic reduction of CO; on p-block element sur-
faces. Journal of Industrial and Engineering Chem-

istry 96: 236-242. DOI: 10.1016/j.jiec.2021.01.016.

Atkinson C.J., Fitzgerald J.D., Hipps N.A. 2010. Poten-
tial mechanisms for achieving agricultural benefits
from biochar application to temperate soils: A re-
view. Plant and Soil 337(1-2): 1-18. DOI:
10.1007/s11104-010-0464-5.

Awad Y.M., Lee S.E, Ahmed M.B.M., Vu N.T., Farooq
M., Kim I.S. et al. 2017. Biochar, a potential hydro-
ponic growth substrate, enhances the nutritional
status and growth of leafy vegetables. Journal of
Cleaner  Production 156: 581-588. DOI:
10.1016/j.jclepro.2017.04.070.

Baja S. 2005. The use of remote sensing technology for
agricultural development planning. South Celebes
Case Study. Space Technology and Application
Conference Towards Competitive ASEAN, 5-6
August 2005. Agency for the Assessment and Ap-
plication of Technology, Jakarta, Indonesia.

Cai J., He P, Wang Y., Shao L., Lii F. 2016. Effects
and optimization of the use of biochar in anaero-

bic digestion of food wastes. Waste Management

and Research ~ 34(5):  409-416. DOI:
10.1177/0734242x16634196.

CBS 2013. Area of critical land by province and level
of critical land in Indonesia. Central Bureau of
Statistics, Indonesia. www.bps.go.id

CBS 2022. Indonesian vegetable production in year
2021. Central Bureau of Statistics, Indonesia.
www.bps.go.id

Celes S.N., Naveena R., Panicker L.T., Shalini S.,
Amutha M. 2018. Effect of vermicompost on plant
growth.
Engineering and Technology 5(3): 1321-1324.
www.irjet.net/archives/VV5/i3/IRJET-V513299.pdf

Clough T.J., Condron L.M. 2010. Biochar and the ni-
trogen cycle: Introduction. Journal of Environ-
mental Quality 39(4): 1218-1223. DOI:
10.2134/jeq2010.0204.

Choi S., Ansari A.S., Yun H.J., Kim H., Shong B., Choi
B.J. 2021. Growth of Al-rich AlGaN thin films by
purely thermal atomic layer deposition. Journal of
Alloys and Compounds 854; 157186; 10 p. DOI:
10.1016/j.jallcom.2020.157186.

CSARD 2004. Soil conservation technology on upland.

International Research Journal of

Center of Soil and Agroclimatology Research and
Development, Bogor, Indonesia.

Graber E.R., Harel Y.M., Kolton M., Cytryn E., Silber A.,
David D.R. et al. 2010. Biochar impact on develop-
ment and productivity of pepper and tomato grown
in fertigated soilless media. Plant and Soil 337(1-
2): 481-496. DOI: 10.1007/s11104-010-0544-6.

Hale L., Luth M., Crowley D. 2015. Biochar characteris-
tics relate to its utility as an alternative soil inocu-
lum carrier to peat and vermiculite. Soil Biology
and  Biochemistry  81: 228-235. DOI:
10.1016/j.s0ilbio.2014.11.023.

Jouquet P., Plumere T., Thu T.D., Rumpel C., Duc T.T., Or-
ange D. 2010. The rehabilitation of tropical soils using
compost and vermicompost is affected by the pres-
ence of endogeic earthworms. Applied Soil Ecology
46(1): 125-133. DOI: 10.1016/j.aps0il.2010.07.002.



64

N. Nurhidayati et al.

Jouquet E.P., Bloquel E., Doan T.T., Ricoy M., Orange
D., Rumpel C., Duc T.T. 2011. Do compost and ver-
micompost improve macronutrient retention and
plant growth in degraded tropical soils? Compost
Science and Utilization 19(1): 15-24. DOI:
10.1080/1065657x.2011.10736972.

Khadtare S.S., Ansari A.S.A., Sartale S.D., Jadkar S.R., Pa-
than H.M. 2014. ZnO nanocactus loaded with gold
nanoparticles for dye sensitized solar cells. Proceed-
ings of the 2014 International Renewable and Sus-
tainable Energy Conference, pp. 94-96. DOI:
10.1109/irsec.2014.7059875.

Khadtare S., Ansari A.S., Pathan H.M., Han S.H., Ma-
hadevan K.M., Mane S.D., Bathula C. 2019. Silver
nanoparticles loaded ZnO photoelectrode with
Rose Bengal as a sensitizer for dye sensitized solar
cells. Inorganic Chemistry Communications 104:
155-159. DOI: 10.1016/j.inoche.2019.04.006.

Laghari K.B., Munir M., Farrar J.F., Mahar A.N. 2004.
Dry matter partitioning and plant development as
function of environmental factors in wheat (Triti-
cum aestivum L.) cv. Avalon. Journal of Food, Ag-
riculture and Environment 2(3-4): 149-156. DOI:
10.1234/4.2004.273.

Lazcano C., Dominguez J. 2011. The use of vermicom-
post in sustainable agriculture: Impact on plant
growth and soil fertility. In: Miransari M. (Ed.),
Soil Nutrients. Nova Science Publishers, p. 1-23.

Lee S., Baek G., Lee J.-H., Van T.T.N., Ansari A.S,,
Shong B., Park J.-S. 2020. Molecular layer deposi-
tion of indicone and organic-inorganic hybrid thin
films as flexible transparent conductor. Applied
Surface Science 525; 146383; 8p. DOI:
10.1016/j.apsusc.2020.146383.

Lehmann J., da Silva Jr. J.P., Steiner C., Nehls T., Zech
W., Glaser B. 2003. Nutrient availability and leach-
ing in an archaeological Anthrosol and a Ferralsol
of the Central Amazon basin: fertilizer, manure and
charcoal amendments. Plant and Soil 249(2): 343—
357. DOI: 10.1023/a:1022833116184.

Lehmann J., Joseph S. 2015. Biochar for environmental
management: An introduction. In: Lehmann J., Jo-
seph S. (Eds.), Biochar for Environmental Manage-
ment. Earthscan, London, UK, pp. 1-12.

Li F, Liang X., Niyungeko C., Sun T., Liu F., Arai Y.
2019. Effects of biochar amendments on soil phos-
phorus transformation in agricultural soils. Ad-
vances in Agronomy 158: 131-172. DOI:
10.1016/bs.agron.2019.07.002.

Liu W.K., Yang Q.-C., Du L. 2009. Soilless cultivation
for high-quality vegetables with biogas manure in
China: Feasibility and benefit analysis. Renewable
Agriculture and Food Systems 24(4): 300-307.
DOI: 10.1017/s1742170509990081.

Major J., Steiner C., Downie A., Lehmann J. 2009. Bio-
char effects on nutrient leaching. Lehmann J., Jo-
seph S. (Eds.), Biochar for Environmental Manage-
ment: Science and Technology. Earthscan, London,
UK, pp. 271-287.

Manyuchi M.M., Mudamburi T., Phiri A., Muredzi P.,
2013. Impact of vermicompost on lettuce cultivated
soil. International Journal of Inventive Engineering
and Sciences 1(11): 41-43.

Marschner H. 1988. Mineral nutrition of higher plants,
2nd ed. Academic Press, Harcourt Brace, 513 p.

Maucieri C., Nicoletto C., van Os E., Anseeuw D., Van
Havermaet R., Junge R. 2019. Hyroponic tech-
nologies. In: Goddek S., Joyce A., Kotzen B.,
Burnell G.M. )Eds.(, Aquaponics Food Produc-
tion Systems. Springer, pp. 77-110. DOI:
10.1007/978-3-030-15943-6_4.

Novak J.M., Busscher W.J., Laird D.L., Ahmedna M.,
Watts D.W., Niandou M.A.S. 2009. Impact of bio-
char amendment on fertility of a southeastern
Coastal Plain soil. Soil Science 174(2): 105-112.
DOI: 10.1097/ss.0b013e3181981d9%a.

Nurhidayati, Mariati 2014. Utilization of maize cob
biochar and rice husk charcoal as soil amend-
ments for improving acid soil fertility and
productivity. Journal of Degraded and Mining
Lands Management 2(1): 223-230. DOI:
10.15243/jdmIm.2014.021.223.



Biochar and vermicompost improve nutrient uptake and green lettuce yield 65

Nurhidayati, Ali U., Murwani 1. 2015. Influence of the
kind of vermicompost material and earthworm
Pontoscolex corethrurus population on the yield
and quality of phak-coi mustard (Brassica rapa L.)
with organic potting media. Proceeding of the In-
ternational Conference on Life Science and Bio-
technology: Exploration and Conservation of Bio-
diversity, pp. 168-176.

Nurhidayati, Ali U., Murwani 1. 2016. Yield and quality
of cabbage (Brassica oleracea L. var. capitata) un-
der organic growing media using vermicompost
and earthworm Pontoscolex corethrurus inocula-
tion. Agriculture and Agricultural Science Procedia
11: 5-13. DOI: 10.1016/j.aaspro.2016.12.002.

Nurhidayati, Ali U., Murwani I. 2017a. Chemical
composition of vermicompost made from or-
ganic wastes through the vermicomposting and
composting with the addition of fish meal and
egg shells flour. Journal of Pure and Applied
Chemistry Research 6(2): 127-136. DOI:
10.21776/ub.jpacr.2017.006.02.309.

Nurhidayati N., Machfudz M., Murwani . 2017b. Direct
and residual effect of various vermicompost on
yield and quality of broccoli. Journal of Applied
Sciences Research 13(8): 30-37.

Nurhidayati N., Machfudz M., Murwani . 2018. Direct and
residual effect of various vermicompost on soil nutri-
ent and nutrient uptake dynamics and productivity of
four mustard Pak-Coi (Brassica rapa L.) sequences
in organic farming system. International Journal of
Recycling of Organic Waste in Agriculture 7(2):
173-181. DOI: 10.1007/s40093-018-0203-0.

Power S.D., Jones C.L.W. 2016. Anaerobically digested
brewery effluent as a medium for hydroponic crop
production. The influence of algal ponds and pH.
Journal of Cleaner Production 139: 167-174. DOI:
10.1016/j.jclepro.2016.07.189.

Raya S.S., Ansari A.S., Shong B. 2020. Molecular adsorp-
tion of NH3 and NO- on Zr and Hf dichalcogenides

(S, Se, Te) monolayers: A density functional theory

study. Nanomaterials 10(6); 1215; 16 p. DOI:
10.3390/nan010061215.

Raya S.S., Ansari A.S., Shong B. 2021. Adsorption of
gas molecules on graphene, silicene, and ger-
manene: A comparative first-principles study. Sur-
faces and Interfaces 24: 101054. DOIL:
10.1016/j.surfin.2021.101054.

Resh H.M. 2022. Hydroponic Food Production. A Defin-
itive Guidebook for the Advanced Home Gardener
and the Commercial Hydroponic Grower. CRC
Press, 642 p. DOI: 10.1201/9781003133254.

Rosalina F., Gafur M.A.A., Irnawati |., Soekamto
M.H., Sangadji Z., Kahar M.S. 2019. Utilization
of compost and zeolite as ameliorant on quartz
sand planting media for caisim (Brassica
juncea) plant growth. Journal of Physics: Con-
ference Series 1155; 012055; 7 p. DOI:
10.1088/1742-6596/1155/1/012055.

Saranya K., Krishnan P.S., Kumutha K., French J. 2011.
Potential for biochar as an alternate carrier to lignite
for the preparation of biofertilizers in India. Inter-
national Journal of Agriculture, Environment and
Biotechnology 4(2): 167-172.

Sartale S.D., Ansari A.A. 2013. Growth of Ag nanoparticles
by spin coating. Journal of Nano Research 24: 163—
167. DOI: 10.4028/www.scientific.net/jnanor.24.163.

Sohi S.P., Krull E., Lopez-Capel E., Bol R. 2010. A re-
view of biochar and its use and function in soil. Ad-
vances in Agronomy 105. 47-82. DOI:
10.1016/s0065-2113(10)05002-9.

Spokas K.A., Cantrell K.B., Novak J.M., Archer D.W.,
Ippolito J.A., Collins H.P. et al. 2012. Biochar:
A synthesis of its agronomic impact beyond carbon
sequestration. Journal of Environmental Quality
41(4): 973-989. DOI: 10.2134/jeq2011.0069.

Thornton P., Dinesh D., Cramer L., Loboguerrero A.M.,
Campbell B. 2018. Agriculture in a changing cli-
mate: Keeping our cool in the face of the hothouse.
Outlook on Agriculture 47(4): 283-290. DOI:
10.1177/0030727018815332.



N. Nurhidayati et al.

Vaughn S.F., Kenar J.A., Thompson A.R., Peterson

S.C. 2013. Comparison of biochars derived from
wood pellets and pelletized wheat straw as re-
placements for peat in potting substrates. Indus-
trial Crops and Products 51: 437-443. DOI:
10.1016/j.indcrop.2013.10.010.

Vinothini V., Anuradha R., Senthilkumar R. 2016.

Vermicompost production and nutrient analysis
using Eudrillus eugine. World Journal of Phar-
maceutical Research 5(6): 1250-1257. DOI:
10.20959/wjpr20166-6277.

Wallach R. 2008. Physical characteristics of soilless

media. In: Raviv M., Lieth J.H. )Eds.(, Soilless
culture. Theory and practice. Elsevier, pp. 41-116.

Wiedner K., Rumpel C., Steiner C., Pozzi A., Maas

R., Glaser B. 2013. Chemical evaluation of chars

produced by thermochemical conversion (gasifi-
cation, pyrolysis and hydrothermal carboniza-
tion) of agro-industrial biomass on a commercial
scale. Biomass and Bioenergy 59: 264-278. DOI:
10.1016/j.biombioe.2013.08.026.

Wu Y.C., Ansari A.S., Dutta D., Hsiao K.J., Lee L.H.,

Lai Y.L. et al. 2022. Catalyzed decomposition of
methanol-d4 on vanadium nanoclusters supported
on an ultrathin film of Al,O3/NiAl(100). Journal of
Physical Chemistry C 126(8): 3903-3914. DOI:
10.1021/acs.jpcc.1c06177.

Yao Y., Gao B., Zhang M., Inyang M., Zimmerman A.R.

2012, Effect of biochar amendment on sorption and
leaching of nitrate, ammonium, and phosphate in
a sandy soil. Chemosphere 89: 1467-1471. DOI:
10.1016/j.chemosphere.2012.06.002.



