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Abstract: Organic production of Green Cabbage may ensure the nutritional status and food safety for the
consumers, but maintaining the productivity and economic viability of inorganic production is almost
impossible for farmers of Bangladesh. At this context, a study was carried out at the Horticulture farm of Sher-
e-Bangla Agricultural University, Dhaka, Bangladesh during the period from October 2017 to March 2018 to
evaluate the efficacy of vermicompost and biochar on agronomic properties and economic of cabbage. Four
biochar treatments, ( By: 0 t ha™ biochar, By :2 t ha™ , B, :6 t ha™ and B; :10 t ha™) and three vermicompost
treatments (Vco : 0 t ha, Vi, 4 t ha and Ve, :8 t ha™ ) were selected. BoVc, was considered as control. The
results revealed that maximum highest plant height, number of leaves plant™, leaf length, leaf breadth and plant
spread were obtained when the B; was mixed withVc,. But the thickness of head (10.29 cm), diameter of head
(16.66 cm), % dry matter of cabbage (14.93%), weight of cabbage head plant™ (1370 g) and yield of cabbage
(52.75t ha‘l) were obtained from the treatment combination of B,Vc,. In terms of economic sustainability, the
net return (Tk 523598) with highest BCR (3.70) was obtained from the treatment combination of B;Vc;.These
results provide prove the effectiveness of biochar and vermicompost in sustainable Cabbage production. It also
provides baseline guidelines for further investigation of choosing the appropriate combination of organic
amendments based on crop requirement to maximize economic value.

Keywords: organic production; biochar; vermicompost; green cabbage; economic sustainability; safe food,;
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1. Introduction

Cabbage or ‘Bhadha Kopi’ (Brassica oleracea var. capitata L.), are one of the most popular and nutritionally
rich vegetable in Bangladesh. Historically, recognized as a medicinal herb (Pavla and Pokluda, 2008), this
member of Brassicaceae family has high water and fiber content. It is a rich source of vitamin A and vitamin C
as well as some B vitamins (Adeniji et al., 2010; Hasan and Solaiman, 2012) and calcium. The anti-
inflammatory properties of Green Cabbage are attributed to the presence of glutamine, an amino acid (Caunii et
al., 2010). Research has shown that cabbage has a number of anti-oxidative compounds that might be beneficial
in the prevention of cancer (Kusznierewicz et al., 2008). This crop is widely cultivated and consumed in both
fresh and processed market of Bangladesh. According to a report of BBS (2018), it ranks third in respect of
production (207 thousand metric tons) and area (15783 hectors). But, the production of this crop requires
heaving feeding at field stage to ascertain its high nutritional quality (Morem, 2006 and Semuli, 2005). It is an
established fact that farmers of Bangladesh remarkably relay on chemical nutrients management improve the
growth, yield as well as the nutritional composition of the produces. Nonetheless, it is essential to consider that
use of excessive amount of inorganic fertilizers for crops is not good for health due to residual effects. In
addition to that intensive use of agro-chemicals combined with poor disposal system, has raised concerns for
both the contamination of surface water (Garg and Kaushik, 2003) and environment (Sinha et al., 2010). Beside
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the health and environmental implications of using synthetic fertilizers, smallholder farmers lack adequate
financial resources to afford expensive fertilizers. Use of organic amendments by completely replacing
inorganic agro-chemicals is the most plausible way to overcome this situation.

Not only organic fertilizer resolves the problems of agro-chemicals, it also increases the productivity of soil as
well as crop quality and yield (Tindall, 2000). Organic amendments offer a two-way practice of saving the
environment, namely- transformation of waste materials into valuable resources, soil nutrients (Anon, 2009) and
improvement the soil health. They are slow but continuous and long-term supplier of soil nutrients. Besides
high level of carbon and nitrogen; phosphorous, potassium, sulfur and a considerable number of other
micronutrients is also present in organic manures. But this wonderful solution is rather problematic, specifically
for Cabbage cultivation. Cabbage is a short duration crop so the nutrient availability must be easy and swift for
its cultivation (Chatterjee, 2010).

Vermicompost is probably the most suited organic manure in this regard. Vermicompost is the end product of
organic waste degradation through the interactions between earthworm and microorganisms (Arancon et al.,
2007) and the process is called vermicomposting. Vermicomposting speeds-up the decomposition rates of
organic matter and alters the physical and chemical properties of the material. It also reduces the C:N ratio,
resulting in a rapid humidification process in which the unstable organic matter is completely oxidized and
stabilized. Benefits of applying vermicompost include high levels of nutrients; low levels of contaminants
(Atiyeh et al., 2000; Garg et al., 2006; Anon, 2009) and increased surface area for colonization by
microorganisms (Arancon et al., 2005) and most importantly, high level of rapidly available nutrients, like-
nitrates and phosphates as well as such as exchangeable calcium and soluble potassium. The accumulating
evidence shows that vermicompost has capability of influencing growth and productivity of short duration
plants (Rasool et al., 2008).

Even though vermicompost has a faster nutrient release rate than most other organic manures, but it is still
slowed very slow in comparison with chemical fertilizers. Organic soil conditioners, such as- Biochar, can assist
organic manures in this. Biochar is a carbon-rich material obtained from thermo-chemical conversion (slow,
intermediate, and fast pyrolysis or gasification) of biomass in an oxygen-limited environment. It can be
produced from a range of feedstock, including forest and agriculture residues, such as straw, nut shells, rice
hulls, wood chips/pellets, tree bark, and switch grass (Sohi et al., 2009). Biochar has been described as a
possible tool for soil fertility improvement, potential toxic element adsorption, and climate change mitigation
(Ennis et al., 2012, Malghani et al., 2013 and Stewart et al., 2013). Biochar application to soil can; improve soil
physical and chemical properties (Mukherjee and Lal, 2013 and Sohi et al., 2010), enhance plant nutrient
availability and correlated growth and yield (Biederman and Stanley, 2013 and Jeffery et al., 2011).

Considering the above fact, the present study was to investigate the efficacy of vermicompost and biochar on
agronomic characteristics, yield performance and economic viability of green cabbage production in
Bangladesh.

2. Materials and Methods

2.1. Experimental design and layout

The field experiment was carried out at the Horticultural farm of Sher-e-Bangla Agricultural University, Dhaka,
Bangladesh during the period from October 2017 to March 2018. The variety, Atlas-70 of green cabbage was
selected for the experiment. It was selected due to its better performance in previous experiments conducted in
Sher-e-Bangla Agricultural University. The two-factor field experiment was laid out in a Randomized
Complete Block Design (RCBD) with three replications. The factors were- levels of biochar (By= 0 t/ha
(Control); B;= 2.10 t/ha; B,= 6.20 t/ha and Bs;= 10.30 t/ha) and levels of vermicompost (Vco= 0 t/ha
(Control); Vc;= 4.1 t/ha; Vc,= 8.20 t/ha). The area of the experimental field was divided into three equal
blocks, followed by further division of blocks into 12 plots. Size of each plot is 1.8 m x 1.35 m. The distance
between blocks and plots were 0.5 m and 0.25 m respectively.

2.2. Plant Production

A well-drained 3m x 1m raised bed with sandy loam soil was prepared for growing seedlings. The soil was
loose and friable and 5 kg cow dung was added in it. 10g of seeds were sown. Meanwhile, the experiment site
was harrowed, ploughed and cross-ploughed several times. The individual plots were made by making ridges
(20 cm high) around each plot. Different rates of biochar and vermicompost were incorporated into the plots.
Healthy and uniform sized 30 days old seedlings were transplanted by maintaining a spacing of 45 cm x 60 cm.
Intercultural operations like- gap filling, weeding and irrigation (light over-head irrigation) were carried out at
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regular interval. The crop was protected from the attack of insect-pest by spraying Melathion 45 EC at the rate
of 2 ml/L water.

Harvesting of cabbage was not possible on a particular date because of uniform head initiation in plants. Manual
harvesting of compact marketable heads was done carefully.

2.3. Statistical Procedure

Observations were made on agronomic parameters, like- plant height (cm), number of leaves plant™, leaf length
(cm), leaf breadth (cm) and spread of plant (cm). Yield parameters, like- thickness of head (cm), diameter of
head (cm), fresh weight (g), dry matter content (%) and Total yield (t/ ha) were recorded.

The data was statistically analyzed and Analysis of Variance (ANOVA) was carried out by using the MSTAT-C
computer package program and the means were compared by the Least Significant Difference Test (LSD) at 5%
level of probability.

2.4. Economic analysis

The procedure of economic analysis was done in standard procedure (Alam et al., 1989). All the material and
non-material input cost, interest on fixed capital of land and miscellaneous cost were considered for calculating
the total cost of production. After that, gross return was calculated on the basis of mature cabbage head sale. The
price of cabbage was assumed to be Tk. 15/kg basis of current market value of Kawran Bazar, Dhaka at the time
of harvesting. Finally, net return was calculated by deducting the total production cost from gross income for
each treatment combination.

The economic indicator, benefit cost ratio (BCR) was calculated by the following formula for each treatment

combination.

) Gross income per hectare
Benefit cost ratio (BCR) =

Total cost of production per hectare

3. Results and Discussion

The study shows that different combination of biochar and vermicompost in the growing media has significant
effect on both agronomic characteristics as well as yield of Green Cabbage. As expected, the lowest results were
found in control for all agronomic characters (Table 1). Highest number of leaves per plant (17.60), plant height
(37.60 cm), leaf breadth (20.67 cm), leaf length (32.13 cm), and plant spread (58.93 cm) was found in BsVc,
which contained the highest amount of biochar and vermicompost (Table 1).

This scenario is somewhat changed in case of Yield parameters (Table 2). The poorest performance was
recorded for control (BoVcy) just like the growth parameters. The best performances in thickness of head (10.29
cm), diameter of head (16.66 cm), dry matter of cabbage (14.93 %), weight of cabbage head plant™ (1370.00 g)
and yield of cabbage (52.75 t ha™*) were observed for B,Vc,.

The results also show that, terms of both agronomic characters (Table 1) and Yield parameters (Table 2), the
performance of highest level of biochar (B,) without vermicompost (Vco) was actually better than the
performances of highest level of vermicompost (Vc,) without any biochar application (Bo).

Table 1. Effect of biochar and vermicompost on different agronomic characteristics of Green Cabbage.

Treatments Number of Plant height Leaf breadth Leaf length (cm) Plant spread

leaves plant™ (cm) (cm) (cm)
BoVeo 14.00 f 26.80 f 15.00 f 2453 f 4573 f
BoVe,y 15.40 de 32.13¢ 17.47e 29.00d 53.27 de
BoVe, 15.60 de 33.20 de 17.93 de 29.47 cd 53.73d
B.Vc¢y 15.20 e 31.53e 17.33 ¢ 28.07 e 52.00 e
B,Vc; 15.93 cd 34.40 cd 18.47 cd 29.80 bcd 53.93d
B.Vce, 16.33¢c 35.13 bc 19.07 bc 30.07 bc 55.73 ¢
B,Vc, 15.40 de 32.73 e 17.60e 29.40 cd 53.60 de
B,Vc, 16.93b 35.80 bc 19.20b 30.47b 56.67 bc
B,Vc, 17.00b 36.60 ab 20.50 a 31.40a 58.27 ab
BsVc, 16.27c 35.07 bc 18.53 cd 30.07 bc 55.47 ¢
BsVc; 16.47 bc 36.27 ab 19.67b 30.47b 56.80 bc
BsVc, 17.60 a 37.60a 20.67 a 32.13a 58.93a
LSDg 5 0.5461 1.557 0.6034 0.8399 1.526
CV (%) 4.35 6.68 9.27 5.25 5.36

Here, By=> 0 t/ha; B;= 2.10 t/ha; B,= 6.20 t/ha and B;=> 10.30 t/ha, Vco= 0 t/ha; Vc,= 4.1 t/ha; Vc,= 8.20 t/ha
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Table 2. Effect of biochar and vermicompost on yield parameters of cabbage.

Treatments  Thickness of Diameter of % Dry matter of  Weight of cabbage Yield of cabbage (t
head (cm) head (cm) cabbage (g) head plant™ (g) ha™)

BoVCy 8.50¢ 1290 f 8.863 h 939.50 j 15.80
BoVce, 942e 1394 e 10.35f 1090.00 h 32.371i
BoVe, 9.7l cd 14.89 cd 10.96 e 1172.00 f 35.41¢g
B,Vc 8.89 f 1359 e 9.497 g 1065.00 i 31.43h
B.Vc, 9.77c 14.92 cd 11.63d 1227.00 e 47.85d
B,Vc, 9.85 bc 15.06 cd 12.16 cd 1239.00d 47.89 d
B,Vcy 9.53 de 14.72d 10.75 ef 1162.00 g 43.06 f
B,Vc, 9.91 bc 15.25 be 1251c 1253.00 ¢ 48.42 ¢
B,Vc, 10.29 a 16.66 a 1493 a 1370.00 a 52.75a
BsVcy 9.80 bc 15.05 cd 11.81d 1232.00 de 45.62 e
BsVc, 9.86 bc 15.08 cd 12.20 cd 1248.0 Oc 48.21 ¢
BsVc, 10.0b 1551b 13.41b 1289.00 b 49.74 b
LSDg .05 0.186 0.3748 0.5381 8.032 0.822
CV (%) 6.40 5.85 7.45 12.19 12.19

Here, By=> 0 t/ha; B;= 2.10 t/ha; B,= 6.20 t/ha and B;=> 10.30 t/ha, Vco= 0 t/ha; Vc,= 4.1 t/ha; Vc,= 8.20 t/ha

It is well established that, physical, chemical and microbiological condition of growing media affect the
agronomic performance of the grown crops (Tsiakaras et al., 2014). Growing media or substrates include all
materials that can be used to grow plants. It is reported that a proper combination of different substrate enhanced
the plant agronomic characteristics due to the optimal C/N ratios (Dumroese et al., 2011). In the present study,
both biochar and vermicompost are able to influence the physical and chemical properties of growth media.
Biochar being a carbon sequester, has several beneficial effects on soil properties, such as increased water
holding capacity (Karhu et al., 2011), enhanced cation exchange capacity (CEC) as well as base saturation (BS)
(Yuan and Xu, 2011), In addition to this, vermicompost alters both nutritional and microbial status of media
(Islam et al., 2019).

The composition of biochars and vermicompost in the growth media of the present study was selected arbitrarily
and not optimized with respect to the needs of a Cabbage. The best yield performance (52.75 t/ha) was
generated when soil was amended with highest level of vermicompost (Vc,, at an 8.20 t/ha) alone with second
highest dose of biochar (B,, 6.20 t/ha). These results can be explained with the effect of biochar on plant
nutrition and the nature of the crop. Even though, biochar itself does not provide any nutrients in soil, but
beneficial impact of it on water holding capacity and porosity, improve the plant uptake of nutrients (Lehmann
and Joseph, 2009). The effect of this can be noted in case of the individual influence of biochar and
vermicompost (Table 1 and Table 2). But availability of appropriate soil nutrients in the soil is very vital in the
production of Cabbage. It has been found that cabbage needs nitrogen in the optimum amount, while excessive
N may result in formation of loose heads and internal decay, inadequate N amount results in non-formation of
heads. Cabbage demand for P increases considerably at head formation stage, whereas, K deficiency can cause
marginal necrosis and retards head quality. However, excessive K may result in head split (Khan et al., 2002).
The highest amount of biochar in the media (B3, 10.30 t/ha) with V¢, probably created an excessive availability
of soil nitrogen and potassium, which ultimately lower the yield (49.74 t/ha).

In the light of these evidences, the results show that it is possible to grow green cabbage in biochar and
vermicompost media even at field conditions and their combinations influence both growth and yields. Our
study shows that, the effect of individual biochar and vermicompost are cumulative when applied together, but
the appropriate combination must be formulated according to the need of plant.

In the economic analysis, the cost benefit ratio was calculated in the Bangladesh context and the unit was
expressed as Bangladeshi currency (BDT). The highest net return (BDT 523598) with a benefit cost ratio 3.70
was found for the treatment combination of B;Vc, (2 t ha* biochar with 4 t ha™ vermicompost), while the lowest
net return (BDT 162968) obtained from B,Vc, (0 t ha™ biochar with 0 t ha™ vermicompost) (Figure 1 and Figure
2).
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Economic Returns
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Here, By= 0 t/ha; B;= 2.10 t/ha; B,= 6.20 t/ha and B;=> 10.30 t/ha, Vc,= 0 t/ha; Vc,= 4.1 t/ha; Vc,= 8.20 t/ha
Figure 1. Economic analysis of cabbage production as influenced by biochar and vermicompost.

Most cost-effective production procedure is the most useful information for farmers, particularly, small scale
farmers. The incentives of farmers in food productions are cost effective production, better quality produce and
increased net returns (Islam et al., 2021).

In this research, it is seeking the production of safe food and assist the rural producers in obtaining greater
monetary returns, encouraging them to continue in the agricultural activity in sustainable way. Used as growing
media, containing easily available and accessible local materials such as organic manure and biochar can be
even with economic viable (Vendruscolo et al., 2019).

Benefit Cost Ratio

4 —=B... 367 3.7

BOVc0B0OVcl1B0OVc2B1Vc0B1Vel B1Ve2 B2Vce0B2Vel B2Ve2 B3Vc0B3Vel B3Ve2
Treatment combinatios

Here, By= 0 t/ha; B;= 2.10 t/ha; B,= 6.20 t/ha and B;= 10.30 t/ha, Vcy=> 0 t/ha; Vc,= 4.1 t/ha; Vc,= 8.20 t/ha and
BCR = Benefit Cost Ratio

Figure 2. Benefit cost ratio of cabbage production as influenced by biochar and vermicompost.
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4. Conclusions

Organic cultivation is the best way to produce nutrient rich, Green Cabbage when health and environment
related safety is concerned. However, maintain the productivity of inorganic production is quite difficult in
organic production. The farmers of Bangladesh cannot sustain cabbage production without economic viability.
Incorporation of biochar and vermicompost in the growth medium of organic farming can improve the
productivity and economic returns to the farmer alone with ensuring food safety. However, the most suitable
combination of biochar and vermicompost to get the best results, demands considerable attention.
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