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Abstract 

Maintaining soil fertility necessitates applying inorganic and organic fertilizer sources in balance. Vegetable crops cannot be 

successfully produced without proper plant nutrition. Though little is known about it, okra is a crop that is commonly farmed in 

western Ethiopia and is rather adaptable. Grown across Ethiopia, okra is a vegetable crop with significant economic value, 

especially in the southwest region. For okra's output to increase integrated use of chemical and organic fertilizer on yield and 

yield components is essential. By optimizing the benefits from all available plant nutrient sources in an integrated manner, 

integrated nutrient supply/management, or INS, aims to maintain or improve soil fertility and plant nutrient supply to an optimal 

level for sustaining the desired crop productivity. This includes enhancing or maintaining soil productivity through a balanced 

use of fertilizers that are organic and biological sources of plant nutrients. Increase the amount and effectiveness of plant 

nutrients in the soils to reduce losses to the environment. However, the integrated nutrient management system (INMS) continues 

to be the means of preserving and perhaps enhancing soil fertility for long-term crop yield and lowering the cost of inorganic 

(fertilizer) inputs for all agricultural production. 
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1. Introduction 

Okra (Abelmoschus esculentus (L.) Moench) is a leafy 

vegetable grown both in tropical and subtropical regions of 

the world [4]. It is commonly grown from Africa to Asia, 

southern Europe, and America. It is a popular vegetable in 

Sri Lanka, ranked fourth in cultivated extent among the low 

country vegetables [1]. Originally from Africa, the crop can 

still be found growing wild in Ethiopia, around Nile River 

[60]. Its native Ethiopian Highlands and Sudan, two 

north-eastern African countries, are where it originated, 

despite being the most consumed in India [37]. Okra plants 

are grown commercially in many countries such as India, 

Japan, Turkey, Iran, Western Africa, Yugoslavia, 

Bangladesh, Afghanistan, Pakistan, Myanmar, Malaysia, 

Thailand, India, Brazil, Ethiopia, Cyprus and in the Southern 

United States [9, 28]. 

The West African okra, or Abelmoschus caillei (A. Chev) 

Stevels, is a multipurpose woody crop plant that grows 

abundantly in the humid West African sub-continent and can 

be farmed as an annual, biennial, or occasionally perennial 

crop [49]. Around 10% of the world's okra is produced from 

Common (Abelmoschus esculentus) and West African okra 

(Abelmoschus caillei (A. Chev) Stevels), which are both 
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utilized in West and Central Africa [37]. However, both 

varieties together provide food, feed and fibre for many poor 

inhabitants of the region who rely on agriculture for 

livelihood. 

Okra (Abelmoschus esculentus), previously named 

Hibiscus esculentus (L.) is the only vegetable crop of 

importance and significance in the Malvaceae family [37, 

27]. It is a tropical and subtropical vegetable mainly grown 

in warm weathers. Despite detailed classification and 

scientific name, okra is named differently in different parts 

of the world. These include locally given names such as, 

Kacang Bendi, Qiu Kui, Okra, Okura, Okro, Quiabos, 

Ochro, Quiabo, Gumbo, Quimgombo, Bamieh, Bamya, 

Quingumbo, Bamia, Ladies Fingers, Bendi, Bhindi, and 

Kopi Arab [37]. 

Okra is a multipurpose crop due to its various uses of the 

fresh leaves, bud, flowers, pods, stems, and seeds [43]. Okra 

immature fruits, which are consumed as vegetables can be 

used in salads, soups, and stews, fresh or dried, fried or boiled 

[46]. According to [12], okra fruit contains 86% water, 2.2% 

protein, 10% carbohydrate, 0.2% fat, and vitamins A, B, and 

C. Okra seeds are a source of oil and protein [25]. Despite the 

numerous potentials of okra fruit production, its level of 

production and yield per hectare has been very low in most of 

growing areas due to the low fertility status of most soils. In 

Nigeria (about 2.7 M t ha-1) compared with India (10.5 M t 

ha-1), Sudan (10.2 M t ha-1), Egypt (15.7 M t ha-1), and Saudi 

Arabia (11.5 M t ha-1) [62]. 

According to [28], nutrients like nitrogen, phosphorus, 

potassium, calcium, salt, and sulfur are necessary for okra 

production and reproductive maintenance. When these 

nutrients are not present in sufficient amounts, okra performs 

poorly and produces less than desired. In conjunction with 

manures like compost, farm yard manure, vermicomposting, 

and green manures, as well as fertilizers fortified with 

micronutrients and bio-fertilizers (such as 

phosphate-solubilizing bacteria, Azospirillum, Azotobacter, 

Rhizobium, and potash-mobilizing bio-fertilizers) that can 

supplement some NPK fertilizers, Integrated Nutrient 

Management (INM) encourages the balanced and sound use 

of chemical fertilizers [30]. 

It is well known that the combined application of organic 

matter and chemical fertilizers can effectively stop the 

reduction in production by addressing minor nutrient 

deficiencies and improving the physical and biological 

properties of the soil. According to [64], this system has the 

ability to balance restorative and degenerative activities in 

the soil environment. Numerous studies have demonstrated 

the potential impact of micronutrients on agricultural plant 

growth and development. Utilizing micronutrients 

enhances both the amount and quality of agricultural 

output. 

 

2. Response of Okra (Abelmoschus 

esculentus L.) to Organic and 

Inorganic Fertilizers 

2.1. Importance of Integrated Nutrient 

Management (INM) in Crop Production 

The control of soil organic matter and the sensible 

application of organic inputs such as crop residues, green 

manures, animal manures, sewage sludge, and wastes from 

the food industry will be crucial concerns in the design of 

sustainable agricultural systems in the ensuing decades. 

Organic manure is used alongside with chemical fertilizers 

which is significant from the standpoint of crop productivity 

and quality [55]. The fundamental idea of integrated nutrient 

management is still to reduce chemical fertilizer inputs while 

simultaneously maintaining potentially enhancing soil 

fertility for long-term crop production. 

When the actual nutrient demand of the plants is met by 

organic inputs in addition to inorganic fertilizers that reduce 

the amount of chemicals fed to the soil, integrated nutrition 

management (INM) helps to provide balanced nutrition to 

crops and minimizes the antagonistic effects resulting from 

hidden deficiencies and nutrient imbalance. By maximizing 

the benefits from all potential sources of organic, inorganic, 

and biological components in an integrated way, integrated 

nutrient management (INM) refers to the maintenance of soil 

fertility and plant nutrient delivery at an optimal level for 

maintaining the target productivity. It balances the supply of 

nutrients from applied and native sources with the demand for 

nutrients in crops. Fertilizer needs are crucial for the early 

growth and overall yield of okra. Crop productivity can be 

raised by using organic and inorganic fertilizers in together 

[41]. 

2.2. Farmyard Manure (FYM) 

FYM is the most commonly used organic manure in okra 

production in India. According to [59], the effect of organic 

and inorganic source of nutrients NPK, FYM and 

Azospirillum on number of fruits per plant was found 

significant. The maximum number of fruits per plant 18.69 

was recorded in T9 (NPK 100% + FYM 100% + Azospirillum 

50%) and minimum number of branches 13.09 was recorded 

in absolute Control after harvesting respectively. Similarly, 

[33], suggested that application of 12 t /ha farmyard manure 

significantly produced higher mean values on plant height, 

number of leaves/ plant/ha, number of branches /plant/ha and 

leaf area /plant/ha at P = 0.05. However, the control treatment 

significantly produced lower mean values of all growth 

parameters of okra at P = 0.05. According to [11], application 

of 75% of recommended dose of NPK + FYM 2.5 t/ ha + VC 

1.25 t /ha + NC 0.5 t/ ha was highly favourable for dry matter 

production, nutrient uptake and yield of okra. Similarly [2], 
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recorded the maximum okra yield optained in poultry manure 

(14.91 tn/ha) which was statistically at par with chemical 

(12.78 t/ha) and goat manure (12.74 /ha) whereas the 

significantly minimum yield was recorded in control (7.03 

tn/ha). 

2.3. Poultry /Chicken/ Manure 

Sustainable agriculture has effectively employed animal 

manures [45]. According to [45, 26], chicken manure is the 

most significant manure among organic leftovers due to its 

high content of nitrogen and other important nutrients. In dry 

and semi-arid climates, adding chicken manure as an organic 

amendment to the soil replenishes it with additional nutrients 

and enhances its physical and chemical properties. 

Additionally, according to [6, 15], Poultry manure (PM) is an 

excellent source of organic manure. It supplies both macro 

and micro-nutrients during mineralization, increases the 

organic matter content of the soil, and consequently enhances 

the texture, structure, aeration, moisture holding capacity, 

nutrient retention and water infiltration in the soil. 

Furthermore, [47] reported that the plot improved by 

applying chicken manure along with pawpaw leaves had the 

highest mean pod length and pod girth of okra. This was 

comparable to applying neem leaves along with chicken 

manure. The plot without soil augmentation (0 g application) 

had the lowest mean pod length and pod girth (control). When 

chicken dung was used as the only fertilizer, the same pattern 

persisted. Numerous academics concurred that using organic 

manure, particularly chicken droppings, for crop development 

had improved agricultural practices in West African nations. 

In addition to providing an adequate supply of the nutrients 

required for soil production, organic manure improves the 

physical characteristics of soil, including structure, 

water-holding capacity, aeration, and drainage. One important 

source of plant nutrients is organic fertilizer or poultry waste. 

In this regard, [32] advocate that organic manure, or poultry 

manure, be utilized in the cultivation of vegetables, such as 

okra, because it contains nutrients that nourish the soil and the 

plant itself. 

2.4. VermiComposting 

The term "vermicompost" refers to earthworm droppings 

that are left over after organic materials have been digested in 

the intestinal tract. Vermicompost is an inexpensive organic 

material that is created by the bio-oxidation of organic 

substrates, combining the beneficial effects of earthworms 

and microorganisms [40, 8]. Due to its high organic content 

and lack of chemicals, vermicompost is environmentally 

beneficial. It is more abundant in nutrients and releases 

nutrients gradually, which plants absorb rapidly. As indicated 

by [36], plants are safer and less susceptible to pests and 

illnesses, which lowers the need for pesticides. 

Vermicompost increases the production of okra as it 

improves soil bulk density, water retention capacity, pH, and 

electrical conductivity more than conventional compost or 

raw material. It is crucial to the long-term fertility and 

productivity of the soil. Additionally, it promotes crop 

development and growth while raising yield. Numerous biotic 

and abiotic factors have a substantial impact on okra 

production. Soil salinity is one of the elements impacting okra 

yield and cultivation in various locations of the world. Salinity 

in the soil negatively affects the growth, yield, and quality of 

crops [7, 18]. 

Unlikely, [34], suggested that, the presence of heavy metals 

in vermicompost made from urban and industrial wastes is a 

severe issue that restricts plant use, especially in vegetables, 

despite the positive impacts on soil physio-biochemical 

characteristics, plant growth, yield, and quality. Thus, the 

primary goal of the recent research would be the integration 

effects of vermicompost and chemical fertilizer levels 

determination for plant well growth and development, as well 

as the quantity and quality of fruit produced. Furthermore [14] 

hypothesized that the high nutrient contents of the inorganic 

fertilizer and vermicompost, as compared to the control 

treatment, might account for the greatest agronomic 

parameters reported with them. In a similar vein, a number of 

researchers found that adding NPK and vermicompost to the 

soil increased the okra's agronomic parameters. 

2.5. Biofertilizer 

Biofertilizers are substances that are enriched with bacteria 

that aid in the growth of trees and plants by providing them 

with more vital nutrients. It is made up of living things, such 

as bacteria, blue-green algae, and mycorrhizal fungus. For the 

benefit of the plant, mycorrhizal fungi selectively remove 

minerals from organic materials, whereas cyanobacteria are 

known for their ability to fix nitrogen. The process of turning 

di-nitrogen molecules into ammonia is known as nitrogen 

fixation. Certain bacteria, for example, change nitrogen into 

ammonia. Nitrogen is therefore made accessible to plants. 

Biofertilizers release substances that promote growth and 

vitamins that support soil fertility. By acting as an antagonist 

and reducing the prevalence of soil-borne plant pathogens, 

they contribute to the management of illnesses. The 

microorganisms in biofertilizer that fix nitrogen, break down 

plant materials into smaller pieces, and mobilize phosphate 

improve the amount of plant nutrients available in the soil, 

which benefits farming practices and agricultural output. 

When biofertilizer is applied, it promotes root development, 

nitrogen fixation, mineral and water intake, and vegetative 

growth [16]. 

According to [10], the highest yields observed with the 

biofertilizer Retone would the result from its ability to induce 

good chlorophyll content in okra plants, coupled with its 

capacity to increase resilience to abiotic stresses. The lowest 

averages recorded for the various parameters assessed were 

obtained using Spaawet and Super Gro biofertilizers, as well 
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as the no-fertilizer control. These results may be explained by 

the fact that Spaawet biofertilizer is a polyether 

trisiloxane-modified agricultural adjuvant that possesses 

surface-active properties and significantly reduces water 

surface tension. The Retone biofertilizer produced the best 

results in terms of growth and yield parameters of okra. In a 

similar vein [61], suggested that the application of Eco-Agra 

as a liquid biofertilizer may have a substantial impact on the 

development and yield of okra. In addition, compared to the 

control treatment, the higher dosages (6 ml/L) of liquid 

bio-fertilizer (Eco-agra) enhanced yield by almost 60%. Thus, 

using liquid biofertilizer at a rate of 6 milliliters per liter may 

be the optimal dosage for okra cultivation. 

2.6. Chemical Fertilizer 

Inorganic fertilizers are either produced chemically in an 

industrial setting or extracted from mineral reserves that 

require minimal processing, such as phosphate rock, potash, 

or lime. Based on the manufacturing method, inorganic 

fertilizers have different looks. Fertilizer grades include 

compound fertilizers (containing two or more nutrients 

typically combined in a homogeneous mixture by chemical 

interaction), blends of fertilizers (formed by physically 

blending mineral fertilizers to obtain desired nutrient ratios), 

and crystals, pellets, granules, or dust are examples of the 

many different sizes and shapes of the particles. Fertilizers are 

now necessary for contemporary agriculture in order to feed 

the world's expanding population. Humanity has benefited 

from the use of fertilizers, particularly chemical fertilizers, 

which have helped to reduce global hunger and mortality. 

Chemical fertilizers boost agricultural yields, but when 

used excessively, they weaken soil fertility, intensify 

pesticides, contaminate air and water, and emit greenhouse 

gases, all of which pose risks to human health and the 

environment. Chemical fertilizers have been demonstrated to 

provide significant obstacles to sustained and balanced 

growth. Therefore, it is evident that scientists and experts are 

praising organic fertilizers as the ideal way to prevent soil 

degradation as well as several other environmental and 

biological hazards brought on by the excessive use of 

chemical fertilizers [57]. In comparison to other nutrients, 

nitrogen, phosphorus, and potassium are the most crucial 

elements that plants require in relatively significant amounts. 

Okra plants benefit more from the combined use of organic 

and mineral fertilizers than they would from the use of either 

organic manure or mineral fertilizers by themselves [5]. 

2.6.1. Nitrogen (N) 

N is a fundamental constituent of organic substances, 

including nucleic acids, proteins, and amino acids. A lack of it 

causes phenological development in the vegetative and 

reproductive phases to be delayed [22]. Whereas ammonium 

is the least leaching-prone type of N, urea is somewhat 

vulnerable, and nitrate is the most susceptible. Fertilizer 

compounds containing nitrate are less vulnerable to 

ammonia-induced volatilization loss of nitrogen than 

ammonium and urea. Ethiopian horticulture and grain crops 

mostly obtain their nitrogen fertilizer from urea. 

High biomass is only achievable under N fertilization 

circumstances, and applying the proper quantity of N fertilizer 

may greatly boost biomass [23]. Nitrogen seems to keep 

leaves viable on the surface; as leaves become more durable, 

so do the length and rate of photosynthesis, which enables the 

plant to create more dry matter. Lack of N increases 

competition for the element's transfer within the plant, hinders 

the timely and full development of reproductive organs by 

lowering the crop growth rate (CGR), delays plant phenology, 

lowers the harvest index, and ultimately lowers plant grain 

yield [22], and slows down the rate of pure assimilation [19] 

and speeds up leaf senescence [17]. 

According to [21] suggested that, Plant development is 

inhibited by N deficit, which eventually lowers yield. On the 

other hand, issues arise when N fertilizer is not used properly. 

Plant production is decreased by overusing necessary nitrogen. 

Thus, it's essential to assess the N content of the field soil 

before adding N fertilizer. Plants need the ideal amount of 

nitrogen to grow and develop. Leaching is one of the main 

issues with nitrogen-limiting variables. When applied to a 

crop, nitrogen dissolves in irrigation water and percolates 

from the upper soil surface to the lower soil layer. N deficit is 

the result of this process, and as the saying goes, "limited 

nitrogen means limited its use efficiency." It is evident that 

less nitrogen available limits plant growth and development 

[39]. Furthermore, [63] research indicated that okra plant 

height, stem diameter, maximum leaf length, maximum leaf 

breadth, and number of leaves all significantly increased with 

proper N treatment and were directly connected with high 

yield while zero nitrogen or control resulted lower yield. 

2.6.2. Phosphorus (P) 

Plant development requires 17 nutrients, among which is 

phosphorus. P is an essential component for optimal 

development and reproduction, and no other nutrient can 

fulfill its roles. Because it is a significant nutrient and is 

needed by crops in relatively high quantities, phosphorus is 

often lacking for crop production. Crops used for agriculture 

typically have a total P content that ranges from 0.1 to 0.5%. 

By 2050, there are expected to be 9.9 billion people on the 

planet, which means that food production must rise by more 

than 70% [58]. Thus, it is vitally important to use resources 

efficiently in order to increase agricultural productivity. A 

major section of soils globally lacks phosphorus (P), resulting 

in a severe restriction of crop production and posing a 

substantial danger to global food security [31]. Although 

phosphorus is abundant in the lithosphere, plants require 

inorganic orthophosphate (Pi), a type of phosphorus that 

diffuses slowly in soils due to its intractable nature [51]. This 

causes ecosystems and agricultural fields to become P 

deficient. Soil microbiota also influences phosphorus 
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availability; it may either out compete plants for phosphorus 

or form advantageous partnerships, like mycorrhizae, to 

improve phosphorus acquisition efficiency. P fertilizers are 

ineffective because of their characteristics; only 15-20% of 

the P is absorbed by plants; the rest is leached, degrading the 

soil and eutrophicating the water [13]. 

Unlike nitrogen, which is found in large quantities in the 

atmosphere, rock phosphate, or rock P, is scarce. In 

conclusion, according to [35], a lack of phosphorus 

significantly affects the density and stomatal conductance of a 

variety of plant species, which in turn affects photosynthetic 

efficiency, growth, and water relations. Plants that receive 

enough P nutrients are more resilient to abiotic stressors. 

Restoring P to P-starved plants can help them recover from 

abiotic stress situations by preventing photosynthesis 

inhibition and enhancing stomata conductance and 

photosynthesis. 

In a similar vein [29], found that applying phosphorus up 

to 100 kg/ha increased okra plants' fresh and dry weight pod 

(160 and 92 g/plant, respectively), leaves (24.3/plant), plant 

girth (5.6 cm), plant spread (45.8 cm), and height (3. 5 m). 

This might be because there is more phosphorus available, 

which creates a better nutritional environment for growth 

and development in the root zone. [44], also demonstrated 

that when phosphorus levels rose, so did the number of 

branches per plant. At all development stages on the rooftop, 

P2 (120 kg P2O5 ha-1) had the most branches per plant (4.2), 

followed by P1 (80 kg P2O5 ha-1). In field plants, P0 

generated the fewest branches per plant (3.07) during all 

growth phases, with P1 and P2 showing no discernible 

variation. The administration of less phosphorus may not 

have been able to be absorbed by the okra plants in the 

control plots, and it was likely insufficient for normal plant 

growth and development, which led to a decrease in the 

number of branches per plant. 

2.6.3. Potassium (K) 

One of the three macroprimary nutrients required for plant 

development is potassium. Potassium (K) is essential for the 

physiological processes of protein synthesis, water, nutrient, 

and carbohydrate transfer, photosynthesis, nitrogen use, early 

growth stimulation, and pest and disease resistance, according 

to [54, 38]. In addition, it facilitates assimilate transportation, 

regulates stomata opening, activates plant enzymes, 

particularly those involved in energy transfer and the 

synthesis of sugars, starches, and proteins, and supports 

microbial activity in addition to enhancing human and animal 

nutrition and health. 

Potassium is present in the soil as the water-soluble, 

exchangeable, fixed mineral K. Plants absorb 

soil-exchangeable K, or accessible K, from the soil solution. 

When plant removal, leaching, or exchange reactions with 

other cations reduce solution and exchangeable K, some 

non-exchangeable K may become exchangeable. However, 

long-term soil weathering may only very slowly make mineral 

K, which makes up the majority of total K in soils, accessible. 

As K is introduced to the soil through agricultural waste, 

manure, or fertilizer, it is also distributed among different 

forms [24]. 

According to [44], potassium showed a significant 

variation for different levels on yield per plot on rooftop and 

field. The rooftop K2 (80 kg K2O/ha) produced the highest 

yield (15.69 kg/plot), whereas the control circumstances 

produced the lowest yield (13.05 kg/plot). In the field, K2 and 

Ko (zero) yielded the highest yield/plot (14.72 kg) and lowest 

yield/plot (12.04 kg), respectively. According to [56], an 

increase in potassium levels had an impact on vegetative 

development as well as an increase in production. 30% more 

K-based fertilizer treated the plot with the highest output (6.98 

t ha-1), closely followed by 30% more P-based fertilizer (6.38 

t ha-1). 

More likely, K has a well-established role in reducing 

insect-caused agricultural damage. According to reports, a 

high level of K combined with the required amount of 

nitrogen can improve the metabolism of secondary 

compounds, decrease the buildup of carbohydrates, facilitate 

the removal of amino acids, and raise the silica content of 

leaves. Furthermore, a high potassium supply tends to harden 

the structure of plants, making the cuticle, cell walls, and 

outer layer of the epidermis stronger, increasing the amount of 

sclerenchymatous tissues and silicification, and ultimately 

making the stem thicker and harder [20]. It is commonly 

believed that this hardening of the plant structure increases the 

mechanical resistance to insect feeding, particularly that of 

sucking insects [52]. 

2.6.4. Micronutrients 

Although they are required in extremely minute amounts 

within the plant system, micronutrients, also known as trace 

elements, are crucial for the growth and development of plants. 

It comprises Fe, Cu, Cl, Mn, B, Ni, Zn and Mo. Plants often 

accumulate these micronutrients in the following order: 

Mn>Fe>Zn>B>Cu>Mo [3]. This order may fluctuate among 

plant species and growing situations (e.g.; flooded rice). They 

are typically found in conjunction with bigger molecules like 

enzymes, cytochromes, and chlorophyll [53]. 

Micronutrients can have a significant influence on crop 

development even if their levels relative to the crop's needs 

may be small. Whenever the availability of one or more of 

these elements is inadequate, yields will be lowered and the 

quality of crop products compromised, although crop species 

and cultivars vary widely in their sensitivity to shortages. 

Micronutrients are essential for soil fertility, agricultural yield, 

growth, and human nutrition. 

However, when these micronutrients are present at high 

amounts, they can also be shown to have a toxic impact, 

which puts plant growth at risk. To prevent needless expenses, 

potential harmful effects, and harmful interactions with other 

nutrients, growers should closely adhere to recommendations 

for micronutrients [42]. Micronutrients must be absorbed by 
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plants from the soil or added through foliar treatment to 

enhance vegetative growth and crop output. Micronutrients 

applied foliarly are more efficient than those applied in soil 

since the latter technique takes longer for micronutrients to be 

absorbed and assimilated [50]. 

3. Conclusion 

Vegetable crops depend on integrated nutrition 

management for their growth and development. The 

nutritional value of crops is becoming a serious concern, thus, 

application of balanced agricultural nutrients are vital to 

support soil health and crop production moreover sustaining 

the quality of vegetables like okra is of profound importance. 

Improved yield, quality, earliness, fruit setting, increased 

post-harvest life, and development of tolerance to biotic and 

abiotic stressors of okra cultivation are all benefits of 

integrated nutrition management. 
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INMS Integrated Nutrient Management System 

N Nitrogen 

k Potassium 

p Phosphorus 

PM Poultry Manure 

FYM Farm Yard Manure 

Author Contributions 

Mathewos Misgana Gaddisa is the sole author. The author 

read and approved the final manuscript. 

Conflicts of Interest 

The author declares no conflicts of interest. 

References 

[1] Abeykoon, A. M. K. C. K., Fonseka, R. M., Paththinige, S. 

and Weerasinghe. K. W. L. K. (2010). Fertilizer Requirement 

for Densely Planted Okra (Abelmoschus esculentus L.). 

Journal Tropical Agricultural Research, Sri Lanka 21(3): 275 – 

283. 

[2] Adhikari, A. and Piya, A., (2020). Effect of different sources of 

nutrient on growth and yield of okra (Abelmoschus esculentus 

L. Monech). International Journal of Environmental & 

Agriculture Research, 6(1), pp. 45-50. 

[3] Ahmad, I., M. Asif, A. Amjad and S. Ahmad, (2011). 

Fertilization enhances growth, yield and xanthophyll contents 

of marigold. Turk. J. Agric. For., 35: 641-648. 

[4] Ahmed, A. Abdulhameed, S. R. Yusuf and M. Aliyu, (2006). 

“Comparative study of the defoliatory activities of Podagrica 

sjotedti and P. uniforma (Coleoptera: Chrysomelidae) on two 

intercropped okra varieties in Bauchi State, Nigeria Savannah,” 

Journal of Agriculture, vol. 1, pp. 12-14. 

[5] Akande, M. O.; F. I. Oluwatoyinbo; E. A. Makinde; A. S. 

Adepoju; and I. S. Adeadepoju (2010). Response of okra to 

organic and inorganic fertilization. Nature and Science, 8 (II): 

261-266. 

[6] Akinrinde EA, Olubakin DA, Omoloso SO, Ahmed AA (2006). 

Agric J 1(2): 96–103. 

[7] Ali MS, D Majumder, SK Talukder, ZH Zahid, P Datta, MJ 

Rahman and K Hossen, (2023). Effect of nitrogen, phosphorus 

and potassium on the growth and yield performance of garlic 

(Allium sativum L.) in coastal zone of Bangladesh. Research in 

Agriculture Livestock and Fisheries, 10(1): 53-60. 

[8] Baghel B, R Sahu and D Pandey, 2018. Vermicomposting an 

economical enterprise for nutrient and waste management for 

rural agriculture. International Journal of Current 

Microbiology and Applied Sciences, 7(2): 3754-3758. 

[9] Benchasri, S., (2012). Okra (Abelmoschus esculentus (L.) 

Moench) as a valuable vegetable of the world. Field & 

Vegetable Crops Research/Ratarstvo i povrtarstvo, 49(1). 

[10] Bertrand, G. N., Patrice, N. M., Souleymane, S., Pacôme, K. 

N., Gilchrist, K. E. Y., Patrick, D. J., Fatim, K. D. S., Daouda, 

K. and Sorho, F. (2024). Effect of Biofertilizers on the 

Agromorphological Parameters of three Okra Cultivars in 

Southern Côte d’Ivoire. Agricultural Sciences, 15, 408-422. 

https://doi.org/10.4236/as.2024.15402 

[11] Bharthy, R. B., Sankaran, M. and Subramani, T., (2017). Effect 

of integrated nutrient management on nutrient uptake and yield 

of okra [Abelmoschus esculentus (L.) Moench] under islands 

conditions. 

[12] Christo EI., and Onuh MO., (2005). Influence of Plant Spacing 

on the Growth and Yield of Okro (Abelmoschus esculantus (L) 

Moenah. Proceedings of the 39th Conference of the 

Agricultural Society of Nigeria (ASN) held at Benin, 9 th -13th 

October, 612-53. 

[13] Conley, D. J., Paerl, H. W., Howarth, R. W., Boesch, D. F., 

Seitzinger, S. P., Havens, K. E., Lancelot, C. and Likens, G. E., 

(2009). Controlling eutrophication: nitrogen and phosphorus. 

Science, 323(5917), pp. 1014-1015. 

[14] Coulibaly, S. S., Touré, M., Kouamé, A. E., Kambou, I. C., 

Soro, S. Y., Yéo, K. I., Koné, S. and Zoro, B. I., (2021). 

Vermicompost as an alternative to inorganic fertilizer to 

improve okra productivity in Cote d’Ivoire. Open Journal of 

Soil Science, 11(1), pp. 1-12. 

[15] Dekissa T, Short I, Allen J (2008). In proceedings of 

theUCWR/ NIWA Annual conference. Intl Water Resources 

Education; July 22–24, Durhan, NC. 

[16] Devender Kumar and Sanjay Kumar (2022). Effect of Nitrogen 

and Biofertilizers on Growth Parameter of Okra (Abelmoschus 

esculentus L.). Biological Forum – An International Journal, 

14(2): 1567-1570. 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

40 

[17] Ding, L., Wang, K. J., Jiang, G. M., Biswas, D. K., Xu, H., Li, L. 

F., Li, Y. H. (2005). Effects of nitrogen deficiency on 

photosynthetic traits of maize hybrids released in different years. 

Annals of Botanyl, 96, 925–930.  

https://doi.org/10.1093/aob/mci244 

[18] Dong H, W Li, W Tang and D Zhang, (2008). Furrow seeding 

with plastic mulching increases stand establishment and lint 

yield of cotton in a saline field. Agronomy Journal, 100(6): 

1640-1646. 

[19] Echarte, L., S., Rothstein, S., & Tollenaar, M. (2008). The Response 

of Leaf Photosynthesis and Dry Matter Accumulation to Nitrogen 

Supply in an Older and a Newer Maize Hybrid. Crop. Sci., 48(2), 

656–665. https://doi.org/10.2135/cropsci2007.06.0366 

[20] Facknath S. and Lalljee B. (2005). Effect of soil-applied 

complex fertiliser on an insect – host plant relationship: 

Liriomyza trifoliion Solanum tuberosum. Entomologia 

Experimentaliset Applicata, 15(1), 67–77. 

[21] Fathi, A. (2022). Role of nitrogen (N) in plant growth, 

photosynthesis pigments, and N use efficiency: A review. 

Agrisost, 28, 1-8. https://doi.org/10.5281/zenodo.7143588 

[22] Fathi, A. and Zeidali, E., (2021). Conservation tillage and 

nitrogen fertilizer: a review of corn growth and yield and weed 

management. Central Asian Journal of Plant Science 

Innovation, 1(3), pp. 121-142. 

[23] Fathi, A., Farnia, A., & Maleki, A. (2016). Effects of biological 

nitrogen and phosphorus fertilizers on vegetative 

characteristics, dry matter and yield of corn. Appl. F. Crop. 

Res., 29, 1–7. https://doi.org/10.22092/aj.2016.109214 

[24] Gebreslassie, H. B., 2016. Effect of potasium fertilizer on crop 

production. Journal of Natural Sciences Research, 6(7), pp. 

81-86. 

[25] Gemede HF, Ratta N, Haki GD, Woldegiorgis AZ, Beyene F. 

(2014). Nutritional quality and health benefits of okra 

(Abelmoschus esculentus): a review. Food Sci. Qual. Manage. 

33: 87-96. 

[26] Ghanbarian, D. A. V. O. U. D., Youneji, S. A. F. O. U. R. A., 

Fallah, S. E. Y. F. O. L. L. A. H. and Farhadi, A., 2008. Effect 

of broiler litter on physical properties, growth and yield of two 

cultivars of cantaloupe (Cucumis melo). 

[27] Gulsen, O. Suleyman Karaqul, S., & Abak, K. (2007). 

Diversity and relationships among Turkish okra germplasm by 

SRAP and phenotypic marker polymorphism. Biologia, 

Bratislava, 62/1: 41-45. 

[28] Habtamu Fekadu, Negussie Ratta, Gulelat Desse Haki and 

Ashagrie Z. Woldegiorgis Fekadu Beyene (2014). Nutritional 

Quality and Health Benefits of Okra (Abelmoschus esculentus): 

A Review. Global Journal of Medical Research: K 

Interdisciplinary 14(5): 28-37. 

[29] Harpal Singh, H. S., Singh, R. P., Yadav, R. R., Bareliya, P. K., 

Bharti, A. K. and Pawan Kumar, P. K., (2018). Effect of FYM 

and phosphorus on growth and yield of okra (Abelmoschus 

esculentus L.). 

[30] Herbert, S. J. (1998). Deptt. Of Plant and Soil Sci., Univ. of 

Massachusetts Amherst Crops, Dairy, Livestock News. 3: 1. 

[31] Heuer, S., Gaxiola, R., Schilling, R., Herrera‐Estrella, L., 

López‐ Arredondo, D., Wissuwa, M., Delhaize, E. and 

Rouached, H., 2017. Improving phosphorus use efficiency: a 

complex trait with emerging opportunities. The Plant Journal, 

90(5), pp. 868-885. 

[32] Ibeh, C. U., Nsoanya, L. and Nweke, I. A., (2019). Effect of 

poultry manure on growth and yield of local varieties of 

okra (Abelmoschus esculentus). Available at SSRN 

3463853. 

[33] Ibrahim, U. and Hamma, I. L., (2012). Influence of farmyard 

manure and weeding regimes on growth and yield of okra 

(Abelmoschus esculentus L. Moench) in Zaria. World Journal 

of Agricultural Sciences, 8(5), pp. 453-458. 

[34] Jordao C. P., Nascentes C. C., Cecon P. R., Fontes R. L. F., 

Pereira J. L. (2006). Heavy metal availability in soil amended 

with composted urban solid wastes. Environmental Monitoring 

Assessment 112: 309-326. 

[35] Khan, F., Siddique, A. B., Shabala, S., Zhou, M. and Zhao, C., 

(2023). Phosphorus plays key roles in regulating plants’ 

physiological responses to abiotic stresses. Plants, 12(15), p. 

2861. 

[36] Kovshov, S. V. and Iconnicov, D. A. (2017). Growing of grass, 

radish, onion and marigolds in vermicompost made from pig 

manure and wheat straw. Indian Journal of Agricultural 

Research. 51(4): 327-332. 

[37] Kumar, D. S., Tony D. E., Kumar, A. P., K., Kumar, A., Rao, D. 

B. S., & d. Ramarao Nadendla, d. R. (2013). A Review on: 

Abelmochus Esculentus (Okra). Int. Res J Pharm. App Sci.; 

3(4): 129-132 ISSN: 2277-4149. 

[38] Lakudzala, D. D., (2013). Potassium response in some Malawi 

soils. International Letters of Chemistry, Physics and 

Astronomy, 8, pp. 175-181. 

[39] Leghari, S. J., Wahocho, N. A., Laghari, G. M., HafeezLaghari, 

A., MustafaBhabhan, G., HussainTalpur, K., Bhutto, T. A., 

Wahocho, S. A. and Lashari, A. A., (2016). Role of nitrogen for 

plant growth and development: A review. Advances in 

Environmental Biology, 10(9), pp. 209-219. 

[40] Lim SL, LH Lee and TY Wu, 2016. Sustainability of using 

composting and vermicomposting technologies for organic 

solid waste biotransformation: recent overview, greenhouse 

gases emissions and economic analysis. Journal of Cleaner 

Production, 111: 262-278. 

[41] Mal, B., Mahapatra, P., Mohanty, S., & Mishra, H. N. (2013). 

Growth and yield parameters of okra (Abelmoschus esculentus) 

influenced by Diazotrophs and chemical fertilizers. Journal of 

Crop and Weed, 9(2), 109–112. 

[42] Maurya PK, Yadav LM, Patel P, Thakur G. (2018). Effect of 

micronutrients application on quality and shelf life of kharif 

onion (Allium cepa L.). International Journal of Chemical 

Studies; 6(2): 1121-1124. 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

41 

[43] Mihretu Y, Wayessa G, Adugna D. (2014). Multivariate 

Analysis among Okra (Abelmoschus esculentus (L.) Moench) 

Collection in South Western Ethiopia. J. Plant Sci. 9(2): 43-50. 

[44] Mimi, I., (2021). Effect of potassium and phosphorus on 

growth and yield of okra in rooftop And Field. 

[45] Naim, A. H. and Abker, N. M., (2016). Effects of chicken 

manure and nitrogenous fertilizer on growth, yield and yield 

components of Okra (Abelmoschus esculentus (L.) Monech) 

under rainfed conditions. International Journal of Scientific & 

Engineering Research, 7(6), pp. 594-601. 

[46] Ndunguru J, Rajabu AC. (2004). Effect of okra mosaic virus 

disease on the above-ground morphological yield components 

of okra in Tanzania. Sci. Hort. 99: 225-235. 

[47] Nyande, A., George, M. S., Kassoh, F. A. and Bah, A. M., (2021). 

Growth and yield response of okra (Ablemochus esculentus) to 

varying rates of different sources of organic soil amendments at 

Njala, Moyamba District, Southern Sierra Leone. African Journal 

of Agricultural Research, 17(8), pp. 1144-1154. 

[48] Olaniyi, J. O, W. B. Akanbi., O. A. Olaniran & O. T. Ilupeju 

(2010). The effect of organo-mineral and inorganic fertilizers 

on the growth, fruit yield, quality and chemical compositions 

of okra. Journal of Animal & Plant Sciences, Vol. 9, Issue 1: 

1135- 1140. http://www.biosciences.elewa.org/JA PS; ISSN 

2071 – 7024 

[49] Osawaru, M. E. and Dania-Ogbe, F. M. (2010). Ethnobotanical 

studies of west-African okra [Abelmoschus caillei (a. Chev) 

stevels] from some tribes of south western Nigeria. Science 

World Journal, vol. 5, no. 1.  

https://doi.org/10.4314/swj.v5i1.61484 

[50] Pandav AK, Nalla MK, Aslam T, Rana MK, Bommesh JC. 

(2016). Effect of foliar application of micronutrients on growth 

and yield parameters in Eggplant cv HLB 12. Environment and 

Ecology; 35(3): 1745-1748. 

[51] Paz-Ares, J., Puga, M. I., Rojas-Triana, M., Martinez-Hevia, I., 

Diaz, S., Poza-Carrión, C., Miñambres, M. and Leyva, A., 

(2022). Plant adaptation to low phosphorus availability: Core 

signaling, crosstalks, and applied implications. Molecular 

Plant, 15(1), pp. 104-124. 

[52] Perrenoud, S., (1977). Potassium and plant health (No. 3, pp. 

218-pp). Berne: International Potash Institute. 

[53] Rahman, R., Sofi, J. A., Javeed, I., Malik, T. H. and Nisar, S., 

(2020). Role of micronutrients in crop production. 

International Journal of Current Microbiology and Applied 

Sciences, 8, pp. 2265-2287. 

[54] Rehm, G. and Schmitt, M., (2002). Potassium for crop 

production. Retrieved February, 2, p. 2011. 

[55] Sachan, S., Singh, D., Kasera, S., Mishra, S. K., Tripathi, Y., 

Mishra, V., & Singh, R. K. (2017). Integrated Nutrient 

Management (INM) in Okra (Abelmoschus esculentus L.) 

Moench) for Better Growth and Higher Yield. Pharmacognosy 

and Phytochemistry, 6(5), 1854–1856. 

[56] Saha, T., Ahmad, M. and Das, G.,(2020). Potassium-based 

fertilizer potentially reduces the incidence of sucking insects 

on okra and increases marketable yield. 

[57] Sangeeth, K. P. (2016). Integrated plant nutrient system–with 

special emphasis on mineral nutriton and biofertilizers for 

Black pepper and cardamom–A review. Crit. Rev. Microbiol. 

42, 439–453. https://doi.org/10.3109/1040841X.2014.958433 

[58] Sarfraz, S., Ali, F., Hameed, A., Ahmad, Z. and Riaz, K., 

(2023). Sustainable agriculture through technological 

innovations. In Sustainable agriculture in the era of the OMICs 

revolution (pp. 223-239). Cham: Springer International 

Publishing. 

[59] Singh, S., Bharose, R., Thomas, T. and Toppo, N., (2023). 

Impact of Integrated Nutrient Management on Growth and 

Yield of Okra Crop (Abelmoschus esculentus L.) var. Deepika. 

International Journal of Environment and Climate Change, 

13(9), pp. 112-115. 

[60] Torkpo, S. K., Danquah, E. Y., Offei, S. K. and Blay, E. T. 

(2006). Esterase, total protein and seed storage protein 

diversity in Okra (Abelmoschus esculentus L. Moench). West 

Africa Journal of Applied Ecology (WAJAE) Ghana 9: 1-7. 

[61] Uddin, AFMJ., Rakibuzzaman, M., Adrita, P., Sharmin, S. and 

Husna, M. A. (2021). Influence of Bio-fertilizer concentration 

on Growth and Yield of Okra (Abelmoschus esculentus). Int. J. 

Bus. Soc. Sci. Res. 10(1): 01–05. Retrieve from  

http://www.ijbssr.com/currentissueview/14013440 

[62] Varmudy, V., (2011). Marketing Survey needed to boost okra 

exports. Department of economic Vive Kananda College, 

Puttur Karnataka, p. P1. 

[63] Xu, S., Huang, Y., Zhang, R., Niu, L. and Long, H., 2024. 

Appropriate Nitrogen Application for Alleviation of Soil 

Moisture-Driven Growth Inhibition of Okra (Abelmoschus 

esculentus L.(Moench)). Horticulturae, 10(5), p. 425. 

[64] Yadav, D. S. & Kumar, A. (2009). Long-term effect of nutrient 

management on soil health and productivity of rice (Oryza 

sativa)-wheat (Triticum aestivum) system. Indian Journal of 

Agronomy, 54, 15–23. 

 

http://www.sciencepg.com/journal/aff

