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Abstract

Okra (Abelmoschus esculentus) is a significant warm-season vegetable crop,
renowned for its tender and nutritious fruits that are abundant in vitamins,
minerals and dietary fibre. It is widely grown in tropical and subtropical regions
because of its adaptability and economic importance. Despite its potential, it
remains difficult to achieve higher productivity and quality due to suboptimal
nutrient management practices. A field experiment was conducted at the
experimental farm, School of Agriculture Sanjeev Agrawal Global Educational
University, Bhopal during spring-summer season of 2024. The experiment was
conducted in a Randomized Complete Block Design (RCBD) with 14 treatment
combinations with three replications. Foliar applications of various
micronutrients (B, Zn, Cu, Fe and Mn) were applied at 30 and 45 days after sowing
during the evening hours. The foliar application of various micronutrients was
found to enhance the growth, yield, fruit quality and financial viability of okra. The
findings revealed that the highest values for plant height (135.39 cm), leaf area
(4377.92 cm?), leaf area index (3.86), specific leaf weight (9.85 mg/cm?), total leaf
chlorophyll (1.88 mg g ), total fruit chlorophyll (0.84 mg g'), dry matter (12.16 %),
crude protein (10.29%), vitamin C (13.65 mg/100g), fruit length (10.30 cm), fruit
diameter (1.42 cm), average fruit weight (9.33 g), fruit weight/plant (232.61g),
number of fruits/plant (22.05) and fruit yield (172.84 g/ha) were achieved with the
foliar application of treatment T.s. However, in term of economics the treatment
T4 documented maximum gross return (54, 5310.20) and net return (44, 5143.59)
and B: Cratio of (4.44). In conclusion, the study revealed that the foliar application
of micronutrients, mostly treatment Tu, significantly improved the growth, yield,
quality and profitability of okra cultivation. This underscores the significance of
balancing micronutrient management for ensuring sustainable and economically
viable crop production. The purpose of this study is to determine the most
effective nutrient management strategy for optimizing okra cultivation by
assessing the impact of different micronutrient treatments on plant growth, yield,
quality and financial performance.
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Introduction

Okra (Abelmoschus esculentus), is an annual or perennial
vegetable crop of the family Malvaceae, grown in the
tropical and subtropical parts of the world. Okra is a rainfed
crop, but it also grows well when it is irrigated during Kharif
and Summer seasons. Okra originated in tropical and
subtropical areas, in the north-east African centre and Asia
(1). Its tender, immature fruits are mostly consumed as
vegetables (2, 3). The crop is abundant in vitamins,
minerals, protein, iodine, antioxidants and fibre has been
reported to alleviate various diseases (4, 5). Carbohydrates
are mainly present in the form of mucilage that is highly
soluble in water. Potassium, sodium, magnesium and
calcium are the principal elements in pods (6, 7). In India,
the crop is grown during the summer months and during
the rainy season. Okra is a warm season vegetable crop that
requires a long warm growing season and is highly
susceptible to frost. The best temperature range is between
25- 30°C. This is a tropical direct-sown vegetable that has
duration of 90-100 days (8, 9). It thrives in all types of soil
and thrives best in a moist, friable, well-drained soil. It is
cultivated for commercial purposes in India, Nigeria, Sudan,
Egypt, Pakistan, Saudi Arabia, Ghana, Mexico, Benin and
Cameroon. Micronutrients play an important role in the
enzymatic processes of plants, including the synthesis of
chlorophyll, carbohydrate production and respiration.
Furthermore, they also activate a number of biochemical
processes in plants (10, 11). Even though micronutrients
have such a major role in crop growth and yield, research on
micronutrient application and schedule for application for
various crops is limited. Foliar application has proven to be
a highly effective means of supplying secondary and
micronutrients for meeting plant requirements (12, 13, 14).

The foliar application of micronutrients resulted in
yield responses in numerous crops. It has been
demonstrated that it prevents leaching into soils and
prompts a quick reaction in plants (15, 16). The particular
value of this technique is that it ensures that nutrients are
taken up and transferred to various plant organs via the leaf
tissues, so that nutrient deficiencies can be corrected quickly
(17,18). Furthermore, foliar fertilization has been
recommended for integrated crop production since it not
only increases crop vyield and quality, but it is also
environmentally safe (18).

Hence, the present investigation was conducted to
evaluate the impact of foliar application of micronutrients on
various aspects of okra cultivation, including plant growth,
yield, fruit quality characteristics and overall profitability.
Furthermore, the study aimed to evaluate the economic
benefits and potential for optimizing nutrient management
practices in okra farming.

Materials and Methods
Experimental location

The present investigation was conducted at the experimental
farm of the School of Agriculture, Sanjeev Agrawal Global
Educational University, Bhopal, during the spring-summer
season of 2024. Geographically, the experimental site is
situated at altitude of 35.75° in the North and a longitude of
77.24° in the East, at an elevation of 500 m above mean sea
level.

Planting material

The okra cultivar Ridhi was selected as the experimental
material, which was sourced from a reliable, certified seed
supplier. The nursery was established on the experimental
farm of Sage University, Bhopal. Healthy plants, exhibiting
uniform growth and free from diseases or injuries, were
meticulously selected from the nursery bed for the purpose of
the experiment. The trial was conducted at the experimental
farm of the School of Agriculture, Sanjeev Agrawal Global
Educational University, Bhopal (MP). All plants were
meticulously maintained under uniform horticultural
practices and guidelines during the experimentation period.

Experimental procedure

The experiment was conducted using a Randomized
Complete Block Design (RCBD) with 14 treatments and three
replications. Basal doses of Farmyard Manure @ 20-25 t/ha
and NPK @ 120:90:60 kg/ha were given at the time of field
preparation in all the treatments. Foliar applications of
micronutrient solutions were done at 30, 45, and 60 days after
sowing. The recommended dosages were determined by the
distinct micronutrient requirements of the plants. Each
application was carefully designed to ensure optimal
absorption and effectiveness, promoting healthy growth and
development throughout the critical stages of the okra
plants. To maintain consistency, plants were treated with
plain distilled water supplemented with a minimal amount of
fertilizer. Healthy okra plants of the cultivar Ridhi were
transplanted at a spacing of 45 cm between rows and 15 cm
between plants during the first week of March 2024. The
experiment included the following treatment combinations:
T:(control), T, (B @100ppm), Ts (B @150ppm), T4 (Zn @100
ppm), Ts(Zn @150 ppm), Ts(Cu @100 ppm), T7(Cu @150
ppm), Ts(Fe @100 ppm), Ts (Fe @150 ppm), Tw(Mn @100
ppm), Tu (Mn @150 ppm), T2(B + Zn + Cu + Fe + Mn @100
ppm), Ti3(B + Zn + Cu + Fe + Mn @150 ppm) and Tw(B + Zn+
Cu+Fe+Mn @ 200 ppm).

Harvesting: Picking of fruits was done at tender edible
stage at an interval of 3-5 days.

Determination of plant growth characteristics

Plant height: The plant height was recorded from ground
level to the tip of the main stem on five tagged plants at
30, 45 and 60 days after sowing, and at harvest.

Leafarea: The determination of leaf area was carried out

utilizing the techniques outlined 19). For each leaf, the
area was calculated using the following formula:

Lead area = length xWidth x 0.62 (Eqn. 1)
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Leaf Area Index (LAI): Leaf Area Index (LAI) was calculated
using the lengths and the widest section width of the first,
middle, and last leaf. The LAl was calculated using the
following formula:

LAl =

Area of first leaf + Area of middle leaf + Area of last leaf 1

X

3 Area of the ground
(Egqn. 2)

This calculation uses the average leaf area of the
first, middle and last leaves, which is then divided by the
ground area to determine the LAI. This method estimates
leaf area index more accurately by combining the leaf
areas of three leaves.

Specific Leaf Weight (SLW): To determine the specific leaf
weight of plant leaves, which is the ratio of leaf dry weight
to leaf area, was determined using the methods described
by (19) SLW (leaf dry weight per leaf area) was calculated
for each leaf using the measured leaf area and dry weight
with the following formula:

Leaf Dry Weight (g)

SLA= (Eqn. 3)

Leaf Area (M?)

The total chlorophyll content of leaf and fruit (mg g ):
The total chlorophyll content of leaf and fruit was determined
spectrophotometrically using dimethyl sulfoxide (DMSO) as
the extractant. The total chlorophyll content in leaves and
fruit was estimated using the method described by (20). The
chlorophyll content in both leaves and fruit was determined
using the following formula

(20.2 (Agas) +8.02 (Aee3) X V)

Total chlorophyll (mg/g) =

1000 x W (Eqn. 4)

Where,

A= Absorbance at specific wave length (nm), V= Volume of
chlorophyll extract in 80% acetone, W= Fresh weight of
tissue extracted (g).

Determination of physico-chemical quality characteristics
of the fruit

Dry matter content (%): The dry matter content of fruits
was determined by drying the samples in a hot air oven,
initially at 80 +5°C for two hours and then at 60+5°C until a
consistent weight was obtained. The dry matter content
was determined using the following formula:

Dry weight

Dry matter content = x 100 (Egn. 5)

Fresh weight

Crude protein content (%): The protein content was
determined by multiplying the total nitrogen content of the
fruits by a factor of 6.25 (the protein factor). The total nitrogen
content in the fruits was determined using the Kjeldahl
method as outlined by (21).

Vitamin C content (mg/100g): The determination of vitamin
C content (mg/100g) was carried out by titrating a known
weight of the sample with 2, 6-dichlorophenol indophenols
dye, employing metaphosphoric acid as a stabilizing agent (22).

3

Fruit length and fruit diameter (mm): Fruit length and fruit
diameter (mm) were measured separately for five fruits
collected from five randomly marked plants for each
treatment combination. The fruit length was recorded from
the stalk end to the floral end, and the fruit diameter was
measured at the center of the fruit using a Vernier calliper.

Determination of yield characteristics

The average fruit weight and the fruit weight per plant
(g): The average fruit weight and the fruit weight per plant (g)
were measured for five fruits collected from five randomly
tagged plants for each treatment combination. The weight of
each fruit was determined individually using an electronic
balance. The average fruit weight was calculated by dividing
the total weight of the fruits by the number of fruits, and the
fruit weight per plant was calculated by adding the weights of
all the fruits from each plant.

Number of fruits per plant: The number of fruits produced
by five randomly tagged plants in each treatment
combination was calculated at each harvest.

Fruit yield per ha (q): The total fruit yield per hectare for
each treatment was recorded from five randomly selected
plants per plot from five randomly selected plants per plot.
Yield per hectare (q) was calculated by multiplying the
yield per plot (kg) by the number of plots per hectare, then
dividing by 1,000

Economic analysis of crop treatments

A tabular analysis was conducted to evaluate the crop's
economics. The gross returns were determined by multiplying
the yield by the average market price. Net profit was obtained
by subtracting the production cost from the gross returns. The
cost-benefit ratio for each treatment was also determined to
assess economic viability.

Statistical analysis

The data collected on different traits was statistically analyzed
using the standard procedure as given in (23). Statistical
analysis of the data for various fruit characteristics was
conducted using SAS software version 9.3 (SAS Institute Inc.,
Cary, NC, USA). The results were tested at P< 0.05. significance.
The critical difference was used to compare treatment means.

Results
Plant growth characteristics

During the present investigation, data on various plant
growth characteristics, including plant height (cm), leaf area
(cm?), leaf area index, specific leaf weight (mg/cm?), total leaf
chlorophyll content (mg g'), and total fruit chlorophyll
content (mg/g) were documented and presented in Table 1.
The results indicated that foliar application of various
micronutrients at different concentrations had a significant
effect on the growth characteristics of okra plants. Among the
various treatments, the treatment Tis (B+Zn + Cu+ Fe + Mn @
200 ppm) exhibited the highest plant height (135.39 cm), leaf
area (4377.92 cm?), leaf area index (3.86), specific leaf weight
(9.85 mg/cm?) total leaf chlorophyll content (1.88 mg g '), and
total fruit chlorophyll content (0.84 mg g'), while the lowest
values were observed under treatment T; (Control).

Plant Science Today, ISSN 2348-1900 (online)
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Table 1. The impact of foliar application of various micronutrients on the plant growth characteristics of okra cv. Ridhi

Treatment Plant height

Total fruit

Specific leaf Total leaf chlorophyll chlorophyll

Leaf area

notations Treatments combinations (cm) Leaf area (cm?) index weight content (mg g*) content
(mg/cm?) (mgg?)

T: (Control) 125.17 3943.14 1.93 6.69 1.61 0.50

T, (B @100ppm) 127.61 3976.40 1.96 6.84 1.72 0.54

Ts (B @150ppm) 128.51 4075.74 1.97 6.79 1.76 0.59

Ts (Zn @100 ppm) 127.67 4144.59 1.98 7.11 1.76 0.63

Ts (Zn@150 ppm) 128.00 4146.42 2.00 7.44 1.77 0.66

Tes (Cu @100 ppm) 127.40 4148.82 2.01 7.75 1.79 0.71

Tz (Cu @150 ppm) 127.04 4149.40 2.04 8.01 1.78 0.73

Ts (Fe @100 ppm) 128.59 4182.98 2.06 8.35 1.77 0.75

To (Fe @150 ppm) 128.87 4285.70 2.08 8.45 1.76 0.77

T (Mn @100 ppm) 129.82 4303.43 2.56 8.69 1.79 0.75

Tu (Mn @150 ppm) 130.89 4301.73 2.89 8.81 1.81 0.76

T (B+Zn+ Cu + Fe + Mn @100 ppm) 131.91 4308.96 3.55 8.97 1.82 0.79

T B+Zn+Cu+Fe+Mn @150 ppm) 133.82 4310.54 3.77 9.47 1.84 0.83

Tua (B+Zn+Cu +Fe +Mn @ 200 ppm) 135.39 4377.92 3.86 9.85 1.88 0.84

CD (P=0.05) - 0.76 61.32 0.07 0.15 0.12 0.02

SE(m) - 0.26 20.98 0.02 0.05 0.04 0.01

Physico-chemical quality characteristics of the fruit

During the study period, data on various physico-chemical
quality characteristics of the fruit such as dry matter content (%),
crude protein content (%), vitamin C content (mg/100g), fruit
length (cm) and fruit diameter (cm) were noted and exhibited in
Table 2. The findings revealed that the foliar application of
different micronutrients at varying concentrations significantly
influenced the physicochemical quality characteristics of okra
fruit. Among the various treatments, the treatment Ty (B + Zn +
Cu + Fe + Mn @ 200 ppm) showed the highest values for dry
matter content (12.16 %), crude protein content (10.29%),
vitamin C content (13.65 mg/100g), fruit length (10.30 cm) and
fruit diameter (1.42 cm), whereas the lowest values were
recorded in treatment T; (Control).

Yield characteristics

During the investigation, data on various yield characteristics,
including average fruit weight (g), fruit weight/plant (g), number
of fruits/plant and fruit yield (g/ha) were recorded and
presented in Table 3. The results show that the foliar application
of different micronutrients at varying concentrations
significantly influenced the yield characteristics of okra. Among
the various treatments, the treatment Ti4 (B + Zn + Cu + Fe + Mn
@ 200 ppm) exhibited the highest values for average fruit weight
(9.33 g), fruit weight/plant (232.61 g), number of fruits/plant
(22.05) and fruit yield (172.84 g/ha), however the lowest values
were documented under treatment T; (Control).

Economics of okra

The results indicated that capital investment varied across
different treatments for okra cultivation. The benefit-cost ratio
for each treatment was calculated and is presented in Table 4.
Maximum cost of cultivation (10, 0166.61) was calculated for
treatment T (B + Zn + Cu + Fe + Mn @ 200 ppm), while
minimum cost of cultivation (98,450.4) was calculated in
treatment T; (Control). Maximum gross return (54, 5310.20) was
also observed in treatment in Ty (B + Zn + Cu + Fe + Mn @ 200
ppm), whereas minimum gross return (40, 7878.40) was

calculated in treatment T; (Control). Similarly, the maximum
net return (44, 5143.59) was documented for treatment Ti (B +
Zn + Cu + Fe + Mn @ 200 ppm) while, minimum net return (30,
9428.00) was recorded in treatment T; (Control). However,
maximum B: C ratio (4.44) was calculated in the treatment Ti
(B+Zn+Cu+Fe+Mn @ 200 ppm), whereas minimum B: C ratio
(3.14) was calculated in treatment T; (Control).

Table 2. The impact of foliar application of various micronutrients on physico-
chemical quality characteristics of the fruit of okra cv. Ridhi

Dry Crude
Treatment Treatments matter protein

notations combinations content content

Vitamin C Fruit Fruit
content length diameter

(%) (%) (mg/100g) (ecm)  (cm)
T (Control)  9.64 748 1212 943 0.99
T, (B@100ppm) 9.79  7.99 1230 947  1.09
T: (B@l50ppm) 9.78  7.95 1236 950 1.14
Zn @100
T ( 1017 826 1243 953 116
N ppm)
(Zn@150
T 10.2 4 12.47 . 1.1
s opm) 029 843 9.56 8
Cu @100
T ( 1048 873 1257 959 122
® ppm)
Cu @150
T ( 1055 880 1259 9.63 125
! ppm)
(Fe @100
T 1067 8. 12. . 12
8 opm) 067 893 68  9.66 8
(Fe @150
T 1050 9.10 1297 970 1.32
° ppm)
(Mn @100
T 1083 925 1318 973 1.33
1 ppm)
(Mn @150
T 1075 938 1328 9.76 134
u ppm)
B+Zn+Cu+
(
T, Fe+Mn@100 10.68 9.48  13.40 9.80 137
ppm)
B+Zn+Cu+
( C
Tz Fe+Mn@150 11.46 10.03 1347 9.96  1.39
ppm)
(B+Zn+Cu+
Tu Fe+Mn@200 12.16 1029  13.65 10.30 1.42
ppm)
(P=CoDos) 013  0.02 0.01 013 0.2
SE(m) - 0.05 001 0002 005 001
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Table 3. The impact of foliar application of different micronutrients on yield characteristics of okra cv. Ridhi

Treatment notations Treatments combinations Average f(rg‘;'t weight Fruit weight/plant (g) Number of fruits/plant Frz.u(;;gsld

T. (Control) 8.90 119.95 21.23 129.28
T (B @100ppm) 8.95 129.27 21.34 138.44
Ts (B @150ppm) 9.13 134.48 21.37 139.68
Ts (Zn @100 ppm) 9.14 149.70 21.51 141.00
Ts (Zn@150 ppm) 9.15 171.22 21.59 142.05
Te (Cu @100 ppm) 9.16 187.99 21.67 142.96
T, (Cu @150 ppm) 9.19 196.83 21.48 144.87
Ts (Fe @100 ppm) 9.21 205.32 21.73 150.06
T (Fe @150 ppm) 9.24 214.38 21.78 153.99
T (Mn @100 ppm) 9.26 218.34 21.81 156.54
Tu (Mn @150 ppm) 9.27 224.22 21.84 159.24
T (B+Zn+ Cu + Fe + Mn @100 ppm) 9.28 227.56 21.86 165.39
Tis B+Zn+Cu+Fe+Mn @150 ppm) 9.31 230.73 21.89 168.08
T (B +Zn+Cu + Fe + Mn @ 200 ppm) 9.33 232.61 22.05 172.84

CD (P=0.05) - 0.01 2.75 0.12 1.07

SE(m) - 0.002 0.94 0.04 0.36
Table 4. The impact of foliar application of different micronutrients on economics of cultivation of okra.

Treatment Treatments Total cost of - Gross returns Net returns . .

notations combinations cultivation (Rs. ha) Fruit yield (q/ha) (Rs. hat) (Rs. ha) B: C ratio
T, (Control) 98450.4 129.28 407878.40 309428.00 3.14
T, (B@100ppm) 98566.23 138.44 436778.20 338211.97 3.43
T3 (B @150ppm) 98676.25 139.68 440690.40 342014.15 3.47
T4 (Zn @100 ppm) 98466.23 141.00 444855.00 346388.77 3.52
Ts (Zn@150 ppm) 98566.23 142.05 448167.75 349601.52 3.55
Ts (Cu @100 ppm) 98595.24 142.96 451038.80 352443.56 3.57
Tr (Cu @150 ppm) 98711.69 144.87 457064.85 358353.16 3.63
Ts (Fe @100 ppm) 98666.23 150.06 473439.30 374773.07 3.80
Ty (Fe @150 ppm) 98707.58 153.99 485838.45 387130.87 3.92
T (Mn @100 ppm) 98723.02 156.54 493883.70 395160.68 4.00
Tu (Mn @150 ppm) 98895.24 159.24 502402.20 403506.96 4.08
T (B+ Z&ocou;ptﬁf Mn 98811.69 165.39 521805.45 422993.76 4.28
Tus B+ ZE'@ISCOUPJ'p';f)J“ Mn 99953.96 168.08 530292.40 430338.44 431
Tu (B+ é;‘;ézoupJ'p';ff Mn 100166.61 172.84 545310.20 445143.59 4.44

Discussion observed under treatment T: (Control). The significant

Okra (Abelmoschus esculentus), also known as lady's finger, is
a widely cultivated and nutritionally significant vegetable
crop known for its high dietary fibre, vitamins, and minerals.
Okra isimportant for its economic and nutritional value, but it
is often hindered by micronutrient deficiencies in the soil,
which affect plant metabolism and productivity. The foliar
application of micronutrients has emerged as an efficient
approach to overcome these deficiencies, as it ensures the
direct and effective delivery of vital nutrients to the plant's
foliage, thereby enhancing nutrient uptake and utilization.
The aim of this study is to evaluate the impact of foliar
application of micronutrients on the growth, yield, fruit
quality characteristics, and profitability of Okra cv. Ridhi. The
findings will contribute to improving nutrient management
practices for sustainable and profitable okra production. The
present study indicated that the foliar application of different
micronutrients at various concentrations had a significantly
influenced on the growth characteristics of okra plants
compared to other treatments, including the control, during
the 2024. The significant variation in the growth
characteristics of okra cv. Ridhi was attributed to the
substantial influence of various micronutrients applied at
different concentrations. The findings indicate that among
the various treatment combination, the treatment T (B + Zn
+ Cu + Fe + Mn @ 200 ppm) exhibited the highest values for
plant height (cm), leaf area (cm?), leaf area index, specific leaf
weight (mg/cm?). In contrast, the lowest values were

improvement in these parameters is attributed to the critical
role of micronutrients, which, although required in relatively
small quantities, are vital for plant growth and development.
These nutrients are essential for various processes such as
cell wall synthesis, enzyme activation, regulation of cell
division, cell differentiation, cell elongation, sugar transport,
chloroplast development, and hormonal regulation.
Micronutrients contribute to overall plant growth and are
involved in flower, fruit, and seed development. They are also
involved in plant growth. However, the application of
micronutrients through foliar application has been
documented in other studies (8, 24, 25). Furthermore, in the
present study, a significant increase in plant height (cm), leaf
area (cm?), leaf area index, and specific leaf weight (mg/cm?)
was recorded in terms of both area and thickness. These
results confirm the findings from the above studies and are
consistent with the fundamental roles of micronutrients in
promoting plant growth and development (10, 12).

Furthermore, Chlorophyll is a critical photosynthetic
parameter for evaluating the synthesis of metabolites during
photosynthesis. The highest total leaf and fruit chlorophyll
content (mg/g) was observed in treatment T4 (B + Zn + Cu +
Fe + Mn @ 200 ppm). However, the lowest chlorophyll content
(mg/g) was recorded in treatment T (control). It was apparent
from the present investigation that chlorophyll, a crucial
pigment for enhancing light capture during photosynthesis, is
significantly influenced by the foliar application of
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micronutrients. Chlorophyll synthesis relies on adequate
mineral nutrition, and an increase in chlorophyll content is
attributed to the optimal availability of micronutrients. These
nutrients are essential for cell division and the formation of
active photosynthetic pigments, including chlorophyll. They
are also essential for the formation of active photosynthetic
pigments, including chlorophyll. The uptake of sufficient
micronutrient levels is closely related to the facilitation of
biochemical processes and the biosynthesis of pigment
molecules, particularly chlorophyll. Micronutrients, such as
Cu, Mn, Zn, and Fe, act as cofactors for NAD and NADP,
participating in various oxidation-reduction reactions (26).
Mn and Fe, which are integral components of chlorophyll
molecules, contribute to photosynthesis by supporting
chloroplast development and function (27). Our results also
revealed that the foliar application of a combination of
micronutrients (B, Zn, Cu, Fe, and Mn) significantly enhanced
the leaf and fruit chlorophyll content in okra. These findings
are supported by the findings of (6, 28, 29).

The study further revealed that the foliar application
of micronutrients had a significant impact on the physico-
chemical quality characteristics of the fruit in comparison to
other treatments as well as the control. The significant
variation in the physical and chemical quality characteristics
of okra fruit was attributed to the significant impact of various
micronutrients applied at varying concentrations. Among the
various treatment combination, the treatment Tis (B+Zn + Cu
+ Fe + Mn @ 200 ppm) exhibited the maximum values for dry
matter content (%), crude protein content (%), vitamin C
content (mg/100g), fruit length (cm) and fruit diameter (cm)
while the minimum values were recorded under treatment T
(Control).

Dry matter is a significant attribute that provides
valuable insights into photosynthetic ability and food
accumulation in edible fruits. In the present investigation,
treatment Tw (B + Zn + Cu + Fe + Mn @ 200 ppm) exhibited the
maximum values for dry matter content (%), while the
minimum values were recorded under treatment T; (Control).
The optimal application of micronutrients at regular intervals
increases the availability of essential micronutrients, which in
turn supports efficient physiological and biochemical
processes. The incorporation of micronutrients plays a
significant role in facilitating the production of active
photosynthetic pigments by augmenting the levels of
stomatal and thylakoid proteins in leaves. This promotes root
biomass and ensures a continuous release of nutrients, which
are adequately absorbed by the plants. This process helps
produce valuable biochemical components, as evidenced by
the increased dry matter content (6). (30) Also reported
variations in dry matter concentration in tomatoes due to
different micronutrients levels, with content increasing as
nutrient levels increased.

The highest values for crude protein content were
recorded under treatment Tw (B +Zn + Cu + Fe + Mn @200 ppm),
whereas the lowest values were observed under treatment T,
(Control). The maximum protein content was observed with
treatment T4 may be attributed to the application of optimum
levels of micronutrients, which improved nutrient availability
and uptake. The improved physiological activities and source-

6

sink relationships led to greater assimilation and translocation of
primary and secondary metabolites in plant tissues (6, 31).

Maximum vitamin C content was documented under
treatment Tw (B + Zn + Cu + Fe + Mn @200 ppm), whereas the
minimum values were observed under treatment T. (Control).
The increase in ascorbic acid content is attributed to the
continuous availability of nutrients at shorter, more frequent
intervals, which kept the plants photosynthetically active and
led to higher assimilation of primary and secondary
metabolites such as ascorbic acid and sugars. Furthermore,
the increase in ascorbic acid was due to an enhanced activity
of the enzyme ascorbic acid oxidase, which further boosts
ascorbic acid levels in the fruit. Treatments that received
micronutrients exhibited a significantly higher level of
ascorbic acid content (mg/100g) in comparison to the control.
These results are in agreement with the findings of (6) in okra
and (32) in tomato.

The present findings indicate that the foliar application
of different micronutrients at varying concentrations
significantly influenced the yield characteristics of okra. The
observed variation in yield characteristics was attributed to the
substantial impact of micronutrients applied at various
concentrations. Higher values for fruit length (cm), fruit
diameter (cm), average fruit (g), fruit weight/plant (g), number
of fruit/plant and fruit yield/ha (q) were recorded under
treatment Tw (B + Zn + Cu + Fe + Mn @ 200 ppm), whereas the
lowest values were observed under treatment T; (Control). This
may be due to the progressive enhance in the absolute
quantities of inorganic elements and the accumulation of
appropriate food reserves, which promoted early bud
differentiation into flower buds, leading to increases in fruit
length (cm), fruit diameter (cm), average fruit weight (g), fruit
weight per plant (g), number of fruits per plant, and fruit yield
per hectare (q). These findings are consistent with the findings
of (10, 11) in okra and (33) and (34) in tomato.

Furthermore, the highest number of fruits per plant,
along with the highest fruit length, fruit diameter, and fruit
weight were recorded in treatment (Tw) compared to all other
treatments, with the lowest values observed in the control
(T1). The increased fruit length and diameter is attributed to
improved photosynthetic characteristics, including greater
leaf area, leaf thickness, and chlorophyll content. These
characteristics contributed to a higher individual fruit weight
and overall yield per plant (35). These results align with the
findings of (6, 12, 34) in okra.

Economics of okra

The outcomes of this investigation revealed a variation in
capital expenditure across diverse micronutrient treatment
combinations in okra cultivation. Based on the findings of the
study, it can be concluded that the foliar application of
micronutrients such as (B, Zn, Cu, Fe, and Mn at 200 ppm) is
the most effective approach for achieving the highest yield
and generating substantial gross returns, net returns, and the
highest benefit-cost (B:C) ratio for every rupee expended. This
treatment is recommended for commercial cultivation of
okra in open field conditions. These results are in agreement
with the findings of (12) in okra, (28) in strawberry, (36) in
cauliflower and (37) in bitter gourd.
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Conclusion

The study concluded that the foliar application of
micronutrients had a significant positive impact on the growth,
yield, fruit quality, and profitability of okra (Abelmoschus
esculentus) cv. Ridhi. The combined application of
micronutrients in treatment T resulted in improved plant
growth, enhanced physico-chemical quality characteristics of
the fruit, and increased overall yield per hectare. Furthermore,
the higher yield, coupled with higher gross returns, net returns,
and an improved benefit-cost ratio, demonstrated the
economic viability of this treatment. Therefore, it is highly
recommended for the commercial cultivation of okra for
commercial purposes.

Acknowledgements

The authors would like to express their sincerest
gratitude to the School of Agriculture, Sanjeev Agrawal
Global Educational University, Bhopal, for providing
substantial access to the field and laboratory equipment
necessary for conducting this experiment. Their support
and help made this investigation possible.

Authors' contributions

The authors would like to express their gratitude to YS VPM,
and SS for their devoted efforts in carrying out the
experiments, as well as to YS, MK, AS and SP for their
invaluable contributions to the design of the work.
Furthermore, the manuscript was drafted by YS, VPM, SS, MK,
AS, SP, RB, DK, SK, NY, KT, PT. and NK. All the listed
contributors have read and approved the final version of the
manuscript, indicating their agreement with its content and
findings.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None.

References

1. Tindall HD. Vegetables in the Tropics. Houndmills Hampshire:
Macmillan Education Ltd; 1983. p. 553.

2. Lamont WJ. Okra - a versatile vegetable crop. Hortic Technol.
1999; 9:179-184. https://doi.org/10.21273/horttech.9.2.179

3. Singh P, ChauhanV, Tiwari BK, Chauhan SS, Simon S, Bilal S, Abidi
AB. An overview on okra (Abelmoschus esculentus L.) and its
importance as a nutritive vegetable in the world. Int J Pharm Biol
Sci. 2014; 4:227-233.

4.  Dubey P, Mishra S. A review on: Diabetes and okra (Abelmoschus
esculentus). J Med Plants Stud. 2017; 5:23-26.

5. LiuY,QiJ, LuoJ, Qin W, Luo Q, Zhang Q, Chen D, Chen H. Okra in
food field: nutritional value, health benefits and effects of
processing methods on quality. Food Rev Int. 2021; 37:67-90.
https://doi.org/10.1080/87559129.2019.1695833

6. Javeed I, Narayan S, Hussain K, Khan FA, Rahman R, Akhter A,
Indrabi SA, Sultan A, Rashid M. Effect of foliar application of

8.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

micronutrients on fruit yield, quality and profitability of okra
(Abelmoschus esculentus L.). SKUAST J Res. 2023; 25(3):486-492.
https://doi.org/10.5958/2349-297X.2023.00045.4

Othmani A, Ayed S, Bezzin O, Farooq M, AyedSlama O, Slim-Amara
H, Ben Younes M. Effect of silicon supply methods on durum
wheat (Triticum durum Desf.) response to drought stress. Silicon.
2021; 13:3047-3057. https://doi.org/10.1007/s12633-020-00639-3

Mostafijur MR, Shila A, Kawsar H, Rayhan A, Ishrat KA, Sabia K,
Nuruzzaman M. Foliar application of micronutrients promotes
growth and yield-related attributes of okra (Abelmoschus
esculentus L.) in a slightly salinized area. Trop Subtrop
Agroecosys. 2024;27 No. 016.

Polara KB, Ponkia HP, Sakarvadia HL, Vekaria LC, Babariya NB.
Effect of multi micronutrient fertilizers on yield and micronutrient
uptake by okra (Abelmoschus esculentus L.) grown on medium
black calcareous soils of the Saurashtra region of Gujarat. Int J
Pure Appl Biosci. 2017; 5(6):258-264.

Arya P, Anitha S, Meera V, Menon PS, Bhindhu, Antony S. Foliar
application of micronutrients on growth and yield of okra under
different irrigated conditions. J Trop Agric. 2021; 59(1):76-82.

Domingos CDS, Besen MR, Esper Neto M, Costa EJO, Scapim CA,
Inoue TT, Braccini AL. 2021. Can calcium and boron leaf
application increase soybean yield and seed quality. Acta Agri
Scandinavica, Section B-Soil & Plant Sci. 2021; 71:171-181. https://
doi.org/10.1080/09064710.2020.1869818

Narayan S, Javeed I, Hussain K, Khan FA, Mir SA, Bangroo SA,
Malik AA. Response of okra (Abelmoschus esculentus) to foliar
application of micronutrients. Indian J Agric Sci. 2021; 91 (5): 749-
52. https://doi.org/10.56093/ijas.v91i5.113095

Umair HM, Aamer M, Umer MC, Haiying T, Babar S, Lorenzo B,
Nawaz M. The critical role of zinc in plants facing the drought
stress.  Agriculture, 2020; 9:396. https://doi.org/10.3390/
agriculture10090396

Riaz M, Yan L, Wu X, Hussain S, Aziz O, Jiang C. Boron increases
root elongation by reducing aluminum induced disorganized
distribution of HG epitopes and alterations in subcellular cell wall
structure of trifoliate orange roots. Ecotox Env Safety, 2018;
165:202-210. https://doi.org/10.1016/j.ecoenv.2018.09.004

Chandni V Mori, JR Vadodaria, GS Patel, Mukesh Kumar and DM
Thakor. Effect of different micronutrients and stage of their
application on growth of cauliflower (Brassica oleracea var.
botrytis). Int. J Chem Stud. 2020; 8(3): 2579-2582. https://
doi.org/10.22271/chemi.2020.v8.i3ak.9600

Yadav PK, Singh A, Agrawal SB. An overview on management of
micronutrients deficiency in plants through biofortification. In: K,
Mishra, P.K, Tandon, S, Srivastava ed. A solution of hidden
hunger. Sustainable solutions for elemental deficiency and excess
in crop plants, Singapore, Springer, 2020; pp. 183- 208. https://
doi.org/10.1007/978-981-15- 8636-1_8

Haleema B, Rab A, Hussain SA. Effect of calcium, boron and zinc
foliar application on growth and fruit production of tomato.
Sarhad J Agric. 2018; 34:19-30. https://dx.doi.org/10.17582/
journal.sja/2018/34.1.19.30

Fageria NK, Filho MPB, Moreira A, Guimaraes CM. Foliar
fertilization of crop plants. J Plant Nutri. 2009; 32(6): 1044-1064.
https://dx.doi.org/10.1080/01904160902872826

Khan FA, Banday FA, Narayan S, Khan FU, Bhat SA. Use of models
as a non-destructive method for leaf area estimation in
horticultural crops. IRA-Int. J. Applied Sci. 2016;4(1), 162-180.
https://dx.doi.org/10.21013/jas.v4.n1.p19

Jayaraman J. Laboratory manual in biochemistry. Willey Eastern
Pvt Ltd. 1981.

Tandon HLS. Methods of analysis of soils, plants, water and
fertilizers. Fertilizer development and consultant organization,
New Delhi. 1993.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.21273/horttech.9.2.179
https://doi.org/10.1080/87559129.2019.1695833
https://doi.org/10.5958/2349-297X.2023.00045.4
https://doi.org/10.1007/s12633-020-00639-3
https://doi.org/10.1080/09064710.2020.1869818
https://doi.org/10.1080/09064710.2020.1869818
https://doi.org/10.56093/ijas.v91i5.113095
https://doi.org/10.3390/agriculture10090396
https://doi.org/10.3390/agriculture10090396
https://doi.org/10.1016/j.ecoenv.2018.09.004
https://doi.org/10.22271/chemi.2020.v8.i3ak.9600
https://doi.org/10.22271/chemi.2020.v8.i3ak.9600
https://doi.org/10.1007/978-981-15-%208636-1_8
https://doi.org/10.1007/978-981-15-%208636-1_8
http://dx.doi.org/10.1080/01904160902872826
http://dx.doi.org/10.21013/jas.v4.n1.p19

SINGH ET AL

22.

23.

24.

25.

26.

27.

28.

29.

AOAC. Official Method of Analysis: Association of Analytical
Chemists. 19% Edition, Washington DC. 2012, 121-130.

Gomez KA, Gomez AA. Statistical Procedures for the Agricultural
Research (2" Edn.). John Willey and Sons, New York, USA 1984;
pp. 28-92.

Mehraj H, Taufique T, Mandal MSH, Sikdar RK, Jamal Uddin, AFM.
Foliar feeding of micronutrient mixture on growth and yield of
okra (Abelmoschus esculantus). American-Eurasian J Agr Env Sci.
2015;15(11):2124-2129.

Mohammadi G, Khah EM, Petropoulos SA, Chachalis DB. Effect of
foliar application of micronutrients on plant growth and seed
germination of four okra cultivars. Notulae Botanicae Horti
Agrobotanici  Cluj-Napoca.  2016:44(1):257-263.  https://
doi.org/10.15835/nbha44110380

Roosta HR, Estaji A, Niknam F. Effect of iron, zinc, and manganese
hortage-induced change on photosynthetic pigments, some
osmoregulators, and chlorophyll fluorescence parameters in
lettuce. Photosynthetica. 2018;56(2):606-615. https://
doi.org/10.1007/s11099-018-0797-x

Kandoliya RU, Sakarvadiya HL, Kunjadia BB. Effect of zinc and
iron application on leaf chlorophyll, carotenoid, grain yield, and
quality of wheat in calcareous soil of Saurashtra region. Int J
Chem Stud. 2018; 6(4), 2092-2096.

Singh A, Kumari N, Sharma YK, Slathia D, Devi N, Thakur R, Guleria
Y. The impact of micronutrients applied through foliar application
on the growth, yield and benefit cost ratio of strawberry (Fragaria
x ananassa Duch.) cv. Camarosa under the polyhouse condition.
Pharm Innov J. 2023; 12(8): 389-394.

Karthick R, Rajalingam GV, Praneetha S, Sujatha KB, Arumugam T.
Effect of micronutrients on growth, flowering and yield of bitter
gourd (Momordica charantia) cv. CO-1. Int J Chem Stud. 2017; 6:
845-848.

30.

31.

32.

33.

34.

35.

36.

37.

Nilesh B, Singh KG, Jain AK, Jindal SK, Kulbir S, Neena C.
Response of coloured sweet pepper (Capsicum annuum L., var.
grossum) to fertigation and irrigation levels under naturally
ventilated greenhouse. Agric Res J. 2015; 52: 19-25.

Broadley MR, White PJ, Hammond JP, Zelko I, Lux A. Zinc in
plants. New Phytol. 2007; 173: 677-702.

Swetha K, Saravanan S, Banothu LN. Effect of micronutrients on
fruit quality, shelf life and economics of tomato (Solanum
lycopersicum L.) cv. PKM-1. J Pharmacogn Phytochem 2018;7(5):
3018-3020.

Naz RMM, Muhammad S, Hamid A, Bibi F. Effect of boron on the
flowering and fruiting of tomato. Sarhad J Agric. 2012; 28(1), 37-40.

Ali S, Javed HU, Rehman URN, Sabir IA, Naeem MS, Siddiqui MZ,
Saeed DA, Nawaz MA. Foliar application of some macro and
micronutrients improves tomato growth, flowering and yield. Int
J Biosci. 2013; 3(10): 280-287.

Jiang C, Jokhan M, Hohjo M, Tsukagoshi S, Ebihara M,
Nakaminami A, Maruo T. Photosynthesis, plant growth, and fruit
production of single-truss tomato improves with supplemental
lighting provided from underneath or within the inner canopy. Sci
Hortic. 2017; 222: 221-229. https://doi.org/10.1016/
j.scienta.2017.05.016

Kumar P, Bhagwati SR, Choudhary KV, Devi P, Ronya T. Effect of
boron and molybdenum on growth, yield and quality of
cauliflower in mid altitude condition of Arunachal Pradesh. Veg
Sci. 2010; 37: 190-193. https://doi.org/10.61180/

Bharati DK, Verma RB, Singh VK, Kumar R, Sinha S, Sinha SK.
Response of bitter gourd (Momordica charantia L.) to foliar
feeding of micronutrient on the growth, yield and quality. Int J
Curr Microbiol Appl Sci. 2018;7: 2341-2346.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.15835/nbha44110380
https://doi.org/10.15835/nbha44110380
https://doi.org/10.1007/s11099-018-0797-x
https://doi.org/10.1007/s11099-018-0797-x
https://doi.org/10.1016/j.scienta.2017.05.016
https://doi.org/10.1016/j.scienta.2017.05.016
https://doi.org/10.61180/

