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ABSTRACT

In developing countries such as India, agriculture remains the most critical factor influencing national
economic development. With the constant increase in population, the demand for agricultural products
and the need for adequate food availability have also risen significantly. To address food scarcity,
farmers often apply large quantities of chemical fertilizers to agricultural soils, frequently exceeding the
recommended doses. Such practices can lead to the accumulation of heavy metals and other adverse
effects on soil and crop health. In the present study, okra (Abelmoschus esculentus L.) has been
selected as the test crop to evaluate the impacts of chemical fertilizers on different varieties cultivated in
the Kota region. The experimental design will involve the application of nitrogen (N), phosphorus (P), and
potassium (K) fertilizers, both individually and in various combinations, at higher-than-recommended
levels. Prior to sowing, soil samples will be analyzed to determine pH, electrical conductivity (EC), cation
exchange capacity (CEC), and nutrient levels (NPK). Water samples will also be tested for pH and EC.
After sowing different okra varieties, specific fertilizer doses will be administered, and their influence on
crop yield and vegetative growth parameters will be assessed. The primary aim of this study is to
investigate how varying proportions of NPK fertilizers affect “Vegetative and yield characteristics of okra
plants.” Furthermore, the study seeks to identify potential risks associated with the overuse of chemical
fertilizers, including the accumulation of toxic substances in vegetables, which may ultimately pose health
hazards to both humans and animals consuming them.

Keywords: Chemical Fertilizers, EC and CEC, Heavy Metal, Soil Quality, Physical and Biochemical
Properties, Toxic Substance.

Introduction

Indian agriculture has witnessed significant progress, especially with the extensive adoption of
high-yielding crop varieties during the Green Revolution. Despite these achievements, a decline in
productivity-related inputs has become evident in recent years. This reduction is mainly associated with
centuries of continuous cultivation, indiscriminate adoption of modern agricultural practices, uneven use
of chemical fertilizers, and insufficient awareness regarding their appropriate application (Kumar Bhatt et
al., 2019).

When fertilizers are introduced into the soil, crops absorb only a limited proportion of the
nutrients, while a large amount remains unused. Traditionally, India relied on organic farming practices
for thousands of years, which helped maintain soil fertility naturally. However, the growing dependence
on chemical fertilizers has considerably deteriorated soil health and fertility levels (Irfan et al., 2021).
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Certain soils, including black cotton soil with high plasticity and poor bearing strength, require
regular supplementation of nutrients from external sources each year. Over time, repeated fertilizer
applications reduce the efficiency of the recommended dosages. Continuous use of chemical fertilizers
can make the soil rigid, decrease its permeability, and gradually reduce its fertility (L et al., 2016).

In addition, soil functions as a living ecosystem that supports numerous organisms involved in
nutrient recycling and fertility maintenance. Excessive application of chemical fertilizers may cause soil
acidification, which lowers the amount of organic matter, humus, and beneficial microbial populations. As
a consequence, plant growth becomes restricted and crusts may develop on the soil surface. Changes in
soil pH due to acidification, combined with fertilizer use without proper soil testing, contribute to soil
degradation, nutrient imbalance, deterioration of soil structure, and increased bulk density (Chandini et
al., 2019).

The use of fertilizers, particularly nitrogen (N) and phosphorus (P), has created both beneficial
and adverse environmental impacts. However, the excessive and unscientific application of these
fertilizers in cropping systems has resulted in several environmental concerns. One of the most serious
issues associated with the overuse of nitrogen and phosphorus fertilizers is eutrophication, which leads
to excessive growth of aquatic plants and algae in water bodies (Randive et al., 2021). In addition, the
release of nitrous oxide into the atmosphere contributes to the greenhouse effect and increases air
pollution. Nitrogen leaching into the soil also causes contamination of water resources (Randive et al.,
2021).

After plant uptake, surplus nitrates often leach into groundwater. Elevated nitrate concentrations
are commonly detected in leafy vegetables. Consumption of nitrate-contaminated groundwater or
vegetables containing excessive nitrate levels can create severe health risks for humans (Ahmed, Rauf
and Saeed, 2017).

The present study focuses on evaluating the effects of chemical fertilizers on plants, specifically
the okra crop.

Okra, scientifically known as Abelmoschus esculentus (L.) Moench, belongs to the family
Malvaceae and is an important vegetable crop originating from the tropical regions of Africa. Among the
2,283 recorded accessions, nearly 1,769 were collected from West Africa, while 2,029 originated from the
African continent, indicating that West Africa contributes significantly to the crop’s diversity and
production. Okra is an annual crop with a growth duration ranging from one to five months depending on
the variety.

The seeds are generally medium-sized, spherical in shape, grey in colour, and measure
approximately 1.5-3 mm in diameter. Okra is widely valued for its taste and mucilaginous texture, which
improves the digestibility of staple foods such as mashed yam and cassava paste. The crop is also
recognized for its rich nutritional content, including vitamins A, B, and C. Its leaves contain comparatively
higher amounts of protein (2.7-3.0%), riboflavin, and folic acid than the pods.

Due to its multiple uses and increasing demand, there is a growing need for practical methods
to enhance okra production without relying heavily on labour-intensive farming practices. Consequently,
emphasis has been placed on plant breeding and selection to improve the genetic quality of the crop.
Okra is believed to have originated in Ethiopia and Sudan in northeastern Africa, and it has become one
of the most widely consumed vegetable crops in India.

Although okra is considered an oligopurpose crop, its tender green fruits can be prepared in
several ways as a vegetable. The fruits are rich in vitamins, calcium, potassium, and other essential
minerals. Mature okra seeds possess high nutritional value because of their elevated protein and oil
content. Okra seed oil contains a high proportion of unsaturated fatty acids, particularly linoleic acid,
which is important for human nutrition. Additionally, the mature fruits and stems contain crude fibre that is
useful in the paper industry (Singh et al., 2015).

The chemical composition of okra indicates the presence of 67.5% cellulose, 15.4%
hemicellulose, 7.1% lignin, 3.4% pectic substances, 3.9% fatty and waxy matter, and 2.7% aqueous
extract. Among these components, cellulose, hemicellulose, and lignin are the major constituents.

The unique fibre content of okra plays an important role in regulating blood sugar levels and
maintaining intestinal health. The mucilage present in okra assists in eliminating toxins and harmful
cholesterol from the liver. Its natural laxative properties support colon cleansing and help maintain proper
moisture balance in fecal matter, thereby reducing constipation and discomfort. Unlike wheat bran, which
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may sometimes cause stomach irritation, okra provides a gentler and safer alternative. Furthermore, the
mucilage exerts a soothing effect on the intestines and promotes bile secretion, which helps remove
toxins and excess cholesterol from the body. Since elevated cholesterol and toxins are associated with
various health disorders, regular consumption of okra may contribute positively to overall health.

Furthermore, okra helps protect the mucous membranes of the digestive tract from inflammation
and is considered beneficial in the treatment of sore throat, stomach irritation, and lung inflammation
(Yadav et al., 2018). Studies conducted in India have suggested that okra may serve as an effective
substitute for human blood plasma. To preserve its valuable nutrients, okra should preferably be cooked
quickly using steam or low heat.

During crop production, plants utilize sunlight, air, water, and nutrients present in the soil to
synthesize essential compounds required for growth. Continuous cultivation without proper nutrient
management can gradually exhaust soil nutrient reserves. Depletion of these reserves negatively affects
crop growth, productivity, soil fertility, and overall agricultural sustainability. Long-term nutrient loss may
also contribute to soil degradation and reduced crop yields. The application of both organic and inorganic
fertilizers helps restore and maintain soil fertility by replenishing nutrients removed during harvesting.
Fertilizers therefore enable farmers to manage crop nutrition efficiently and achieve optimum production.

Among the essential nutrients required by plants, nitrogen (N), phosphorus (P), and potassium
(K) are considered primary macronutrients because they are needed in large quantities for proper growth
and development. Nitrogen is an important constituent of amino acids, proteins, enzymes, vitamins, and
plant hormones. Adequate nitrogen supply promotes vigorous vegetative growth, dark green foliage,
improved flowering, and better fruit setting. However, excessive nitrogen application may delay crop
maturity and reduce fruit size. Nitrogen also influences the utilization of phosphorus, potassium, and
several other nutrients within the plant system.

Nitrogen is one of the most abundant mineral nutrients in plants and constitutes nearly 2—4% of
the dry matter content. Although atmospheric air contains about 79% nitrogen, plants primarily absorb it
in the form of nitrate (NOs~) and ammonium (NH,*). Nitrogen is a major component of proteins and
enzymes and also participates in various metabolic processes related to energy transformation (Lal et al.,
2014). Since nitrogen plays a fundamental role in agricultural productivity, maintaining an adequate
supply is essential for healthy plant growth.

According to Rajgopal and Rao (1974), nitrogen deficiency reduces exogenous auxin levels and
gibberellin activity in plants. Adequate nitrogen application can reduce the severity of root rot diseases,
although excessive nitrogen may increase blossom-end rot incidence. Proper nitrogen nutrition also
improves fruit quality, size, colour, flavour, and acidity (Sharma, 1971).

Atmospheric nitrogen can be converted into plant-available compounds by Rhizobium bacteria
associated with the roots of leguminous plants. Nitrogen is therefore regarded as one of the most
essential nutrients required by plants, as it forms part of chlorophyll, proteins, nucleic acids, and
protoplasm. It encourages vegetative growth, imparts a dark green color to plants, and is necessary for
starch formation and amino acid synthesis.

In addition to nitrogen, phosphorus acts as another major limiting nutrient for crop production. It
promotes rapid root development, facilitates the translocation of carbohydrates from leaves to roots, and
supports flowering and fruit formation, thereby increasing overall yield. Phosphorus deficiency adversely
affects cambial activity, delays starch formation, reduces succulence in plant tissues, disrupts nitrogen
and carbohydrate metabolism, and ultimately slows plant growth and maturity.

Phosphorus is a vital macronutrient involved in several physiological and biochemical processes
in plants. It is an essential component of proteins, phospholipids, nucleic acids, enzymes, sugar
phosphates, and energy-rich phosphate compounds. Phosphorus plays a significant role in
photosynthesis, energy transfer, synthesis of sugars, oils, and starches, and the conversion of solar
energy into chemical energy. It also improves stress tolerance, enhances water-use efficiency, promotes
early maturity, and increases resistance to adverse winter conditions. Moreover, phosphorus is important
for cell division, seed and fruit development, root establishment, leaf expansion, tillering, flowering, and
grain production. Deep root development encouraged by phosphorus enables plants to absorb moisture
and nutrients efficiently while improving anchorage and reducing lodging (Oladipo et al., 2015).

Potassium (K) is another essential macronutrient required for agricultural productivity, although
its economic importance is often underestimated. Many farmers tend to neglect potassium fertilization
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because they assume it contributes less to yield improvement compared to nitrogen and phosphorus
fertilizers. However, potassium performs numerous physiological functions essential for plant growth,
nutrient transport, and water regulation, especially under stressful environmental conditions.
Consequently, potassium significantly influences both crop yield and quality.

Potassium improves crop productivity and enhances the quality of agricultural produce. It is
closely associated with healthy plant growth, stress tolerance, disease resistance, seed quality, and
overall crop performance (Roy et al., 2013). Adequate potassium nutrition increases the protein and oil
content of grains, thereby improving their nutritional value. In cereal crops, potassium promotes the
development of strong stalks and well-filled grains. It also increases resistance to damage during
transportation and storage, ultimately extending shelf life (Agbede, 2019).

Phosphorus, when applied along with nitrogen and potassium, improves fruit colour, taste,
firmness, and vitamin C content, while also promoting early crop maturity (Su, 1974).

Foliar application of micronutrients plays an important role in modern crop production. Along
with the use of major nutrient fertilizers, foliar spraying of micronutrients has shown significant positive
responses in agricultural crops. In this method, nutrient solutions are directly sprayed onto plant foliage
rather than applied through the soil, where complex chemical interactions may reduce nutrient availability
and uptake. The use of micronutrients has been reported to improve the quality of vegetable crops in
many regions of the world.

The ability of plants to absorb and efficiently utilize micronutrients from the soil is greatly
influenced by several soil and plant-related factors. The concentration of micronutrients within plant
tissues also affects the plant's resistance or tolerance to pests and diseases. Furthermore, genetic
differences among crop varieties influence nutrient uptake efficiency and micronutrient accumulation in
vegetable crops. Therefore, detailed investigations are necessary to identify efficient genotypes and
improve nutrient management practices.

Considering the above facts, the present investigation entitled “Effect of Chemical Fertilizers on
Okra (Abelmoschus esculentus L.)” was conducted during the summer seasons of 2022-2023 and 2023—-
2024.
Statement of the Problem

“Effect of chemical fertilizers on Abelmoschus esculentus L. ”.
Method and Materials

To investigate the effects of chemical fertilizers in varying quantities on the vegetative
properties of okra (Abelmoschus esculentus L.) an experiment will be conducted.

. Study area: Kota is a city located in the southeastern part of Rajasthan, India. The region is
characterized by a semi-arid climate, with persistently high temperatures throughout the year.
During the summer months of May and June, average temperatures range between 40-48 °C,
while the district receives an average annual rainfall of 660.6 mm. The mean elevation of the
region is approximately 271 m (889 ft) above sea level. The dominant soil type of Kota is black
soil, which is known for its distinctive physical and chemical properties.

o Experimental design: At the onset of the experiment, soil and water samples from the
experimental site was analyzed for basic physico-chemical characteristics. Specifically:
= Soil electrical conductivity (EC) and water EC was measured by using electrodes.
= Soil pH and water pH was determined with a digital electronic pH meter.

=  Prior to the application of fertilizers, soil samples collected randomly up to a depth of 15
cm from the experimental plots. These samples analyzed to determine baseline
concentrations of nitrogen (N), phosphorus (P), and potassium (K).

Subsequent treatments with different fertilizer quantities then applied and their impact on okra
growth parameters were systematically assessed.
Experiment Design

In this experiment, NPK fertilizers applied both individually (N, P, and K) and in different

combinations at recommended and above-recommended rates. The treatments arranged in separate
beds to allow for comparative assessment.
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In some beds, fertilizer treatments were follow specific formulations, such as NPK at 20:10:10
kg/ha, while in others, different application levels were tested. The experimental setup included the
following fertilizer application rates:

° Control (no fertilizer application)

. 150 kg/ha

. 200 kg/ha

. 300 kg/ha

. 350 kg/ha

. > 350 kg/ha (above recommended dose)

Treatments Details

Treatments Symbols Prabani Kranti Symbols, Arka, Symbols Anamika

Control Pk1 Ar1 An1
Organic Pk2 Ar2 An2
100 mg N Pks Ar3 An3
200 mg N Pk4 Ar4 An4
400 mg N Pks Ar5 An5
100mg P Pks Ar6 An6
200mg P Pkz Ar7 An7
400mg P Pks Ar8 An8
100 mg K Pkg Ar9 An9
200 mg K Pk1o Ar10 An10
400 mg K Pk11 Ar11 An11
20N+10P+10 K Pki2 Ar12 An12

Design and Layout

Number of replications 3

Treatments 11

Recommended NPK dose 20:10:10

Varieties Prabani Kranti(Pk), Arka(Ar) and Anamika(An) This design allowed

the evaluation of both the individual and combined effects of NPK
fertilizers on the growth and yield of okra (Abelmoschus esculentus
L.).

Result

. Effects of Nutrient Dynamics on Growth Parameter

Vegetative growth parameters are important indicators of plant vigour and are essential for
obtaining higher yields. In the present investigation, growth characteristics such as plant height, number
of branches per plant, stem diameter, fresh weight per plant, and initiation of first flowering were studied
to evaluate the response of Okra to different nutrient dynamics treatments.

The application of nitrogen and phosphorus through inorganic fertilizers, in combination with
biofertilizers, significantly influenced the vegetative growth of okra at all stages of crop development.
Among the various treatments, the application of NPK at 20:10:10 consistently produced the highest
plant height and maximum number of branches per plant across all three varieties tested. These findings
are in close agreement with the observations reported by Jayathilake et al. (2002), Sharma and Thakur
(2001), Sengupta et al. (2002), and Sharma and Kumar (2004).

The improvement in plant height and branch development may be attributed to the increased
availability of nitrogen and phosphorus within the rhizosphere. Similar observations were made by
Kumaran et al. (1998), who reported enhanced growth following the combined application of
recommended NPK doses along with vermicompost and biofertilizers. Likewise, Sharma and Thakur
(2000) recorded increased plant height and branch number when biofertilizers were integrated with 50%,
75%, and 100% of the recommended nitrogen dose.
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The present study further demonstrated significant variation in the number of nodes per plant
and internodal length under different nutrient treatments. Application of NPK at 20:10:10 resulted in the
maximum number of nodes and longest internodes throughout all stages of observation. These results
are in accordance with the findings of Naidu (1999), who reported that increased doses of nitrogen and
phosphorus supplied through both inorganic and organic sources enhanced node formation and
internodal elongation.

In the current investigation, increasing levels of nitrogen and phosphorus significantly affected
growth parameters such as stem diameter, fresh weight per plant, and initiation of first flowering. The
application of NPK at 20:10:10 produced the highest stem diameter, maximum fresh weight per plant,
and earliest flowering initiation during the experimental period. Significant differences were also observed
among the various organic fertilizer treatments.

Enhanced vegetative growth and increased stem diameter due to NPK application may be
associated with higher metabolic activity and improved photosynthetic efficiency, leading to increased
production of active metabolites responsible for cell division and elongation. These findings are in
conformity with the results reported by Ushakumari et al. (1999).

) Effects of Nutrient Dynamics on Yield Attributes and Yield

Okra is considered a heavy nutrient-feeding crop, requiring substantial nutrient availability for
optimum fruit production. Yield attributes such as number of fruits per plant, average fruit weight, and dry
fruit weight were significantly improved with the application of NPK at 20:10:10. The enhancement in
these yield parameters may be attributed to improved plant growth and development resulting from the
combined use of organic and inorganic fertilizers. Similar findings were also reported by Sharma and
Sharma (2004).

According to Yawalkar et al. (1984), the combined application of inorganic fertilizers and organic
manures significantly increases the number of fruits per plant and average fruit weight because these
nutrient sources supply essential macro- and micronutrients required for enzymatic activities, energy
transfer, carbohydrate translocation, fat metabolism, and respiration, ultimately promoting extensive cell
division and plant development.

The present investigation revealed that nutrient dynamics treatments significantly affected the
yield characteristics of okra fruits. Application of NPK at 20:10:10 kg/ha resulted in the maximum
increase in fruit diameter and fruit length. This treatment proved superior to organic fertilizer treatments,
although some treatments were found statistically at par. The increase in fruit size may be attributed to
greater accumulation of photosynthates within the developing fruits.

The study also indicated that maintaining an optimum nutrient balance is essential for achieving
higher yields, as either excess or deficiency of nutrients may adversely affect productivity. The results
clearly demonstrated the positive role of nutrient dynamics in enhancing okra fruit yield. Among all
treatments, the recommended dose of NPK at 20:10:10 kg/ha produced the highest fruit yield.

Application of nitrogen, phosphorus, and potassium at recommended levels, either alone or in
combination with biofertilizers, improved plant growth and development, thereby positively influencing
yield attributes and total yield. The combined application of NPK may have enhanced photosynthetic
activity, promoted carbohydrate accumulation, and stimulated vegetative growth, ultimately leading to
increased fruit production in okra (Sengupta, 2002).

Furthermore, the application of nitrogen at 120 kg/ha in combination with bioinoculants
significantly increased plant height, number of branches, fruit diameter, number of fruits per plant, and
yield per hectare.

Growth Attributes
. Plant Height (cm)

A detailed analysis of the data presented in fig. 4.1 indicates that the various fertilizer
treatments had a significant effect on plant height at both 30 and 60 days after sowing (DAS). The
experiment was conducted in triplicate, and the mean values are presented in the table for accuracy and
consistency.

According to the result (plot no. 12), the maximum plant height was recorded in the treatment
20N + 10P + 10K, with values of 35.6 cm in the variety Arka and 34.2 cm in Anamika(30DAS) and with
values of 65.4cm in Arka(60DAS). Organic fertilizer treatments also demonstrated favorable effects,
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showing an overall increase in plant height with rising concentrations of nitrogen, phosphorus, and
potassium. These results suggest that the balanced application of N, P, and K, either individually or in
combination with organic inputs, positively influences the vegetative growth of okra.

Effect of nutrient dynamics on plant height
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Plant height (60 DAS) Pk M Plant height (60 DAS) Ar M Plant height (60 DAS) An
Fig. 1: Effect of nutrient dynamics on plant height (cm)
. Number of Nodes per Plant

The data across the experimental years demonstrated that all fertilizer treatments produced a
significantly higher number of nodes per plant compared to the control. The maximum number of
nodes (6.1) was recorded (plot no.12) in both varieties, Arka and Anamika, under the treatment 20N +
10P + 10K.

Organic fertilizer treatments also exhibited positive effects, with the number of nodes per plant
increasing in proportion to the concentration of nitrogen, phosphorus, and potassium applied.
These findings highlight the role of balanced nutrient management in enhancing nodal development,
which is a key determinant of plant vigor and potential yield in okra.

Effect of nutrient dynamics on Number of nodes per
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Fig. 2: Effects of nutrient dynamics on number of nodes per plant (No.)
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. Length of Internodes (cm)

The data revealed that the application of fertilizers significantly influenced the length of
internodes per plant compared to the control. The maximum internode length (2.5 cm) was observed
(plot no.12) in both varieties, Arka and Anamika, under the treatment 20N + 10P + 10K.

Organic fertilizer treatments also produced favorable results, with internode length increasing
progressively as the concentrations of nitrogen, phosphorus, and potassium were raised. This indicates
that balanced nutrient application enhances internodal elongation, thereby contributing to improved
vegetative growth in okra.

Effect of nutrient dynamics on Length of Internodes (cm)
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B Length of Internodes (cm) (60 DAS) Ar H Length of Internodes (cm) (60 DAS) An

Fig. 3: Effect of nutrient dynamics on Length of Internodes (cm)
. Number of Branches per Plant

The results showed that fertilizer treatments had a significant effect on the number of branches
per plant in both varieties of okra. The highest number of branches was recorded (plot no.12) under
the treatment 20N + 10P + 10K, with values of 6.0 branches in Arka and 5.6 branches in Anamika.

Organic fertilizer treatments also produced encouraging results, with the number of branches
per plant increasing progressively as the concentrations of nitrogen, phosphorus, and potassium were
raised. This trend suggests that balanced nutrient application promotes branching, an important
vegetative trait that contributes to higher productivity in okra.
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Effect of nutrient dynamics on Number of branch per plant
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Fig 4: Effect of nutrient dynamics on Number of branches per plant
. Stem Diameter (cm)

Analysis of the data indicated that fertilizer treatments significantly influenced the stem
diameter of okra plants. The maximum stem diameter was recorded(plot no.12) under the treatment
20N + 10P + 10K, with values of 2.43 cm in Arka and 2.39 cm in Prabani Kranti.

Organic fertilizer treatments also showed beneficial effects, with stem diameter increasing
steadily as the concentrations of nitrogen, phosphorus, and potassium were raised. These findings
suggest that balanced nutrient application contributes to enhanced stem robustness, thereby improving
the structural strength and overall vigor of the okra plant.

Effect of nutrient dynamics on Diameter of the stem
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Fig. 5: Effect of nutrient dynamics on Diameter of the stem (cm)
. Days to First Flower Initiation

The results demonstrated that fertilizer treatments had a marked effect on the days required
for first flower initiation in okra. The earliest flowering was recorded (plot no.12) under the treatment
20N + 10P + 10K, with 29 days in Arka and 30 days in Prabani Kranti.
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Organic fertilizer treatments also performed well, with the days to first flower initiation
decreasing progressively as the concentrations of nitrogen, phosphorus, and potassium increased.
These findings indicate that balanced nutrient application accelerates the onset of reproductive growth,
which is a desirable trait for enhancing yield potential in okra.

Effect of nutrient dynamics on days to first flower initiation
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Fig. 6: Effect of nutrient dynamics on days to first flower initiation
Yield attributes parameters and yield
. Number of Fruits per Plant

According to the data (plot no.12), Number of fruits per plant were 18.9 and 18.4 (Anamika and
Prabani Kranti 20 N + 10 P + 10 K). Organic fertilizer also show good results and Number of fruits per
plant also increases when N,P and K concentration increases.

Fig. 7: Effect of nutrient dynamics on Number of fruits per plant

Effect of nutrient dynamics on Number of fruits per plant
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. Fruit Length (cm)

The results indicated that fertilizer treatments had a significant impact on the length of fruits in
okra. The maximum fruit length was observed (plot no.12) under the treatment 20N + 10P + 10K, with
values of 13.4 cm in Anamika and 13.0 cm in Prabani Kranti.
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Organic fertilizer treatments also yielded positive results, with fruit length showing a steady
increase as the concentrations of nitrogen, phosphorus, and potassium were raised. These findings
suggest that balanced nutrient application contributes to better fruit development, thereby enhancing the
marketable quality of okra.

Fig. 8: Effect of nutrient dynamics on Fruit length (cm)

Effect of nutrient dynamics on Fruit length
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. Diameter of Fruit (cm)

The data showed that fertilizer treatments significantly influenced the diameter of fruits in okra.
The maximum fruit diameter was recorded (plot no.12) under the treatment 20N + 10P + 10K, with
values of 1.8 cm in Anamika and 1.7 cm in Arka.

Organic fertilizer treatments also produced positive effects, with fruit diameter increasing
progressively as the concentrations of nitrogen, phosphorus, and potassium were raised. These results
indicate that balanced nutrient management promotes improved fruit girth, which is an important factor
contributing to the overall yield and quality of okra.

Effect of nutrient dynamics on Diameter of fruit
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Fig. 9: Effect of nutrient dynamics on Diameter of fruit (cm)
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. Fruit’s Average Weight (g)

The results demonstrated that fertilizer treatments had a significant effect on the average fruit
weight of okra. The highest average fruit weight was recorded (plot no.12) under the treatment 20N +
10P + 10K, with values of 17.1 g in Anamika and 16.8 g in Prabani Kranti.

Organic fertilizer treatments also showed favorable outcomes, with average fruit weight
increasing steadily as the concentrations of nitrogen, phosphorus, and potassium were elevated. These
findings highlight the role of balanced nutrient application in improving fruit biomass, which directly
contributes to enhanced yield potential in okra.
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. Fruit Production (g/ha)

The data indicated that fertilizer treatments significantly affected the fruit production per
hectare in okra. The maximum fruit production was recorded (plot no.12) under the treatment 20N +
10P + 10K, with yields of 105.4 g/ha in Anamika and 102.7 q/ha in Arka.

Organic fertilizer treatments also produced encouraging results, with fruit yield per hectare
increasing progressively as the concentrations of nitrogen, phosphorus, and potassium were raised.
These results clearly demonstrate that balanced nutrient application enhances overall productivity and
yield efficiency in okra cultivation.
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Conclusion

The present study demonstrated that the application of the recommended dose of NPK
(20:10:10 kg/ha) resulted in significantly superior performance in terms of growth attributes, yield
components, overall fruit yield, quality, and cost—benefit ratio when compared to the control. The
combined use of chemical fertilizers and organic amendments further enhanced soil fertility and plant
performance.

It can be concluded that under the agro-climatic conditions of Rajasthan, the varieties tested,
particularly when treated with NPK 20:10:10 kg/ha, produced higher yields and better fruit quality. Thus,
balanced fertilization with NPK, along with supplementary organic inputs, offers a sustainable strategy for
maximizing okra production in this region.

Discussion

The experiment entitled “Effect of Chemical Fertilizers on Okra (Abelmoschus esculentus L.)”
was carried out near Thekra Canal Road, Kota, during the summer season of 2023—-24. The investigation
included eleven treatments applied to three okra varieties, consisting of organic fertilizers alone as well
as their combinations with the recommended doses of NPK fertilizers. The treatments were laid out in a
Randomized Block Design (RBD) with three replications.

The experimental field soil was sandy loam in texture with a pH of 7.46, electrical conductivity of
0.42 S/m, organic carbon content of 0.43%, available nitrogen of 221.6 kg/ha, and available phosphorus
(P,O5s) of 15.6 kg/ha. Recommended agronomic practices were adopted throughout the experiment. The
full recommended doses of phosphorus and potassium, along with half of the nitrogen dose, were applied
as basal dressing at sowing, while the remaining nitrogen was top-dressed at 30 days after sowing
(DAS). Vermicompost was incorporated into the ridges, and seeds inoculated with biofertilizers were
sown at a spacing of 60 x 30 cm under adequate moisture conditions to ensure proper germination.

Among all treatments, the application of NPK at 20:10:10 kg/ha proved to be the most effective
in improving vegetative growth, number of branches, stem girth, early flowering, and yield-related
parameters. Organic fertilizer treatments also showed beneficial effects and ranked next in performance.
Significant enhancement was observed in fruit length, fruit diameter, average fruit weight, and dry matter
accumulation, which ultimately contributed to increased yield.

Overall, the findings of the study indicate that balanced fertilization using the recommended
dose of NPK in combination with organic nutrient sources is the most suitable strategy for enhancing the
growth, productivity, and quality of okra under the agro-climatic conditions of the Kota region
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