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Okra (Abelmoschus esculentus L.) is a significant summer vegetable crop in Nepal, but productivity 

remains suboptimal due to inadequate agronomic practices. This field experiment was conducted to 

assess the effects of four mulching treatments (black plastic, silver-on-black plastic, paddy straw, 

and no mulch) and three plant spacings (50×20, 50×30, and 50×40 cm) on okra growth, yield, 

quality, and profitability in Dang, Nepal, during the 2021 spring season. The experiment was laid 

out in a two-factor factorial randomized complete block design with three replications. Two-way 

analysis of variance showed significant (p < 0.01) main effects of mulching on plant height, stem 

girth, canopy spread, number of leaves, and marketable yield. Silver-on-black plastic mulch yielded 

the highest marketable yield (18.56 t/ha), representing a 32% increase over unmulched control 

(14.09 t/ha) and a 31% increase over paddy straw mulch (14.20 t/ha). Regarding fruit quality, 

mulching and spacing significantly influenced fruit dimensions, with wider spacing (50×40 cm) 

producing larger fruits (13.08 cm length, 15.82 mm diameter) despite lower total yield per hectare. 

Dry matter partitioning showed consistency across treatments, indicating stable resource allocation 

patterns. Narrow spacing (50×20 cm) maximized yield per hectare (18.57 t/ha), despite lower 

performance per plant, reflecting increased plant density effects. Mulching × spacing interactions 

were generally not significant (p > 0.05), indicating independent effects. Economic analysis 

revealed that silver-on-black plastic mulch with a 50×20 cm spacing yielded the highest benefit-

cost ratio (1.92), delivering net returns of NPRs 368,275 per hectare. These findings provide 

evidence-based recommendations to improve okra production in Nepal’s mid-hill agroecological 

zones, although further research is needed on the long-term sustainability of plastic mulches and 

the development of biodegradable alternatives. 

 

Keywords: 

Abelmoschus esculentus 

Plastic mulch 

Plant density 

Spacing 

Yield 

 

 
a  b_acharya@sfu.ca  https://orcid.org/0000-0003-0789-3182   b  susmitadh18@gmail.com  https://orcid.org/0000-0001-6561-8440 
c  hgiri@afu.edu.np  https://orcid.org/0000-0002-6607-6783   d  akshrestha@afu.edu.np  https://orcid.org/0000-0002-9253-2033 
e  bibekphulara610@gmail.com  https://orcid.org/0009-0008-0088-1983      

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

 

 

Introduction 

Okra (Abelmoschus esculentus L. Moench) is a vital 

warm-season vegetable cultivated throughout Nepal’s 

Terai and mid-hill regions. National okra production stands 

at approximately 103,353 metric tons from 9,337 hectares, 

with an average yield of 11.07 t/ha (MoALD, 2020). 

However, this productivity remains significantly below the 

crop’s genetic potential, mainly due to suboptimal 

agronomic practices, including inadequate moisture 

conservation, poor weed control, and inappropriate plant 

density (Panthi et al., 2023; Sapkota et al., 2024).  

Mulching has become an essential soil management 

practice for enhancing vegetable crop productivity through 

a range of synergistic mechanisms. Plastic mulches modify 

the soil microenvironment by conserving moisture through 

reduced evaporation, regulating rhizosphere temperature, 

reflecting photosynthetically active radiation to lower 

canopy leaves, and completely suppressing weeds during 

early growth stages (Obi et al., 2024; Panthi et al., 2023; 

Jabran, 2019). Recent meta-analyses indicate that plastic 

mulch can increase crop yields by 55-66% compared to 

traditional bare-soil cultivation (Pincay-Verdezoto et al., 

2025). Specifically, in Nepal, silver plastic mulch has 

increased okra pod yield by 31% relative to bare soil 

(582.10 vs. 445.26 g/plant), while delivering benefit-cost 

ratios above 3.0 (Panthi et al., 2023; Chaulagain et al., 

2024). Nonetheless, environmental concerns regarding 

plastic film degradation, soil microplastic accumulation, 

and disposal issues necessitate careful evaluation of both 

agronomic benefits and ecological sustainability (Yang et 

al., 2023; Sarpong et al., 2024; Steinmetz et al., 2016). 

http://creativecommons.org/licenses/by-nc/4.0/
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Optimizing plant spacing is a crucial management decision 

for maximizing okra yield. Spacing affects light 

interception, competition among roots for water and 

nutrients, and canopy structure (Dulal et al., 2024; 

Makinde & Adeyemi, 2020). Closely spaced plants 

increase yield per unit area by raising plant density but may 

induce shade-avoidance responses, such as stem 

elongation, reduced branching, and lower yields per plant 

(Panthi et al., 2023; Ballaré & Pierik, 2017). Recent 

research in Mahottari district showed that 30×30 cm 

spacing yielded 33.18 t/ha compared to 23.94 t/ha at 60×30 

cm, although larger fruits were observed at wider spacings 

(Dulal et al., 2024). While the individual effects of 

mulching and spacing on okra have been documented, their 

combined effects remain only partially understood, 

especially across Nepal’s varied agroecological regions. 

Obi et al. (2024) showed significant mulching × spacing 

interactions for stem girth and fruit yield in drought-prone 

Nigerian soils, suggesting that optimal spacing may 

depend on mulch type and environmental factors. 

However, most studies in Nepal have examined these 

factors separately or reported inconsistent interaction 

patterns (Panthi et al., 2023; Sapkota et al., 2024). 

Additionally, few studies have simultaneously evaluated 

vegetative growth, reproductive yield, fruit quality, and 

economic returns under the specific soil and climate 

conditions of Dang district’s mid-hill zone. 

Therefore, this study was carried out with the following 

objectives: (i) to measure the main and interaction effects 

of four mulching treatments and three plant spacings on 

okra’s vegetative growth, yield components, and 

marketable yield; (ii) to assess fruit quality characteristics 

(fruit diameter, fruit length, and pod weight) and their 

responses to mulching and spacing treatments; (iii) to 

determine the most economically viable treatment 

combination for smallholder farmers; and (iv) to provide 

evidence-based recommendations for sustainable okra 

production systems in similar agroecological zones of 

Nepal. 

 

Materials and Methods 

 

Experimental Site, Soil, and Climate 

The field experiment was conducted in the spring of 

2021 at Shree Sudha Higher Secondary School in Dang 

district, Nepal (28°00’N, 82°30’E, 634 m above sea level). 

The site features a humid subtropical climate, sandy loam 

soil, and acidic conditions.Detailed physicochemical 

properties of the experimental soil measured before 

planting okra in spring 2021 are presented in Table 1.  

The area experiences maximum temperatures from 

31°C in March to 39°C in May, which coincide with the 

flowering and fruiting stages. Minimum temperatures 

range from 18°C to 25°C. Total rainfall during the growing 

season was 280 mm, with most precipitation occurring in 

late May. The trends in temperature and rainfall during the 

experimental period are illustrated in Figure 1. 

Supplemental irrigation was provided to ensure adequate 

soil moisture throughout the experiment (see Figure 1 for 

climatic conditions during the experimental period). 

 

Table 1. Physico‑chemical properties and textural class of the experimental soil at Shree Sudha Higher Secondary School, 

Dang, Nepal, measured before planting okra in spring 2021. 

Parameters Unit Value Remarks 

Soil pH  6.3 Acidic 

Soil organic matter  % 5.58 High 

Available Nitrogen (N) % 0.194 Medium 

Available Phosphorus (P) Kg/ha 111.78 High 

Available potassium (K) kg/ha 806.40 High 

Soil type   Sandy loam 

 

 
Figure 1. Climatic conditions (rainfall, maximum and minimum temperature) at the experimental site in Dang, Nepal, 

during the 2021 spring okra growing season. 
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Experimental Design and Treatments 

The experiment was arranged in a two-factor factorial 

Randomized Complete Block Design (RCBD) with three 

replications (blocks). Factor A included four mulching 

treatments: (1) black plastic (25 μm thickness), (2) silver-

on-black plastic (25 μm dual-surface film), (3) paddy straw 

(5 cm deep), and (4) no mulch (control). Factor B involved 

three plant spacings: (1) 50×20 cm (inter-row x intra-row 

spacing), (2) 50×30 cm, and (3) 50×40 cm. This created 12 

treatment combinations, each replicated three times, 

resulting in 36 experimental units. The individual plot size 

was 2.5 m × 2.4 m (6 m²), with 0.5 m buffer zones between 

plots and 1.0 m pathways between blocks. The number of 

plants in each plot varied by spacing: 50×20 cm spacing 

(60 plants/plot), 50×30 cm spacing (40 plants/plot), and 

50×40 cm spacing (30 plants/plot). 

 

Mulching Materials Justification and Selection 

The plastic mulch thickness of 25 μm was selected based 

on two criteria: (1) local commercial availability and farmer 

preference in Dang and surrounding districts, which makes 

this thickness the standard form used in the region; and (2) 

previous okra production studies in Nepal demonstrating 

that 25 μm films provide an optimal balance between 

durability (typically lasting one growing season under 

tropical conditions) (Panthi et al., 2023; Chaulagain et al., 

2024) and cost-effectiveness for smallholder farmers. This 

thickness allows sufficient robustness to withstand handling 

and wind exposure while remaining affordable for resource-

limited farmers. Silver-on-black plastic was specifically 

chosen for its dual-functionality: the black underside 

suppresses weeds and warms the soil, while the silver 

surface reflects excess heat to prevent canopy overheating 

during peak summer and repels certain insect pests, 

potentially reducing viral disease transmission. 

 

Land Preparation and Cultural Practices 

The land was thoroughly ploughed and levelled before 

layout. Raised beds were formed with proper spacing 

between blocks. Seeds of the okra cultivar ‘Arka Anamika’ 

(obtained from Prince Agrovet, Chitwan, Nepal) were 

soaked in water for 24 hours before sowing. Direct seeding 

was done at depths of 2-3 cm at the designated spacing for 

each treatment. Plastic mulches were installed immediately 

after plot preparation, with holes punched at suitable 

distances for seed placement. Paddy straw was applied to a 

consistent 5 cm depth after seedling emergence to prevent 

interference with germination. Irrigation, weeding (in 

unmulched plots at 20 and 40 DAS), and pest control 

measures were performed uniformly across all plots in 

accordance with standard agronomic practices. 

 

Data Collection 

Five representative plants were randomly selected from 

interior rows of each plot (excluding border plants) and 

used for all measurements throughout the growing season. 

 

Growth parameters (measured at 15, 30, 45, and 60 DAS) 

• Plant height (cm): measured from base of plant to 

apical growing point 

• Stem girth (mm): measured 5 cm above soil surface 

using digital callipers 

• Number of leaves per plant: fully expanded leaves 

only, excluding dried/senescing leaves 

• Leaf length (cm): length of the three youngest fully 

expanded leaves, measured from the petiole base to the 

apex 

• Canopy spread (cm): mean of two perpendicular 

diameter measurements 

 

Phenological Parameters 

• Days to first flower opening: recorded when the first 

flower opened on any plant in the plot 

• Days to 50% flowering: recorded when50% of plants 

had at least one open flower  

 

Yield Parameters 

• Number of branches: counted after the completion of 

vegetative growth 

• Number of pods per plant: total marketable pods 

harvested across five successive pickings 

• Pod length (cm) and diameter (mm): measured on five 

mature pods per plot 

• Individual pod weight (g): average weight of harvested 

pods 

• Yield per plant (g): calculated as number of fruits × 

average fruit weight 

• Yield per hectare (t/ha): calculated based on actual 

plant population using the formula: 

 
Yield (t ⁄ ha) = NFP × WIF × (plant population)/ha 

 

NFP: Number of fruits of each plant 

WIF: Weight of individuals fruits 

 

Fruit Quality Parameters 

• Fruit diameter (mm): measured at the widest point of 

mature pods 

• Fruit length (cm): measured from base to tip of mature 

pods 

• Pod weight (g): individual pod weight measurements 
 

Dry Matter Content 

Fruit, Leaf, and Root dry matter percentage were 

calculated from five representative samples per plot. Fresh 

weight was recorded and samples were kept in oven at 60 

°c for 48 hours until constant weight was acheived. Dry 

matter percentage was calculated using the formula: 

 

𝐷𝑀𝑃 =
𝐼𝐹𝑊 − 𝐹𝐷𝑊 

𝐼𝐹𝑊
× 100 

 

DMP: Dry matter percentage 

IFW: Initial fresh weight 

FDW: Final oven dry weight 
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Economic Analysis 

Fruit harvesting commenced at 45 DAS and continued 

at 4-day intervals for five successive pickings. Economic 

analysis was conducted by calculating: 

• Gross returns: Total yield × market price of okra 

(NPRs. 40 per kg in 2021) 

• Variable costs: Sum of all input costs (mulch material, 

labor, fertilizers, irrigation, pest management) 

• Net returns: Gross returns minus variable costs 

• Benefit-cost ratio (B:C): Gross returns divided by total 

variable costs 

All costs were calculated using prevailing 2021 market 

prices for okra and input costs in Nepal.  

 

Statistical Analysis 

Data were analyzed using R software version 4.3.2. 

Two-way analysis of variance (ANOVA) was performed 

for each response variable using the linear model: 

 

y_ijk = μ + M_i + S_j + (M×S)_ij + B_k + ε_ijk 

 

where y_ijk is the observed response, μ is the overall 

mean, M_i is the effect of mulching treatment i (i = 1, 2, 3, 

4), S_j is the effect of spacing treatment j (j = 1, 2, 3), 

(M×S)_ij is the mulching × spacing interaction effect, B_k 

is the block effect (k = 1, 2, 3), and ε_ijk is the random 

error term. 

The interaction effect was tested first at α = 0.05. When 

significant (p < 0.05), simple effects analysis was 

conducted. When non-significant (p ≥ 0.05), main effects 

were interpreted independently. Mean comparisons were 

performed with Duncan’s Multiple Range Test (DMRT) at 

a 5% significance level (p < 0.05) (Gomez & Gomez, 

1984). All analyses were performed using the agricolae 

package version 1.3-7 (de Mendiburu, 2023). 

 

Results 

 

Vegetative Growth Parameters 

Growth parameters including plant height, stem girth, 

number of leaves, leaf length, and canopy spread were 

measured at 30, 45, 60, and 75 DAS. Results from 60 DAS 

onwards, when treatment differences became statistically 

significant, are presented in Tables 2–5. Early-stage 

measurements (30 and 45 DAS) are provided in 

Supplementary Table S2. 

 

Plant Height 

Mulching had a significant effect (p < 0.01) on plant 

height at 60 and 75 DAS, with plastic mulches promoting 

substantially taller plants than organic or control treatments 

(Table 2). At 75 DAS, silver-on-black plastic mulch 

produced the tallest plants (150.02 cm), which was 

statistically similar to black plastic mulching (139.68 cm). 

In contrast, straw mulching (119.39 cm) and the 

unmulched control (104.05 cm) resulted in significantly 

shorter plants. The consistent height advantage under 

plastic mulches reflects superior soil moisture availability 

and temperature regulation during the vegetative phase. 

Spacing did not have a statistically significant effect (p > 

0.05) on plant height, although slightly taller plants were 

observed with 50×20 cm spacing (135.00 cm at 75 DAS) 

compared to wider spacings. The interaction between 

mulching and spacing was not significant for plant height 

(p > 0.05).  

 

Stem Girth 

Mulching had a highly significant effect (p < 0.01) on 

stem girth throughout the growing season. At 75 DAS, the 

greatest stem girth (30.89 mm) was observed with silver on 

black plastic mulching, which was statistically at par with 

black plastic mulching (29.23 mm) (Table 3). These plastic 

mulches produced notably thicker stems compared to straw 

mulching (25.68 mm) and unmulched control (25.51 mm), 

indicating enhanced plant vigor and structural strength. 

Thicker stems under plastic mulch likely result from 

improved water availability and stable soil temperatures, 

supporting greater biomass accumulation. Spacing also had 

a significant effect on stem girth (p < 0.05). At 75 DAS, 

wider spacing resulted in thicker stems: 50×40 cm spacing 

produced the greatest stem girth (29.49 mm) compared to 

narrow spacing (50×20 cm: 25.38 mm), suggesting 

reduced intraspecific competition for light and nutrients in 

wider-spaced plants. The interaction between mulching 

and spacing was not significant for stem girth (p > 0.05).  

 

Leaf Development 

At 75 DAS, mulching had a statistically significant 

effect (p < 0.05) on leaf number, with silver-on-black 

plastic mulching producing the highest leaf count (31.31 

leaves per plant). Black plastic mulching (30.27 leaves) 

was statistically similar to silver-on-black treatment, 

indicating that plastic mulches generally promote greater 

foliage development. In contrast, straw mulching (29.37 

leaves) and the unmulched control (26.75 leaves) produced 

significantly fewer leaves, likely due to water stress and 

reduced soil temperature. The greater leaf production under 

plastic mulches suggests enhanced photosynthetic capacity 

and resource acquisition potential. Spacing did not have a 

significant effect (p > 0.05) on leaf number, indicating that 

leaf production is primarily driven by mulching-related 

microenvironmental improvements rather than plant 

density. The interaction between mulching and spacing 

was not significant (p > 0.05) (Table 4). 

Similarly, mulching significantly affected leaf length (p 

< 0.01) at 75 DAS (Table 4). Silver-on-black plastic 

mulching produced the largest leaves (36.80 cm), 

statistically similar to black plastic (36.57 cm), while straw 

(32.07 cm) and control treatments (32.09 cm) resulted in 

noticeably shorter leaves. Wider spacing (50×40 cm: 35.66 

cm) produced longer leaves than narrow spacing (50×20 

cm: 33.19 cm) at 75 DAS (p < 0.05), likely due to reduced 

shading and enhanced light availability in less densely 

planted stands. 
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Table 2. Effect of mulching materials and plant spacing on plant height (cm) of okra in Dang, Nepal (2021), measured at 

60 and 75 DAS 

Treatments 
Plant height (cm) 

60 DAS 75 DAS 

Factor A-Mulching 

Black plastic 112.79a 139.68a 

Silver-on-black plastic 115.40a 150.02a 

Straw 93.12ab 119.39ab 

Control 82.09b 104.05b 

SEm(±) 8.99 11.38 

F-value * * 

DMRT(α=0.05) 26.37 33.38 

Factor B-Spacing  

50 cm x 20 cm 105.39 135.00 

50 cm x 30 cm 104.97 131.33 

50 cm x 40 cm 92.18 118.53 

SEm(±) 7.79 9.86 

F-value NS NS 

DMRT(α=0.05) 22.84 28.91 

CV(%) 26.75 26.62 

Grand Mean 100.85 128.29 
NS and * indicate non-significant and significant at P<0.05, respectively. Means within the column followed by the same letter did not differ 

significantly at 5% level by DMRT, DAS = Days after sowing, CV = Coefficient of variance, Sem = Standard error of mean, DMRT = Duncan’s 

Multiple Range Test. 

 

Table 3. Effect of mulching materials and plant spacing on stem girth (mm) of okra in Dang, Nepal (2021), measured at 75 DAS. 

Treatments Stem Girth (mm) at 75 DAS 

Factor A-Mulching 

Black plastic 29.23a 

Silver-on-black plastic 30.89a 

Straw 25.68b 

Control 25.51b 

Sem (±) 1.062 

F-value ** 

DMRT(α=0.05) 3.11 

Factor B-Spacing  

50 cm × 20 cm 25.38b 

50 cm × 30 cm 28.61a 

50 cm × 40 cm 29.49a 

Sem (±) 0.92 

F-value * 

DMRT(α=0.05) 2.7 

Sem (±) 0.92 

CV (%) 11.45 

Grand Mean 27.83 
NS, * and ** indicate non-significant, significant at P<0.05 and significant at P<0.01, respectively. Means within the column followed by the same 

letter did not differ significantly at 5% level by DMRT, DAS = Days after sowing, CV = Coefficient of variance, Sem = Standard error of mean, DMRT 

= Duncan’s Multiple Range Test. 
 

Canopy Development 

Mulching had a significant (p < 0.01) effect on canopy 

length at 75 DAS (Table 5).  The greatest canopy spread 

was observed with silver-on-black mulching (83.40 cm), 

which was statistically similar to black plastic mulching 

(81.88 cm). These plastic mulches produced substantially 

larger canopies compared to straw mulching (68.85 cm) 

and the control (66.55 cm), representing approximately 

25% greater canopy development. This enhanced canopy 

expansion under plastic mulches indicates improved light 

interception capability and competitive strength 

throughout the growing season. Spacing did not have a 

significant (p > 0.05) impact on canopy spread at 75 DAS, 

though wider spacing tended to produce slightly larger 

canopies (80.50 cm at 50×40 cm) compared to narrow 

spacing (72.50 cm at 50×20 cm). 

Notably, the interaction between mulching and spacing 

was significant for canopy spread (p < 0.05) only during 

early development (30 and 45 DAS), suggesting that 

treatment combinations are more critical during the 

establishment phase when plants are most sensitive to 

microenvironmental variation. By mid-season (60-75 

DAS), main effects dominated as root systems expanded 

and larger canopies could buffer microenvironmental 

differences. The interaction between mulching and spacing 

was significant for okra’s canopy cover (p < 0.05) at 30 

DAS and 45 DAS, as shown in Figure 2. 
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Table 4. Effect of mulching materials and plant spacing on leaf number and leaf length at 75 DAS of okra in Dang, Nepal (2021). 

Treatments Leaf Number (No.) Leaf Length (cm) 

Factor A – Mulching 

Black plastic 30.27a 36.57a 

Silver-on-black plastic 31.31a 36.80a 

Straw 29.37ab 32.07b 

Control 26.75b 32.09b 

SEm (±) 1.06 0.64 

F-value * ** 

DMRT (α = 0.05) 3.10 1.87 

Factor B – Spacing 

50 cm × 20 cm 27.75 33.19b 

50 cm × 30 cm 29.62 34.29ab 

50 cm × 40 cm 30.90 35.66a 

SEm (±) 0.92 0.55 

F-value NS * 

DMRT (α = 0.05) 2.69 1.62 

CV (%) 10.79 5.57 

Grand Mean 29.42 34.38 
NS, *, ** indicate non-significant, significant at p<0.05, and significant at p<0.01, respectively. Means within the column followed by the same letter 

did not differ significantly at 5% level by DMRT. DAS = Days after sowing, CV = Coefficient of variance, SEm = Standard error of mean, DMRT = 

Duncan’s Multiple Range Test. 

 

Table 5. Effect of mulching materials and plant spacing on canopy spread (cm) of okra in Dang, Nepal (2021), measured at 75 DAS 

Treatments Canopy Spread (cm) at 75 DAS 

Factor A-Mulching 

Black plastic 81.88a 

Silver-on-black plastic 83.40a 

Straw 68.85b 

Control 66.55b 

Sem (±) 3.50 

F-value ** 

DMRT (α=0.05) 10.3 

Factor B-Spacing  

50 cm × 20 cm 72.50 

50 cm × 30 cm 73.67 

50 cm × 40 cm 80.50 

Sem (±) 3.03 

F-value NS 

DMRT (α=0.05) 8.88 

CV (%) 13.91 

Grand Mean 75.41 
NS and ** indicate non-significant and significant at P<0.01, respectively. Means within the column followed by the same letter did not differ 

significantly at 5% level by DMRT, DAS = Days after sowing, CV = Coefficient of variance, Sem = Standard error of mean, DMRT = Duncan’s 

Multiple Range Test. 

 

Phenological Parameters 

Mulching had a highly significant effect (p < 0.001) on 

both germination timing and flowering initiation (Table 6). 

The shortest times to germination (8.89 days) and to 50% 

germination (13.89 days) were observed with silver-on-

black plastic mulching, reflecting the warmed soil 

environment created by plastic films. Black plastic 

mulching also accelerated germination (9.44 and 14.22 

days for first and 50% germination, respectively) 

compared to straw mulching (10.89 and 17.22 days) and 

control (11.44 and 19.11 days). This acceleration of 

germination under plastic mulch has practical importance 

for reducing seedling mortality risk and establishing 

uniform crop stands, which is critical in variable rainfall 

seasons. 

Similarly, plastic mulches significantly advanced 

flowering initiation. Silver-on-black plastic mulch resulted 

in the minimum days to flowering (43.89 days) and 50% 

flowering (47.89 days), compared to control treatment 

(50.89 and 57.22 days, respectively) (Table 6). This earlier 

flowering under plastic mulch indicates promotion of 

reproductive development, possibly through improved 

nutritional status and consistent moisture availability. 

Spacing also had a highly significant effect (p < 0.01) on 

days to flowering, with narrow spacing (50×20 cm) 

producing the earliest flowering (46.17 days to first flower, 

51.50 days to 50% flowering) compared to wider spacing 

(50×40 cm: 48.42 and 53.75 days, respectively). The 

earlier flowering in narrow spacing may relate to earlier 

canopy closure and shade-induced flowering triggers. 
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Table 6. Effect of mulching materials and plant spacing on phenological parameters  of okra in Dang, Nepal (2021). 

Treatments 
Days to First 

Germination 

Days to 50% 

Germination 

Days to First 

Flowering 

Days to 50% 

Flowering 

Factor A – Mulching 

Black plastic 9.44b 14.22c 44.78c 49.78c 

Silver-on-black plastic 8.89b 13.89c 43.89c 47.89d 

Straw 10.89a 17.22b 48.78b 54.78b 

Control 11.44a 19.11a 50.89a 57.22a 

SEm (±) 0.29 0.49 0.49 0.50 

F-value *** *** *** *** 

DMRT (α = 0.05) 0.83 1.43 1.43 1.48 

Factor B – Spacing 

50 cm × 20 cm 10.83a 16.50 46.17b 51.50b 

50 cm × 30 cm 10.25a 16.33 46.67b 52.00b 

50 cm × 40 cm 9.42b 15.50 48.42a 53.75a 

SEm (±) 0.24 0.42 0.42 0.44 

F-value ** NS ** ** 

DMRT (α = 0.05) 0.72 1.23 1.28 1.28 

CV (%) 8.34 9.08 3.10 2.89 

Grand Mean 10.17 16.11 47.08 52.42 
NS, **, *** indicate non-significant, significant at p<0.01, and significant at p<0.001, respectively. Means within the column followed by the same 

letter did not differ significantly at 5% level by DMRT. DAS = Days after sowing, CV = Coefficient of variance, SEm = Standard error of mean, DMRT 

= Duncan’s Multiple Range Test. 

 

 
Figure 2. Mulching × spacing interaction effect on canopy spread (cm) of okra at 30 and 45 days after sowing (DAS) in 

Dang, Nepal (2021). 

 

Reproductive Growth and Yield Components 

Branching and Fruit Production 

Mulching had a highly significant (p < 0.001) effect on 

the number of branches per plant (Table 7). Silver-on-black 

plastic mulch produced the highest number of branches 

(6.32), followed closely by black plastic (6.18), while straw 

(5.15) and control (5.02) plants developed fewer branches. 

The enhanced branching under plastic mulches indicates 

greater vegetative vigor and potential for fruit production 

sites. Spacing also had a highly significant (p < 0.01) effect 

on branching, with wider spacing (50×40 cm: 6.14 

branches) promoting more extensive lateral development 

compared to narrow spacing (50×20 cm: 5.10 branches). 

This pattern reflects the shade-avoidance syndrome: 

closely spaced plants experience mutual shading that 

suppresses lateral meristem development, whereas wider 

spacing reduces competition and permits fuller branch 

development. 
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Mulching significantly influenced the number of fruits 

per plant (p < 0.001). Silver-on-black plastic mulching 

produced the highest number of fruits (14.39 per plant), 

significantly exceeding straw (12.09) and control 

treatments (12.42) (Table 7). This fruit production 

advantage under plastic mulch is attributable to improved 

resource availability and earlier flowering. Wider spacing 

also increased fruit number per plant (p < 0.01), with 

50×40 cm spacing producing 13.75 fruits compared to 

12.34 at 50×20 cm spacing, again reflecting reduced 

intraspecific competition. 

Fruit Quality Parameters 

Fruit Diameter: Mulching significantly affected fruit 

diameter (p < 0.05) (Table 8). Black plastic mulching 

produced the largest fruit diameter (16.07 mm), which was 

statistically similar to silver-on-black plastic (15.58 mm). 

Straw mulch (14.78 mm) and control treatments (15.02 

mm) produced noticeably smaller fruits. Spacing had a 

highly significant effect (p < 0.01) on fruit diameter, with 

wider spacing producing larger fruits: 50×40 cm spacing 

resulted in 15.82 mm diameter compared to 14.67 mm at 

50×20 cm spacing. This diameter differential indicates that 

reduced plant density allows individual plants to 

accumulate more biomass in each fruit, demonstrating a 

clear trade-off between quantity (more fruits at narrow 

spacing) and quality (larger fruits at wider spacing). 

Fruit Length: Fruit length was not significantly (p > 

0.05) affected by mulching treatments, suggesting that 

mulch-induced improvements primarily affect fruit 

diameter rather than elongation. However, spacing had a 

highly significant effect (p < 0.01) on fruit length (Table 

8). The longest fruits were observed at 50×40 cm spacing 

(13.08 cm), compared to 11.34 cm at 50×20 cm spacing, 

indicating that wider spacing consistently promotes larger 

fruit development across both diameter and length 

dimensions. 

 

Yield and Productivity 

Fruit yield Per Plant 

Mulching had a highly significant effect (p < 0.001) on 

fruit yield per plant (Table 9). Silver-on-black plastic 

mulching produced the highest yield per plant (244.42 g), 

statistically similar to black plastic (240.29 g). These 

plastic mulches substantially exceeded straw mulching 

(224.23 g) and control treatment (212.01 g), representing 

approximately 15% yield advantage. The enhanced yield 

per plant under plastic mulch reflects combined benefits of 

earlier flowering, greater fruit production, and larger 

individual fruit size. Spacing also significantly affected 

fruit yield per plant (p < 0.001), with wider spacing 

producing higher per-plant yields: 50×40 cm spacing 

achieved 246.62 g compared to 200.42 g at 50×20 cm 

spacing. This apparent contradiction - narrow spacing 

producing lower per-plant yield yet higher hectare yield - 

is explained by the substantial density advantage: at 50×20 

cm spacing, the 19% reduction in per-plant yield is vastly 

outweighed by 100% increase in plant population density. 

 

 

Table 7. Effect of mulching materials and plant spacing on number of branches and, number of fruits per plant of okra in 

Dang, Nepal (2021). 

Treatments Number of Branches per Plant Number of Fruits per Plant 

Factor A – Mulching 

Black plastic 6.18a 13.72a 

Silver-on-black plastic 6.32a 14.39a 

Straw 5.15b 12.09b 

Control 5.02b 12.42b 

SEm (±) 0.20 0.26 

F-value *** *** 

DMRT (α = 0.05) 0.58 0.76 

Factor B – Spacing 

50 cm × 20 cm 5.10b 12.34b 

50 cm × 30 cm 5.77a 13.37a 

50 cm × 40 cm 6.14a 13.75a 

SEm (±) 0.17 0.22 

F-value ** *** 

DMRT (α = 0.05) 0.50 0.66 

CV (%) 10.41 5.89 

Grand Mean 5.67 13.15 
**, *** indicate significant at p<0.01 and p<0.001, respectively. Means within the column followed by the same letter did not differ significantly at 5% 

level by DMRT. CV = Coefficient of variance, SEm = Standard error of mean, DMRT = Duncan’s Multiple Range Test. 
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Table 8. Effect of mulching materials and plant spacing on fruit diameter (mm) and fruit length (cm) of okra in Dang, 

Nepal (2021). 

Treatments Fruit Diameter (mm) Fruit Length (cm) 

Factor A – Mulching 

Black plastic 16.07a 12.90 

Silver-on-black plastic 15.58ab 12.90 

Straw 14.78b 11.93 

Control 15.02b 11.83 

SEm (±) 0.26 0.36 

F-value * NS 

DMRT (α = 0.05) 0.78 1.07 

Factor B – Spacing 

50 cm × 20 cm 14.67b 11.34b 

50 cm × 30 cm 15.60a 12.74a 

50 cm × 40 cm 15.82a 13.08a 

SEm (±) 0.23 0.31 

F-value ** ** 

DMRT (α = 0.05) 0.67 0.93 

CV (%) 5.16 8.86 

Grand Mean 15.36 12.39 
NS, *, ** indicate non-significant, significant at p<0.05, and significant at p<0.01, respectively. Means within the column followed by the same letter did not 

differ significantly at 5% level by DMRT. CV = Coefficient of variance, SEm = Standard error of mean, DMRT = Duncan’s Multiple Range Test. 

 

Table 9. Effect of mulching materials and plant spacing on fruit yield per plant (g) and  yield per hectare (t/ha) of okra in 

Dang, Nepal (2021). 

Treatments Fruit yield/Plant (g) Yield per hectare (t/ha) 

Factor A-Mulching 

Black plastic 240.29a 17.76a 

Silver on black 244.42a 18.56a 

Straw 224.23b 14.20b 

Control 212.01b 14.09b 

Sem (±) 5.36 0.53 

F-value *** *** 

DMRT (α=0.05) 15.7 1.55 

Factor B-Spacing 

50 cm × 20 cm 200.42b 18.57a 

50 cm × 30 cm 243.74a 16.30b 

50 cm × 40 cm 246.62a 13.58c 

Sem (±) 4.65 0.46 

F-value *** *** 

DMRT (α=0.05) 13.6 1.34 

CV (%) 6.99 9.83 

Grand Mean 230.26 16.15 
*** indicates significance at P<0.001. Means within the column followed by the same letter did not differ significantly at 5% level by DMRT, DAS = 

Days after sowing, CV = Coefficient of variance, Sem = Standard error of mean, DMRT = Duncan’s Multiple Range Test. 

 

Yield Per Hectare 

Mulching had a highly significant effect (p < 0.01) on 

yield per hectare (Table 9). Silver-on-black plastic 

mulching achieved the highest yield (18.56 t/ha), 

representing a 32% increase over the unmulched control 

(14.09 t/ha) and a 31% increase over paddy straw mulching 

(14.20 t/ha). Black plastic mulching also performed well 

(17.76 t/ha), indicating that the reflective properties of 

silver-on-black film provide marginal additional benefit 

compared to standard black plastic under the Dang growing 

conditions. The yield advantage under plastic mulches is 

attributable to: (1) improved soil moisture availability 

through reduced evaporation; (2) optimized soil 

temperature for root development; (3) complete weed 

suppression during critical early growth stages; and (4) 

improved light quality for lower canopy leaves. 

Plant spacing had an even more pronounced effect on 

yield per hectare (p < 0.001), demonstrating the importance 

of plant density in maximizing land productivity. Narrow 

spacing (50×20 cm) produced the highest yield per hectare 

(18.57 t/ha), compared to 16.30 t/ha at 50×30 cm and only 

13.58 t/ha at 50×40 cm spacing. This represents a 37% 

yield advantage for narrow spacing over wide spacing, 

clearly demonstrating that population density dominates 

okra yield on a per-hectare basis. 

The interaction between mulching and spacing was not 

statistically significant for okra yield per hectare (p > 0.05), 

a critical finding indicating that the benefits of plastic 

mulching are consistent and additive across all spacing 

treatments. This means farmers can independently 

optimize mulching and spacing decisions without concern 
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for complex interactions. The effects of spacing and 

mulching on okra yield per hectare are shown in Figure 3. 

 

Dry Matter Partitioning and Quality Assurance 

Analysis of dry matter distribution across plant tissues 

revealed an interesting pattern: mulching and spacing had 

no significant effect (p > 0.05) on the percentages of fruit, 

leaf, and root dry matter (Table 10). This finding indicates 

that despite substantial differences in total yield and plant 

size, the fundamental resource allocation strategy of okra 

plants remains consistent across different growing 

conditions. Fruit dry matter ranged from 8.36% to 10.27%, 

leaf dry matter from 23.81% to 29.20%, and root dry matter 

from 25.75% to 34.42%, but these variations were not 

statistically significant. 

The non-significant effect on dry matter percentage is 

biologically meaningful and suggests that plants maintain 

relatively stable carbohydrate accumulation patterns 

regardless of treatment conditions. This consistency 

provides assurance that the superior yield under favorable 

conditions (plastic mulch, optimal spacing) reflects 

genuinely improved resource availability and productivity 

rather than altered partitioning patterns or potential quality 

degradation. The slight variation in dry matter content 

across treatments demonstrates that quality is maintained 

across the treatment range, supporting the economic 

viability of the recommended treatments without quality 

penalties.

 

 
Figure 3. Effect of mulching material and plant spacing on okra yield per hectare (t/ha) under field conditions in Dang, 

Nepal (2021). 

 

Table 10. Effect of mulching materials and plant spacing on fruit, leaf, and root dry matter percentage (%) of okra in 

Dang, Nepal (2021). 

Treatments Fruit Dry Matter (%) Leaf Dry Matter (%) Root Dry Matter (%) 

Factor A-Mulching 

Black plastic 9.58 28.31 34.20 

Silver-on-black plastic 10.27 29.20 34.42 

Straw 8.36 25.51 26.97 

Control 9.51 23.81 25.75 

SEm(±) 0.49 1.47 2.79 

F-value NS NS NS 

DMRT(α=0.05) 1.44 4.32 8.2 

Factor B-Spacing 

50 cm x 20 cm 9.06 25.56 26.76 

50 cm x 30 cm 9.74 27.61 31.92 

50 cm x 40 cm 9.49 26.95 32.32 

SEm(±) 0.42 1.27 2.42 

F-value NS NS NS 

DMRT(α=0.05) 1.25 3.74 7.1 

CV(%) 15.62 16.54 27.64 

Grand Mean 9.43 26.70 30.33 
NS indicate Non-significant. Means within the column followed by the same letter did not differ significantly at 5% level by DMRT, DAS = Days after 

sowing, CV = Coefficient of variance, Sem = Standard error of mean, DMRT = Duncan’s Multiple Range Test. 
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Figure 4. Economic return of okra production under different mulching materials and plant spacings in Dang, Nepal (2021).  
Panels show: (A) Gross return (NPRs × 1000/ha), (B) Net return (NPRs × 1000/ha), and (C) Benefit-cost (B:C) ratio. Data represent all treatment 

combinations of four mulching types (Black Plastic, Silver-on-Black, Paddy Straw, Control) and three plant spacings (50×20 cm, 50×30 cm, 50×40 

cm). Silver-on-black plastic mulch at 50×20 cm spacing yielded the highest economic returns (B:C = 1.92, Gross Return = NPRs 768,400/ha, Net 

Return = NPRs 368,275/ha). Values are means from three replicated blocks (n = 3). Data sources: field measurements and 2021 market prices for okra 

and inputs in Dang district. 
 

Economic Analysis of Okra Production Systems  

Detailed cost-benefit breakdowns are presented in 

Supplementary Tables S1A and S1B, while combined 

treatment effects are shown in Table S1C. Economic 

assessment of individual treatment factors showed that 

silver-on-black plastic mulch yielded the highest benefit-

cost ratio among mulching treatments (B:C = 1.88; Table 

S1A), while narrow spacing (50×20 cm) maximized 

returns per hectare with a B:C ratio of 2.36 (Table S1B). 

However, the combined analysis of all treatment 

combinations (Table S1C) revealed that silver-on-black 

plastic mulch with 50×20 cm spacing produced the most 

economically viable option (B:C = 1.92, Net Return = NRs. 

368,275/ha). This combination outperformed other 

treatments by maintaining high production (19,210 kg/ha) 

while managing input costs through reduced weeding and 

irrigation requirements associated with plastic mulching. 

Despite higher initial mulch material costs (NRs. 

90,000/ha), plastic mulches yielded substantial returns 

through increased yields and reduced labour costs, thereby 

justifying their economic viability for smallholder farmers 

in Nepal’s mid-hill zones. These findings demonstrate that 

strategic investment in plastic mulch combined with 

appropriate plant density provides substantial economic 

benefits for smallholder farmers in Nepal’s mid-hill 

agroecological zones.The economic return of mulching 

and spacing of okra is shown in Figure 4 

 

 

 

Discussion 

 

Mulching Effects on Okra Growth and Yield 

Silver-on-black plastic mulch produced the highest 

marketable yield (18.56 t/ha), which is a 32% increase over 

unmulched control plots (14.09 t/ha) and a 31% increase 

over paddy straw mulch (14.20 t/ha). This result closely 

aligns with recent factorial experiments carried out across 

multiple districts in Nepal. Panthi et al. (2023) reported 

similar yield improvements with silver plastic mulch in 

Morang district (582.10 g/plant compared to 445.26 g/plant 

for bare soil, a 31% increase). Chaulagain et al. (2024) 

observed that black plastic mulch produced the highest 

okra yield in Mahottari district, with benefit-cost ratios 

reaching 3.23. The consistent benefits of plastic mulch 

across different agroecological zones-Terai (Morang), 

mid-hills (Dang, Chitwan), and inner Terai (Mahottari)-

demonstrate the strength of this practice throughout 

Nepal’s okra-growing regions. 

The yield enhancement mechanisms associated with 

plastic mulch are well-established and involve several 

factors. Firstly, plastic films create a barrier that virtually 

eliminates water loss through evaporation from the soil 

surface, resulting in higher and more consistent soil 

moisture levels throughout the growing season (Dagore et 

al. 2016; Obi et al., 2024; Panthi et al., 2023). This is 

particularly crucial during Dang’s spring, when rainfall is 

limited and irregular. Secondly, both black and silver 

plastic mulches modify soil temperature patterns, with 

black mulch raising soil temperatures by 3-5°C during 

early growth stages, beneficial for tropical crops such as 

okra. In contrast, silver-on-black mulch helps prevent 

excessive heat buildup during peak summer due to its 

reflective surface (Iacuzzi et al., 2024). Thirdly, the 

reflective properties of silver mulch increase the amount of 

photosynthetically active radiation reaching lower-canopy 

leaves by 15-25%, thereby enhancing the plant’s overall 

photosynthetic capacity and carbon uptake (Panthi et al., 

2023). Fourth, complete weed suppression under opaque 

plastic mulches halts resource competition during key 

establishment phases, reducing labour requirements by 40-

60% compared to manual weeding methods (Chaulagain et 

al., 2024). These combined mechanisms explain why 

plastic mulches consistently outperform organic 

alternatives and bare soil across a range of growing 

conditions. 

The superior performance of silver-on-black mulch 

compared to black mulch (18.56 vs. 17.76 t/ha, although 

not statistically significant in this study) has been attributed 

to its dual functionality: the black underside suppresses 

weeds and warms the soil, while the silver top surface 

reflects heat to prevent overheating and repels certain 
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insect pests, potentially reducing viral disease transmission 

(Jabran, 2019; Silva-Filho et al., 2014; Panthi et al., 2023). 

However, the degree of this benefit appears to depend on 

the context, being more evident in warmer environments or 

where pest pressure is higher. 

The relatively poor performance of paddy straw mulch 

(14.20 t/ha, statistically similar to the control) contrasts 

with some literature indicating the benefits of organic 

mulch. This probably results from three factors: (i) 

incomplete coverage of the soil surface with straw mulch 

(applied at only 5 cm depth) allowed weed emergence, 

especially perennial species; (ii) straw decomposition 

immobilized soil nitrogen during early growth stages, 

possibly causing temporary nitrogen deficiency; and (iii) 

straw offered habitat for crickets and cutworms, 

necessitating additional pest management. Studies 

showing positive effects of straw mulch usually involve 

thicker layers (10-15 cm) or pre-composted material to 

prevent nitrogen tie-up (Sapkota et al., 2024). These 

findings suggest that the quality and application rate of 

organic mulches significantly affect their efficacy relative 

to plastic alternatives. 

 

Plant Spacing Effects on Yield Components and 

Production Efficiency 

Narrow spacing (50×20 cm) produced 37% more per 

hectare (18.57 t/ha) than wide spacing (50×40 cm; 13.58 

t/ha), despite significantly lower yield per plant. This 

relationship between yield and density is well-known in 

okra and reflects fundamental plant population dynamics. 

At 50×20 cm spacing, there were 100,000 plants per 

hectare compared to 50,000 at 50×40 cm. Although 

individual plant yield decreased from 246.62 g/g/plant 

(50×40 cm) to 200.42 g/g/plant (50×20 cm), a 19% drop, 

the doubled population more than compensated, leading to 

overall yield gains. 

This finding closely aligns with recent research 

conducted in Nepal. Dulal et al. (2024) reported that 30×30 

cm spacing yielded 33.18 t/ha, compared to 23.94 t/ha at 

60×30 cm spacing, in Mahottari district, even though the 

wider spacing resulted in taller plants, more leaves per 

plant, and larger fruits. Panthi et al. (2023) also found that 

30×30 cm spacing yielded 20,962.5 g/plot compared to 

only 11,824.37 g/plot at 60×30 cm spacing in Morang. The 

optimal spacing identified in our study (50×20 cm for 

maximum yield per hectare) reflects a slightly wider inter-

row distance (50 vs. 30-40 cm), while maintaining 

similarly close intra-row spacing (20-30 cm), which allows 

for mechanical cultivation between rows and maximizes 

in-row plant density. 

The morphological changes observed at close spacing, 

such as increased stem elongation and decreased lateral 

branching, are typical of shade-avoidance syndrome. In 

dense canopies, mutual shading modifies the red:far-red 

(R:FR) light ratio, as chlorophyll absorbs red wavelengths 

while far-red wavelengths pass through or reflect. This 

lower R:FR ratio is sensed by phytochrome 

photoreceptors, triggering a series of adaptive responses 

including apical dominance, stem elongation, reduced 

branching, and faster flowering (Ballaré & Pierik, 2017). 

Although these responses help plants compete for light in 

crowded stands, they divert resources from lateral 

meristem growth and reproductive development, which 

explains the lower per-plant yields at close spacing. 

Wider spacing (50×40 cm) enhanced individual plant 

performance metrics-higher stem diameter, more branches, 

and larger fruits, indicating reduced competition among 

plants for light, water, and nutrients (Shariar et al., 2015; 

Khazaei et al., 2013; Makinde & Adeyemi, 2020). Each 

plant in the wide-spaced treatments occupied a larger soil 

volume (0.20 m² versus 0.10 m² per plant), potentially 

accessing more nutrients and experiencing less root 

competition. However, the significant yield loss per unit 

land area (27% reduction compared to 50×30 cm spacing; 

37% reduction compared to 50×20 cm) indicates that these 

per-plant benefits cannot outweigh the fundamental issue 

of suboptimal plant density in commercial production. 

 

Mulching and Spacing Interactions: Independence of 

Effects 

A key finding of this study is that mulching and spacing 

interactions were not statistically significant for most 

growth and yield parameters (p > 0.05), except for early 

canopy development at 30 and 45 DAS (p < 0.05). This 

indicates that the effects of mulching and spacing operated 

largely independently and additively rather than 

synergistically or antagonistically. Consequently, the 

benefits of plastic mulch were consistent across all spacing 

treatments, and the yield-density relationship remained 

uniform across all mulch types. This finding has important 

practical implications: farmers do not need to match 

specific mulch types with specific spacings, allowing them 

to independently optimize each factor based on resource 

availability and economic considerations. 

This pattern differs from Obi et al. (2024), who found 

significant mulching × spacing interactions for stem girth, 

pod weight, and total fruit yield in drought-prone derived-

savannah soils of southeastern Nigeria. There, black 

polythene mulch combined with 60×30 cm spacing 

resulted in the highest yield. This difference likely results 

from variations in environmental stress levels. Under 

severe moisture stress, mulch benefits may be greater at 

wider spacing due to increased soil volume per plant for 

moisture capture. In contrast, under less stressful 

conditions, such as those in Dang during 2021, mulch 

effects remain relatively stable regardless of spacing. 

The significant interaction observed in early canopy 

spread (30-45 DAS) indicates that mulching × spacing 

interactions can be more pronounced during establishment, 

when root systems are limited, and plants are most 

sensitive to microenvironmental differences. By 60 DAS 

and beyond, as roots fully explore the soil and canopies 

close, interaction effects lessen. This timing pattern has key 

practical implications: growers may need to pay closer 

attention to mulch-spacing choices for early-season stress 

management, but by mid-season, the main effects become 

more important. 

 

Fruit Quality Dimensions and Market Implications 

The analysis of fruit quality parameters revealed 

important trade-offs between yield quantity and fruit 

dimensions. While narrow spacing (50×20 cm) maximized 

total yield per hectare, it resulted in smaller fruits (11.34 

cm length, 14.67 mm diameter) compared to wider spacing 

(50×40 cm: 13.08 cm length, 15.82 mm diameter). This 



Acharya et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1603-1617, 2026 

1615 

 

inverse relationship between plant density and individual 

fruit size has important market implications. In Nepal, okra 

is typically sold by weight or bundle rather than by 

individual pod size, but larger, more uniform pods may 

command premium prices in export markets or specialty 

outlets. The current study did not assess price premiums for 

larger fruits; however, the non-significant effect of 

treatments on dry matter percentage indicates that fruit 

quality in terms of nutritional content and shelf-life 

characteristics was maintained across all treatments. 

Mulching effects on fruit dimensions differed from 

spacing effects. Black plastic mulching produced the 

largest fruit diameter (16.07 mm), likely reflecting 

improved resource availability and sustained moisture, 

whereas spacing primarily affected fruit length more 

substantially. This suggests that mulching and spacing 

influence different aspects of fruit development, with 

mulching promoting radial expansion and spacing 

promoting longitudinal development. The biological 

mechanisms likely involve: (1) mulching enhancing 

overall nutritional status and water availability for cell 

expansion; and (2) spacing influencing the partitioning of 

resources between competing sinks within the plant 

architecture. 

 

Economic Viability and Sustainability Considerations 

Economic analysis showed that silver-on-black plastic 

mulch with a 50×20 cm spacing yielded the highest 

benefit-cost ratio (1.92), making it the most profitable 

approach for commercial okra production in Dang. This 

economic benefit aligns with findings from other Nepalese 

studies: Chaulagain et al. (2024) reported benefit-cost 

ratios of 3.23 for black plastic mulch compared to 1.8 for 

control treatments in Mahottari, while Chaudhary et al. 

(2023) noted significant net return benefits from using 

plastic mulch. The consistent profitability of plastic 

mulches across districts indicates that yield gains greatly 

exceed the increased input costs. 

However, this economic recommendation must be 

balanced by environmental sustainability concerns. Recent 

research has highlighted serious ecological challenges 

linked to agricultural plastic mulch. Sarpong et al. (2024) 

documented that 30-80% contamination of used mulch 

films with soil and plant debris severely restricts recycling 

potential, while Yang et al. (2023) reviewed evidence that 

polyethylene mulch fragments into microplastics that 

accumulate in agricultural soils at rates of 0.5-2.0 

kg/ha/year. These persistent residues raise concerns about 

long-term soil health, soil microbial communities, and 

potential food chain contamination (Steinmetz et al., 

2016). For Nepal specifically, where plastic waste 

management infrastructure is limited, and farmer 

awareness of proper disposal is low, the environmental 

costs of plastic mulch may not be fully reflected in 

traditional economic analyses. 

Future research should assess biodegradable mulch 

alternatives, such as polylactic acid (PLA), 

polyhydroxyalkanoate (PHA), or starch-based films, that 

can decompose in situ without leaving persistent residues 

(Iacuzzi et al., 2024). Although current biodegradable 

mulches are 2-3 times more costly than traditional 

polyethylene, their environmental advantages and the 

potential to eliminate disposal expenses may justify the 

higher price in specific production systems, especially 

where sustainability certifications or premium market 

access support the investment. 

 

Limitations and Future Perspectives 

 

This study was conducted in a single season (spring 

2021) at one location in Dang district, limiting 

generalizability across Nepal’s diverse agroecological 

zones and climatic years. Future research should include 

multi-year, multi-location trials and assess long-term soil 

health impacts, including microplastic accumulation and 

microbial community changes associated with plastic 

mulching. 

Additionally, only one okra cultivar was tested, and 

biodegradable mulch alternatives (PLA, PHA, starch-

based films) were not evaluated. Climate change resilience, 

farmer adoption barriers, and comparative lifecycle 

assessments of mulch types should be prioritized in future 

research to develop comprehensive, sustainable production 

systems. 

 

Conclusions 

 

This factorial field experiment shows that both plastic 

mulching and close plant spacing significantly boost okra 

productivity in Nepal’s mid-hill agroecological zone, with 

largely independent and additive effects. Silver-on-black 

plastic mulch consistently yielded the highest growth and 

harvest (18.56 t/ha), representing a 32% increase over 

unmulched control plots through synergistic improvements 

in soil moisture retention, temperature regulation, light 

capture, and weed suppression (Obi et al., 2024; Panthi et 

al., 2023). Close spacing (50×20 cm) maximized land-use 

efficiency (18.57 t/ha), even though per-plant performance 

decreased, illustrating that population density effects 

dominate in determinate vegetable crops when reductions 

in individual plant yield are proportionally smaller than the 

overall increase in population (Dulal et al., 2024). 

The absence of significant mulching × spacing 

interactions for most parameters (p > 0.05) suggests that 

these management factors can be optimized separately, 

simplifying decision-making for farmers and extension 

agents. Farmers may independently select spacing based 

on labor availability and equipment, and independently 

select mulching materials based on capital availability and 

environmental preferences. 

Economic analysis indicates that silver-on-black plastic 

mulch at 50×20 cm spacing offers the highest benefit-cost 

ratio (1.92), making it the most profitable choice for 

commercial okra production (Chaulagain et al., 2024; 

Chaudhary et al., 2023). However, this recommendation 

should be balanced with environmental concerns regarding 

plastic disposal and soil pollution, highlighting the need for 

future research into biodegradable mulch alternatives and 

comprehensive lifecycle assessments (Yang et al., 2023; 

Sarpong et al., 2024).  

For smallholder farmers in Nepal’s mid-hills and Terai 

regions, these findings provide practical, evidence-based 

advice: focus on close spacing as an affordable way to 

intensify production, and consider investing in plastic 

mulching when capital and market access support input 

costs. The consistent results across multiple districts 
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(Morang, Chitwan, Mahottari, Dang) suggest broad 

relevance across Nepal’s okra-growing zones, though 

regional validation remains advisable (Panthi et al., 2023; 

Chaulagain et al., 2024; Dulal et al., 2024).  

Future research should focus on multi-year, multi-

location trials involving biodegradable mulches, genotypic 

variation, and integrated management practices to develop 

comprehensive production systems that balance 

productivity, profitability, and environmental 

sustainability (Sapkota et al., 2024; Iacuzzi et al., 2024). 
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