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Okra (Abelmoschus esculentus) cultivation in regions like Ramechhap, Bagmati Province, Nepal 
faces challenges in improving yield and economic returns due to suboptimal agronomic practices. 
To address this issue, a field experiment was conducted to assess the effects of pinching and 
micronutrient sprays (zinc and boron) on growth, yield, and economic returns of okra. The study 
aimed to evaluate the impact of pinching and zinc-boron foliar application on key growth 
parameters, including the number of leaves, fruit length, number of fruits per plant, and total yield. 
Pinching significantly increased the number of leaves and fruits per plant, as well as the total yield. 
The application of 0.25% Zn + 0.25% B resulted in the highest fruit length, fruit weight, and total 
yield. The combined treatment of pinching and Zn-B spray (P1M3) recorded the highest fruit length 
(11.13 cm), number of fruits per plant (21.91), and yield (17.68 t ha-1). Economic analysis revealed 
that this combination resulted in the highest net return (NRs. 774,869.35 ha-1) and the highest 
benefit-cost ratio (B:C = 1.95), indicating that it could significantly improve farm income for 
smallholder farmers in the region. These results demonstrate the potential of integrated agronomic 
practices, including pinching and micronutrient application, to enhance both productivity and 
profitability in okra cultivation. 
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Introduction 

Okra (Abelmoschus esculentus) is a tropical and 
subtropical horticultural crop originating in Africa and 
cultivated for its edible green fruits (Pal, 2020). These 
fruits can be consumed fresh, cooked, dried, or processed 
into various forms (A. Ali et al., 2022). A member of the 
Malvaceae family, okra has a somatic chromosome 
number of 2n = 130 (Koli et al., 2020). It is highly valued 
for its nutritional profile, being rich in vitamins A, B, and 
C, as well as minerals and fiber (Koli et al., 2020). This 
nutritionally dense vegetable also provides significant 
health benefits, containing high levels of moisture, 
carbohydrates, fiber, and protein, along with essential 
vitamins and minerals (S. Khan et al., 2022). Its various 
parts, such as mucilage, seeds, and pods, are rich in 
bioactive compounds that contribute to its medicinal 
properties (Elkhalifa et al., 2021). Okra has been shown to 
aid in managing chronic conditions such as type-2 diabetes, 
cardiovascular diseases, and digestive disorders. It also 
exhibits anti-fatigue, liver detoxification, antibacterial, and 
chemo-preventive effects (Elkhalifa et al., 2021). 
Additionally, it possesses antimicrobial, anticancer, and 
antioxidant properties (S. Khan et al., 2022).  

Globally, okra is one of the top 15 most-produced 
vegetables, with a total production of 10.82 million tons in 
2021 (FAO, 2021). Intensive cropping practices, loss of 
fertile topsoil, and nutrient leaching have led to a growing 
global prevalence of micronutrient-deficient soils (Somani, 
2016). In Nepal, both lowland and mid-hill regions have 
shown reduced soil availability and increased crop demand 
for essential micronutrients such as boron (B) and zinc 
(Zn), exacerbated by ongoing shifts in agricultural systems 
(Shrestha et al., 2020). While farmers occasionally apply 
micronutrients like zinc sulfate, borax, and boric acid, 
these practices are often carried out without proper 
knowledge or guidance. Unfortunately, micronutrient 
management has received minimal attention in fertilizer 
research, as well as in extension and expansion programs. 

Boron has been identified as the second most limiting 
micronutrient for crop production in South Asia, following 
zinc (Padbhushan & Kumar, 2017). Over the past decade, 
the yield of okra in Nepal, particularly in Ramechhap 
district, has stagnated at around 11 tons per hectare 
(MoALD, 2022). This lack of progress persists despite the 
implementation of various strategies and plans, such as the 
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Agriculture Development Strategy (ADS). In contrast, 
Mohammed et al. (2022) reported an overall mean yield of 
20.06 tons per hectare in an experiment involving 36 
different okra genotypes, with the highest yield reaching 
38.85 tons per hectare. This highlights a significant issue 
in okra cultivation in Nepal. The absence of essential 
practices, such as pinching and micronutrient foliar 
spraying, is a major contributing factor to this stagnation. 

Pinching, the manual removal of the growing tips of 
plants, is an agricultural practice that disrupts apical 
dominance, encouraging dormant buds below the pinch to 
sprout (Eve et al., 2016; Saraswathy, 2003). Over the years, 
apical bud pinching has proven to be a highly effective 
technique, particularly for okra cultivation, as it promotes 
the development of more branches and subsequently 
increases yield (Sahu & Biswal, 2017). Additionally, 
pinching helps mitigate the issue of lodging, a common 
challenge in large-scale cultivation. By controlling 
excessive plant growth, it reduces the need for costly 
staking practices (Khan et al., 2018). 

The application of zinc and boron, whether through 
foliar sprays or soil treatments, significantly enhances both 
the yield and quality of crops (Chatterjee et al., 2018). In 
vegetable farming, the judicious use of micronutrients is 
critical to achieving optimal yields and producing high-
quality food (Yadav et al., 2023). Pinching has emerged as 
a widely adopted practice to maximize the productivity of 
various vegetable crops, including cucumber, tomato, and 
okra. For okra specifically, it is regarded as one of the most 
impactful and beneficial agricultural techniques (Shah et 
al., 2023). Although micronutrients are required in small 
quantities, their adequate supply enhances nutrient 
availability and positively influences cell physiology, 
ultimately reflected in improved crop yields (Bindraban et 
al., 2015). Among these, zinc (Zn) and boron (B) are 
recognized as two of the most critical micronutrients, 
essential for soil fertility as well as plant growth and 
development (Welch et al., 1991). 

Zinc plays a vital role in synthesizing tryptophan, a 
precursor of indole-3-acetic acid (IAA), a growth-
promoting hormone (Haleema et al., 2017). Zinc 

deficiency leads to stunted plant growth due to reduced 
auxin levels and prolonged growth periods (Maliha et al., 
2022). Additionally, plants with insufficient zinc levels 
exhibit impaired carbohydrate oxidation, poor chlorophyll 
synthesis, and disrupted auxin production, all of which 
hinder healthy growth and development (V. Kumar et al., 
2021).  

Boron is primarily absorbed by plant roots in the form of 
boric acid (Yadav et al., 2023). It plays a critical role in 
regulating biological functions such as root and shoot 
meristem growth and ensuring the structural and membrane 
integrity of the cell wall and plasma membrane (Yadav et al., 
2023). Boron is vital for processes like pollen production, 
pollination, and flowering (Aslani & Souri, 2018). Its 
deficiency can lead to reduced fruit size, poor fruit set, and 
sterility (Aslani & Souri, 2018). In addition, boron is 
involved in ATP synthesis and the translocation of sugars, 
which facilitate increased flowering. It also participates in 
various enzymatic reactions and aids in synthesizing growth 
regulators that encourage early flowering in okra (Kumar et 
al., 2021). Boron further enhances pollen germination and 
elongates the pollen tube, contributing to a higher fruit set 
percentage (Haleema et al., 2017). 

This study aimed to evaluate the effectiveness and 
economic feasibility of apical bud pinching and varying 
application rates of zinc and boron on the growth, yield, 
and profitability of okra cultivation.  

 
Materials and methods 

 
Description of the Study Area 
The field experiment was conducted in Manthali-1, 

located in the Ramechhap district of Bagmati Province, 
Nepal. This experimental site lies within a humid tropical 
climate zone at an elevation of 474 meters above sea level. 
The geographical coordinates of Manthali are 27° 39' N 
latitude and 86° 6' E longitude. The research was carried 
out from March 3, 2023, to July 23, 2023, spanning a total 
of 140 days. The climatic data for the study period is shown 
in Figure 1, while Figure 2 depicts the location of the 
experimental field.  

 

 
Figure 1. Climatic condition of the experimental site during study period 
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Figure 2. Study area map 

 
Treatment Combination 
The experiment was conducted using a Randomized 

Complete Block Design (RCBD). The study included two 
pinching methods (P) and four levels of zinc (Zn) and 
boron (B) applications (M), resulting in a total of eight 
treatments, each replicated three times. The pinching 
methods were Apical Bud Pinching (P1) and No Pinching 
(P2), while the Zn and B treatments were as follows: 0.5% 
Zn spray (M1), 0.5% B spray (M2), 0.25% Zn + 0.25% B 
spray (M3), and Control (no spray, M4). To prepare a 0.5% 
Zinc sulphate solution (0.5% Zn), 5 grams of Zinc sulphate 
powder were dissolved in 1 liter of water. In a similar 
manner, 5 grams of Borax powder were dissolved in 1 liter 
of water to obtain a 0.5% Borax solution (0.5% B). Using 
the same procedure, 2.5 grams of Zinc sulphate were mixed 
with 1 liter of water to create a 0.25% Zinc sulphate 
solution (0.25% Zn), and 2.5 grams of Borax were mixed 
with 1 liter of water to prepare a 0.25% Borax solution 
(0.25% B). First foliar spray was applied at 30 days after 
sowing and second sprays at 50 days after sowing. 
Pinching was done at 25 DAS. Each plot measured 2 
meters in length and 1.5 meters in width, with row spacing 
of 50 cm and plant spacing of 30 cm. This arrangement 
resulted in four rows with five plants per row, totaling 20 
plants per plot. The border plants were excluded from 
sampling, leaving the six central plants for data collection. 
Five of these six plants were tagged for measurements. The 
net experimental plot area was 3 m², with a 30 cm gap 
between plots and a 20 cm border around the field. The 
field was organized into three blocks for replication, with 
a 50 cm spacing between replications. The total area for the 
experimental field was 124 m². 

Analysis 
Soil samples were collected from a depth of 10-15 cm 

at 30 distinct locations, following a “Z” shaped pattern, to 
form one composite sample for soil parameter analysis. 
The collected soil sample was analyzed for various 
parameters including pH, texture, organic matter content 
(%), total nitrogen (%), available phosphorus (kg ha⁻¹), and 
available potassium (kg ha⁻¹). Soil pH was measured using 
a digital pH meter with a soil-to-distilled water ratio of 
1:2.5. The soil texture was determined using the 
hydrometer method (Soil Management Directorate, 2017). 
Organic matter and organic carbon content were quantified 
using the Walkley-Black method (Walkley & Black, 
1934). Total nitrogen content was measured using the 
Kjeldahl method, which involves digestion with 
concentrated sulfuric acid (H₂SO₄), followed by distillation 
with 40% sodium hydroxide (NaOH) and acid titration 
(Soil Management Directorate, 2017). Available 
phosphorus was determined using the modified Olsen 
method (Olsen et al., 1954), while available potassium was 
analyzed with a flame photometer after treating the soil 
samples with normal ammonium acetate (Soil 
Management Directorate, 2017). 

 
Agronomic and Yield Parameters  
Five plants from each plot were tagged for data 

collection. Vegetative parameters, including plant height, 
number of leaves per plant, and number of branches per 
plant, were recorded at 15-day intervals between 45 and 75 
days after sowing (DAS). Reproductive parameters, such 
as fruit length (cm), fruit weight (g), and number of fruits 
per plant, were also measured. Plant height and fruit length 
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were measured using a measuring scale. The days to the 
first harvest were recorded for each plant, and the 
arithmetic mean was calculated for each plot.  

 
Economic Analysis  
The costs associated with okra production were 

categorized into fixed costs (e.g., land lease) and variable 
costs (e.g., seeds, fertilizers, micronutrients, field 
preparation, irrigation, and intercultural activities). Using 
data from the field trials, the gross return (GR), net return 
(NR), and benefit-cost (B:C) ratios were calculated. The 
selling price of okra was determined based on the 
prevailing market price during the harvest period. Gross 
return (GR, Eq. 1) represents the total income generated 
before subtracting cultivation-related costs, while net 
return (Eq. 2) is the income after deducting all associated 
costs from the gross return. The benefit-cost ratio (Eq. 3) 
was determined by dividing the net return by the total 
production costs. 

 
GR = TMY× SPO    (1)  
 
TMY: Total marketable yield 
SPO : Selling price of okra 
 
NR = Gross returns – Total cost of production  (2)  
 
B: C = Net returns/Total cost of production  (3) 
 
Data Analysis  
Data collected from the sample plant was entered 

systemically in MS Excel (Office package 2019). Data was 
analyzed using R-studio version 4.2.2. Packages such as 
ggfortify, gvlma and agricolae were used for checking 
ANOVA assumptions and carrying out ANOVA and Least 
Significant Difference (LSD) analysis. ANOVA was 
performed to access the effect of pinching and 
micronutrient spray (Zinc and Boron) on the vegetative, 
reproductive, and phenological parameters of okra. 
Significant differences among the mean were analyzed by 
using Least Significant Difference (LSD) at 5% level of 
significance. 

Results and Discussion  
 
Plant Height 
Analysis of variance (ANOVA) revealed significant 

effects of pinching (at 60 and 75 DAS) and micronutrient 
treatments (at 45, 60, and 75 DAS) on okra plant height, as 
detailed in Table 1. At 45 DAS, no significant difference 
was observed in plant height between pinched and non-
pinched plants. However, at 60 and 75 DAS, non-pinched 
plants exhibited greater heights than pinched plants. These 
results are consistent with findings by Kumar et al. (2018), 
Kumar et al. (2014), and Kumar & Singh (2003), where 
non-pinched plants showed significantly greater height 
than pinched plants. The reduction in plant height observed 
with terminal bud pinching is likely due to the loss of apical 
dominance, which results in a bushier plant morphology 
(Sahu & Biswal, 2017). When pinched, the hormone auxin, 
produced in the apical region, is redirected to lateral buds, 
leading to more branching but a reduction in height (Ali et 
al., 2022). 

The combination of 0.25% Zn + 0.25% B (M3) resulted 
in the tallest plants, measuring 17.37 cm at 45 DAS, 46.28 
cm at 60 DAS, and 64.31 cm at 75 DAS. This treatment 
was statistically similar to M1 at 45 and 60 DAS, but it was 
significantly taller than all other treatments at 75 DAS. The 
control (M4) consistently recorded the lowest plant height 
across all observation periods. These results align with 
those of Mehraj et al. (2015), who observed the tallest 
tomato plants following foliar application of micronutrient 
mixtures. Similarly, Akbar et al., (2019) found that plants 
treated with a combination of zinc sulphate and boric acid 
exhibited the highest plant height. Zinc is known to 
mitigate the negative effects of boron, enhancing its 
effectiveness in promoting growth (Hosseini et al., 2007). 
Micronutrients play vital roles in physiological processes 
such as electron transport, stomatal regulation, enzyme 
activation, and chlorophyll production, which likely 
contribute to the increased plant height and overall dry 
matter production (Asad & Rafique, 2000). Interaction 
effects between pinching and Zn-B foliar spray were 
significant at 75 DAS (Table 2), while no significant 
effects were found at 45 and 60 DAS. 

 
Table 1. Differences in plant height of okra due to pinching and Zn-B foliar spray  

Treatments Plant height (cm) 
45 DAS 60 DAS 75 DAS 

Pinching (P)     
P1= Pinching 16.16 36.24b 52.98b 

P2= No Pinching 16.53 42.01a 64.48a 

SEM(±) 0.28 1.32 0.53 
LSD (0.05) NS 4.02** 1.60*** 

Micronutrients Zn and B Spray (M)     
M1=0.5 % Zinc Sulphate 16.68ab 40.61ab 60.69b 

M2=0.5 % Borax 15.93bc 36.55bc 56.03c 

M3= 0.25 % Zn + 0.25% B 17.37a 46.28a 64.31a 

M4= Control (No Spray)  15.41c 33.07c 52.81d 

SEM(±)  0.39 1.87 0.75 
LSD (=0.5) 1.20* 5.69** 2.27*** 
CV % 5.91 11.75 3.13 

Treatment means followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEM(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference, ZN-B= Zinc-Boron  
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Table 2. Interaction Effect of Pinching and Zn-B foliar spray on plant height of okra in Manthali, Ramechhap during 2023 

Treatment mean followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEM(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference, P1- Pinching, P2- No Pinching, M1 (0.5 % Zn), M2 
(0.5 % B), M3 (0.25 % Zn + 0.25% B), M4 (Control- No spray) 
 
Table 3. Effect of Pinching and Zn-B foliar spray on number of branches per plant of okra in Manthali, Ramechhap during 2023 

Treatments Number of Branches 
45 DAS 60 DAS 75 DAS 

Pinching (P)    
P1= Pinching 1.25a 3.17a 3.85a 

P2= No Pinching 0.67b 2.43b 2.85b 

SEm(±) 0.19 0.13 0.10 
LSD (=0.05) 0.58* 0.40** 0.43*** 

Zn and B Spray (M)    
M1= 0.5 % Zinc Sulphate 1.00 2.90 3.43 

M2= 0.5 % Borax 1.00 2.93 3.43 

M3= 0.25 % Zn + 0.25% B 1.33 2.57 3.30 

M4= Control ( No Spray)  0.50 2.80 3.23 

SEM(±)  0.27 0.15 0.14 
LSD (0.05) NS NS NS 

CV (%) 68.78 16.19 10.38 
Grand Mean 0.96 2.80 3.35 

Treatment mean followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEM(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference, P1- Pinching, P2- No Pinching, M1 (0.5 % Zn), M2 
(0.5 % B), M3 (0.25 % Zn + 0.25% B), M4 (Control- No spray) 

 
 
The tallest plant height (73.06 cm) was recorded in the 

non-pinched plants (P2) treated with the Zn-B combination 
(M3), while the shortest plant height (48.20 cm) was 
observed in the pinched plants (P1) with no spray (M4), 
which was statistically similar to P1M2 (51.13 cm). The 
increased height of non-pinched plants treated with Zn + B 
could be attributed to apical dominance, which limits the 
growth of lateral buds and encourages vertical growth 
(Cline, 1997). Additionally, zinc promotes the production 
of indole-3-acetic acid (IAA), stimulates cell division, and 
supports cell expansion (Maheshwari et al., 2023), while 
boron enhances photosynthetic and metabolic activities, 
stimulating plant pathways involved in cell division and 
elongation (M. Kumar et al., 2019). 

 
Number of Branches Per Plant 
Analysis of variance (ANOVA) revealed a significant 

effect of pinching on the number of branches per plant at 
all growth stages as shown in Table 3. Pinched plants 
exhibited significantly higher branch numbers (1.25, 3.17, 
and 3.85) at 45, 60, and 75 DAS, respectively, compared to 
non-pinched plants (0.67, 2.43, and 2.85). These results are 

consistent with those of Sahu & Biswal (2017) in okra and 
Kumar et al. (2018) in field bean, both of which reported 
an increase in the number of branches due to pinching. The 
increased branch production in pinched plants may be 
attributed to the fact that early-stage pinching provides 
more time for regeneration, thereby enhancing 
photosynthetic activity (Poonia, 2012). Pinching also alters 
plant architecture by reducing apical dominance, which 
increases the potential pod-bearing area and promotes the 
growth of lateral branches (Gujar & Srivastava, 1972). 
When a plant's vertical growth is limited, its energy, 
produced through photosynthesis, is redirected to the 
development of lateral branches (Sahu & Biswal, 2017).  

The effect of Zn-B foliar spray on the number of 
branches was found to be insignificant at all growth stages. 
Similarly, the interaction between pinching and Zn-B foliar 
spray did not  

affect significantly the number of primary branches per 
plant at any stage of growth. This result is consistent with 
the finding of Aboyeji et al. (2019) which reported no 
significant effect of Zn-B interaction on the plant spread. 

 

Treatments  
Pinching × Zn-B Spray Plant height at 75 DAS 
P1M1 56.03d 
P2M1 65.35b 
P1M2 51.13e 
P2M2 60.93c 
P1M3 55.55d 
P2M3 73.06a 

P1M4 48.20e 
P2M4 57.41d 
SEM (±) 1.06 
LSD (0.05) 3.21** 
CV (%) 3.13 



Bhattarai et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(5): 1310-1323, 2025 

1315 
 

Number of Leaves Per Plant  
Analysis of variance (ANOVA) revealed no significant 

effect of pinching on the number of leaves per plant at 45 
DAS as shown in Table 4. However, at 60 and 75 DAS, the 
pinching treatment significantly increased the number of 
leaves per plant compared to the non-pinched plants. This 
finding aligns with studies by Sahu & Biswal (2017), Ali 
et al. (2022), Shah et al. (2023), EI-Rahman et al. (2016), 
Elkhalifa et al. (2021), Sushma & Prasad (2022), and 
Poonia (2012), all of which reported a higher number of 
leaves in pinched plants. Ablation of the apical meristem 
induces lateral branch emergence and growth, thus 
increasing the total number of leaves (Shah et al. 2023). 

At 45 and 60 DAS, no significant differences were 
observed in the number of leaves per plant among the 
spraying treatments. However, at 75 DAS, the 0.25% Zn + 
0.25% B (M3) treatment resulted in a significantly higher 
number of leaves per plant, outperforming M1, M2, and 
M4 treatments. The M3 treatment also exhibited the 
highest number of leaves at 75 DAS, while the lowest 
number of leaves was observed in M2. This result is 
consistent with Haleema et al. (2017), who reported the 
highest number of leaves in the combined Zn 0.5% + B 
0.25% treatment. The increased leaf number in the Zn-B 
treatment likely contributed to the highest plant dry matter, 
as noted by Maheshwari et al. (2023). Similar results were 
also observed by Himanshu et al. (2022), Agnihotri et al. 
(2020), Mahmoud et al. (2019), and Ali et al. (2015), where 
a higher number of leaves was recorded. The combined 
treatment of Zn and B also resulted in the largest leaf area, 
as reported by Fadil & Alfarttoosi (2022), suggesting that 
suggesting that this was the outcome of increased leaf 
number contributed by Zn-B treatment. The application of 
zinc, boron and other nutrients to plant causes an increase 
in the plant's cytokinin levels, which in turn stimulates the 
growth of new leaves (Duwadi et al., 2022) thus increasing 
the number of leaves in the plant. Zinc and boron improve 
the site of absorption, improve the transport of nutrients to 
plant parts, and boost photosynthesis, all of which lead to 
improved growth characteristics including the number of 
leaves (Fadil & Alfarttoosi, 2022).  

Yield and yield parameters 
Analysis of variance (ANOVA) showed significant 

variation in fruit length, average fruit weight, number of 
fruits per plant, and total yield due to the pinching and 
spray treatmentsas exhibited by Table 5. Pinching resulted 
in a higher fruit length (10.84 cm) compared to non-
pinched plants (10.43 cm), which may be attributed to the 
positive effects of pinching, including improved 
production and translocation of nutrients from the source 
to the sink (Ali et al., 2022). Kauser & Hr (2018) also 
observed that pinching leads to an increased number of 
leaves, allowing for more photosynthates to be translocated 
to the sink and promoting longer pods. Similar results were 
reported by Nayak et al. (2023) and Himanshu et al. (2022) 
in bottle gourd. 

The higher number of fruits per plant (19.08) in pinched 
plants can be attributed to the redirection of energy 
downward, which promotes the production of additional 
branches. The number of branches is closely linked to the 
number of flowers and ultimately the number of fruits 
produced. More lateral branches lead to robust vegetative 
development, increased photosynthetic efficiency (Wasaya 
et al., 2017), and enhanced translocation of photosynthates, 
which positively impacts reproductive growth (Mehraj et 
al., 2015). This finding aligns with the work of Tswanya et 
al. (2017), as well as observations in butternut (Eve et al., 
2016) and fenugreek (Kauser & Hr, 2018). 

Among the spraying treatments, the highest fruit length 
(10.94 cm), fruit weight (12.28 g), number of fruits per 
plant (19.73), and total yield (16.09 t ha-1) were observed 
in the 0.25% Zn + 0.25% B (M3) treatment. These values 
were significantly higher than those in M4 but similar to 
M1 and M2. The lowest values for all parameters—fruit 
length (10.13 cm), fruit weight (10.93 g), number of fruits 
per plant (16.10), and total yield (11.73 t ha-1)—were 
observed in M4. 

The increased fruit length in the sprayed plots may be 
attributed to the action of boron and zinc, which enhance 
the activity of growth regulators and promote sucrose 
assimilation (Estruch et al., 1989). 

 
 

Table 4. Effect of Pinching and Zn-B foliar spray on number of leaves per plant of okra in Manthali, Ramechhap during 2023 

Treatments Number of Leaves 
45 DAS 60 DAS 75 DAS 

Pinching (P)    
P1= Pinching 8.78 16.48a 27.83a 

P2= No Pinching 8.75 14.39b 24.33b 

SEm(±) 0.28 0.27 0.66 
LSD (=0.05) NS 0.82*** 2.00** 

Zn and B Spray (M)    
M1= 0.5 % Zinc Sulphate 8.90 15.95 26.25b 

M2= 0.5 % Borax  9.10 14.98 22.05c 

M3= 0.25 % Zn + 0.25% B 8.73 16.03 31.15a 

M4= Control ( No Spray)  8.33 14.78 24.85bc 

SEm(±) 0.40 0.38 0.93 
LSD (=0.05) NS NS 2.83*** 

CV % 11.26 6.05 8.77 
Grand Mean 8.77 15.43 26.08 

Treatment means followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEm(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference 
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Table 5. Effect of Pinching and Zn-B foliar spray on yield and yield parameters of okra in Manthali, Ramechhap during 2023 

Treatments 
Yield and yield parameters 

Fruit Length  

(cm) 
Fruit Weight 

(g) 
Number of fruits 

plant-1 
Yield 
(t ha-1) 

Pinching (P)     
P1= Pinching 10.84a 11.84a 19.08a 15.06a 

P2= No Pinching 10.43b 11.77a 17.44b 13.72b 

SEm(±) 0.10 0.38 0.38 0.30 
LSD (=0.05) 0.30* 1.16* 1.16** 0.91* 

Zn and B Spray (M)     
M1= 0.5 % Zinc Sulphate 10.75a 11.97a 18.62a 14.87a 

M2= 0.5 % Borax 10.74a 12.02a 18.57a 14.87a 

M3= 0.25 % Zn + 0.25% B 10.94a 12.28a 19.73a 16.09a 

M4= Control (No Spray) 10.13b 10.93b 16.10b 11.73b 

SEm(±) 0.14 0.08 0.54 0.42 
LSD (=0.05) 0.42** 3.71* 1.64** 1.28*** 

CV % 3.21 6.40 4.73 6.40 
Grand Mean 10.63 11.80 18.25 11.80 

Treatment means followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEm(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference 
 

Table 6. Interaction effect of Pinching and Zn-B foliar spray on yield and yield parameters of okra in Manthali, 
Ramechhap during 2023 

Treatments Yield and yield parameters 
Pinching × Zn-B Spray 
 Fruit Length (cm) Number of fruits plant-1 Yield (t ha-1) 
P1M1 10.55ab 19.31b 15.62b 

P2M1 10.95ab 17.94b 14.11bc 

P1M2 11.07a 18.19b 14.50b 

P2M2 10.76ab 18.94b 15.24b 

P1M3 11.13a 21.91a 17.68a 
P2M3 10.36b 17.55bc 14.50b 

P1M4 10.60ab 16.89bc 12.44cd 

P2M4 9.65c 15.31c 11.01d 

SEm(±) 0.20 0.76 0.60 
LSD (=0.05) 0.60* 2.31* 1.82* 
CV % 3.21 7.21 7.21 
Grand Mean 10.63 215.83 14.39 

Treatment means followed by common letter (s) are not significantly different from each other based on DMRT 5% level of significance, *, ** and*** 
represent significance at p<0.05, p<0.01 and p<0.001 respectively, DAS= Days after Sowing, NS = non-significant, SEm(±) = Standard error of mean 
difference between two means, CV= Coefficient of variation, LSD= Least Significant Difference 

 
The improved pod size, which was directly correlated 

with length, is likely the result of the combined effects of 
zinc and boron, which facilitate photosynthesis and 
translocation of food materials (Yadav et al., 2006). This 
finding aligns with those of S. Kumar et al. (2009) and 
Arya et al. (2021). 

The increased fruit weight observed with the 
micronutrient spray can be attributed to boron’s role in the 
accumulation of photosynthates, which is correlated with fruit 
weight (Shukla, 2011). Zinc and boron enhance fruit growth 
by synthesizing tryptophan and auxin (Wojcik & Wojcik, 
2003). Similar results were found by Srujan et al. (2023), Ali 
et al. (2015), and Meena & Verma (2022). Zinc and boron 
likely stimulated better utilization of mineral stores, 
improving photosynthetic activity, metabolic processes, and 
assimilate availability for sinks (Akbar et al., 2019). 

The increased number of fruits per plant may be a result 
of the positive effects of micronutrients on flower retention 
(Kumar et al., 2009). The interaction between zinc and 
boron improves pollen germination, pollen tube growth, 
and flower retention (Kumar & Sen, 2004), leading to 

higher fruit set. This has been observed by Maliha et al. 
(2022), Kumar et al. (2009), and Arya et al. (2021). 

The enhanced yield observed in this study may be 
attributed to the beneficial effects of micronutrients on 
flower retention, which increased the number of fruits per 
plant (Kumar et al., 2009). Zinc regulates the activity of 
dehydrogenase and proteinase enzymes, preventing early 
fruit maturity and promoting better retention and higher 
yield (Chandra & Singh, 2015). Boron plays a crucial role 
in anther development, pollen tube formation, and 
fertilization, which significantly increases flower 
fertilization and overall yield (Bibi et al., 2019). Similar 
results were found in okra by Satpute et al. (2013), in guava 
by Meena & Verma (2022), and in field beans by 
Doddamani et al. (2020). 

Among the interactions of zinc and boron (Zn and B) 
spray with pinching as indicated in Table 6, the combination 
of pinching and Zn + B spray (P1M3) resulted in the longest 
fruit length (11.13 cm), which was significantly higher than 
P2M3 (10.36 cm) and P2M4 (9.65 cm). 
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Table 7. B:C ratio calculation of each treatment 

Treatments Total Yield 
(t/ha) 

Gross Benefit 
(NRs./ha) 

Cultivation Cost 
(NRs./ha) 

Net Return 
(NRs./ha) 

B:C 
ratio 

Pinching + Zn 15.62 1405800 816129.03 589670.97 1.72 
No pinching + Zn 14.11 1269900 804032.26 465867.74 1.58 
Pinching + B 14.5 1305000 816532.26 488467.74 1.60 
No pinching + B 15.24 1371600 804435.48 567164.52 1.71 
Pinching + Zn & B 17.68 1591200 817540.32 774869.35 1.95 
No pinching + Zn & B 14.5 1305000 805443.55 500766.13 1.62 
Pinching + No spray i.e. only pinching 12.44 1119600 805040.32 314559.68 1.39 
No pinching + No spray 11.01 990900 792943.55 197956.45 1.25 

 
However, it was at par with P1M2 (11.07 cm), P2M1 

(10.95 cm), P2M2 (10.76 cm), P1M4 (10.60 cm), and 
P1M1 (10.55 cm). The shortest fruit length was found in 
P2M4 (9.65 cm). Similarly, the P1M3 treatment recorded 
the highest number of fruits per plant (21.91) and the 
maximum yield (17.68 t ha-1), which were significantly 
higher than all other treatments. The lowest number of 
fruits per plant was observed in P2M4 (15.31), which was 
statistically at par with P1M4 (16.89) and P2M3 (17.55). 
The minimum yield was found in P2M4 (11.01 t ha-1), 
which was statistically at par with P1M4 (12.44 t ha-1). 

The increased fruit length observed in the P1M3 
treatment may be attributed to increased leaf production, 
which provides a greater surface area for photosynthesis 
and enhances nutrient transfer to the pods, ultimately 
resulting in larger pods (Babar et al., 2023). Zinc and boron 
application may also improve fruit length by enhancing cell 
size or number (Khayyat et al., 2007). 

Pinching disrupts apical dominance, redirects energy 
towards branch formation, and leads to an increase in yield 
(Naheed et al., 2013). The greater number of fruits per 
plant observed in pinched plants can be attributed to the 
direct correlation between the number of branches and the 
quantity of flowers, and ultimately the number of fruits 
produced (Wasaya et al., 2017). The interaction of zinc and 
boron improves pollen germination, pollen tube growth, 
and flower retention (Kumar & Sen, 2004), which leads to 
an increased fruit set. This finding is supported by Bhuker 
et al. (2019) in Dhaincha and Geetharani & Janavi (2021) 
in moringa, where interactions of pinching and 
micronutrient applications resulted in more pods per plant. 

The highest yield observed in P1M3 is likely due to the 
disruption of apical dominance caused by pinching, which 
promotes lateral branch development, changes plant 
architecture, and increases the potential pod-bearing area 
(Gujar & Srivastava, 1972). Pinching redirects auxins to 
lateral branches, increasing the concentration of florigen, 
which induces profuse flowering (Dhital et al., 2017). 
Similarly, Chandra & Singh (2015), Bibi et al. (2019), and 
Moeinian et al. (2011) have reported higher yields 
following micronutrient spray due to improved pollen 
germination, pollen tube formation, high flower setting and 
retention, and reduced fruit drop. 

Boron plays a key role in sugar content assimilation by 
regulating ribonucleic acid metabolism and strengthening 
the nuclear membrane (Marschner, 2011). Zinc aids in 
converting ammonia to nitrate, contributing to improved 
yield (Alloway, 2009). When applied together, zinc and 
boron synergistically increase nutrient utilization 
efficiency, including N, P, and K. This enhances nitrogen 

availability, which improves vegetative and reproductive 
growth, ultimately impacting reproductive parts (Akbar et 
al., 2019). The improvement in potassium uptake, 
influenced by zinc and boron, supports physiological 
processes like transpiration, which helps plants fix more 
CO2 for photosynthesis. Furthermore, zinc improves 
phosphorus utilization, a critical component of energy 
production and translocation (Shukla et al., 2009). Zinc 
also mitigates the toxic effects of boron and enhances yield 
(Hosseini et al., 2007). 

Our findings align with those of Bhuker et al. (2019) 
and Geetharani & Janavi (2021), who found the highest 
yields when both pinching and micronutrient applications 
were used together. 

 
Economic Analysis 
The cost components and corresponding cost 

computations for each treatment are summarized in Tables 
7-14, with detailed calculations for the B:C ratio, net 
return, cultivation cost, and gross benefit (income) 
provided in Table 7. Among the treatments, the application 
of both zinc and boron resulted in the highest production 
cost (NRs. 817,540.32 ha-1), which can be attributed to 
labor costs and the increasing prices of zinc and boron. 

The treatment combination of Pinching + Both Zn & B 
spray recorded the highest gross benefit (NRs. 1,591,200 
ha-1). This can be explained by the higher fruit yield 
achieved in this treatment compared to others. As a result, 
this treatment also observed the highest net return (NRs. 
774,869.35 ha-1), which is directly linked to its superior 
gross benefit. 

Additionally, the Pinching + Zn & B spray treatment 
resulted in the highest B:C ratio (1.95), indicating a 
substantial return on investment. This suggests that such 
practices could significantly increase farm income for 
farmers in regions with similar agro-climatic conditions to 
Manthali and Ramechhap, particularly at the household 
level. These findings are consistent with those of Bhuker et 
al. (2019), where a similar combination of pinching and 
micronutrient application resulted in improved economic 
returns. 

This enhanced economic outcome is attributed to the 
treatment's superior performance in yield-attributable traits 
like fruit weight and length, which directly impacted the 
overall profitability. Wasaya et al. (2017) also observed the 
highest B:C ratio in maize when applied with both Zn and 
B, which also undoubtedly the result of higher yield in the 
which were applied with both Zn and B along with 
pinching. 
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Table 8. Cultivation cost of pinching and Zn spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 
A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
6 Pinching man-hr 1 150 150 
7 Zn spray man-hr 0.75 150 112.5 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients      
1 Arka Anamika kg 0.3 2000 600 
2 Zinc Sulphate  g 25 1 25 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 10120 
       Total (Rs./ha) 816129.0323 

 

Table 9. Cultivation cost of No pinching and Zn spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 
A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
6 Zn spray man-hr 0.75 150 112.5 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients     
1 Arka Anamika kg 0.3 2000 600 
2 Zinc Sulphate g 25 1 25 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 9970 
       Total (Rs./ha) 804032.2581 

 

Table 10. Cultivation cost of pinching and Boron spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 
A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
6 Pinching man-hr 1 150 150 
7 B spray man-hr 0.75 150 112.5 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients     
1 Arka Anamika kg 0.3 2000 600 
2 Borax g 25 1.2 30 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 10125 
       Total (Rs./ha) 816532.2581 
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Table 11. Cultivation cost of no pinching and Boron spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 

A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
7 B spray man-hr 0.75 150 112.5 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients     
1 Arka Anamika kg 0.3 2000 600 
2 Borax g 25 1.2 30 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 9975 
       Total (Rs./ha) 804435.4839 

 

Table 12. Cultivation cost of pinching and Zn & Boron spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 

A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
6 Pinching man-hr 1 150 150 
7 B spray man-hr 0.375 150 56.25 
8 Zn spray man-hr 0.375 150 56.25 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients    0 
1 Arka Anamika kg 0.3 2000 600 
2 Zinc Sulphate g 12.5 1 12.5 
3 Borax g 25 1.2 30 
D Fertilizer & Pesticides    0 
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging    0 
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 10137.5 
       Total (Rs./ha) 817540.3226 

 

Table 13. Cultivation cost of no pinching and Zn & Boron spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 

A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
7 B spray man-hr 0.375 150 56.25 
8 Zn spray man-hr 0.375 150 56.25 
B Irrigation hr 4 500 2000 
C Seed and Micronutrients     
1 Arka Anamika kg 0.3 2000 600 
2 Zinc Sulphate g 12.5 1 12.5 
3 Borax g 25 1.2 30 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 9987.5 
       Total (Rs./ha) 805443.5484 
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Table 14. Cultivation cost of only pinching  
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 
A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
6 Pinching man-hr 1 150 150 
B Irrigation hr 4 500 2000 
C Seed      
1 Arka Anamika kg 0.3 2000 600 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 9982.5 
       Total (Rs./ha) 805040.3226 

 

Table 15. Cultivation cost of no pinching and no spray 
SN Particulars Unit Qty Rate/unit (Rs.) Cost (Rs./124m2) 
A Land Preparation & labour costs     
1 Mini tiller (3 ploughs) hr 0.8 1000 800 
2 Levelling man-hr 6 100 600 
3 Planting okra seed man-hr 1 100 100 
4 Intercultural operations man-hr 8 100 800 
5 Pesticide application man-hr 0.75 150 112.5 
B Irrigation hr 4 500 2000 
C Seed      
1 Arka Anamika kg 0.3 2000 600 
D Fertilizer & Pesticides     
1 FYM kg 150 2 300 
2 RDF kg 3 40 120 
3 Pesticides (Cypermethrin 25 EC) Bottle 1 400 400 
E Harvesting & Packaging     
1 Harvesting & packaging man-hr 25 100 2500 
F Rental value of land Month 6 250 1500 
       Total 9832.5 
       Total (Rs./ha) 792943.5484 

 
Conclusion 

The results of this study demonstrated that the 
combined application of pinching and Zn-B foliar spray 
significantly enhanced okra growth, yield, and yield 
attributes. Pinching alone had a notable positive effect by 
increasing branch formation, the number of leaves, and key 
yield parameters such as fruit number and yield per hectare. 
Specifically, pinched plants exhibited vigorous vegetative 
growth, leading to greater branch production and, 
consequently, higher fruit yield. The application of 0.25% 
Zn + 0.25% B foliar spray further amplified plant growth, 
as evidenced by the significant increases in plant height, 
number of leaves, fruit length, and fruit weight. This 
treatment achieved the highest values for all yield-related 
parameters, likely due to the synergistic effect of zinc and 
boron on the physiological and biochemical processes of 
the plant. Based on the results, pinching combined with 
0.25% Zn + 0.25% B foliar spray is recommended as an 
optimal agronomic practice for enhancing both vegetative 
and reproductive growth in okra. However, since this study 

was conducted on a single soil type and at a specific 
location, the findings may not be universally applicable. 
Therefore, to gain a broader understanding of the 
effectiveness of these treatments, multi-year and multi-
location experiments are essential. Further research should 
explore the agronomic and economic impacts of pinching 
combined with varying rates of Zn-B foliar spray under 
different soil types and environmental conditions. 
Additionally, the influence of different okra varieties, other 
micronutrients, and varying dosages should be examined. 
Research into the effects of pinching lateral buds and apical 
bud pinching at different growth stages could provide 
valuable insights. While the dosages used in this study 
produced positive results, future studies should determine 
the optimal dosage of Zn and B foliar spray and assess its 
potential toxicity. Finally, exploring the quality of okra 
fruit should be an integral part of future studies, as this 
study primarily addressed quantitative measures of growth 
and yield. 
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