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 This study investigated sustainable, space-efficient cultivation strategies in urban agricultural systems. Specifically, it 
evaluated the effectiveness of organic manure-based substrates in geotextile pockets for enhancing the growth and yield 
of selected leafy and spice crops under vertical farming conditions. The experiment was conducted at the Horticulture 
Farm of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, from December 2019 to April 2020, using a 
Randomized Complete Block Design with three replications. Four substrate treatments were tested in geotextile pockets: 
T1 (control), T2 (2 kg vermicompost + 2 kg soil per pocket), T3 (1.5 kg vermicompost + 0.5 kg coco fibre + 2 kg soil 
per pocket), and T4 (2 kg kitchen compost + 2 kg soil per pocket). Mint, chili, and Indian spinach were grown, and data 
were recorded on growth, yield components, and total yield. Significant variation was observed among treatments for 
most growth and yield traits across all three crops. For mint, the highest yield per plant (151.40 g) was obtained from 
T3, while the lowest (80.00 g) was recorded in the control (T1). In chili, T3 produced the highest fruit yield (88.43 g 
plant⁻¹), which differed significantly from the other treatments. The lowest fruit yield (24.00 g plant⁻¹) was obtained 
from T1 and was statistically similar to T4 (29.67 g plant⁻¹). For Indian spinach, T3 again yielded the highest (290.66 g 
plant⁻¹), compared to the lowest yield (71.33 g plant⁻¹) under T1. The combination of vermicompost, coco fibre, and soil 
in geotextile pockets consistently enhanced the growth and yield of mint, chili, and Indian spinach. This indicates that 
this organic substrate mix is a promising option for productive and sustainable vertical horticulture in urban environments. 
  

© 2026 Nitu et al. This is an open access article distributed under the Creative Commons Attribution 4.0 International License 
(www.creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. 
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1. Introduction 
Urban agriculture is increasingly recognized as a viable strategy to 
enhance food and nutrition security, especially in densely populated 
cities with limited arable land (Hassan et al., 2021). Rooftop and 
vertical farming systems offer opportunities to utilize underused 
urban spaces for producing fresh vegetables and spices close to 
consumers, while also improving microclimates and environmental 
quality (Gumble et al., 2015; Despommier, 2013). In Bangladesh, 
particularly Dhaka, land fragmentation, high land prices, and rapid 
urbanization constrain conventional horticultural expansion, creating 
a strong need for innovative, space-efficient production systems 
(Alam, 2018). Vertical cultivation using geotextile structures presents 
a promising option, as it enables multi-layered crop production, 
reduces land footprint, utilizes building facades or narrow spaces, and 
can potentially mitigate urban heat island effects (Kalantari et al., 
2018). 

Within such intensive systems, the choice of growing medium and 
nutrient source is central to plant establishment, growth, and yield 
(Shathy et al., 2018). Organic manures, including vermicompost, 
kitchen compost, and green manures, not only supply essential 
macro- and micronutrients but also improve substrate structure, 
water-holding capacity, and microbial activity (Adekiya et al., 2019). 
Vermicompost is known to contain plant growth-promoting  
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substances, humic acids, and beneficial microorganisms that can 
stimulate root growth, nutrient uptake, and overall vigor in 
horticultural crops (Kumar et al., 2022). Coco fiber, or cocopeat, 
widely used as a soilless substrate component, enhances aeration and 
moisture retention, which is particularly important in confined root 
zones such as pockets or containers in vertical systems (Islam et al., 
2021). Kitchen compost and other recycled organic wastes represent 
readily available household resources that can support nutrient 
recycling and reduce solid-waste pressure in urban areas when 
appropriately used in urban farming systems (Liu et al., 2021). 

Horticultural crops like mint (Mentha spp.), chili (Capsicum spp.), 
and Indian spinach (Basella alba L.) are well-suited to vertical farming 
in geotextile pockets due to their relatively shallow root systems, 
frequent harvests, and high market value. Mint and Indian spinach 
contribute important vitamins, minerals, and bioactive compounds to 
urban diets, while chili is both a staple spice and a cash crop in 
Bangladesh. Previous work has shown that integrating organic 
manures and bio-fertilizers can improve growth, essential-oil content, 
and herbage yield in aromatic and leafy species such as Mentha 
(Aćimović and Miljković, 2025). Similarly, organic manures, 
vermicomposting, and bio-fertilizers have been reported to enhance 
growth and yield attributes in chili and other solanaceous vegetables 
(Dalim et al., 2026). However, suboptimal substrate composition or 
nutrient management in vertical structures can still lead to poor 
vegetative growth, reduced yield, and lower quality, thereby 
undermining the potential advantages of these intensive systems 
(Islam et al., 2021). 

Previous studies in rooftop and protected cultivation have 
demonstrated that organic amendments such as vermicompost, 
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composted wastes, and coco-based substrates can significantly 
enhance the growth and yield of vegetables in container systems 
(Mejía et al., 2022). Nevertheless, there is limited information on how 
specific combinations of vermicompost, coco fiber, kitchen compost, 
and soil perform in vertically arranged geotextile pockets across 
different crop types, particularly under the climatic and management 
conditions of Dhaka. Moreover, comparative data on the productivity 
of mint, chili, and Indian spinach grown together in the same 
geotextile vertical system and managed with different organic 
manure-based substrates are scarce. Addressing these gaps will help 
optimize substrate formulations that are both agronomically effective 
and locally feasible for small-scale urban farmers and household 
gardeners. 

This study was conducted at the Horticulture Farm of Sher-e-
Bangla Agricultural University, Dhaka, Bangladesh, to evaluate 
organic manure-based substrates in a geotextile vertical farming 
system. The experiment focused on three horticultural crops—mint, 
chili, and Indian spinach—comparing a control substrate with 
mixtures containing vermicompost, coco fiber, and kitchen compost 
in vertically arranged geotextile pockets. By assessing the growth, 
yield components, and yield of each crop under these treatments, the 
study aims to identify organic substrate combinations that can 
enhance productivity and support sustainable, resource-efficient 
horticulture in urban environments, thereby contributing to climate-
resilient urban food systems in Bangladesh. 
 

2. Materials and Methods 
2.1 Ethical approval statement 

This study focused exclusively on cultivated horticultural plants 
(mint, chili, and Indian spinach) grown under experimental 
conditions. It did not involve human participants, animal subjects, or 
endangered/protected plant species. According to the guidelines of 
the Institutional Research Ethics Committee of Sher-e-Bangla 
Agricultural University, such agronomic field and pot experiments are 
exempt from formal ethical review. An exemption and approval of the 
experimental plan were obtained and documented under reference 
number SAU/HORT/2024-2025/GEOTEX-01. 
2.2 Experimental site, soil and climate 

The study was conducted at the Horticulture Research Farm of 
Sher-e-Bangla Agricultural University (SAU), Sher-e-Bangla Nagar, 
Dhaka, Bangladesh, during the Rabi season from December 2024 to 
April 2025. The experimental site is located at approximately 24°09' 
N latitude and 90°34' E longitude, at an elevation of about 8.4 m 
above mean sea level (Figure 1). This area lies within Bangladesh's 
subtropical monsoon zone, where 70–80% of annual rainfall occurs 
during the southwest monsoon (Kharif) months, leading to hot, 
humid, and cloudy conditions. In contrast, the Rabi season 
(approximately October–March) is characterized by comparatively 
scanty rainfall, cooler temperatures, and abundant sunshine, which 
are favorable for winter vegetable cultivation (Alamgir et al., 2015). 
Monthly mean temperature, relative humidity, and rainfall during the 
crop-growing period were obtained from the Bangladesh 
Meteorological Department, Agargaon, Dhaka-1212, Bangladesh. 

The soil of the experimental field belongs to the Tejgaon series, 
classified as Deep Red Brown Terrace Soil (Kumar et al., 2019) under 
the Madhupur Tract Agro-Ecological Zone (AEZ-28). Before initiating 
the experiment, a composite soil sample was collected from multiple 
points of the experimental area at a depth of 0–15 cm. The sample 
was air-dried, gently ground, passed through a 2 mm sieve, and 
analyzed for selected physical and chemical properties at the Soil 
Resources Development Institute (SRDI), Khamarbari, Farmgate, 
Dhaka, following standard procedures (Kumar et al., 2019). The soil 
was sandy loam in texture, containing 26% sand, 43% silt, and 31% 
clay, with a pH of 5.9 and an organic matter content of 0.78%. 

 
 

 
Figure 1. Research site location. 

2.3 Plant materials 
Three horticultural crops were selected as test species: mint, chili, 

and Indian spinach. Stem cuttings of mint (Mentha spp.) were 
collected from the rooftop garden of FABLAB, SAU. Seeds of chili 
(Capsicum frutescens L.), variety 'BARI Morich-1', were obtained from 
the Bangladesh Agricultural Research Institute (BARI), Gazipur. This 
variety is a dwarf, high-yielding type released by BARI. Seeds of 
Indian spinach (Basella alba L.), variety 'BARI Puishak-2', 
characterized by green stems, were also collected from BARI. These 
crops were chosen for their suitability for vertical cultivation and 
potential for frequent harvests. 
2.4 Vertical structure and experimental treatments 

A vertical wooden frame, measuring 7 × 4 ft (height × width), 
was fabricated and covered with a polythene sheet on the back and 
sides to protect the structure from rain and moisture. Durable, eco-
friendly geotextile cloth was used to sew planting pockets, arranged 
in a grid, on the front of the frame. Each pocket was designed to hold 
approximately 4 kg of growing medium. 

The experiment utilized a single-factor treatment structure with 
four organic manure-based growing media per pocket: T1: Control 
(soil only); T2: 2 kg vermicompost + 2 kg soil; T3: 1.5 kg 
vermicompost + 0.5 kg coco fiber + 2 kg soil; T4: 2 kg kitchen 
compost + 2 kg soil. 

Well-decomposed vermicompost and kitchen compost were 
prepared and supplied by the SAU composting facility. Coco fiber was 
purchased from a commercial supplier in Dhaka and pre-moistened 
before mixing. All growing media were thoroughly homogenized 
before filling the pockets. 

According to manufacturer and laboratory reports, vermicompost 
contained 1.5–2.0% N, 0.9–1.7% P, and 1.5–2.4% K (ACI Fertilizer, 
2016). Coco fiber contained 0.41% N, 0.81% P, and 1.32% K. The 
kitchen compost (Anumar compost) contained 8.6% organic carbon, 
had a C:N ratio of 6.8:1, and contained 0.5% P and 0.56% K (Islam 
et al., 2021). 
2.5 Experimental design and layout 

The experiment utilized a Randomized Complete Block Design 
(RCBD) with three replications. Each 7 × 4 ft vertical structure served 
as one block, and all four treatments (T1–T4) were randomly 
assigned to pockets within each block. Each pocket contained 4 kg of 
its designated growing medium (Figure 2). For each treatment × 
replication combination, an equal number of pockets were planted 
with mint, chili, and Indian spinach, ensuring that all crops 
experienced the same vertical position and exposure conditions within 
the structure. 
2.6 Soil media preparation 

Before preparing the media mixtures, surface soil from the 
experimental plot was sun-dried for one week. It was then repeatedly 
cross-plowed and laddered to break clods and remove stubble, 
weeds, and plant residues. The prepared soil was then mixed with 
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organic manures in the following proportions for each pocket: T2: 2 
kg vermicompost + 2 kg soil; T3: 1.5 kg vermicompost + 0.5 kg coco 
fiber + 2 kg soil; T4: 2 kg kitchen compost + 2 kg soil. 

Mixing was done on a clean floor until a uniform texture was 
obtained. The media were then filled into geotextile pockets to a 
consistent bulk volume. This approach followed and adapted methods 
used in previous studies on organic substrate mixtures for 
horticultural crops in containers or vertical systems. 

 
Figure 2. Layout of experimental plot. 

2.7 Crop establishment and management 
Seeds for chili and Indian spinach were sown on a well-prepared 

seedbed on December 3, 2024. The seedbed was lightly irrigated 
after sowing to ensure proper germination, with seedlings emerging 
around December 10, 2024. Healthy, uniform chili and Indian spinach 
seedlings were transplanted into geotextile pockets on January 20, 
2025, in the late afternoon to minimize transplanting shock. 
Immediately after transplanting, light irrigation was applied to aid 
seedling establishment. Stem cuttings of mint were planted directly 
into their designated pockets on January 19, 2025. 

Intercultural operations, including irrigation, weeding, and plant 
protection, were carried out uniformly for all treatments. Irrigation 
was provided as needed to maintain the media near field capacity, 
taking care to avoid waterlogging. Weeds emerging around the base 
and in the pockets were removed manually. Pest and disease 
management relied on recommended cultural and mechanical 
practices, and no synthetic chemical fertilizers were applied to 
maintain consistency with the organic management regime. 

Basic tools used included standard 1.5 L manual hand sprayers 
(China) for irrigation and plant protection, and a digital balance 
(model: EK-600i, A&D Company, Japan) for yield measurements. 
2.8 Data collection 

For each crop, three plants per treatment per replication (n = 3) 
were randomly selected from the central pockets and tagged for data 
collection, avoiding border pockets to minimize edge effects. Growth 
and yield attributes were recorded at 20, 50, and 75 days after 
transplanting (DAT) for chili and Indian spinach, and at corresponding 
days after planting for mint. 

The recorded parameters included plant height (cm), number of 
branches per plant, number of leaves per plant, leaf area, and canopy 
size (cm). Additionally, the number of fruits per plant was recorded 
for chili, and the number of branches per plant for mint and Indian 
spinach. At harvest, the fresh herbage yield of mint and Indian 
spinach (g plant⁻¹) and the fresh fruit yield of chili (g plant⁻¹) were 
measured using the aforementioned digital balance. Yield data were 
subsequently converted to per-pocket or per-structure values as 
required. 
 

2.9 Statistical analysis 
All recorded data were subjected to an analysis of variance 

(ANOVA) appropriate for a randomized complete block design (RCBD) 
to determine the significance of treatment effects. Statistical analyses 
were performed using Statistix 10 software (Analytical Software, 
Tallahassee, FL, USA). When F-values were significant, treatment 
means were separated using Tukey's honest significant difference 
(HSD) test at 5% and 1% probability levels, following procedures 
similar to those used by Adekiya et al. (2019). Results are presented 
as mean values, and significance levels are indicated where 
appropriate. 

 

3. Results and Discussion 
3.1 Growth and yield responses of mint (Mentha spp.) 
3.1.1 Growth attributes 

Plant height of mint responded significantly to the organic manure 
treatments at all observation dates (25, 50, and 75 DAT). Plants 
grown in T3 (1.5 kg vermicompost + 0.5 kg coco fiber + 2 kg soil per 
pocket) were the tallest (13.23, 16.67, and 15.00 cm at 25, 50, and 
75 DAT, respectively), whereas the shortest plants (4.00, 5.47, and 
5.33 cm) were observed in the control (T1) (Table 1). The superiority 
of T3 can be attributed to the combined effects of vermicompost and 
coco fiber, which improve soil structure, water-holding capacity, and 
nutrient availability, thereby supporting more vigorous shoot growth 
(Adekiya et al., 2019). Similar increases in mint plant height under 
vermicompost and organic nutrient regimes were reported by Dalim 
et al. (2026), who noted that vermicompost in combination with other 
organic inputs enhanced vegetative growth in chili species. 

The number of leaves per plant also varied significantly among 
treatments (Table 1). T3 produced the highest leaf numbers (151.33, 
296.00, and 221.33 leaves plant⁻¹ at 25, 50, and 75 DAT, 
respectively), while T1 recorded the lowest values (54.67, 157.00, 
and 96.67 leaves plant⁻¹). Higher leaf production in T3 reflects 
improved nutrient supply and moisture conditions, which favor 
continuous leaf initiation and expansion. Vermicompost is known to 
supply readily available nutrients along with plant growth-promoting 
substances and beneficial microbes, which together stimulate leaf 
proliferation and enhance canopy development (Dahiya et al., 2020). 
Kumar et al. (2022) and Kumar et al. (2025) similarly reported that 
combining organic inputs such as FYM, vermicompost, and 
biostimulants significantly increased leaf number and herbage yield in 
Japanese mint (Mentha arvensis). 

Canopy size followed the same trend, with T3 showing the 
maximum canopy spread (15.03, 16.13, and 15.07 cm at 25, 50, and 
75 DAT) and T1 the minimum (6.57, 11.00, and 9.67 cm) (Table 1). 
A larger canopy indicates more efficient interception of light and 
higher photosynthetic area, which ultimately supports higher biomass 
accumulation. The improvement in canopy size under T3 is consistent 
with reports that organic amendments, especially vermicompost 
combined with porous organic substrates like coir, enhance root 
growth and water status, leading to more extensive foliage (Younis 
et al., 2022). 
 

Table 1. Effect of different organic manures on plant height and leaf 
number of mint. 

T Plant height at 

different DAT (cm) 

Number of leaves per 

plant  at different DAT 

Canopy size per plant 

at different DAT (cm) 

25 50 75 25 50 75 25 50 75 

T1 4.00 
d 

5.47 
d 

5.33 d 54.67 
d 

157.00 
c 

96.67 d 6.57 
c 

11.00 
c 

9.67 c 

T2 10.1
0 b 

12.6
0 b 

11.03 

b 
139.33 
b 

255.67 
b 

202.00 
b 

10.1
7 b 

13.33 
b 

11.77 
b 

T3 13.2
3 a 

16.6
7 a 

15.00 
a 

151.33 
a 

296.00 
a 

221.33 
a 

15.0
3 a 

16.13 
a 

15.07 
a 

T4 6.63 
c 

8.07 
c 

7.67 c 75.33 c 171.67 
c 

132.33 
c 

7.77 
c 

12.00 
bc 

10.67 
bc 

LSD0

.05 

1.78 2.18 2.24 11.69 20.91 15.32 1.92 2.07 1.99 

CV% 10.5
2 

10.1
8 

11.50 5.56 4.76 4.70 9.74 7.92 8.46 



Nitu et al., 2026                                                                                                            Journal of Bioscience and Environment Research 3(2): 4-10 
  

7 

 

T=Treatments; In a column means having similar letters are statistically identical 
and those having dissimilar letter(s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2 kg Vermicompost and 2 kg soil per pocket; T3- 
1.5 kg Vermicompost, 0.5 kg coco fiber and 2 kg soil per pocket; T4- 2 kg Kitchen 
compost and 2 kg soil per pocket 
 

3.1.2 Leaf morphology and yield 
Leaf length and breadth of mint were significantly influenced by 

the treatments (Table 2). T3 consistently produced the longest leaves 
(2.60, 3.17, and 2.80 cm at 25, 50, and 75 DAT, respectively) and 
the widest leaves (1.87, 2.37, and 2.02 cm). In contrast, T1 resulted 
in the smallest leaf dimensions and was statistically similar to T4 on 
most observation dates. The larger leaf size observed under T3 may 
be attributed to improved nutrient uptake and turgor maintenance, 
leading to enhanced cell expansion. Previous studies have 
demonstrated that vermicompost, particularly when combined with 
other organic inputs, increases leaf size and leaf area in mint and 
other herbs. This, in turn, improves photosynthetic capacity and 
essential oil yield (Adekiya et al., 2019). 

The number of branches per plant also significantly increased with 
the application of organic manure (Table 2). T3 exhibited the highest 
number of branches (24.67, 49.67, and 42.33 branches plant⁻¹ at 25, 
50, and 75 DAT, respectively), whereas T1 showed the lowest 
branching (6.67, 17.00, and 12.67 branches plant⁻¹). Branching is 
closely linked to nutrient availability, especially nitrogen. While 
excessive or deficient nitrogen can disrupt vegetative growth, 
balanced organic sources provide a gradual nutrient release that 
promotes steady branching (Stewart et al., 2000). The positive effects 
of vermicompost and organic manures on branching in mint align with 
the findings of Suresh et al. (2018), who reported enhanced branch 
number and herbage yield in Mentha under organic nutrient 
management. 
 

Table 2. Effect of different organic manures on leaf morphology of mint. 
T Number of branches 

per plant at different 
DAT 

Length of leaves per 
plant at different 
DAT (cm) 

Breadth of leaves 
per plant at 
different DAT (cm) 

 25 50 75 25 50 75 25 50 75 

T1 6.67 
d 

17.00 
d 

12.67 
d 

1.47 c 2.10 
c 

1.87 
c 

1.13 
c 

1.4
8 c 

1.17 c 

T2 15.6
7 b 

40.67 
b 

30.33 
b 

2.17 
ab 

2.60 
b 

2.30 
b 

1.43 
b 

2.0
7 b 

1.73 b 

T3 24.6
7 a 

49.67 
a 

42.33 
a 

2.60 
a 

3.17 
a 

2.80 a 1.87 
a 

2.3
7 a 

2.02 a 

T4 9.67 c 22.33 
c 

17.33 
c 

2.07 
b 

2.47 
bc 

2.20 
bc 

1.23 

bc 
1.6
0 c 

1.38 c 

LSD0.

05 

2.49 3.99 3.45 0.49 0.37 0.36 0.20 0.2
9 

0.23 

CV% 8.82 6.16 6.72 11.8
7 

7.18 8.07 7.13 7.6
3 

7.41 

T=Treatments; In a column means having similar letters are statistically identical 
and those having dissimilar letter (s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2 kg Vermicompost and 2 kg soil per pocket; T3- 
1.5 kg Vermicompost, 0.5 kg coco fiber and 2 kg soil per pocket; T4- 2 kg Kitchen 
compost and 2kg soil per pocket 
 

Total fresh herbage yield of mint exhibited marked differences 
among treatments (Table 2). T3 produced the highest total yield per 
plant (151.40 g), followed by T2 (132.40 g), T4 (91.53 g), and T1 
(80.00 g). The superiority of T3 reflects the cumulative effects of 
improved plant height, branching, leaf number, leaf size, and canopy 
expansion (Figure 3). Similar yield advantages under vermicompost-
based management have been documented in mint and other 
aromatic crops, where vermicompost and biofertilizers increased 
herbage yield, essential oil content, and overall plant vigor compared 
with control or solely mineral fertilization (Hassan et al., 2021). These 
results confirm that a mixture of vermicompost and coco fiber is 
highly suitable for mint cultivation in vertical geotextile systems. 
 
 

 
Figure 3. Effect of different organic manures on mint yield. (T1: Control; T2: 2 kg 

vermicompost and 2 kg soil per pocket; T3: 1.5 kg vermicompost, 0.5 
kg coco fiber, and 2 kg soil per pocket; T4: 2 kg kitchen compost and 2 
kg soil per pocket). 

3.2 Growth and yield responses of chilli (Capsicum 
frutescens L.) 

3.2.1 Vegetative growth 
Plant height of chilli increased significantly with organic manure 

treatments at all growth stages (Table 3). The tallest plants (16.20, 
41.73, and 48.50 cm at 25, 50, and 75 DAT, respectively) were 
recorded in T3, while T1 produced the shortest plants (7.03, 10.33, 
and 15.67 cm). Vermicompost-rich substrates likely enhanced root 
development and nutrient uptake, resulting in taller plants. This 
observation agrees with Kumar et al. (2022), who reported higher 
chilli plant height in vermicompost-treated plots compared with the 
control. Similar positive responses of chilli to vermicompost and 
organic combinations have been highlighted by Dalim et al. (2026). 

The number of leaves per plant showed a parallel response 
pattern (Table 9). T3 consistently produced the highest leaf numbers 
(35.00, 69.00, and 91.67 leaves plant⁻¹ at 25, 50, and 75 DAT, 
respectively), whereas T1 recorded the lowest (10.00, 21.33, and 
33.67 leaves plant⁻¹) (Table 3). The increased leaf number in 
vermicompost treatments has been attributed to enhanced nutrient 
supply and microbial activity, which stimulate vegetative growth and 
canopy development (Adekiya et al., 2019). Leaf length and breadth 
were also significantly improved by T3 (Table 3), with the longest 
leaves (8.70, 12.07, and 14.17 cm) and widest leaves (2.80, 2.87, 
and 2.90 cm) recorded in this treatment, while T1 had the smallest 
values. A larger leaf area under vermicompost-based substrates has 
been reported in several chilli studies and is generally associated with 
higher photosynthetic capacity and yield (Hosseinzadeh et al., 2018). 
 

Table 3. Effect of different organic manures on plant height of chilli. 
T Plant height at 

different DAT (cm) 
Number of leaves per 
plant at different DAT 

Canopy size per plant 
at different DAT (cm) 

25 50 75 25 50 75 25 50 75 

T1 7.03 c 10.3
3 c 

15.6
7 c 

10.00 
d 

21.33 
c 

33.67 
d 

6.00 
d 

10.67 
c 

14.07 
c 

T2 10.60 
b 

26.6
7 b 

33.3
3 b 

24.33 
b 

47.33 
b 

68.33 
b 

12.3
3 b 

20.00 
b 

24.00 
b 

T3 16.20 
a 

41.7
3 a 

48.5
0 a 

35.00 
a 

69.00 
a 

91.67 

a 
17.0
0 a 

27.00 
a 

33.17 
a 

T4 10.00 
b 

13.9
0 c 

18.0
0 c 

13.00 
c 

27.00 
c 

49.67 
c 

10.0
0 c 

14.00 
c 

18.33 
c 

LSD0

.05 

2.00 3.86 4.25 2.47 5.74 6.32 2.13 3.60 5.62 

CV% 9.17 8.34 7.36 5.99 6.98 5.20 9.42 10.06 12.57 

T=Treatments; In a column means having similar letters are statistically identical 
and those having dissimilar letter (s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2 kg Vermicompost and 2 kg soil per pocket; T3- 
1.5 kg Vermicompost, 0.5 kg coco fiber and 2kg soil per pocket; T4- 2 kg Kitchen 
compost and 2 kg soil per pocket 

Branch number and canopy size of chili followed similar trends 
(Table 4). T3 produced the highest branch numbers (6.00, 10.33, and 
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14.67 branches per plant) and the largest canopy size (17.00, 27.00, 
and 33.17 cm at 25, 50, and 75 DAT), while T1 showed the lowest 
branching and canopy spread. Vermicompost has been shown to 
increase lateral branching and canopy development in hot pepper by 
improving nutrient status, chlorophyll content, and soil physical 
conditions (El-Mogy et al., 2024). The present findings align with 
these reports and underscore the suitability of vermicompost-based 
mixtures for promoting robust chili growth in vertical systems. 
 
Table 4. Effect of different organic manures on the number of branches 

per plant, leaf length, and leaf breadth of chili. 
T 

 

Number of branches 

per plant at different 
DAT 

Length of leaves per 

plant at different 
DAT (cm) 

Breadth of leaves 

per plant at 
different DAT (cm) 

 25 50 75 25 50 75 25 50 75 

T1 0.00 
d 

2.00 c 6.33 d 5.00 c 6.00 
c 

7.00 
c 

1.50 
d 

1.5
3 d 

1.57 d 

T2 2.33 
b 

6.33 b 10.33 
b 

7.67 
ab 

9.00 
b 

10.1
0 b 

2.20 
b 

2.2
7 b 

2.33 b 

T3 6.00 
a 

10.33 
a 

14.67 
a 

8.70 
a 

12.0
7 a 

14.1
7 a 

2.80 
a 

2.8
7 a 

2.90 a 

T4 1.67 c 3.00 c 8.00 c 6.00 
bc 

7.67 
bc 

8.67 
bc 

1.80 
c 

1.9
3 c 

1.97 c 

LSD0.

05 

0.56 1.21 1.49 1.74 2.30 2.41 0.28 0.2
0 

0.24 

CV% 11.2
3 

11.17 7.58 12.7
6 

13.2
6 

12.0
7 

6.82 4.7
2 

5.54 

T=Treatments; In a column means having similar letters are statistically identical 
and those having dissimilar letter(s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2 kg Vermicompost and 2 kg soil per pocket; T3- 
1.5 kg Vermicompost, 0.5 kg coco fiber and 2 kg soil per pocket; T4- 2 kg Kitchen 
compost and 2 kg soil per pocket 
 

3.2.2 Yield and yield components 
Yield-contributing characteristics of chili were significantly 

influenced by the treatments (Table 5). Days to first flowering were 
reduced from 43 days in T1 to 31 days in T3, indicating that 
vermicompost plus coco fiber promoted earlier reproductive 
development. Earlier flowering under organic nutrient management 
has been reported by El-Mogy et al. (2024), who found that 
vermicompost and organic boosters advanced flower initiation in chili. 

Single fruit weight, fruit length, and total fruit weight per plant all 
responded positively to vermicompost treatments. Although 
differences in single fruit weight were not statistically large, T3 
recorded the highest average weight (3.00 g fruit⁻¹), comparable to 
T2 (2.87 g fruit⁻¹), while T1 had the lowest (1.91 g fruit⁻¹). Fruit 
length was significantly increased in T3 (8.10 cm) compared with T1 
(3.23 cm), reflecting improved nutrient supply and plant vigor. Most 
importantly, total fruit weight per plant was highest in T3 (88.43 g), 
followed by T2 (68.23 g), whereas T1 and T4 produced much lower 
yields (24.00 and 29.67 g plant⁻¹, respectively) (Table 5). 

Similar yield improvements with vermicompost have been 
documented for chili and hot pepper in field and pot experiments, 
where vermicompost increased fruit number, fruit weight, and total 
yield compared with control or solely mineral fertilization (Castellanos 
et al., 2017). These effects are generally attributed to improved soil 
structure, higher cation exchange capacity, enhanced microbial 
activity, and slow release of nutrients from vermicompost, all of which 
support sustained growth and reproductive performance (Liu et al., 
2021). 
3.3 Growth and yield responses of Indian spinach (Basella 
alba L.) 
3.3.1 Vegetative growth 

Indian spinach responded strongly to organic manure treatments. 
Plant height significantly increased with T3 at all observation dates 
(14.33, 46.67, and 31.50 cm at 25, 50, and 75 DAT, respectively), 
whereas T1 recorded the lowest heights (6.17, 18.50, and 12.43 cm; 
Table 6). Vermicompost combined with coco fiber likely improved root 
growth, aeration, and moisture retention, which are critical for rapid 
vegetative expansion in leafy vegetables (Islam et al., 2021). 

 

Table 5. Effect of different organic manures on yield-contributing 
characteristics and yield of chili. 

Treat- 

ments 

First flowering 

(days) 

Single fruit 

weight (g) 

Fruit length 

(cm) 

Fruits weight 

per plant (g) 

T1 43.00 a 1.91 b 3.23 c 24.00 c 
T2 39.00 b 2.87 a 5.90 b 68.23 b 
T3 31.00 c 3.00 a 8.10 a 88.43 a 
T4 40.00 ab 2.00 b 3.67 c 29.67 c 

LSD0.05 3.61 0.29 1.02 8.41 
CV% 4.73 6.01 9.74 8.01 

In a column means having similar letters are statistically identical and those having 
dissimilar letter(s) differ significantly as per 0.05 level of probability. Where, T1- 
Control; T2- 2 kg Vermicompost and 2 kg soil per pocket; T3- 1.5 kg Vermicompost, 
0.5 kg coco fiber and 2 kg soil per pocket; T4- 2 kg Kitchen compost and 2 kg soil 
per pocket. 
 

The number of leaves per plant showed a similar response pattern 
(Table 6). T3 produced the highest leaf numbers (13.67, 34.00, and 
26.67 leaves plant⁻¹ at 25, 50, and 75 DAT, respectively), while T1 
had the fewest leaves (5.67, 14.67, and 9.00 leaves plant⁻¹). 
Increased leaf production under organic amendments has been 
reported for Malabar spinach and other leafy crops when compost 
and vermicompost are applied, leading to higher edible biomass and 
better nutritional quality (Liu et al., 2021; Islam et al., 2021). 

The canopy size of Indian spinach was also significantly greater 
in T3 (19.83, 24.23, and 23.07 cm at 25, 50, and 75 DAT, 
respectively) than in T1 (7.37, 9.87, and 8.13 cm; Table 17). A larger 
canopy ensures greater light interception and higher photosynthetic 
capacity, directly contributing to yield. Organic amendments have 
been shown to increase canopy spread and fresh weight in leafy 
vegetables under low-input systems (Dahiya et al., 2023). 
 

Table 6. Effect of different organic manures on plant height, leaf number, 
and canopy size of Indian spinach. 

T Plant height at 

different DAT (cm) 

Number of leaves per 

plant at different DAT 

Canopy size per plant 

at different DAT (cm) 

25 50 75 25 50 75 25 50 75 

T1 6.17 d 18.50 
d 

12.4
3 d 

5.67 
c 

14.67 
d 

9.00 d 7.37 
d 

9.87 d 8.13 d 

T2 10.67 

b 
39.82 
b 

26.3
3 b 

10.3
3 b 

28.67 
b 

18.33 
b 

14.9
7 b 

18.00 
b 

16.40 
b 

T3 14.33 
a 

46.67 
a 

31.5
0 a 

13.6
7 a 

34.00 
a 

26.67 
a 

19.8
3 a 

24.23 
a 

23.07 
a 

T4 8.52 c 25.33 
c 

17.0
0 c 

8.67 
b 

19.33 
c 

11.67 
c 

10.2
3 c 

12.43 
c 

10.53 
c 

LSD0

.05 

1.05 3.41 4.34 1.91 4.27 2.62 1.97 2.54 1.55 

CV% 5.27 5.24 9.97 9.99 8.84 8.01 7.55 7.89 5.34 

T=Treatments; In a column means having similar letters) arc statistically identical 
and those having dissimilar letter(s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2kg Vermicompost and 2kg soil per pocket; T3- 
1.5kg Vermicompost, 0.5 kg coco fiber and 2kg soil per pocket; T4- 2kg Kitchen 
compost and 2kg soil per pocket. 
 

Leaf length and breadth were maximized in T3 and minimized in 
T1 (Table 7). Specifically, T3 exhibited leaf lengths of 12.33, 13.50, 
and 10.97 cm and leaf breadths of 9.13, 11.27, and 10.00 cm at 25, 
50, and 75 DAT, respectively, while T1 consistently produced 
markedly smaller leaves. These findings align with studies on Basella 
alba, where organic amendments like compost and biochar increased 
leaf area and chlorophyll content, leading to higher yield and 
improved quality (Liu et al., 2021). 

The number of branches per plant followed a similar pattern 
(Table 7), with T3 producing the highest number (3.67, 5.00, and 
4.33 at 25, 50, and 75 DAT) and T1 the lowest (0.67, 1.33, and 1.00). 
Increased branching contributes to a greater number of leaf-bearing 
stems and, consequently, higher edible biomass. Similar increases in 
branching due to vermicompost and compost have been reported for 
leafy vegetables grown in homestead or rooftop gardens (Islam et 
al., 2021).  
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Table 7. Effect of different organic manures on the number of branches, 
leaf length, and breadth of Indian spinach. 

T Number of branches 
per plant at different 

DAT 

Length of leaves per 
plant at different 

DAT (cm) 

Breadth of leaves 
per plant at 

different DAT (cm) 

 25 50 75 25 50 75 25 50 75 

T1 0.67 
d 

1.33 d 1.00 c 5.77 
d 

6.57 
d 

5.33 
d 

2.43 
d 

3.20 
d 

2.22 
d 

T2 2.33 
b 

3.67 b 2.67 b 10.6
0 b 

11.7
0 b 

9.67 

b 
6.20 
b 

7.47 
b 

6.53 
b 

T3 3.67 
a 

5.00 a 4.33 a 12.3
3 a 

13.5
0 a 

10.9
7 a 

9.13 
a 

11.2
7 a 

10.0
0 a 

T4 1.33 
c 

2.67 c 1.33 c 7.43 
c 

8.37 
c 

7.33 
c 

4.77 
c 

6.03 
c 

5.12 
c 

LSD0.

05 

0.37 0.48 0.39 1.51 1.78 1.29 0.83 1.29 1.22 

CV% 9.48 7.66 8.39 8.36 8.87 7.80 7.37 9.25 10.2
2 

T=Treatments; In a column means having similar letters) arc statistically identical 
and those having dissimilar letter(s) differ significantly as per 0.05 level of 
probability. Where, T1- Control; T2- 2kg Vermicompost and 2kg soil per pocket; T3- 
1.5kg Vermicompost, 0.5 kg coco fiber and 2kg soil per pocket; T4- 2kg Kitchen 
compost and 2kg soil per pocket. 
 

3.3.2 Yield of Indian spinach 
Total fresh yield per plant of Indian spinach varied significantly 

among treatments (Table 8). T3 produced the highest total yield 
(290.66 g plant⁻¹), followed by T2 (213.00 g plant⁻¹) and T4 (125.33 
g plant⁻¹), while T1 recorded the lowest yield (71.33 g plant⁻¹). The 
yield advantage of T3 reflects its superior performance in plant 
height, leaf number, leaf size, branching, and canopy spread. These 
results are consistent with earlier studies demonstrating that compost 
and vermicompost derived from household organic wastes 
significantly increase plant height, leaf number, biomass, and yield in 
leafy vegetables grown in kitchen gardens and rooftop systems (Islam 
et al., 2021). 
 

Table 8. Effect of different organic manures on the yield of Indian 
spinach. 

Treatments First yield per 

plant (g) 

Second yield 

per plant (g) 

Total yield (g) 

T1 36.00 d 35.33 d 71.33 d 
T2 113.00 b 100.00 b 213.00 b 
T3 154.33 a 136.33 a 290.66 a 
T4 64.00 c 61.33 c 125.33 c 

LSD0.05 21.64 16.26 28.63 
CV% 11.80 9.78 8.18 

In a column means having similar letters) arc statistically identical and those having 
dissimilar letter(s) differ significantly as per 0.05 level of probability. Where, T1- 
Control; T2- 2kg Vermicompost and 2kg soil per pocket; T3- 1.5kg Vermicompost, 
0.5 kg coco fiber and 2kg soil per pocket; T4- 2kg Kitchen compost and 2kg soil per 
pocket. 
 

4. Conclusions 
The geotextile vertical farming system, which utilizes organic 
substrates, improved the growth and yield of mint, chili, and Indian 
spinach compared to soil alone. The vermicompost–coco fiber–soil 
mixture (T3) consistently produced the most vigorous plants, 
exhibiting greater canopy development and fresh biomass than both 
the control and kitchen-compost treatments. These results suggest 
that combining nutrient-rich vermicompost with porous, moisture-
retentive coco fiber creates a favorable root environment in confined 
vertical pockets, thereby enhancing nutrient and water uptake. 
Practically, vermicompost-based substrates—especially 
vermicompost combined with coco fiber—appear promising for 
productive, space-efficient vertical horticulture in urban Bangladesh. 
This approach could contribute to household food security while 
simultaneously recycling organic wastes. Future research should 
extend these findings across different seasons and locations, and 
evaluate substrate biology, nutrient dynamics, product quality, and 
economic returns under farmer-managed conditions. 
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