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GROWTH AND YIELD OF VERTICALLY GROWN BARI
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NOWSHIN AKHTER

An experiment was conducted at Sher-e-Bangla Agricultural University to evaluate the
influence of organic growing media on growth, yield and quality performance of BARI
Chive-1 variety in vertical garden. The experiment comprised of nine treatments, viz.,
Go = Control (100% Soil), G1 = Soil + Vermicompost (50:50), G2 = soil+ vermicompost
+ cowdung (50:25:25), Gz = Soil+ Cowdung (50:50), G4 = Soil+ Cowdung (75:25), Gs
= Soil+ Cowdung+ Kitchen compost (50:25:25), Ge= Soil + Kitchen compost +
Cocopeat (50:25:25), G7= Soil + Vermicompost + Biochar (50:25:25), Gg= Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10). The experiment was laid
out in a randomized complete block design (RCBD) with 3 replications. Among them
the highest yield per pipe (71g) was found from G, and the lowest (22g) from Gs
treatment. According to all treatments G performed significantly better in terms of
plant height, leaf length, fresh and dry weight of individual plants and yield (t/ha). But
the highest dry matter percentage found in control treatment. Another treatment Ge
performed almost statistically similar result with G2. So, in vertical garden soil+
vermicompost + cowdung (50:25:25) and Soil + Kitchen compost + Cocopeat
(50:25:25) can be very good for BARI chive-1 production.
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Effect of different organic growing media on growth and
yield of vertically grown BARI Chive-1 on rooftop.

Chapter |

INTRODUCTION

“By 2030, end hunger and ensure access by all people, in particular the poor and people
in vulnerable situations, including infants, to safe, nutritious and sufficient food all year
round and ensure sustainable food production systems and implement resilient
agricultural practices that increase productivity and production, that help maintain
ecosystems, that strengthen capacity for adaptation to climate change, extreme weather,
drought, flooding and other disasters and that progressively improve land and soil
quality” this is one of the major target for us to achieve the Sustainable Development
Goals (SDGs) or Global Goals. On an average sixty-six thousands of agricultural land
(0.29 percent of total agricultural land) has been decreased every year from Bangladesh.
(Alam et al., 2015). On the other hand, Bangladesh still now deficit in onion and garlic
production. (BBS,2021).

Chive (Allium tuberosum) is a very new crop in Bangladesh. It is perennial type. Chives
flavor is Like allium species especially onions and garlic (Hashimoto et al.,1983). The
Lillian shaped leaves are about 23-30cm with flat, smooth edges and the bulbs
can grow up to 1.5cm. Allium tuberosum (garlic chives, Oriental garlic, Asian chives,
Chinese chives, Chinese leek) is a species of plant native to the Chinese province of
Shanxi, and cultivated and naturalized elsewhere in Asia and around the world
(Wikipedia, 2023). In Manipur and other northeastern states of India, it is grown and
used as a substitute for garlic and onion in cooking and is known as maroi nakuppi in
Manipuri. For culinary and medicinal properties of Chives, they are widely cultivated.
Chives is that kind of crop which whole plant, leaves, stalk and flower can be
used as a spice. The taste of chives is milder than onions, so they are the perfect choice
for soups and savory dishes. Chives should be added at the end of cooking otherwise
the flavor will disappear. It even has health benefits like helping digestion and
disease prevention. It also prevents different types of cancer. It is rich in Vitamin
C, Vitamin B-1, Vitamin B-2, Niacin, Carotene, and other minerals. Currently
chives are cultivated in the hilly areas of Sylhet and Chittagong. Scientists find
great potential in its cultivation in the onion producing areas of the country like
Faridpur, Pabna, Rajbari, Meherpur, Kushtia, Magura, Bogra, and Lalmanirhat.

1



One should be able to cut chives down to 3cm off the ground multiple times a year to
maintain a supply of succulent fresh leaves.

Vertical gardening has gained significant popularity in recent years, particularly in
urban areas where space for traditional gardening is limited. It offers an innovative
approach to urban sustainable food production and security. By using space-efficient
growing systems, vertical gardens can be utilized in urban areas to produce fresh and
healthy food, reducing the carbon footprint and ensuring access to locally sourced
produce. Vertical gardens use less water, fertilizers and pesticides than traditional
gardens, making them more sustainable and environmentally friendly. Ortiz-Ribbing
et al. (2020) found that vertical gardens were an effective method of sustainable food
production and helped to reduce greenhouse gas emissions. Vertical gardens can be set
up in urban areas, providing an opportunity for local food production. A study by Byrne
et al. (2019) found that urban agriculture was an effective method of improving access
to fresh produce in low-income areas of cities. Vertical gardens can be designed to
provide year-round food production, reducing the need for food imports and improving
food security. Debono et al. (2021) mentioned that vertical gardens were an effective
method of year-round food production in urban areas.

Organic growing media plays an important role in sustainable food production and food
safety. Using organic growing media can reduce the environmental impact of food
production and helps to ensure that the food produced is safe and healthy for
consumption. Organic growing media contains organic matter that helps to improve
soil health and fertility. This can reduce the need for synthetic fertilizers and other
chemical inputs that can harm the environment and reduce the quality of the food
produced. Ciavatta et al. (2015) showed that organic growing media improved soil
structure, increased water retention, and enhanced nutrient availability. Ibanez et al.
(2021) found that organic growing media reduced the risk of contamination of
Salmonella compared to conventional growing media. Organic growing media are
made from renewable resources and are biodegradable, reducing the environmental
impact of food production. Organic growing media reduced greenhouse gas emissions
and energy consumption compared to conventional growing media (Souza et al., 2019).
Organic growing media can also contribute to improved food safety by reducing the
risk of exposure to harmful chemicals and pathogens. A study by Antoniadis et al.



(2018) found that organic growing media reduced the presence of Escherichia coli in

plant.

Using organic growing media in a vertical garden is not only beneficial for plant
growth, but it also promotes sustainable and environmentally friendly gardening
practices. Chives, a popular herb in cooking, can be grown in vertical gardens using
organic growing media to ensure food security. Growing media plays a crucial role in
the growth and yield of chives in vertical gardens. The right growing media can provide
optimal moisture, nutrient retention, and aeration for the plants. Compost is a rich
organic growing media that contains nutrients essential for plant growth. A study by
Borrelli et al. (2021) found that using compost as a growing medium significantly
increased chive biomass production in a vertical garden. Coco peat is a byproduct of
coconut husk and is a popular growing medium due to its excellent water retention and
aeration properties. Kumar et al. (2019) found that coco peat-based growing media
promoted better growth and yield of chives in a vertical garden compared to soil-based

media.

The choice of growing media is an important factor in the cultivation of garlic chives
as it influences the plant's growth, yield and quality. Organic growing media such as
compost, vermicompost, peat moss, and bio coir have gained popularity due to their
environmentally friendly nature and potential to improve soil health. However, the
effects of different organic growing media on chive growth and development have yet
to be fully evaluated. The use of organic growing media in vertical gardens is a crucial
aspect of the growth and development of plants. Chives are a popular herb that can be
grown in vertical gardens and are valued for their culinary and medicinal properties.
With conceiving the above outline in mind, the present research work has been

undertaken in order to fulfilling the following objectives:

» to investigate the effect of different organic growing media on chive growth in
a vertical garden.
» to examine the growth, yield and quality of chives grown in different organic

growing media.



The findings of this study may be providing useful information for urban gardeners and
farmers on how to optimize the growth of chives in vertical gardens, leading to more

sustainable and healthier food production.
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Chapter 11

REVIEW OF LITERATURE

Chives (also known as Chinese chives or Garlic Chives) are a versatile garden plant
commonly grown in culinary herb garden settings and as an ornamental flowering
perennial. It belongs to the genus Allium and are a cold-tolerant perennial herbaceous
ratoon plant. Most of the species in this genus are used around the world as food, spices,
and medicinal materials (Masiot et al.,1995). Chemical investigations of the different
parts of Chinese chives have shown that they contain vitamins, crude fibers, mineral
compounds, and sulfur compounds, and have antibacterial properties when consumed
by humans (Zhang et al., 2016; Moon et al., 2003 & Imahori et al., 2004). Chinese
chives are becoming more economically valuable because of their nutritional and
functional components (Gao et al., 2018). Scientists of the Bangladesh Agricultural
Research Institute (BARI) are hoping that chives can be used as an alternative to garlic
and onion. They released a high yielding variety of this crop named BARI Chive-1 in
2017 (Akand, 2019). What makes chives the ideal crop is that it can be grown all year
round. Once planted, the crops can be collected multiple times from a single plant and
can be grown easily in flower pots or backyards. Therefore, chive is very important and
very new crop for Bangladesh and it has economic and nutritional importance as well

for our food security.

Another most challenging issue for us is production of safe food in the densely
populated areas of the developing countries. Every year annually one percent of
cultivable land is decreased to urban development in Bangladesh (The United Nations,
2017). As a result, to feed the people by producing food is becoming a big challenge.
Another big issue is rural grown foods are highly contaminated by pesticide

and preservative (Siddique, 2017).

Now a day vertical farming is becoming popular in urban area. Vertical farming could
enable food production in a proficient and sustainable system, to save water and
energy, reduce pollution and restore ecosystem and supply safe food (The United
Nations, 2017).



But very few research works were done on organic chive production in vertical
agriculture. Here in the section below, some past works related to this research are

reviewed.

2.1 Effect of different organic growing media on Chives:

The use of organic growing media in the cultivation of garlic chives (Allium tuberosum)
has gained popularity in recent years due to concerns over the environmental impact of

synthetic growing media and the potential benefits of organic media for soil health.

Sagolsem et al., (2022) conducted an experiment on “Effect of organic compost and
PSB on growth and yield of chives (Allium tuberosum L.)” at the Horticultural
experimental field of the Department of Horticulture, Pandit Deen Dayal Upadhyay
Institute of Agricultural Sciences, Utlou from December 2018 to June 2019. They
carried the experiment in Randomized Block Design (RBD) with three replications and
seven treatments viz., control (T:), Vermicompost (T2), Phumdi (Ts), Phosphate
Solubilizing Bacteria-PSB (T), Vermicompost + Phumdi (Ts), Vermicompost +
Phosphate Solubilizing Bacteria (Ts) and Vermicompost + Phumdi +Phosphate
Solubilizing Bacteria(T-). Local cultivars of chives saplings were bought from a local
market and were planted on a bed size of 1m?2 at spacing of 15cm x 15¢cm respectively.
The data revealed that the treatment T, (Vermicompost + Phumdi +Phosphate
Solubilizing Bacteria) showed maximum significant effect on growth and yield

parameters.

Ramos-Gonzalez et al., (2019), conducted a research in a vertical production system
with chive, basil and oregano. They used two treatments (organic bocashi and
vermicompost fertilizers) and one control (forest soil) which were applied to plant
cultures. Results showed that, chives were growing better with vermicompost fertilizer
compare with the other treatments. Basil had high production using an organic fertilizer
rich in nitrogen and calcium (bocashi), while chive had it using a fertilizer rich in

phosphorus (vermicompost).

Studies have shown that compost and vermicompost can improve soil structure and
provide essential nutrients to plants. For example, a study by Li et al. (2017) found that
the use of vermicompost as a growing medium significantly increased the growth and
yield of garlic chives compared to the use of peat moss. The authors attributed the

6



improved growth to the increased availability of nutrients, improved soil structure, and

increased water-holding capacity of the vermicompost.

Similarly, a study by Li and Chen (2019) found that the use of compost as a growing
medium improved the growth and yield of garlic chives compared to the use of peat
moss. The authors attributed the improved growth to the increased availability of

nutrients and improved soil structure provided by the compost.

In contrast, the use of peat moss as a growing medium has been shown to be acidic and
may require adjustments to pH to ensure optimal growth of garlic chives. A study by
Shah and Uddin (2017) found that the addition of lime to peat moss improved the
growth and yield of garlic chives, but that the use of peat moss alone resulted in poor
growth.

Coir, a byproduct of the coconut industry, has also been evaluated as a growing medium
for garlic chives. A study by Islam and Hossain (2018) found that the use of coir as a
growing medium improved root development and water-holding capacity, leading to

improved growth and yield of garlic chives compared to the use of peat moss.

Xiangwei et al., (2019) published a research work in Journal of Hazardous Materials.
They conducted a pot experiment was carried out to study thiamethoxam (THI)
dissipation and metabolite clothianidin (CLO) production in soil amended with wood-
derived biochar produced at 450 °C (BC450), as well as THI and CLO uptake by
Chinese chives. The soil samples amended with BC450 at 0 % and 1.5 % (w/w) were
named as treatments CK and BC450, respectively. The air-dried soil samples and
biochar samples were thoroughly homogenized by hand and passed through a 2-mm
sieve to ensure homogeneity for subsequent experiments. Each plastic pot of 5 cm in
diameter by 10 cm in height was packed with 0.5 kg of soil or a mixture of BC450 and
soil. Then, 30 mL of 100 mg/L THI solution was added to the soil to reach a
concentration of 6 mg/kg. Eight Chinese chive seedlings (~15 c¢cm in height) were
transplanted into the pot and deionized water was added to reach 60 % of the maximum
water holding capacity (WHC). All of the pots were randomly placed in a greenhouse
for 42 days (14 h light at 25 + 2 °C) with the positions of pots frequently randomized
during the growth period. In total, 21 pots for each treatment were set up and at days 3,

5,7, 14, 21, 35, and 42, three replicated pots from each treatment were destroyed to

7



collect the soil and plant samples for pesticide residue analysis. BC450 addition
decreased THI uptake and its metabolite clothianidin (CLO) by 22.8 % and 37.6 %,
respectively. However, the half-life of THI in soil rose from 89.4-120 days, indicating
that BC450 increased soil THI’s persistence. The decreased bioavailability and
increased persistence of THI resulted mainly from the higher sorption capacity of
BC450 to THI and CLO, which, in turn, enhanced the soil sorption capacity.
Consequently, the application of BC450 increased the soil microbial diversity and
altered the structure of the microbial community. Although the abundance of
Actinobacteria associated with the biodegradation of THI, increased the persistence of

THI in the BC450-amended soil, mainly due to the decrease in bioavailable THI.

2.2 Effect of different organic growing media on Chives in vertical farming:

Vertical farming is an innovative approach to agriculture that involves growing crops
in stacked layers in a controlled environment. The use of organic growing media in
vertical farming is becoming increasingly popular as a way to reduce the environmental

impact of synthetic growing media and improve soil health.

Studies have shown that the use of organic growing media, such as compost and
vermicompost, in vertical farming can improve the growth and yield of garlic chives
(Allium tuberosum). For example, a study by Yang et al., (2021) found that the use of
vermicompost as a growing medium in a vertical farm significantly increased the
growth and vyield of garlic chives compared to the use of peat moss. The authors
attributed the improved growth to the increased availability of nutrients and improved

soil structure provided by the vermicompost.

Similarly, a study by Kim et al., (2020) found that the use of compost as a growing
medium in a vertical farm improved the growth and yield of garlic chives compared to
the use of peat moss. The authors attributed the improved growth to the increased

availability of nutrients and improved soil structure provided by the compost.

Coir, a byproduct of the coconut industry, has also been evaluated as a growing medium
for garlic chives in vertical farming. A study by Kim and Lee (2022) found that the

use of coir as a growing medium in a vertical farm improved root development and



water-holding capacity, leading to improved growth and yield of garlic chives

compared to the use of peat moss.

2.3 Effect of growing media on different crops

A study was conducted by Rinita et al., (2021) on lettuce. they use two letuce cultivars
(V1: Green wave and V2: New red fire) and and three organic growing media (P1: 40%
soil + 40% vermicompost + 20% coir; P2: 50% soil + 50% vermicompost; P3: 20% soil
+ 40% vermicompost + 40% spent mushroom compost) along with control (P0:100%
soil) as treatments. The results revealed that plant height, leaf area, fresh weight, dry
weight, and total yield of leaf lettuce were significantly increased when the green-leafed
cultivar (VI) was grown in the P1 compared to all other treatments, but V2 got
maximum sensory attribute scores when grown in the P1. Lettuce leaves grown in the
formulated growing media (P1, P2, and P3) had higher microbial infestation whereas,

a lower content occurred in the PO. The higher economic return was observed in V1P1.

Abdani (2020) was conducted at Mindanao State University-Main Campus, Marawi
City. Results of the study showed that T2 (Recommended Rate (RR) Inorganic
Fertilizer) plants are the tallest while T1 (Control) plants are the shortest with a mean
height of 14.56 and 8.66 cm, respectively. T2 plants also have the highest mean growth
rate of 3.015 mm/day, and T7 (50% RR Organic Fertilizer + 50% RR Foliar Fertilizer)
as the shortest with a mean growth rate of 1.237 mm/day. Further, TS5 (50% RR
Inorganic Fertilizer + 50% RR Organic Fertilizer) plants show the highest mean number
of leaves of 10.197, and T1 plants are the least with a mean number of leaves of 6.867.
Yield was also highest in T2 and lowest in T1 with a mean weight of 225.863 g and
50.853 g, respectively. Moreover, the results of the study are recommended to the
Philippines’ Department of Agriculture (DA) and Local Government Units (LGUs) to

guide the farmers and consider adopting the recommendations of this study.

Cig (2019) the objective of this study was to investigate the effects of different growing
media on plant growth and nutrient contents of petunia (Petunia hybrida). The
experiment was conducted in a chamber room under controlled conditions at the
laboratory. Seven different media (soil, 3:1 soil: peat (P1), 2:1 soil: peat (P2), 3:1 soil:
barnyard manure (BYM1), 2:1 soil: barnyard manure (BYM2), 3:1 soil: sugar beet pulp
(SBP1), 2:1 soil: sugar beet pulp (SBP2) was used as plant growing media. The



experiment was ended after three months following transplanting of seedlings. Plant
growth and flower parameters and macro-micro nutrient contents were determined in
harvested plants. The highest stem diameter, branch number, flower diameter, flower
stalk diameter, plant fresh weight and plant dry weight were in 2:1 ratio of soil: peat
mixture as 7.00 mm, 6.33, 8.91 cm, 3.59 mm, 48.47 g and 4.52 g while the highest plant
length, lateral branch number and flower number means were found as 27.43 cm, 24.67
and 24.67 in ratio of 3:1 soil: peat growing media respectively. The highest potassium,
magnesium and zinc means of plants were obtained as 6.6%, 2.2% and 32.50 mg kg-1
in soil: barnyard manure (2:1) growing media while the highest phosphorus and calcium
means of plants were found as 0.27% and 4.5% in soil and peat growing media
respectively. The highest iron and copper means of plants were determined as 231 mg
kg-1 and 32.50 mg kg-1 in ratios of 2:1 and 3:1 of soil: sugarbeet pulp growing media

respectively.

Aslanpour et al., (2019) an experiment was performed to investigate the factors
affecting the growth and flowering in this plant. The first experiment investigates three
growing media (peat, cocopeat: perlite and peat moss: perlite). All experiments were
performed as a factorial experiment in a completely randomized factorial design with
five replications. Most of the measured traits were significantly affected by the
treatments of these three experiments. The use of peat moss: perlite growing medium
with equal ratio along with the application of phosphate fertilizer provided the best

yield.

Another experiment was carried out in a net-house to assess the impacts on plant growth
of different biochar types in comparison with their biomass sources, Khan et al. (2018)
reported a better growth of the kalmi plant (Ipomea aquatica) under cow dung biomass
treatment than cow dung biochar. Under the other treatments with two biochar types,
respectively, from poultry manure and sludge, plant growth was lower than the non-
treated control. Three different types of biomasses and biochar’s viz., cow dung, poultry
manure and sewage sludge produced were used for the study. The biomass or biochar
was applied to the soil at a rate of 5 t/ha and the pots were arranged following
completely randomized design. A number of physical, chemical and physio-chemical
properties of the soil, biochar, biomass and plant  samples
were analyzed in the laboratory. Biochar treated soils showed higher CEC

than the corresponding biomass treated ones. Organic carbon in biochar treated soils
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was also higher. Total nitrogen contents of biomass treatments were higher than biochar
treatments. Phosphorus, potassium and Sulphur concentrations of the treated soils
increased after harvesting. The paper analyzed plant growth and agricultural crop
production facing biochar application, indicating that the materials might not exert

similar positive effects as their biomass sources.

Sardoei and Shahdadneghad (2015) the study was conducted to evaluate the effect of
different growing media on the growth and flowering of Zinnia elegans. Seven different
growth media including coconut compost, silt, soil loam, leaf manure, (leaf
manure+silt; 2:1), (coconut compost+soil loam; 1:1) and (leaf manure+soil loam+silt;
1:1:1) were used for growing Zinnia. The experiment was laid out in Complete
Randomized Design (CRD) giving equal importance to treatments. Number of flowers,
length of lateral branches, number of lateral branches, stem diameter, plant height (cm),
diameter of flower, vase life (day) and fresh and dry root, shoot and total were
determined. The present study confirms the fact that selection of the appropriate
medium of growth for potted flowering plants in this case Zinnia elegans was very
important from aesthetic and marketing point of view. The medium must ensure the
production of plants of the required quality on cost effective basis. In the present study,
leaf manure produced significantly the maximum vase life and diameter of flower while
the maximum vase life and diameter of flower was obtained with mix (coconut
compost+soil loam; 1:1). Ghehsareh (2015) the experiment was conducted as factorial
in a completely randomized block design with 9 treatments and 3 replications.
Treatments included three sizes (S1 = <0.5, S2 = 0.5-1, and S3 = 1-2 cm) and three
composting times (C1 = 0, C2 = 3, and C3 = 6 months) of date palm waste. Statistical
analysis showed that the values of bulk density (BD) and water holding capacity (WHC)
were significantly increased at the end of cultivation from culture media without plant
in comparison to before and after planting (p < 0.05). Amounts of F t (total porosity) in
culture media without plant were significantly higher than those in culture media before
planting and with plant (p < 0.05). Also, during the experiment, an apparent shift in
physical properties was recorded. The overall results of this research indicated that
composting process changed the physical properties of the media before planting. Also,
during the experiment, an apparent shift in physical properties was recorded. The results

of the study showed that composting processes continued in culture media with and
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without plant, in the meantime, the composting processes were higher in culture media

without plant.

Waseem et al., (2013) a pot experiment was conducted to investigate the effect of
different growing media on the growth and development of stock (Matthiola incana).
Seven different growing media including soil (100%), leaf mold (100%), coconut husk
(100%), soil + leaf mold (50:50), soil + coconut husk (50:50), leaf mold + coconut husk
(50:50) and soil + leaf mold + coconut husk (33:33:33) were used to check the growth
of Stock plants in pots. Data was recorded for different parameters including days to
flower initiation, days to flowering, plant height (cm), leaves per plant, branches per
plant, flowering clusters per plant, flowers per cluster, flowers per plant and flower
persistence life (days), during this course of study. The overall performance of Stock
was better in media having leaf mold as it took least days to flower initiation (75.83),
maximum plant height (21.43 cm), flowering clusters per plant (4.11), number of
flowers per cluster (8.45 days), flowers per plant (34.66). For better growth and

flowering of Stock plant, leaf mold can be used as growing media in pots.

Riaz et al., (2008) the study was conducted to evaluate the effect of different growing
media on the growth and flowering of Zinnia elegans cv. Blue Point. Five different
growth media including coconut compost, silt, soil, leaf manure, leaf manure mix (silt
+ leaf manure + coconut compost; 1:1:1) were used for growing zinnia. The experiment
was laid out in Complete Randomized Design giving equal importance to treatments.
Number of flowers, blooming period, number of lateral branches per plant, number of
leaves per plant, plant height (cm), leaf area(cm2), days to first flower emergence, size
of flower and flower quality were determined. The properties of each medium,
including water holding capacity (saturation percentage), pH, total nitrogen, available
phosphorus and available potassium were also determined. Plant height (cm), number
of leaves per plant, number of side branches, days to first flower emergence and number
of flowers were affected significantly when plants were grown in leaf manure mix. It is
therefore opined that the utilization of coconut compost, silt and leaf manure is a good
source of NPK. Therefore, utilization of growing media in combinations proves more

effective for the good growth and flowering of zinnia.

Gul et al., (2007) the research was carried out between the dates of October 30, 2002
and January 27, 2003. The objective was to compare the effects of clinoptilolite, which
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is a kind of zeolite, and perlite on growth and nutrient status of lettuce plants. Plant
material was Lactuca sativa var. capitata cv. Brogan. Five different growing media; (1)
perlite, (2) 3:1 perlite + zeolite, (3) 1:1 perlite + zeolite, (4) 1:3 perlite + zeolite and (5)
zeolite was tested. Results showed that zeolite gave rise to increased plant growth and
to reduced nitrate and nitrite contents in plant tissues. Mixing zeolite into the growing
medium resulted in increased K, Fe, Cu and Mn, and decreased Mg content of the

plants.

2.4 Productivity of vertical gardens

Rinita et al., (2021) were driven a study to evaluate the agronomic properties and
economic viability of lettuce grown vertically in the wall of building in Dhaka city,
Bangladesh. They used two lettuce cultivars (V1: Green wave and V2: New red fire)
and three organic growing media (P1: 40% soil + 40% vermicompost + 20% coir; P2:
50% soil + 50% vermicompost; P3: 20% soil + 40% vermicompost + 40% spent
mushroom compost) along with control (P0:100% soil) as treatments. The results
expressed that plant height, leaf area, fresh weight, dry weight, and total yield of leaf
lettuce were significantly increased when the green-leafed cultivar (V1) was grown in
the P1 compared to all other treatments, but V2 got maximum sensory attribute scores
when grown in the P1. Lettuce leaves grown in the formulated growing media (P1, P2,
and P3) had higher microbial infestation whereas, a lower content occurred in the PO.
The higher economic return was observed in V1P1. These studies demonstrated the
agronomic and economic potential for vertical farming in densely populated areas but

emphasize the need for optimized food safety strategies.

Research was conducted in a vertical production system by Ramos-Gonzélez et al.,
(2019). They analysed the establishment of purple basil (Ocimum basilicum var.
purpurascens L. Benth.), oregano (Origanum vulgare L.) and chive (Allium
schoenoprasum L.), in a vertical production system, using vermicompost, bocashi as
organic fertilizers and forest soil. For this, three walls were installed, each with a
different substrate and with five individual plants per species. Results showed that, the
basil was functional in the vertical production system, where the highest productivity
was obtained using bocashi fertilizer; likewise, chives were fitted for the vertical
production system, growing better with vermicompost fertilizer than with the other

treatments. Oregano was not fitted for the proposed vertical system because its root
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needs more soil volume, so oregano culture is not recommended for this production

model.

Nwosisi et al., (2017) conducted a study on cultivar trials in organic vertical system on
the certified organic farm of the Tennessee State University, Nashville. Several
cultivars of lettuce, chard, kale, mustard-green, basil and coriander were grown in the
vertical-grow system and were harvested successfully. Automated system called 'Drip
Organics' provided organic nutrients to the plants. Perlite and coco fiber media were
used in the stacked pots. It was concluded that although modern organic farming would
remain a widely used food production method as evidenced by its global acceptance
and steady growth, organic vertical farming would have a potential to provide food
security, year-round produce and ease transportation of food within urban and semi

urban areas.

Al-Chalabi (2015) prepared a paper with the purpose to examine the feasibility and
plausibility of the vertical farming concept from a socio technical, mixed methods,
research perspective. It included (1) examining energy requirement to power such a
building and probability of renewable energy to meet the onsite demands of the building
by constructing an energy model, (2) quantifying the carbon footprint of vertically
grown produce and subsequently comparing that to conventionally grown produce, and
(3) conducting interviews to explore how relevant stakeholders perceive the concept of
vertical farming in order to identify the barriers and opportunities towards possible
uptake of the technology. The findings indicated that vertical farming could be used as
a tool to supply food to cities in a sustainable manner depending on the location and

design.

Banerjee and Adenaeuer (2013) carried out a study to construct a Vertical Farm and
thereof investigate the economic feasibility of it. In a concurrent Engineering Study
initiated by DLR Bremen, a farm, 37 floors high, was designed and simulated in Berlin
to estimate the cost of production and market potential of this technology. It yielded
about 3,500 tons of fruits and vegetables and 140 tons of tilapia fillets, 516 times more
than expected from a footprint area of 0.25 ha due to stacking and multiple harvests.
The investment costs added up to € 200 million, and it required 80 million liters of

water and 3.5 GWh of power per year. The produced food ranged between € 3.50 and

14



€ 4.00 per kilogram. In view of its feasibility, they estimated a market for about 50

farms in the short term and almost 3000 farms in the long term.

Utami and Jayadi (2012) were conducted another research at the Centre for Land
Resources, Gadjah Mada University, Yogyakarta, Indonesia. Several of raised beds
(shelf, a place holder) or growing beds were made with 6 levels of 6x4 m2 and 4 levels
of 4x1.72 m2. Nutrients were supplied by organic matter (manure and compost), while
water was supplied as treated wastewater. Then several vegetables (Chinese cabbage,
lettuce, water spinach, chili red) and fruits (lemon, guava, mango, passion fruit) were
planted. The results showed that vertical gardening was best suited for plants that
required maximum sunlight such as fruit and also several vegetables. Plants grown in a
vertical garden were less accessible to diseases and pests, and crop harvesting and
cultivation was easier. Vertical gardening provided adequate aeration to the plants and
also increased the beauty of the garden. Overall, the yield of vertical gardening was

higher than traditional plantation methods.
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Chapter 111
MATERIALS AND METHODS

This chapter includes a brief description of different materials and methodologies

followed during the experiment.
3.1 Description of the experimental site
3.1.1 Experimental period

The experiment was conducted during the period from January to March 2022.

3.1.2 Climatic condition

The monthly average temperature, humidity and rainfall during the crop growing
period were collected from “Bangladesh Meteorological Department (Climate and
weather division), Agargaon, Dhaka-1207 and presented in Appendix IV. During
this period the maximum highest temperature (31.7°C) and the minimum lowest
(13.4°C) was recorded in March and February 2022, respectively.

3.1.3 Experimental location

The experiment was conducted on rooftop of Dr. MA Wazed Miah Research

Centre building at the Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. It
is located at 90°22' E longitude and 23°41' N latitude at an altitude of 8.2 meters above

the sea level.

3.2 Experimental details

3.2.1. Treatments

The experiment comprised of eight mixtures of growth media
Go = Control (100% Soil),

G1 = Soil + Vermicompost (50:50)

G2 = soil+ vermicompost + cowdung (50:25:25),

G3 = Soil+ Cowdung (50:50),

G4 = Soil+ Cowdung (75:25),
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Gs = Soil+ Cowdung+ Kitchen compost (50:25:25),

Ge= Soil + Kitchen compost + Cocopeat (50:25:25),

G7= Soil + Vermicompost + Biochar (50:25:25),

Gsg= Soil + Vermicompost + Biochar + Kitchen compost (50:30:10:10)

So, here 8 treatments including control were used in this experiment.
3.2.2. Design and layout of the experiment

The experiment was laid out in a randomized complete block design (RCBD) having
twenty-seven experimental units (9 treatments with 3 replications). The experiment was
carried out in three triangular shape vertical structures (Figure 1 & 2). Each structure
was made of iron and it was divided into nine blocks which were considered as

treatments and each structure was treated as replication.
3.2.3. Vertical growth device

The growing device is made of 4 inches (0.1016 m) diameter PVC Pipe. The length of
individual growing device was 31 inches (0.7874 m). Plants were established in
rectangle open space of PVC pipe’s outer surface. Both ends of each piece were covered
with pipe-end caps. This type of 12 devices were organized on a triangular structure
made with iron. The length and width of triangular structure were 72 inches (1.83 m)

and 36 inches (0.91 m) and height was 48 inches (1.21 m). The distance from device to

device was 3.5 inches (0.09 m). Out of 12 devices 9 were used for 9 treatments and

Figure 1. Growth evice, structure of vertical garden and a part of the

experimental set up.
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other three were unused and this one structure set was used as one rej E 2

replication gap was 10 inches (0.254 m). N—

Figure 2: Schematic Layout of Experimental Set-up

Here, the area occupied by structure: 1.83 m x 0.91 m = 1.67 m?
Number of structures: 3 considered as replications

Number of devices used: 27 PVC pipes, all were considered as treatments and red

marked circles were not used in experiment.
Device size: 0.1016 m x 0.7874 m = 0.08 m?

Go = Control (100% Soil),
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G1 = Soil + Vermicompost (50:50)

G2 = soil+ vermicompost + cowdung (50:25:25),

Gs = Soil+ Cowdung (50:50),

G4 = Soil+ Cowdung (75:25),

Gs = Soil+ Cowdung+ Kitchen compost (50:25:25),

Ge= Soil + Kitchen compost + Cocopeat (50:25:25),

G7= Soil + Vermicompost + Biochar (50:25:25),

Geg= Soil + Vermicompost + Biochar + Kitchen compost (50:30:10:10)
Ri1: Replication 1, R2: Replication 2 and R3: Replication 3
3.3 Cultivation of crop

3.3.1. Collection of planting materials

Suckers of BARI Chive-1 were collected from Spices Research Sub-Centre, BARI,
Faridpur.

3.3.2. Collection of organic manure

Cowdung, vermicompost, kitchen compost, soil, cocopeat and field used biochar was
derived from pyrolysis of wood, wood chips and sawdust were collected from
horticulture farm (FABLAB SAU).

3.3.3. Growing media preparation

Nine different growing media were used in this experiment which were made off with
different organic manure. They are Cowdung, vermicompost, kitchen compost, soil,
cocopeat and field used biochar. Mixtures of this media in different ratio were used as
treatments. The first treatment (Go) contained only regular nursery soil. While the
second media comprised of soil and vermicompost (50:50). The third media was made
of soil, vermicompost and cowdung (50:25:25). Fourth was filled with soil and
cowdung (50:50). Fifth treatment contained soil and cowdung mixture (75:25). Sixth

growing device hold soil, cowdung and kitchen compost mixture (50:25:25). Seventh
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no device comprised of soil, kitchen compost and cocopeat (50:25:25). Soil,
vermicompost and biochar mixture (50:25:25) was filled in eighth no growing device.
Last growing device was filled with soil, vermicompost, biochar and kitchen compost
mixture (50:30:10:10).

3.3.4. Nutrient content of cowdung, vermicompost, cocopeat, biochar, kitchen

compost and soil

Here are some typical ranges for the percentage of nitrogen (N), phosphorus (P), and
potassium (K) in of cowdung, vermicompost, cocopeat, biochar, kitchen compost and

soil.

Table 1. N, P and K Composition of cowdung, vermicompost, cocopeat, biochar,

kitchen compost and soil

Media Nutrients Sources

N (%) P (%) K (%)
Cowdung 1.0-3.0 05-10 |[1.0-2.0 |Singhand Sharma (2012)
Vermicompost | 2.0-3.0 1.85-2.25 | 1.55-2.25 | Sinha et al., (2009)
Cocopeat 02-2 0.1-05 [0.2-25 |Rameshetal., (2016)
Biochar 0.5-3 01-1 0.5- 10 J. Lehmann and S. Joseph (2015)
Kitchen 14-24 05-09 |[0.8-1.1 | Bustamante etal., (2008)
compost Islam et al., (2009)
Soil 0.1-0.5 0.01-0.1 |0.1-0.5 |Islametal., (2016)

3.3.5. Preparation of control media

The control media was prepared from light textured local sandy-loam soil. The soil was
rich in nutrients and dark in color due to presence of higher organic matter. The pH of
the soil was 6.5. Loose friable soil was poured in three growing devices, leaving the top
most 5 cm of each device empty for irrigation and facilitation of other intercultural
operation. The individual device weighted about 5.5 kg.

3.3.6. Preparation of vermicompost + soil (50:50)

This vermicompost and soil media was prepared by thoroughly mixing 6 kg and 6 kg
of the respective components at 50:50 ratio (weight basis). It was rich in nutrients and
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dark in color due to presence of vermicompost. This media had alkaline pH (7.5) with
good drainage property. This media was poured in three growing devices excluding the
top most 5 cm of every device empty for irrigation and intercultural operations. The
final weight of each device was 4.5 kg.

3.3.7. Preparation of soil+ vermicompost + cowdung (50:25:25)

This media was prepared by thoroughly mixing 6kg soil, 3kg vermicompost and 3kg
cowdung at 50:25:25 ratio (weight basis). This media was rich in nutrients and dark in
color due to presence of vermicompost and cowdung. This media had alkaline pH (7.5)
with good drainage property. This media was poured in three growing device, leaving
the top most 5cm of each device empty for irrigation and facilitation of other

intercultural operation. The individual device weighted about 4.5 kg.

3.3.8. Preparation of soil + cowdung (50:50)

This media was prepared by thoroughly mixing 6kg soil and 6kg cowdung at 50:50
ratio (weight basis). This media was rich in nutrients and dark in color due to presence
of vermicompost and cowdung. This media had pH 7.0 with good drainage property.
This media was poured in three growing device, leaving the top most 5cm of each
device empty for irrigation and facilitation of other intercultural operation. The

individual device weighted about 4.5 kg.

3.3.9. Preparation of soil + cowdung (75:25)

This media was prepared by thoroughly mixing 9kg soil and 3kg cowdung at 75:25
ratio (weight basis). This media was rich in nutrients and dark in color due to presence
of cowdung. This media had pH 7.0 with good drainage property. This media was
poured in three growing device, leaving the top most 5cm of each device empty for
irrigation and facilitation of other intercultural operation. The individual device

weighted about 4.5 kg.

3.3.10. Preparation of soil+ cowdung + kitchen compost (50:25:25)

This media was prepared by thoroughly mixing 6kg soil, 3kg cowdung and 3kg kitchen
compost at 50:25:25 ratio (weight basis). This media was rich in nutrients and dark in
color due to presence of kitchen compost and cowdung. This media had pH 6.5 with

good drainage property. This media was poured in three growing device, leaving the
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top most 5cm of each device empty for irrigation and facilitation of other intercultural

operation. The individual device weighted about 4.5 kg.

3.3.11. Preparation of soil + kitchen compost + cocopeat (50:25:25)

This media was prepared by thoroughly mixing 6kg soil, 3kg kitchen compost and 3kg
cocopeat at 50:25:25 ratio (weight basis). This media was rich in nutrients and dark in
color due to presence of kitchen compost and cowdung. This media had slightly acidic
pH (6.0) with good drainage property and lighter in color due to presence of cocopeat.
This media was poured in three growing device, leaving the top most 5cm of each
device empty for irrigation and facilitation of other intercultural operation. The
individual device weighted about 4.5 kg.

3.3.12. Preparation of soil + vermicompost+ biochar (50:25:25)

This media was prepared by thoroughly mixing 6kg soil, 3kg vermicompost and 3kg
biochar at 50:25:25 ratio (weight basis). This media had alkaline pH (8.0) with good
drainage property. This media was poured in three growing device, leaving the top most
5cm of each device empty for irrigation and facilitation of other intercultural operation.
The individual device weighted about 4.5 kg.

3.3.13. Preparation of soil+ vermicompost+ biochar+ kitchen compost
(50:30:10:10)

This media was prepared by thoroughly mixing 6kg soil, 3.6kg vermicompost, 1.2kg
biochar and 1.2kg kitchen compost at 50:30:10:10 ratio (weight basis). This media had
alkaline pH (8.0) with good drainage property. This media was poured in three growing
device, leaving the top most 5¢cm of each device empty for irrigation and facilitation of

other intercultural operation. The individual device weighted about 4.5 kg.

3.3.14. Sucker planting

After cutting one third portion of leaf in every sucker, they were planted in growing
device on January 07, 2022. Total 14 suckers were planted in one treatment and where
two suckers were placed in one hole. 4inches distance was maintained from one hole to

another. After planting, light irrigation was provided for their better establishment.

3.3.15. Gap filling
New vigorous suckers from the stock on extra planting devices were used to replace

dead, injured and weak seedlings of the growth devices.
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3.3.16. Weeding

The hand weeding was done according to necessity of keeping the devices free from

weeds and to avoid crop-weed competition. Total four weeding was carried out.
3.3.17. Irrigation

Irrigation was given when soil was dried.

3.3.18. Pest and disease control

There was no incidence of insects during the experimental duration. However, some
plants were infected by Alternaria leaf spot diseases onset of harvesting. The diseased

leaves were also removed from the infested plant.
3.4 Harvesting

Chive was harvested at 70 Days after planting. Five plants were randomly harvested
from each treatment combination and were used for data observation and recording
regarding yield performance. But chive showed perennial nature in Bangladesh. If we
had left the roots after harvesting the leaves in the growing media, we could have

collected the leaves all year round.

3.5 Data collection

Five plants were randomly selected from each of the treatment. Data on different
growth parameter, such as- plant height, leaf length and number of leaves/plant were
collected at 30, 45, 60 and 70 days after transplanting (DAT). Yield parameters were
recorded at harvest which included fresh weight, dry weight and yield per device. Total
yield was calculated from yield per device. Dry weights of individual plant were

recorded after harvest.

3.5.1 Plant height

The distance between the tips of the highest leaf from ground was considered as plant
height and measured with a meter scale from five randomly selected plants at 30, 45,
60 and 70 days after transplanting (DAT). The units were expressed in cm.
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3.5.2 Number of leaves per plant

Number of leaves per plant was counted from five randomly selected plants at 30, 45,

60 and 70 days after transplanting (DAT) and their mean was recorded.

3.5.3 Leaf length

The leaf length (distance from tip of the leaf to leaf-stalk base) was measured from
randomly selected five plants with meter scale in centimeter at 30, 45, 60 and 70 days
after transplanting (DAT).

3.5.4 Fresh weight (g) per plant with root

Plant fresh weight with root was recorded from five randomly selected plants in grams
(9) with an electric balance.

3.5.5 Dry weight (g) per plant with root

At first selected plant with roots were collected, then roots, flat stem and leaves are cut
separately and sun dried for 72 hours followed by drying in an oven at 70°C for 72
hours. The weight of the oven dried sample was taken and express in gram.

3.5.6 Dry matter (%) of plant with root

Dry Matter (%) is everything in the sample other than water including protein, fiber,
fat, minerals, etc. Divided the weight of the dry plant with root by the weight of the
fresh plant with root and multiply by 100 to get dry matter percentage of plant with
root.

3.5.7 Fresh weight (g) per plant without root

Plant fresh weight without root was recorded from five randomly selected plants in

grams (g) with an electric balance.
3.5.8 Dry weight (g) per plant without root

At first selected plant without roots were collected, then flat stem and leaves are cut
separately and sun dried for 72 hours followed by drying in an oven at 70°C for 72
hours. The weight of the oven dried sample was taken and express in gram.
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3.5.9 Dry matter (%) of plant without root

Divided the weight of the dry plant without root by the weight of the fresh plant without
root and multiply by 100 to get dry matter percentage of plant without root.

3.5.10 Fibrous root number per plant

Fibrous roots were collected from five randomly selected plants and count them. Then

divided it by five to get average root number per plant.
3.5.11 Fresh weight (g) of flat stem per plant

Flat stems of randomly selected five plants were separated from plants and weighing
them with an electric balance, then calculate the average fresh weight (g) of flat stem

per plant.
3.5.12 Dry weight (g) of flat stem per plant

At first selected flat stems were collected, then sun dried for 72 hours followed by
drying in an oven at 70°C for 72 hours. The weight of the oven dried sample was taken

and express in gram.
3.5.13 Dry matter (%) of flat stem

Divided the weight of the dry flat stem by the weight of the fresh flat stem and multiply
by 100 to get dry matter percentage of flat stem.

3.5.14 Fresh weight (g) of leaves per plant

Leaves of randomly selected five plants were separated from plants and weighing them
with an electric balance, then calculate the fresh weight (g) of leaves per plant.

3.5.15 Dry weight (g) of leaves per plant

Selected leaves from five plants were collected, then sun dried for 72 hours followed
by drying in an oven at 70°C for 72 hours. The weight of the oven dried sample was

taken and express in gram.

3.5.16 Dry matter (%o) of leaf
Divided the weight of the dry leaves by the weight of the fresh leaves and multiply by
100 to get dry matter percentage of leaf.
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3.5.17 Fresh weight (g) of root per plant

Roots were collected from randomly selected five plants and weighing them with an

electric balance, then calculate the fresh weight (g) of roots per plant.
3.5.18 Dry weight (g) of root per plant

Collected roots sun dried for 72 hours followed by drying in an oven at 70°C for 72

hours. The weight of the oven dried sample was taken and express in gram.
3.5.19 Dry matter (%0) of root

Divided the weight of the dry roots by the weight of the fresh roots and multiply by 100
to get dry matter percentage of root.

3.5.20 Yield (g/pipe)

Yield of chive/pipe was recorded as the leaves of whole plant with flat stem at final

harvest within a pipe and was expressed in gram.

3.5.21 Yield (t/ha)

First the length and width of the vertical structure were measured with a measuring
tape. Then calculated the area in m2 In this area 12 growing device/pipe were
established so the yield per pipe was multiply by 12 to get the unit area yield and then
this yield was converted to ton per hector.

3.6 Statistical analysis

The data obtained for different characters were statistically analyzed to find out the
significance of the difference for different treatments on BARI Chive-1. The mean
values of all the recorded characters were evaluated and analysis of variance was
performed by statistical package “R”. The significance of the difference among the
treatment combinations of means was estimated by Least Significant Difference (LSD)
value at 5% level of probability and interpretation of the results were determined by
Duncan’s Multiple Range Test (DMRT) according to Gomez and Gomes, (1984).
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Chapter IV

RESULTS AND DISCUSSIONS

The present experiment was conducted to find out the performance of different organic
growing media on growth and yield of chive in vertical garden. BARI Chive -1 was
evaluated in this regard. Data were collected on various growth and yield indicator and
data were statistically analyzed with statistical software package “R”. Appendices VII-
XIV contains the analysis of variance (ANOVA) of the data on different growth and
yield parameters. Figures, graphs and tables were used to discuss the findings of the
study as well as their most probable interpretations were mentioned in this chapter

under the following headings.
4.1. Results
4.1.1. Plant height

Plant height was recorded at 30, 45, 60 and 70 days after transplanting (DAT)
of BARI Chive-1. Different growing media influenced plant height at different stages
and plant height was increased gradually in every treatment. Results are showed in
Figure 3.

At 30 DAT, the maximum plant height (19.00 cm) was recorded from G2
(50%Soil + 25% Vermicompost+ 25% cowdung) followed by Gs (50% soil + 50%
cowdung) and lowest (8.85 cm) was found from Go (100% soil). And they are
statistically different from each other.

At 45 DAT, the highest plant height (19.24 cm) was also found in G2 (50% Soil
+ 25% Vermicompost+ 25% cowdung) followed by Ges (50% soil+ 25% kitchen
compost+ 25% cocopeat) but lowest (10.96 cm) was found in Gg and G2, G3 and Ge

treatments were exhibited statistically similar results.

At 60 DAT, G1, G2, G4, Gs and Ge were displayed statistically identical results.
Highest plant height (19.96 cm) was obtained from G». Second highest plant height
(19.63 cm) was showed by G; followed by Gg (19.58 cm). Lowest (11.97 cm) was found
in Ge.

Plant height at harvesting time (70 DAT) was expressed various results

influenced by different growing media of BARI Chive-1. Longest plant (21.43 cm) was



observed in G2 (50% soil + 25% vermicompost + 25% cowdung) treatment followed
by Ge treatment (20.67cm) and shortest chive plant was found in Gg (50% Soil + 30%
Vermicompost + 10%Biochar + 10% Kitchen compost) treatment followed by G7 (50%
Soil + 25% Vermicompost + 25% Biochar) (16.78 cm). Jaafar et al., (2012) and Saha
& Chakraborty (2019) found same result on chive.

Table 2. Effect of different organic growing media on plant height (cm) of BARI Chive-
1 at different days after transplanting (DAT).

Plant height (cm)

Treatments

30 DAT 45 DAT 60 DAT 70 DAT
Go 8.85d 1251 d 16.22 ¢ 19.87 ab
G1 14.78 bc 17.06 b 19.63 a 20.03 ab
G2 19.00 a 19.24 a 19.96 a 2143 a
Gs 16.68 b 17.95 ab 18.00 b 18.87 b
Gs 15.70 b 17.24 b 19.00 ab 19.78 ab
Gs 16.24 b 16.85b 18.89 ab 20.60 ab
Gs 16.53 b 18.21 ab 19.58 a 20.67 ab
Gr 13.57 ¢ 14,67 c 15.68 ¢ 16.78 ¢
Gs 9.84d 10.96 d 11.97 d 13.08 d
CV () 7.82 5.93 531 5.86
LSD (0.05) 1.97 1.65 1.62 1.94

Letters denote differences.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

Rekha et al., (2018) reported that, 50% vermicompost amended soil increased
shoot and plant length of C. annum. Organic fertilizer contains a consortium of macro
and micro nutrients which are desired for plant growth. The NPK content of
vermicompost-cowdung amended soil was found to be enhanced when compared to the

other amended soil. The soil amended with vermicompost provides much nutrients,



which are not always available in chemically treated soil (Ansari and Ismail 2008).
This increased nutrient uptake by plants may have contributed to maximum growth of
plant. Elsewhere Gravel et al., (2013) indicated that the mixture of potting soil with
biochar had no indicative effect on shoot growth of sweet pepper, geranium, and basil.
4.2 Leaf length

Leaf length of Different days after transplanting (30 DAT, 45 DAT, 60 DAT and 70
DAT) were discussed in this section. The results showed significant difference on leaf
length at various DAT influenced by different growing media (Figure 4).

At 30 DAT, the maximum leaf length (11.07 cm) was recorded from Ge (50%
Soil +25% kitchen compost + 25% cocopeat) and lowest (6.84 cm) was found from Go
(100% soil). But Gi1, Gz, Gz, G4 and Ge treatments were showed statistically similar
results.

At 45 DAT, the highest leaf length (11.85 cm) was also found in Ge (50% Soil
+25% kitchen compost + 25% cocopeat) and lowest (7.30 cm) was found in Go (100%
soil) followed by Gg (50% soil + 30% vermicompost + 10% biochar +10% kitchen
compost). And G1, Gz, Gz, G4 and Ge treatments were exhibited statistically similar
results.

G1 (50% soil + 50% vermicompost) was displayed highest leaf length (15.15
cm) at 60 DAT followed by G2 (50% soil + 25% vermicompost +25% cowdung) (14.08
cm). Lowest leaf length (9.54 cm) revealed by Gs (50% soil + 30% vermicompost +
10% biochar +10% Kkitchen compost). Gi1, G2 and Ge treatments were showed
statistically identical results.

In this study leaf length of BARI Chive-1 demonstrated statistically same result
in G1, G2 and Ge treatments at 70 DAT. Highest leaf length (16.53 cm) at 70 DAT was
exhibited by G1 (50% soil + 50% vermicompost) followed by G2 and Ge. Lowest leaf
length (10.21 cm) was displayed by Gg (50% soil + 30% vermicompost + 10% biochar
+10% kitchen compost). Jaafar et al., (2012) investigated the effect of kitchen waste
compost and coco-peat on the growth and yield of organic chives. The results showed
that the use of kitchen waste compost and coco-peat significantly increased plant height,

leaf number, leaf area, and fresh and dry weight of the chives.



Table 3. Effect of different organic growing media on leaf length of BARI Chive-1 at

different days after transplanting (DAT).

Treatments Leaf length (cm)

30 DAT 45 DAT 60 DAT 70 DAT
Go 6.84 b 7.30d 10.25 de 11.33 cd
Gi1 11.14 a 11.2a 15.15a 16.53 a
G2 9.77 a 10.80 ab 14.083 ab 16.22 a
Gs 9.85a 10.97 a 11.65 cde 11.99 cd
G4 10.16 a 10.79 ab 10.84 de 11.87cd
Gs 7.89Db 9.80b 12.21 bed 13.23 bc
Ges 11.07 a 11.85a 13.57 abc 14.60 ab
Gr 8.1b 8.58 ¢ 10.61 de 11.65cd
Gs 7.09b 7.39d 954 ¢ 10.21d

CV (%) 951 6.22 10.61 9.24

LSD (.05 1.49 1.06 2.20 2.09

Letters denote differences.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

4.3 Leaf number:

Significant variation due to growth medias on number of leaves per plant was
observed at different days after transplanting (Figure 5).
The highest leaf number per plant at 30 DAT was produced by Ga (3.28) followed by
Gz and Gz. The least number of leaves per plant were recorded for Gg (1.14).
At 45 DAT, maximum leaf number per plant were recorded in Ge (5.02) followed by
G4 (4.99) and minimum leaf number per plant were observed in Gg (2.00). Gy, G2, Gg,
G4 and Ge were exhibited statistically similar result.
Ge treatment also gave highest leaf number per plant at 60DAT (6.27). G2 showed
second highest leaf number per plant (6.07) and G2, Gz, Gs and Gs were reveled
statistically similar result. The lowest leaf number per plant was showed by Gg (3.57).



The most leaf number per plant (6.70) of chive was showed by Gs when leaf were
harvested (at 70 DAT) followed by Gz (6.36) and G2, Gs, Gs and Ge were statistically
similar. And the lowest leaf number per plant was showed by Gg (3.95).

It is well established that the addition of organic fertilizers increased the organic matter
contents of the soil and availability of other plant nutrients (Brar et al., 2004). For this
reason, the number of branches plant ' was significantly increased due to the

application of different levels of organic media.

Table 4. Effect of different organic growing media on leaf number per plant of BARI
Chive-1 at different days after transplanting (DAT).

Leaf number per plant
Treatments

30 DAT 45 DAT 60 DAT 70 DAT
Go 1.83¢c 3.38¢ 5.38 cd 5.45 de
G1 2.69b 4.73 ab 6.07 ab 6.24 bc
G2 2.80 ab 4.47 ab 5.99 ab 6.36 ab
Gs 3.07 ab 4.48 ab 4.86 e 493 f
Gs 3.28a 4.99 a 5.69 bc 5.83cd
Gs 2.56b 430b 5.92 ab 6.31 ab
Gs 2.71b 5.02 a 6.27 a 6.70 a
Gr 1.88¢c 3.40c 4.98 de 512 ef
Gs 1.14d 2.00d 3.57f 3.95¢g
CV ) 1251 8.93 4.54 4.65
LSD (0.05) 0.53 0.63 0.43 0.46

Letters denote differences.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

4.4 Fresh weight (g) per plant with root:
Significant differences were noticed in this study on fresh weight (g) per plant

with root which were influenced by different growing media (Figure 6).



Maximum fresh weight (g) per plant with root (5.58g) was found in Gz treatment
and minimum fresh weight (g) per plant with root (1.79 g) was discovered by Gs

treatment. But G2 and Ge treatments showed statistically similar result.
4.5 Dry weight (g) per plant with root:

Growing media influenced dry weight (g) per plant with root significantly. (Figure 6).

Highest dry weight (g) per plant (0.69 g) with root was revealed by G2 and Ge,
G2 and Gz showed the similar result (0.68 g and 0.669) statistically (Appendix XIV).
Other hand lowest dry weight (g) per plant (0.23 g) with root was found in Ggtreatment.
Kundu and Gope (2017) showed that the use of vermicompost and coco-peat increased
fresh and dry weight of the chives. The use of coco-peat and vermicompost also
increased the quality of the chives by increasing the content of ascorbic acid and total
phenols (Khan et al., 2017).
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Figure 6. Effect of different organic growing media on fresh weight (g) per plant with
root, dry weight (g) per plant with root and dry matter (%) of plant with root of BARI
Chive-1. Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)



4.6 Dry matter (%) of plant with root:

Highest dry matter (14.09%) content of plant with root was found in Go where
only soil was used for growing chive. And lowest dry matter (12.27%) of plant with
root was found in G2. All the treatments affected significantly on dry matter content of

plant with root. (Figure 6).

4.7 Fresh weight (g) per plant without root:

There was distinct difference on fresh weight per plant without root which were
influenced by different growing media (Table:2).

Maximum fresh weight per plant without root (5.1g) was found in G treatment
and minimum fresh weight per plant without root (1.59 g) was discovered by Gs
treatment. But G2 and Ge treatments showed statistically similar result.

Table 2. Effect of different organic growing media on fresh weight (g) per plant without
root, dry weight (g) per plant without root and dry matter (%) of plant with root of
BARI Chive-1.

Treatments | Fresh weight (g) per | Dry weight (g) per | Dry matter (%) of
plant without root | plant without root | plant without root

Go 3.18¢e 0.39 cd 1221a

G1 3.77 cd 0.43 bc 1144 Db

G2 51a 0.55a 10.77 ¢

Gs 461b 0.53a 1146 b

Gs 3.39de 0.37d 10.87 ¢

Gs 4.02¢ 046D 11.39b

Gs 4.81 ab 0.55 a 11.49b

G7 222 f 0.26e 11.54 b

Gs 1.59¢ 0.18 f 11.02c

CV ) 6.16 6.18 1.41

LSD (0.05) 0.387 0.044 0.277

Level of o " o

significant

Foot note: Go: soil (100%), G1:Soil + Vermicompost (50:50), G; : soil+ vermicompost
+ cowdung (50:25:25), Gs: Soil+ Cow-dung (50:50), Ga: Soil+ Cowdung (75:25), Gs:
Soil+ Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

Letters denote differences at 0.05 level of probability. ** Significant at 1% level of
probability



4.8 Dry weight (g) per plant without root:

In this trial growing media influenced dry weight (g) per plant without root
significantly. (Table:2)

Go, Gz and Ge were exhibited statistically highest dry weight (g) per plant
without root (0.55¢g, 0.53g and 0.55g). Lowest dry weight (g) per plant without root
(0.18 g) was found in Gg treatment.

Tanimu et al., (2007) confirmed similar result in case of Maize. EI-Dewiny et
al., (2006) showed that dry weight of radish and spinach plants increased with

application of sewage sludge.

4.9 Dry matter (%) of plant without root:

100% soil (Go) exhibited highest dry matter percentage (12.21) followed by G
(11.54). Lowest dry matter percentage (10.77) was recorded by G treatment. Different
growing media were responded significantly on dry matter content of plant without
root. (Table:2).

4.10 Fibrous root number per plant:

The result showed significant difference on fibrous root number influenced by
different growing media (Figure 7). Highest fibrous root number (9.42) per plant were
obtained from G4 where mixture of 75% soil and 25% cowdung was used as growing
media. Lowest fibrous root number (6.88) per plant was observed by Go (Appendix
XIV).
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Figure 7. Effect of different organic growing media on fibrous root number per plant of
BARI Chive-1.

Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco



(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

4.11 Fresh weight of flat stem per plant (g):

Flat stem of chive is one of the edible parts. Different growing media were
significantly influenced fresh weight of flat stem of chive (Table 3). In this study
maximum fresh weight of flat stem per plant (1.28 g) found in G2 treatment where soil,
vermicompost and cowdung mixture was used as growing media. G2 and Ge treatment
were showed similar result by statistical analysis. Minimum fresh weight of flat stem
per plant (0.41 g) was found in Gg treatment.

Table 3. Effect of different organic growing media on fresh weight (g) of flat stem per
plant, dry weight (g) of flat stem per plant and dry matter (%) of flat stem per plant of
BARI Chive-1.

Treatments | Fresh weight of flat | Dry weight of flat | Dry matter (%) of

stem per plant (g) stem per plant (g) flat stem
Go 08le 0.14 c 17.68 a
G1 0.95 cd 0.16 bc 16.46 bc
G2 1.28 a 0.21a 16.22 c
Gs 1.17b 0.19a 16.50 bc
G4 0.86 de 0.13¢ 16.24 ¢
Gs 1.02c 0.17b 16.32 bc
Gs 1.20 ab 0.20 a 16.66 b
G 057 f 0.09d 16.69 b
Gs 0.41g 0.07e 16.54 bc
CV ) 6.115 6.565 1.38
LSD (0.05) 0.097 0.0172 0.396
Level of . . o
significant

Foot note: Go: soil (100%), G1:Soil + Vermicompost (50:50), G; : soil+ vermicompost
+ cowdung (50:25:25), Gs: Soil+ Cow-dung (50:50), Ga: Soil+ Cowdung (75:25), Gs:
Soil+ Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

Letters denote differences at 0.05 level of probability.
** Significant at 1% level of probability



4.12 Dry weight of flat stem per plant (g):

Dry weight of flat stem per plant (g) remained highest in G2, Gz and Gs
statistically (0.21 g, 0.19g and 0.20 g). And the lowest dry weight of flat stem per plant
(9) was exhibited in Gg treatment (0.07 g) (Table 3).

4.13 Dry matter (%) of flat stem:

Different organic matter responded significantly on dry matter of flat stem but
only soil based growing media had high dry matter percentage. The results showed that
Go treatment had high dry matter percentage (17.68) and G treatment had low dry
matter percentage (16.22) (Table 3).

4.14 Fresh weight of leaves per plant (g):

Leaves are another edible part of chive. Fresh weight of leaves per plant (g)
significantly varied by different organic growing media. Highest fresh weight of leaves
per plant (3.82 g) was observed in G2 treatment where 25% vermicompost and 25%
cowdung were added with 50% soil. Lowest fresh weight of leaves per plant (1.18 g)
was found in Gg (Figure 8) (Appendix XIV). The fresh weight of leaves varied with
levels and types of organic amendment irrespective of soils used. Similar result was
reported by Uka et al. (2013) for the fresh weight of okra.
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Figure 8. Effect of different organic growing media on fresh weight (g) of leaves per
plant, dry weight (g) of leaves per plant and dry matter (%) of leaf of BARI Chive-1.
Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
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(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

4.15 Dry weight of leaves per plant (g):

G2, Gz and Ge were showed statistically similar dry weight of leaves per plant
(0.34 g, 0.33 g and 0.35 g) and they were mentioned as highest. Lowest dry weight of
leaves per plant (0.11 g) was showed by Gs (Figure 8).

4.16 Dry matter (%0) of leaf:

Organic media may increase water content of leaf and thus dry matter
percentage decreased in organic matter treated media in this study and they react
significantly on dry matter percentage of leaf. Highest dry matter of leaf (10.34%) was
observed by Go and lowest (9.04%) was observed by G4 (Figure 8) (Appendix XIV).

4.17 Fresh weight of root per plant (g):

Fresh root weight was significantly affected by different organic growing
media. Maximum root weight per plant (0.49 g) was observed by G» treatment and
lowest (0.20 g) was found in Gg (Table 4).

Table 4. Effect of different organic growing media on fresh weight (g) of root per plant,
dry weight (g) of root per plant and dry matter (%) of root per plant of BARI Chive-1.

Treatments | Fresh weight of root | Dry weight of root | Dry matter (%) of

per plant (g) per plant (g) root
Go 0.40d 0.12d 28.92 a
G1 0.44 bcd 0.12 bcd 27.86d
G2 0.49a 0.13 ab 2753 ¢
Gs 0.46 abc 0.13 abc 28.37 bc
Ga 0.41d 0.11d 28.14 cd
Gs 0.42cd 0.12 cd 28.32 ¢
Ge 0.48 ab 0.14a 28.65 ab
G 0.28 ¢ 0.08 e 28.82 a
Gs 0.20 f 0.06 f 28.34 bc
CV %) 6.22 6.27 0.67
LSD (.05 0.042 0.012 0.32
Level of o o o
significant

Foot note: Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost
+ cowdung (50:25:25), Gs: Soil+ Cow-dung (50:50), G4: Soil+ Cowdung (75:25), Gs:
Soil+ Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)



Letters denote differences at 0.05 level of probability.
** Significant at 1% level of probability

4.18 Dry weight of root per plant (g):

G2, Gz and Ge were exhibited similarly highest dry weigh of root per plant (g)
by statistical analysis (0.13 g, 0.13 g and 0.14 g). Lowest dry weight of root per plant
(9) was showed by Gg (Table 4).

4.19 Dry matter (%) of root:

Go, Ge and G treatments are showed statistically similar highest dry matter percentage
of root (28.92, 28.65 and 28.82). Lowest dry matter content of root showed by G:
(27.53%) (Table 4).

4.20 Yield (g) per pipe:

Every treatment is set in a vertically established pipe (0.79 m x 0.10 m) and all nine
treatments are replicated 3 times in this study. Here, all the treatments were affected

significantly on the yield (g) per pipe. Maximum vyield per pipe (71g) was found in G2

treatment and minimum (22g) was found in Gg treatment. (Figure 9)
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Figure 9. Effect of different organic growing media on yield/pipe (g) of BARI Chive-
1. Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), G4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)



4.21 Yield (t/ha):

Yield (g) per pipe was converted to yield (t) per vertical structure area first then it was
converted to yield per ha and yield (t/ha) of chive highly affected by different growing
media. The highest yield (5.13 t/ha) was observed by G2 treatment where 50% soil, 25%
vermicompost and 25 % cowdung were mixed and used for growing. Second highest
yield of BARI Chive-1 (4.88 t/ha) was obtained from that media which was mixed with
50% soil, 25% kitchen compost and 25% cocopeat (Gs) (Figure 10) (Appendix XIV).
The finding of the present study was homologous as the findings reported by Zaman
et al., (2015) using vermicompost as organic additives. Mehedi et al., (2012) also
described the highest yield of carrot applying cowdung @ 15 t ha™. Soil, vermicompost,
biochar and kitchen compost (Gs) mixed growing media represent lowest yield (1.6
t/ha).
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Figure 10. Effect of different organic growing media on yield (t/ha) of BARI Chive-1.
Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung
(50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+ Cowdung (75:25), Gs: Soil+
Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco
(50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gs: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10)

Saha & Chakraborty (2019) showed that the use of coco-peat and vermicompost

significantly increased plant height, leaf number, leaf area, and fresh and dry weight of



the chives. The combination of coco-peat and vermicompost also increased the yield of
the chives. (Khan et al., 2017). The application of biochar did not show any positive
effect on the productive response of BARI Chive-1. Gravel et al., (2013) reported that
the mixture of potting soil with biochar had no significant effect on shoot growth of
sweet pepper, geranium, and basil; while increased coriander shoot weight and
decreased the weight of lettuce plants. Atkinson et al., (2010) observed that the usually
high C/N ratios of biochar could lead to a higher N immobilization and eventually to N

deficiencies in plants and it affects the plant growth and yield directly.
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Chapter V

SUMMARY AND CONCLUSION

The experiment was conducted on rooftop of Dr. MA Wazed Miah Research
Centre building at the Sher-e-Bangla Agricultural University, Dhaka, Bangladesh to
evaluate the influence of organic growing media on growth, yield and quality
performance of BARI Chive-1 variety in vertical garden during January to March of
the year 2022. The experiment was laid out in a randomized complete block design
(RCBD) having twenty-seven experimental units (9 treatments with 3 replications). The
nine treatments were Go: soil (100%), Gi:Soil + Vermicompost (50:50), G2 : soil+
vermicompost + cowdung (50:25:25), Ga: Soil+ Cowdung (50:50), G4: Soil+ Cowdung
(75:25), Gs: Soil+ Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost
+ Cocopeat (50:25:25), G7: Soil + Vermicompost + Biochar (50:25:25) and Gg: Soil +
Vermicompost + Biochar + Kitchen compost (50:30:10:10).

Different growth and yield parameters were measured and recorded followed by

statistical comparison of data.

Plant height was recorded at 30, 45, 60 and 70 days after transplanting (DAT)of BARI
Chive-1. At 30 DAT, the maximum plant height (19.00 cm) was recorded from G2 (50%
Soil + 25% Vermicompost+ 25% cowdung) followed by Gz (50% soil + 50% cowdung)
and lowest (8.85 cm) was found from Go (100% soil). At 45 DAT, the highest plant
height (19.24 cm) was also found in G2 (50% Soil + 25% Vermicompost+ 25%
cowdung) followed by G (50% soil+ 25% kitchen compost+ 25% cocopeat) but lowest
(10.96 cm) was found in Gg and G2, Gz and Ge treatments were exhibited statistically
similar results. At 60 DAT, G1, G2, G4, Gs and Ge were displayed statistically identical
results. Highest plant height (19.96 cm) was obtained from G,. Second highest plant
height (19.63 cm) was showed by G; followed by Ge (19.58 cm). Lowest (11.97 cm)
was found in Gs. At harvesting time (70 DAT) longest plant (21.43 cm) was observed
in G2 (50% soil + 25% vermicompost + 25% cowdung) treatment followed by Gs
treatment (20.67cm) and shortest chive plant was found in Gg (50% Soil + 30%
Vermicompost + 10%Biochar + 10% Kitchen compost) treatment followed by G7 (50%
Soil + 25% Vermicompost + 25% Biochar) (16.78 cm).
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Leaf length of Different days after transplanting (30 DAT, 45 DAT, 60 DAT and 70
DAT) were calculated. At 30 DAT, the maximum leaf length (11.07 cm) was recorded
from Ge (50% Soil +25% kitchen compost + 25% cocopeat) and lowest (6.84 cm) was
found from Go (100% soil). But Gi, G2, Gs, G4 and Ge treatments were showed
statistically similar results. At 45 DAT, the highest leaf length (11.85 cm) was also
found in Ge (50% Soil +25% kitchen compost + 25% cocopeat) and lowest (7.30 cm)
was found in Go (100% soil) followed by Gg (50% soil + 30% vermicompost + 10%
biochar +10% kitchen compost). And G1, G2, Gs, G4 and Ge treatments were exhibited
statistically similar results. G1 (50% soil + 50% vermicompost) was displayed highest
leaf length (15.15 cm) at 60 DAT followed by G2 (50% soil + 25% vermicompost +25%
cowdung) (14.08 cm). Lowest leaf length (9.54 cm) revealed by Gg (50% soil + 30%
vermicompost + 10% biochar +10% kitchen compost). G1, G2 and Ge treatments were
showed statistically identical results. Leaf length of BARI Chive-1 demonstrated
statistically same result in Gi1, G2 and Ge treatments at 70 DAT. Highest leaf length
(16.53 cm) at 70 DAT was exhibited by G1 (50% soil + 50% vermicompost) followed
by G2 and Ge. Lowest leaf length (10.21 cm) was displayed by Gg (50% soil + 30%

vermicompost + 10% biochar +10% kitchen compost).

The highest leaf number per plant at 30 DAT was produced by G (3.28) followed by
Gz and Gy. The least number of leaves per plant were recorded for Gg (1.14). At 45
DAT, maximum leaf number per plant were recorded in Ge (5.02) followed by G4 (4.99)
and minimum leaf number per plant were observed in Gg (2.00). G1, G2, Gz, G4 and Ge

were exhibited statistically similar result.

Ge treatment also gave highest leaf number per plant at 60DAT (6.27). G2 showed
second highest leaf number per plant (6.07) and G2, Gz, Gs and Gs were reveled
statistically similar result. The lowest leaf number per plant was showed by Gsg (3.57).
The most leaf number per plant (6.70) of chive was showed by Gs when leaf were
harvested (at 70 DAT) followed by Gz (6.36) and G, G3, Gs and Ge were statistically

similar. And the lowest leaf number per plant was showed by Gg (3.95).

Maximum fresh weight (g) per plant with root (5.58g) was found in G treatment and
minimum fresh weight (g) per plant with root (1.79 g) was discovered by Gs treatment.

But G2 and Ge treatments showed statistically similar result.
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Highest dry weight (g) per plant (0.69 g) with root was revealed by G2 and Gs, G2 and
Gs showed the similar result (0.68 g and 0.669) statistically. Other hand lowest dry
weight (g) per plant (0.23 g) with root was found in Gg treatment.

Highest dry matter (14.09%) content of plant with root was found in Go where only soil
was used for growing chive. And lowest dry matter (12.27%) of plant with root was

found in G..

Maximum fresh weight per plant without root (5.1g) was found in G2 treatment and
minimum fresh weight per plant without root (1.59 g) was discovered by Gg treatment.

But G2 and Ge treatments showed statistically similar result.

G2, Gz and G were exhibited statistically highest dry weight (g) per plant without root
(0.55g, 0.53g and 0.55g). Lowest dry weight (g) per plant without root (0.18 g) was

found in Ggtreatment.

100% soil (Go) exhibited highest dry matter percentage (12.21) followed by G7(11.54).

Lowest dry matter percentage (10.77) was recorded by G> treatment.

Highest fibrous root number (9.42) per plant were obtained from G4 where mixture of
25% soil and 75% cowdung was used as growing media. Lowest fibrous root number

(6.88) per plant was observed by Go.

In this study maximum fresh weight of flat stem per plant (1.28 g) found in G2 treatment
where soil, vermicompost and cowdung mixture was used as growing media. G2and Gs
treatment were showed similar result by statistical analysis. Minimum fresh weight of

flat stem per plant (0.41 g) was found in Gg treatment.

Dry weight of flat stem per plant (g) remained highest in G2, Gz and Gg statistically
(0.21 g, 0.19g and 0.20 g). And the lowest dry weight of flat stem per plant (g) was
exhibited in Ggtreatment (0.07 g).

The results showed that Go treatment had high dry matter percentage (17.68) and G>

treatment had low dry matter percentage (16.22).

Highest fresh weight of leaves per plant (3.82 g) was observed in Gz treatment where
25% vermicompost and 25% cowdung were added with 50% soil. Lowest fresh weight

of leaves per plant (1.18 g) was found in Ges.
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G2, Gz and Gg were showed statistically similar dry weight of leaves per plant (0.34 g,
0.33 g and 0.35 g) and they were mentioned as highest. Lowest dry weight of leaves
per plant (0.11 g) was showed by Gg.

Highest dry matter of leaf (10.34%) was observed by Go and lowest (9.04%) was
observed by Ga.

Maximum fibrous root weight per plant (0.49 g) was observed by G, treatment and

lowest (0.20 g) was found in Gs.

G2, Gz and Gs were exhibited similarly highest dry weigh of root per plant (g) by
statistical analysis (0.13 g, 0.13 g and 0.14 g). Lowest dry weight of root per plant (g)

was showed by Gs.

Go, Gs and G~ treatments are showed statistically similar highest dry matter percentage
of root (28.92, 28.65 and 28.82). Lowest dry matter content of root showed by G>
(27.53%).

Maximum vyield per pipe (71g) was found in G2 treatment and minimum (22g) was

found in Ggtreatment.

Highest yield (5.13 t/ha) was observed by G» treatment where 50% soil, 25%
vermicompost and 25 % cowdung were mixed and used for growing. Second highest
yield of BARI Chive-1 (4.88 t/ha) was obtained from that media which was mixed with
soil, kitchen compost and cocopeat (Gs). Soil, vermicompost, biochar and Kkitchen
compost (Gg) mixed growing media represent lowest yield (1.6 t/ha).

So, it is concluded that to ensure food security and quality food vertical gardening may
be a popular choice for urban gardener. BARI Chive-1 is an excellent variety to
alternative of onion and garlic. For organic safe cultivation, 50% soil+ 25%
vermicompost + 25 % cowdung mixture and 50% Soil + 25% Kitchen compost + 25 %
Cocopeat mixture were showed very good result in vertical garden for BARI chive-1
production in this study. But further study is needed for confirmed these findings and
also more organic media should be added in future study. Since BARI Chive-1 is a

year-round variety, so future study should be designed for year-round production.
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Appendix I: Map showing the experimental site
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Appendix 11: Morphological characteristics of the experimental site

Morphology

Characteristics

Location

SAU farm, Dhaka

Agro-ecological zone

Madhupur Tract (AEZ-28)

General Soil Type

Deep Red Brown Terrace Soil

Parent material Madhupur Clay
Topography Fairly level
Drainage Well drained
Flood level Above flood level

(FAO and UNDP, 1988)

Appendix I11: The initial physical and chemical characteristics of soil of the

experimental soil

Physical characteristics

Constituents Percent
Sand 26

Silt 45
Clay 29
Textural class Silty clay
Chemical characteristics

Soil characters Value
pH 5.6
Organic carbon (%) 0.45
Organic matter (%) 0.78
Total nitrogen (%) 0.03
Available P (ppm) 20.54
Exchangeable K (me/100 g soil) 0.10




Appendix V. Monthly Weather Report during the experimental period, January

to March, 2022

Months Temperature (°c) Relative Total rainfall
humidity (% mm
Maximum Minimum y (%) (mm)
January 21.9 13.5 72 00
February 23.5 13.4 67 00
March 31.7 19.2 77 06

Source: Bangladesh Meteorological Department (Climate and weather division),
Agargaon, Dhaka-1207.

Appendix V. Analysis of variance of plant height (cm) of BARI Chive-1 at different

days after transplanting (DAT) influenced by different organic growing media

Source Mean square

oF 30DAT 45DAT 60DAT 70DAT
Replication 2 50.80 44.28 33.63 43.59
Treatments 8 33.01* 23.20* 20.51* 20.11*
Error 16 1.30 0.91 0.88 1.25
CVv 7.82 5.93 531 5.89

*: Significant at 0.05 level of significance

Appendix V1. Analysis of variance of leaf length (cm) of BARI Chive-1 at different

days after transplanting (DAT) influenced by different organic growing media

Source Mean square

oF 30DAT 45DAT 60DAT 70DAT
Replication 2 20.10 21.49 48.63 43.19
Treatments 8 8.17* 8.61* 11.06* 15.03*
Error 16 0.75 0.38 1.61 1.46
CVv 951 6.21 10.60 9.24

*: Significant at 0.05 level of significance
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Appendix VII. Analysis of variance of leaf number per plant of BARI Chive-1 at

different days after transplanting (DAT) influenced by different organic growing

media
Source Mean square
oF 30DAT 45DAT 60DAT 70DAT
Replication 2 1.67 2.39 2.51 2.47
Treatments 8 1.41* 2.91* 2.15* 2.30*
Error 16 0.09 0.13 0.06 0.06
CVv 12.51 8.93 4.54 4.65

*: Significant at 0.05 level of significance

Appendix VIII. Analysis of variance of fresh weight (g) per plant with root, dry

weight (g) per plant with root and dry matter (%) of plant with root of BARI

Chive-1 influenced by different organic growing media

Source Mean square
DF | fresh weight (g) per | dry weight (g) per | dry matter (%) of
plant with root plant with root plant with root
Replication | 2 2.92 0.04 0.31
Treatments | g8 4.80* 0.08* 0.52*
Error 16 0.06 0.001 0.02
CcVv 6.14 6.14 1.11

*: Significant at 0.05 level of significance
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Appendix IX. Analysis of variance of fresh weight (g) per plant without root, dry
weight (g) per plant without root and dry matter (%) of plant without root of

BARI Chive-1 influenced by different organic growing media

Source Mean square
DF | fresh weight (g) per | dry weight (g) per | dry matter (%) of
plant without root | plant without root | plant without root
Replication | 2 2.36 0.039 0.41
Treatments 8 4.16% 0.07* 0.55*
Error 16 0.05 0.001 0.02
Cv 6.15 6.16 1.38

*: Significant at 0.05 level of significance

Appendix X. Analysis of variance of fresh weight (g) of flat stem per plant, dry
weight (g) of flat stem per plant and dry matter (%) of flat stem per plant of BARI

Chive-1 influenced by different organic growing media

Source Mean square
DF fresh weight (g) of | dry weight (g) flat | dry matter (%) flat
flat stem per plant stem per plant stem per plant
Replication | 2 0.15 0.004 0.003
Treatments 8 0.25* 0.007* 0.58*
Error 16 0.003 0.00009 0.05
CVv 6.11 6.57 1.38

*: Significant at 0.05 level of significance

Appendix XI. Analysis of variance of fresh weight (g) of leaves per plant, dry
weight (g) of leaves per plant and dry matter (%) of leaf of BARI Chive-1

influenced by different organic growing media

Source Mean square
DF fresh weight (g) of | dry weight (g) of dry matter (%) of
leaves per plant leaves per plant leaf per plant
Replication 2 1.31 0.007 0.73
Treatments 8 2.35* 0.02* 0.62*
Error 16 0.02 0.0002 0.05
CVv 6.17 6.21 2.37

*: Significant at 0.05 level of significance




Appendix XI1. Analysis of variance of fresh weight (g) of root per plant, dry weight

(9) of root per plant and dry matter (%) of root per plant of BARI Chive-1

influenced by different organic growing media

Source Mean square
DF | fresh weight (g) of | dry weight (g) of | dry matter (%) of
root per plant root per plant root per plant
Replication | 2 0.029 2.436e-03 0.008
Treatments 8 0.026* 2.057e-03* 0.589*
Error 16 0.0006 4.976e-05 0.036
CcV 6.22 6.26 0.67

*: Significant at 0.05 level of significance

Appendix XII1. Analysis of variance of fibrous root no. per plant, yield/pipe (g)
and Yield (t/ha) of BARI Chive-1 influenced by different organic growing media

Source Mean square
DF
Fibrous root no Yield/pipe (g) Yield (t/ha)
Replication | 2 14.11 464.29 2.39
Treatments | 8 2.98* 815.47* 4.21*
Error 16 0.25 9.81 0.05
CVv 6.59 6.15 6.15

*: Significant at 0.05 level of significanc
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Appendix X1V. Effect of different organic growing media on fresh weight (g) per plant with root, dry weight (g) per plant with root, dry

matter (%) of plant with root, fibrous root number per plant, fresh weight (g) of leaves per plant, dry weight (g) of leaves per plant, dry

matter (%) of leaf and yield (t/ha) of BARI Chive-1.

Treatments | Fresh Dry weight/plant | Dry matter Fibrous | Fresh weight | Dry weight | Dry matter | Yield
weight/plant | (9) (%) of Plant | root no. | of leaves/ of leaves/ (%) of leaf | (t/ha)
(with rooty | (with root) (with root) plant (g) plant (g)
Go 3.59e 0.50 cd 14.09 a 6.88 bc 237e 024 ¢ 10.34a 557e
G1 4.21 cd 0.55 bc 13.17 ¢ 7.63abc |2.82cd 027 b 9.76 b 6.59 cd
G2 5.58 a 0.68 a 12.27 e 7.67abc |38la 034 a 8.93¢c 8.92a
Gs 5.067 b 0.66 a 12.98 c 7.34abc |3.45b 033 a 9.76 b 8.07b
Ga 3.98 de 0.48 d 12.72d 9.42a 2.53 de 022 c 9.04c 593 de
Gs 444 c 0.58b 12.99 ¢ 6.19c 299 ¢ 029 b 9.70 b 7.04c
Ge 5.29ab 0.69 a 13.04 c 8.79 ab 3.61ab 035 a 9.77b 8.43 ab
G 250 f 0.34¢e 13.49b 6.96 bc 1.65 f 016 d 9.75b 3.89f
Gs 1.79¢ 0.23f 12.99 ¢ 8.00abc |1.18¢g 011 e 9.09¢c 2.78 g
CV (%) 6.13 6.169 1.12 17.37 6.173 6.218 2.37 6.15
LSD (0.05) 0.43 0.0559 0.25 2.30 0.29 0.0278 0.39 0.68

Letters denote differences. Vertical bars indicate standard error of means.

Go: soil (100%), G1:Soil + Vermicompost (50:50), G2 : soil+ vermicompost + cowdung (50:25:25), Gs: Soil+ Cow-dung (50:50), Ga4: Soil+
Cowdung (75:25), Gs: Soil+ Cowdung+ Kitchen compost (50:25:25), Ge: Soil + Kitchen compost + Coco (50:25:25), G7: Soil + Vermicompost +
Biochar (50:25:25) and Gs: Soil + Vermicompost + Biochar + Kitchen compost (50:30:10:10)
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Appendix XV. Some pictorial presentation of experiment

2

8 & ; N v :
Plate 1: Preparation of growing media and growing device for BARI Chive-1

X4

planting
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Plate 2: Planting the sucker of BARI Chive -1

Plate 3. Irrigation and weeding practices
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Plate 4. Data collection

Plate 5. Experimental site investigation by honorable supervisor.
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Plate 6. Pictorial view of different growing media effect on BARI Chive-1 at
harvest

62



i )
WIS

C D

Plate 7. Different parts of BARI Chive -1. A: Full plant, B: Leaves, C: Flat stem
and D: Fibrous Root
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