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Production of safe food in the densely populated areas of the developing countries is
the most challenging issue due to the speedy urbanization, fragile food transportation
facilities, and reduced farmlands. Given this background, a study was conducted to
evaluate the agronomic properties and economic viability of lettuce grown vertically in
the wall of building in Dhaka city, Bangladesh. 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) were used. 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. These results provided baseline
information for further study on urban commercial vertical farming on the building walls.
These demonstrate the agronomic and economic potential for vertical farming in densely
populated areas but emphasize the need for optimized food safety strategies.

Keywords: developing country, economic viability, food production, lettuce, microorganisms, sustainable green
city

INTRODUCTION

Bangladesh is a densely populated country where people are rapidly shifting their habitats toward
urban areas. The foremost reason for this movement to the cities is the speedy modernization of
rural areas due to the industrialization. According to (The United Nations, 2017) report 2017,
annually one percent of cultivable land is decreased to urban development in Bangladesh. Thus,
cultivatable land is shrinking gradually, and the rural agrarian people are being forced to migrate
in cities in search of new living. As a result, producing food to feed the urban people is becoming a
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big challenge. Rurally grown food cannot meet the demand of
urban people due to substandard transportation facilities. In
addition rural grown foods are highly contaminated by pesticide
and preservative (Siddique, 2017).

Urban planners, natural scientists, architecture engineers have
argued that cities will need to consider local food production
to meet the increasing food demand and to avoid paralyzing
congestion, environmental pollution and unaffordable food
price. To mitigate this food supply problem, vertical farm
model offers a potential solution where building-based urban
agriculture would be an alternative food solution for dense
urban population (Al-Kodmany, 2016). Vertical farm is a
simple production system where plants grow up rather than
horizontally. The architecture of vertical farm depends on the
local resources and available facilities, such as tall structures with
several growing bed either under out- or indoor conditions,
on rooftops or in a multistory building (Alsanius et al., 2020).
Vertical gardens use only walls for sustaining vegetation (Bass
and Baskaran, 2003), so, it can efficiently leave the roof space
for other purposes even after gardening. It can also be set at
verandas and balconies of multi-storied apartments. The concept
of vertical farm is not a new concept however, in practically,
it has come with new possibilities as well as multidimensional
sustainability challenges (Despommier, 2013).

Vertical farming could enable food production in an
efficient and sustainable way, to save water and energy, reduce
pollution and restore ecosystem and provide safe food (The
United Nations, 2017). Furthermore, urban farming significantly
shortens the transport duration from producers to the consumers
that positively impact on climate changes through reduction of
greenhouse gas emissions (Mukherji and Morales, 2010). The
most important advantage of vertical farming is “urban space
utilization” (USU). The USU strategy would increase the crop
production area at least ten times compare to conventional
horizontal farming system (Food and Agriculture Organization,
2013). Vertical farm also reduces the excessive use of pesticide,
which create polluted agricultural runoff. Vertical faming use
very less water at least ten times lower than conventional
farming. Overall, vertical farming restores the urban ecosystem
where traditional agriculture has been encroaching upon natural
ecosystem (Wood et al., 2001). The most crucial factor of vertical
farming is its economic viability. Since vertical farming is located
in urban areas, it would be possible to sell product directly to the
consumers reducing transportation cost, which can constitute up
to 60% of total cost (Al-Kodmany, 2016). Vertical farming also
intensifies crop production and enhance total yield, reduce the
production time, and uses less production inputs, such as water
and fertilizers (Al-Kodmany, 2015).

Since a vertical farm is suitable for all year-round production
of vegetables, leafy greens and salad crops (Utami and Jayadi,
2011), given that the climatic prerequisites are accomplished, its
incorporation will benefit urban economies (Timur and Karaca,
2013). It is estimated that 10,000 ha area can be brought under
rooftop farming in Dhaka, which is sufficient to meet over 10%
nutritional demand of the city dweller (Safayet et al., 2017).

In addition to nutritive, aesthetics and economical
productivity (Timur and Karaca, 2013) vertical gardens provide

a large range of environmental benefits related to acoustics,
heat prevention, water retention and energy saving (Perini and
Novi, 2016). Vertical farming holds the promise of addressing
these issues by enabling more food to be produced with fewer
resources used.

Lettuce (Lactuca sativa L.) is one of the most demanded
salad crops in both fresh and ready-to-use markets around the
globe (Fallovo et al., 2009). Generally, lettuce is low in calories,
fat, and sodium (Work, 1997). It is a good source of minerals
and various health-beneficial (anti-inflammatory, sedative,
cholesterol-lowering, and anti-diabetic) bioactive compounds
(Yakoot et al., 2011).

Farmers of Bangladesh are rather unfamiliar with lettuce
production (Jahan, 2017). The low yield and quality of lettuce
can be attributed to a combination of factors, like lack of suitable
varieties (Tsiakaras et al., 2014), unavailability of quality seeds
for high yielding varieties and faulty nutritional management
(Farag et al., 2013) and extreme crop competition during winter
season. Different lettuce varieties differ in shape, structure,
chemical composition, marketable qualities, range of adaptable
climatic condition, hardiness, and yield performance. Lettuce
can be grown throughout the year using suitable cultivars
under the different environmental conditions to meet nutritional
requirements (Leon et al., 2012).

Reuse of urban resources also puts the microbial safety of
the fresh crop on stake. Usually, food that is consumed at fresh
condition contains many bacterial populations as part of their
natural microbiota (Centre for Food Safety, 2014). There have
been many outbreaks to leafy vegetables globally during recent
years (Mogren et al., 2008). Some microbial contaminants, e.g.,
Salmonella spp., toxin producing E. coli, pose a food safety
hazard. To serve as a sustainable alternative, urban produced
commodities not only need to attribute to environmental
and economic sustainability, but also to contribute to
public health.

The present research work considers urban farming in vertical
growing systems in Dhaka city, Bangladesh. The aim of this study
was to evaluate the suitability of the organically produced lettuce
growth and economic return when grown on unutilized wall in
Dhaka city.

MATERIALS AND METHODS

Vertical Wall Preparation

The vertical structure was developed using hardboard. The
hardboard was first divided into four equidistance (1 m) blocks
followed by further division of blocks into eight plots. Each of
the plots was mounted with a growth device with the help of
electric borer, iron threads, and ladder. The containers were
built by removing a rectangular portion (0.70 x 0.15 m?) from
the upper surface of 4-inch diameter PVC pipes, followed by
covering both ends with pipe-end caps. Each container weighted
around 0.75kg. The containers were hung on the hardboard
wall in such a manner that the base of the container at lowest
alleviation was placed at a height of 0.5m from the ground
level (Figure 1A).
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FIGURE 1 | Containers and lay-out of the experimental set-up for vertically grown lettuce in a building wall, Dhaka city, Bangladesh. Two lettuce cultivars (Lactuca
sativa cv. Green Wave, V1; Lactuca sativa cv. New Red Fire, V2) are grown in three different mixes of growing media (PO: control, 100% soil; P1: 40% soil + 40%
vermicompost + 20% cocodust; P2: 50% soil + 50% vermicompost; P3: 20% soil + 40% vermicompost 4+ 40% spent mushroom compost). (A) Partial view of

growth device. (B) Schematic layout of experimental set-up.

TABLE 1 | Nutrient composition of the growing media (PO: control, 100% soil; P1:
40% soil + 40% vermicompost + 20% cocodust; P2: 50% soil + 50%
vermicompost; P3: 20% soil + 40% vermicompost + 40% spent mushroom
compost).

Takii & Co. Ltd, Kyoto Japan) and Lactuca sativa cv. New Red
Fire (Lot No. 96 WL, Takii & Co. Ltd, Kyoto Japan) put for
germination in pots. Ten days old healthy and uniform sized
lettuce seedlings were transplanted in a single row with 15cm

Property PO P1 P2 P3 spacing in 1m long growth devices, containing the organic

substrates. The average temperature was 32.5-34.5°C (Table 2)
Organic carbon (%) 0.47 1.78 222 148 and the relative humidity was 65.3-81.6% during the study.
Total nitrogen (%) 0.03 061 0.77 1.22 Transplanting as done in the afternoon and shade was provided
CN 15.7:1 29:1 291 941 by hanging a dense net over the wall until establishment of
Available phosphorus (%) 0.02 0.02 0.02 0.21 seedlings. All necessary intercultural operations, such as gap
Exchangeable potassium (%) 0.1 0.3 0.4 0.8 filling, weeding, and irrigation, were carried out accordingly.
Available sulfur (%) 0.0045 0.2278 0.2723 0.4409

Substrate Compositions

Four types of organic growing medium were applied, namely,
40% soil 4+ 40% vermicompost + 20% cocodust (P1), 50% soil +
50% vermicompost (P2), and 20% soil + 40% vermicompost +
40% spent mushroom compost (P3) and 100% soil (PO, control).
The chemical properties including organic carbon, nitrogen, C:N,
P, K, and S of the different growing media are displayed in
Table 1. Two lettuce cultivars, such as Green Wave (V1) and New
Red Fire (V2) were used in this study. The study was carried
out in a randomized complete block design (RCBD) with four
replications (Figure 1B).

Plant Production

This study was conducted on the wall of the Horticultural farm
building at the Sher-e-Bangla Agricultural University, Dhaka,
Bangladesh from May to July 2019. Seeds of two lettuce cultivars
those were Lactuca sativa cv. Green Wave (Lot No. 72 WN,

Total four hand weeding was conducted. Irrigation was provided
as per evaporative demand of the plant (Once in every 2 days)
with tap water. To avoid runoff of the irrigation water and
leaching of nutrients into the lower devices, water was sprinkled
on each device in two split doses (125ml per container). A
thin layer of foam as also provided at the bottom layer of
each goring devices for the same reason. As part of the plant
protection measures against pests (birds, insects, and thieves)
the wall as covered with a coarsely woven net. There was no
incidence of insect attack during the experiment. There was an
infestation of Alternaria spp. in the lower leaf of plant, which
was removed immediately and taken away. No additional plant
nutrient was supplemented to the various organic substrates
during this experiment. Lettuce was harvested at 40 days after
transplanting and data were recorded.

Analysis

Sensory Quality Test

Standardized organoleptic test was carried out to evaluate the
sensory qualities, such as crispness, sweetness, bitterness, and
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TABLE 2 | Climate data reported during the experimental period from May to July
2019 were collected from Bangladesh Meteorological Department, Dhaka.

Month RH (%) Air temperature (°C) Rainfall (mm)
Highest Lowest Average

May 72.30 36 33 34.5 162.2

June 65.30 37 28 34 170.0

July 81.60 36 29 32.5 195.0

Source: Bangladesh Meteorological Department, May-June/2019.

appearance of lettuce leaf (Villared et al., 1979). In brief, a judge
panel with 25 members was formed from the students and staffs
of Sher-e-Bangla Agricultural university, Dhaka. Lettuce sample
from different treatments along with questionnaire were served
among the judges to evaluate the crispness, sweetness, bitterness,
and appearance. Scoring was done on the three categories those
were highly acceptable, slightly acceptable, and not acceptable.
Finally, acceptability percentage was calculated.

Occurrence of Some Microbial Groups

Approximately, 10g of fresh lettuce leaves from each sample
was homogenized with 20 mL of distilled water in complete
aseptic condition. Two sub-samples of this homogenate were
taken separately, used for primary enrichment in Tryptic Soy
Broth (TSB), and direct enumeration of fecal indicator bacteria
(FIB) using selective bacteriological agar media using spread
plate method (Sharp and Lyles, 1969; Siddigee et al., 2013).
These were McConkey Agar for total coliform count (TC), Hi-
Chrome Agar for detection and enumeration of E. coli, Klebsiella
spp., enterococci and Hi-Chrome Bacillus Agar Bacillus spp. All
culture media were procured from Hi Media Laboratories Ltd.,
Mumbai, India. Sample was serially diluted with 0.9% NaCl. An
aliquot of 100 wL was collected from the lettuce homogenate and
spread on 90 mm plates containing solid media and incubated
at 37°C for 24 h. Detection and enumeration of the presumptive
colonies was based on characteristic colony appearances (Alippi
and Abrahamovich, 2019).

For detection of Salmonella spp., aliquots of 5mL lettuce
homogenate were added to 45mL TSB in 250 mL conical flasks
for primary enrichment; the primary culture was incubated
at 37°C for 12h without shaking. After primary enrichment,
~10 nL aliquots for each of the samples were sub-cultured on
Xylose-Lysine-Deoxycholate (XLD) agar media using streak plate
method. The XLD plates were then incubated for 24 h at 37°C in
aerobic conditions. Detections were made based on appearance
of black center colonies with clear margins characteristic of
Salmonella spp.

Economic Analysis

The economic analysis was done to find out the most
economically viable treatment for lettuce cultivation. Economic
analyses were done according to the procedure of Alam et al.
(1989). In this method the cost of production of each treatment
combination with four replications were calculated. The results

were used to estimate the production cost of each treatment Same
method was followed for estimation of the price of produces.

The cost of production consisted input cost and overhead
cost. Installation cost, labor cost, material cost and irrigation
cost comprised input cost. Installation cost of the experimental
wall (8,960 BDT) was the most contributing sector in this study.
Material cost included the cost of seed and manures as well as
soil. Overhead cost comprised of interest on total input cost and
miscellaneous cost. Interest on the experimental land price was
excluded from overhead cost, since walls do not have economic
value. Labor cost (300 BDT/day), interest on running capital for
2 months (13% annually) and value of the crop (750 BDT/kg) was
considered according to local market. In the following steps the
benefit-cost ratio was implemented.

Gross Return and Net Return

The gross return was determined by multiplying the marketable
return by the lettuce unit price. Cutting out treatment—
management costs from gross return measured net returns.

Benefit Cost Ratio (BCR) Calculation
The BCR was calculated according to the following formula:

) Adjusted net return
Benefit Cost Ratio (BCR) =

Total management cost’

Statistical Analysis

The mean values of parameters were statistically analyzed in
Randomized Block Design using Analysis of Variance (ANOVA)
technique in a computer program, Statistix 10 (Tallahassee, FL
32312, USA). The means were compared with Least Significant
Difference (LSD) at 5% level of significance by Duncan’s multiple
range test.

RESULTS AND DISCUSSIONS
Plant Growth Characteristics

Our study shows that, the composition of the growing medium
has significant effect on the lettuce growth characteristics
(Table 3). As expected, when no additional fertilizer (P0) was
supplemented, the lettuce yield was low, irrespective of the
cultivar (Figure 2). The plant height, leaf length, leaf width,
leaf area, fresh and dry weight of the V1 and V2 lettuce
was significantly increased in P1 with few exception among
the treatments It is observed that V1 plant height was nearly
double in P1 (34.88 cm) compared to P3 18.63 cm) and V2 has
higher plant height in PO (30.40 cm) compared to P3 (16.95 cm).
At the same way, leaf area of V1 increased in P1 (397 cm)
and lowest in P3 (263 cm) whereas, for V2, the highest leaf
area was in P1 (286.cm) and lower in P3 (198 cm). Likewise,
fresh and dry weight of the lettuce cultivars were increased in
P1 substrate.

It is well-known that, physical, chemical and microbiological
parameters associated with growing media affect the agronomic
performance of the grown crops (Santamaria et al., 2000;
Boroujerdnia and Ansari, 2007; Islam et al., 2012; Tsiakaras
et al, 2014; Jahan, 2017). Growing media or substrates
include all materials that can be used to grow plants
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TABLE 3 | Growth characteristics (plant height, cm; number of leaves per plant; leaf length, cm; leaf width, cm; leaf area, cm?; fresh and dry weight, g/plant) of two
lettuce cultivars (Lactuca sativa cv. Green Wave, V1; Lactuca sativa cv. New Red Fire, V2) grown in different organic growing media (PO: control, 100% soil; P1: 40% soil
+ 40% vermicompost + 20% cocodust; P2: 50% soil + 50% vermicompost; P3: 20% soil + 40% vermicompost + 40% spent mushroom compost).

Treatments Plant height Leaf no/plant Leaf length Leaf width Leaf area Fresh weight Dry weight

V1PO 31.95 + 2.5p" 20.25 + 1.7ab 18.20 + 0.6bc 12.25 + 0.9d 223 + 23def 114.37 £ 14.4d 11.48 + 2.8de
V1P1 34.88 + 1.3a 215+ 1.3a 21.05 + 0.9a 18.88 £ 1.9a 397 + 45a 141.75 £ 10.4a 17.65 + 2.8a
ViP2 28.13+£0.9c 2125+ 1.7a 18.08 + 1.0bc 13.08 + 1.4cd 236 + 26¢de 127.62 £10.7b 15.90 + 3.3b
V1P3 18.63 + 1.8e 21.25+0.9a 17.95 £ 0.4bc 14.68 £ 0.5b 263 + 3.9bc 121.75 £ 11.1¢c 13.08 + 2.7¢
V2P0 30.40 + 2.1b 18.75 £ 1.0b 17.30 + 0.6¢ 12.15 £ 0.8d 210 £+ 12.9ef 112.00 £ 7.4d 10.90 + 2.1e
V2P1 26.35 + 0.6¢ 21.56+0.6a 18.85 + 0.2b 15.23 £ 0.9b 286 + 12.8b 127.50 £+ 5.4b 15.78 +1.9b
V2pP2 23.35 +0.4d 20.5 +1.3ab 18.58b + 1.4c 13.13 + 0.3cd 243 + 20.3cd 12126 £ 7.7¢ 12.45 + 2.5¢cd
V2P3 16.95 + 0.76e 19.256 +£1.3b 14.08 + 1.5d 14.15 + 0.6bc 198 + 18.7f 122.00 £+ 6.2¢ 13.20 +1.9¢

1 The mean values in same column with different letters are significantly different by Duncan’s Multiple Rage Test (DMRT) at P < 5%.

Yield (kg/m?)
=

[\
T

: b b
C
| d I I I d I I I
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FIGURE 2 | Yield of lettuce cultivars (Lactuca sativa cv. Green Wave, V1; Lactuca sativa cv. New Red Fire, V2) grown in different organic growing media (PO: control,
100% soil; P1: 40% soil + 40% vermicompost + 20% cocodust; P2: 50% soil + 50% vermicompost; P3: 20% soil + 40% vermicompost + 40% spent mushroom
compost). The mean values with different letters are significantly different based on Duncan’s Multiple rage Test (DMRT) at P < 5%.

Treatment

in a variety of production systems, such as greenhouse
cultivation, containerized ornamental plant production, and
urban agriculture (Cao et al., 2014). Vermicompost, cocodust,
and others organic/inorganic components has been traditionally
used as growing substrate (Méndez et al, 2011). However, a
mixer of these organic and inorganic substances would be an
excellent combination to improve the substrate physical and
chemical properties. It is reported that a proper combination of
different substrate enhanced the plant agronomic characteristics
due to the optimal C/N ratios (Dumroese et al., 2011). The
growing media constituents in the present study were chosen
arbitrarily and not optimized with respect to the needs of
a lettuce crop. Even though, the highest nutrient content

was found when soil was amended with vermicompost and
spent mushroom compost, about two times higher in N, P,
and K (P3) than in the vermicompost-coir amended variant
(P1), the higher growth attributes of both lettuce cultivars
in substrate P1 might be due to the optimum bioavailable
percentage of N, P, and K compared to P3. These findings prove
that nutritional compositions in a growing medium are not
only important factor for crop growth but should be rational
percentage. The beneficial impact of coir on water holding
capacity and porosity on plant biomass has previously been
reported (Lokesha et al., 1988; Evans and Stamps, 1996).

In the framework of this proof of concept, we show
that it is possible to grown leafy vegetables vertically on
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FIGURE 3 | Sensory attributes of lettuce cultivars (Lactuca sativa cv. Green Wave, V1; Lactuca sativa cv. New Red Fire, V2) grown in different organic growing media
(PO: control, 100% soil; P1: 40% soil + 40% vermicompost + 20% cocodust; P2: 50% soil + 50% vermicompost; P3: 20% soil + 40% vermicompost + 40% spent
mushroom compost). A 25 members judge panel was formed to assess the sensory qualityies of lettuce (appearance, bitterness, sweetness, crispiness).
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non-utilized building walls and that choice of growing
medium composition and cultivar affects the agronomic
performance. Our results also showed that the plant cultivar
and growing medium is selective therefore, the cultivar and the
growing medium properties must be adjusted to the specific
plant variety/cultivar.

Sensory Quality

Sensory quality, such as crispness, sweetness, bitterness, and
appearance of lettuce leaf influence its consumers’ acceptance.
The red-leafed cultivar V2 displayed the top and bottom score
among the treatments in terms of crispiness, when grown
in P1 and PO, respectively (Figure3). The V2’s sweetness
was perceived as highly and slightly acceptable by all panel
members. With the respect of sweetness, produce from V2P1
obtained highest acceptable score whereas V1P1 got highest
unacceptable score. The highest acceptable appearance score
was obtained by leaves from V2P1 treatment. However, the
sensory quality taste results showed that crispiness, sweetness,
and appearance of the red-leafed cultivar grown in the soil-
vermicompost-coir mix was perceived higher than in all
other treatments. The sensory quality including crispness and
bitterness of leafy vegetables is greatly affected by the availability
of the mineral in the growing medium (Gil et al, 2005).
Other researcher also demonstrated that growing media has a
significant control over the sensory attributes of leafy vegetables
due to the varied physical and chemical properties of the
substrate (Fontana et al., 2018). This emphasizes the need for
adjustment of chemical and physical properties of the growing
media to the crop’s demand when aspiring sustainable urban
food production.

Occurrence of Microorganisms

It is reported that an enhanced consumption of fresh food
is one of the reasons for increased number of foodborne
outbreaks (Matthews, 2014). Usually, the outbreaks related
to the fresh products are associated with pathogens, such
as Salmonella, Listeria monocytogenes or pathogenic

Escherichia coli (Heaton and Jones, 2008). Manures are
widely used in organic farming, therefore, potentially,
microbial contamination of organically grown plants may
be higher than in conventional cultivation (Maffei et al., 2013).
Consumers frequently consider that organic vegetables are better
because they have less pesticide residues, but they ignore the
microbiological safety issues resulting from organic production
(Denis et al., 2016).

In the current study, none of the growing media showed
a consistent picture when retention of the selected microbes
was compared on the two cultivars (Table 4). Lettuce grown
in the same growing medium, significantly lower CFU of the
selected microbial groups were detected on the V2 cultivar
as compared to the V1 cultivar, when grown in the PO, but
considerably higher counts were found on the red-leafed than
the green-leafed one, when the cultivars were grown in P2.
Previously, it is noted that, plant growing in organic media
is more prone to microbial infestation (Center for Science
in the Public Interest, 2015). To produce safe ready-to-eat
food, to assess risks and suggest hurdles, these factors must
be clarified for future studies and uses. Despite the absence
of Salmonella spp. in the present study, the high prevalence
Enterobacteriaceae-genera is a concern. In food safety contexts,
E. coli is used as an indicator organism, thus acting as a proxy
for less abundant fecal contaminants (Yu et al., 2018). But the
high prevalence of Klebsiella spp. in some of the treatments is
disturbing from a food safety perspective. If such high numbers
are an artifact or not, needs to be tested in future studies,
considering standard food safety techniques and verification of
presumptive colonies. To ensure that the urban produced ready-
to-eat leafy greens are suitable for human consumption is a
fundamental priority.

Economic Analysis

In the economic analysis, the cost benefit ratio was calculated
in the Bangladesh context and the unit was expressed as
Bangladeshi currency (BDT). After calculation, it is clearly
shown that V1P1 has highest net economic return (4,619

TABLE 4 | Viable counts of selected bacterial organisms detected on leaves from two lettuce cultivars (Lactuca sativa cv. Green Wave, V1; Lactuca sativa cv. New Red
Fire, V2) leaves grown in different organic growing media (PO: control, 100% soil; P1 : 40% soil + 40% vermicompost + 20% cocodust; P2: 50% soil + 50%
vermicompost; P3: 20% soil + 40% vermicompost + 40% spent mushroom compost).

Treatments Total coliforms E. coli Klebsiella spp. Salmonella spp. Enterococci Bacillus spp.
V1PO 5090 + 165.2b 2230 4+ 195.2b! 1760 £ 240.4b nd 1660 + 233.1¢c 900 + 196.2bc
V1P1 4600 + 225.1b 960 + 167.0c 640 + 135.3cd nd 590 + 105.3d 1090 + 150.9b
ViP2 1090 + 135.2d 370 +£ 124.9d 320 + 75.5d nd 160 + 10.5e 1910 + 153.9a
V1P3 2410 + 204.2c 1120 £ 124.8¢ 1010 £ 135.3c nd 510 £+ 108.2d 1890 + 167.0a
V2P0 460 £+ 75.4e 140 + 91.6d 220 + 35.4d nd 130 + 45.2¢ 380 £+ 150.1d
V2P1 8240 + 258.6a 3800 + 212.8a 1050 £ 210.1¢c nd 3320 +210.7b 550 + 233.1cd
V2p2 8060 + 62.4a 3510 + 120.0a 4940 + 195.2a nd 3760 + 170.5a 800 + 105.3bcd
V2P3 1350 + 167.1d 400 + 105.4d 620 + 75.4cd nd 410 £ 91.6d 1050 + 90b

Samples were enriched in full-strength tryptic soy broth for 24 h at 37°C, and then stroken on semi-selective microbiological media (E. coli: Hi-Chrome Agar; Klebsiella ssp.: Hi-Chrome
Agar; Enterococci: Hi-Chrome Agar; Bacillus ssp.: Hi-Chrome Bacillus Agar; Salmonella spp.: Xylose-Lysine-Deoxycholate agar; total coliform bacteria: McConkey Agar). Viable counts
were enumerated as colony forming units (CFU) per g leaf weight and presumptive representatives were grouped according to Alippi and Abrahamovich (2019).

1 The mean values in same column with different letters are significantly different by Duncan’s Multiple rage Test (DMRT) at P < 5%. “nd,” not detected above the detection limit.
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FIGURE 4 | (A) Economic analysis and (B) Benefit cost ratio of two lettuce cultivars (Lactuca sativa cv. Green Wave, V1; Lactuca sativa cv. New Red Fire, V2)
vertically grown in different organic growing media (PO: control, 100% soil; P1: 40% soil + 40% vermicompost + 20% cocodust; P2: 50% soil + 50% vermicompost;
P3: 20% soil + 40% vermicompost + 40% spent mushroom compost) on the wall of a building in Dhaka City, Bangladesh.
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BDT) having benefit cost ration (BCR) 1.37, whereas least
economic return was attained at VIP3 combination having BCR
1.04 (Figure 4).

In this experiment, the vertical garden was installed for 10
years and installation cost was 8,960 BDT. Since this amount will
not be included in input cost after the first season; the garden will
be economically more productive for further cultivation, at least
by 8,960 BDT.

Cost reduction, effective production, and better quality
produce increase the incentives of food productions in urban
areas. However, high installation costs, labor cost in urban
area are problems and need to be analyzed (Krusemana and

Bade, 1998). Establishment costs for urban farm, their economic
feasibility, and food-energy nexus are significant issues for food
production system (Kan et al., 2018; Schlor et al., 2018).

In this research, it is seeking the application of techniques that
assist the rural producers in obtaining greater monetary returns,
encouraging them to continue in the agricultural activity in
unutilized area. The ultimate net economic return is depending
on the yield of the production. Higher yield of plant food is
directly related to the economic thus ensure the production
sustainability. Materials that are easily available and accessible to
the local people, such as organic manure can be used as growing
media (Vendruscolo et al., 2019).
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CONCLUSION

Cities are thus of central importance for sustainable development
and they are increasingly at the center of the food-energy nexus
discussion. The direct interdependencies among those resources
especially in urban areas, require an integrated approach for
their management based on shared and jointly interpreted data.
Current study provides important information, which could
improve the scenarios of urban farming in densely populated
urban areas in low-income countries with reuse of resources. It
can be concluded that, this vertical farming was economically
viable to produce safe vegetables. However, there is a considerable
need to clarify the food safety situation of produce grown in
densely populated areas.
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