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Abstract: The present experiment entitled “Effect of foliar application of nano-fertilizers on 

growth and flowering of okra (Abelmoschus esculentus) was carried out during Zaidseason of 

2022-23 and 2023-24 at Vegetable Research Farm, Department of Vegetable Science, Chandra 

Shekhar Azad University of Agriculture and Technology, Kanpur. The experiment was laid out 

in Factorial Randomized Block Design (FRBD) with 15 treatment combinations and three 

replications. The experiment was comprised of five major nutrients and threelevelsofmicro 

nutrients. On the basis of results of present investigation, major nutrient,soil application of 75% 

recommended NPK + foliar application of nano NPK @ 4ml/liter of water coupled with foliar 

application of nano Zn and nano Fe @ 1g/4 liter of water (M3N2) were recorded maximum on 

growth characters viz., plant height (120.35cm), number of leaves/plant (55.38), number of 

nodes/plant (15.30),number of branches/plant (4.61), stem diameter (2.77cm) and minimum 

inter-nodal length (7.67cm)and on flowering characters viz., number of days to first flowering 

(39.88days), days to 50% flowering (44.36days), number of flowers/plant (22.60). 
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1. INTRODUCTION 

Okra (Abelmoschus esculents) is one of the most important rainy and summer season vegetable 

crop, belongs to family Malvaceae. Several workers have reported various numbers of 

chromosome ranging from 2n = 72 to 2n = 132, but 2n = 130 is the most common one in okra. It 

is known by many local names in different parts of the world likewise called lady’s finger in 

England, guino - gombo in Spanish, gumbo in the United States of America, guibeiro in 

Portuguese and bhindi species in India. It is commonly used for its tender pods. Nutritionally, 

100 g of edible portion of okra provide calories 35.0 mg, calcium 66.0 mg, moisture 89.6 g, iron 

0.35 mg, carbohydrates 6.4 g, potassium 103.0 mg, protein 1.9 g, magnesium 53.0 mg, fat 0.2 g, 

copper 0.19 mg, fiber 1.2 g, riboflavin 0.01 mg, minerals 0.7g, thiamine 0.07 mg, phosphorus 

56.0 mg, nicotinic acid 0.06 mg, sodium 6.9 mg, vitamin C 13.10 mg, sulphur 30.0 mg and 

oxalic acid 8.0 mg [1]. Dried seeds contain 13-22% edible oil and 20-24% protein and used for 



 

 

refined edible oil. Dry fruit skin and fibers are used in manufacture of paper, card board and 

fibers [2]. India is the largest producer of okra with 6.87 million tones that is account for 61.19 

% of okra production in world followed by Nigeria 1.91 million tonnes[3]. In India, the annual 

production of okra is 6465 MT on an area of 530 thousand hectare with the productivity of 12.2 

MT/hectare [4]. Okra required adequate nutrients for better growth and flowering and most of 

Indian soils are deficient in major and micro nutrients.Indiscriminate use of conventional 

fertilizers by farmers for increasing crop productivity causes several problems like – water 

contamination, environmental pollution, soil degradation and food toxicity that caused health 

hazards for human beings and animals also. Nanotechnology is a better alternative for plant 

nutrition management because it does not degrade the health of soil, environment and food 

quality as well as maintains sustainability. The term “Nanotechnology” was first defined in 1974 

by Norio Taniguchi of the Tokyo Science University [5]. Nanotechnology is the science and 

technology of tiny things, the materials that are less than 100 nm in size (1 Nanometer = 10-9 m = 

1 billionth of a meter) [6]. The change in properties is due to the reduced molecular size and also 

because of changed interactions between molecules. Properties and possibilities of 

nanotechnology, which have more interest in agricultural revolution, are high reactivity, 

enhanced bioavailability and bioactivity, adherent effects and surface effects of nanoparticles [7]. 

Nanotechnology provides different nano devices and nano material which has a unique role in 

agriculture such as nano biosensors to detect moisture content and nutrient status of the soil and 

also applicable to site specific water and nutrient management, nano-fertilizers for efficient 

nutrient management, nano-herbicides for selective weed control in crop field, nano-nutrient 

particles to increase seed vigour, nano-pesticides for efficient pest management.Nano fertilizers 

increase the soil fertility, yield and quality of the crop, they are non-toxic and less harmful to 

humans and environment, they reduce the cost and increase profit. Nano fertilizers are required 

in very less amount since 500 ml nano-urea would able to replace 45 kg of urea and only 10 gm 

of nano-zinc would be sufficient for a hectare of land and thus help in reduction in the 

requirement of chemical fertilizers by 50% - 70% and raise crop production started by the Indian 

Farmers Fertilizer Co-operative Limited (IFFCO) [8]. 

2. MATERIALS AND METHODS 

The experiment was carried out during two consecutivezaidseasons of, 2022-23 and2023-24 at 



 

 

Vegetable Research Farm, Department of VegetableScience, Chandra Shekhar Azad University 

of Agriculture & Technology, Kalyanpur,Kanpur,U.P.(208024)India.GeographicallyKanpuris 

situatedin the Gangetic plains of alluvium soil ofcentral U.P. It lies in altitude and longitude 

ranges between 25.28˚ to 28.50˚ north 

and79.31˚to84.34˚eastatelevationof125.90mabovemeansealevel. The okra variety Pusa Bhindi-5 

was used for carrying out of theexperiment and seeds sowing were done at a spacing of 45cm 

row to row and 30cm plant to plant on 20th February during 2022-23 and 2023-24, respectively. 

The experiment was laid out in Factorial Randomized Block Design(FRBD) with three 

replicationsand 15treatment combinations.  Recommended package of practices werefollowed 

for the crop. Ten plants were selected randomly from each plot and tagged.The observations 

were recorded on growth characters viz., plant height (cm), number of leaves, number of nodes, 

inter-nodal length (cm), number of branches, stem diameter (cm) and on flowering characters 

viz., number of days to first flowering, days to 50% flowering, number of 

flowers/plant.Theexperiment comprised5majornutrientsand 3levelsofmicro nutrientswhich are 

given below in Table- 1. 

Table – 1. 5 major nutrients and 3 levels of micro nutrients 

Sr.no. Major nutrients Notation Micro nutrients Notation 

1. Control (zero major nutrient 
application) 

M0 Control (zero micro nutrient application) N0 

2. 
Soil application of 100% 

Recommended NPK (100:60:50 
kg/ha.) 

M1 Soil application of Zn and Fe @20kg/ha. N1 

3. Foliar application of Nano NPK 
@4ml/liter of water (Two spray) 

M2 
Foliar application of  Nano Zn and Nano 

Fe (Two spray @1g/4 liter of water) 
N2 

4. 
Soil application of 75% Recommended 

NPK + Foliar application of Nano 
NPK @4ml/liter of water (Two spray) 

M3   

5. Soil application of 50% Recommended 
NPK + Foliar application of Nano 

M4   



 

 

 

2.1 Statistical Analysis 

The data were analysis in Factorial Randomized Block Design (FRBD) as advised by [9]. 

2.2 Source of fertilizers 

2.2.1 Nano fertiliers 

Nano NPK: Tropical Agro:Tag Nano NPK is an innovative, first of its kind product that 

combines gluconated fertilizers and Indian Council of Agricultural Research (ICAR) '4G' Nano 

nutrient technologies. Tag Nano NPK is a unique proteino-lacto-gluconate formulation, 

formulated with organic and chelated micro-nutrients, vitamins, probiotics, seaweed extracts, 

humic acid besides Nitrogen, Phosphorus and Potash. 

Nano Zn and Fe :GeolifeAgritech India Pvt. Ltd. : Nano Zn and Fe is a powder formulation 

which is chelated with 12% EDTA & Aminos. 

2.2.2 Conventional fertilizers 

Source of NPK: Urea (46% N), Di-ammonium Phosphate (18% N & 46% P2O5) and Muriate of 

Potash (60% K2O), respectively. 

2.2.3 Applicationofnano-fertilizers 

Nano-fertilizers (NPK) were applied as foliar application @4ml/liter of water and (Fe and Zn) 

@1g/4 liter of water two times once at 25 days after seed sowing and second at 20 days after first 

spray. 

RESULT AND DISCUSSION 

3.1 Growth Characters 

3.1.1 Plant height (cm) 

The plant height was recorded at 30, 60 and 90 days after sowing. The data showed that there 

were significant difference among major nutrients and micro-nutrients on plant height during 

both the years. The data presented in the Table-2, clearly indicate that at 30, 60 and 90 DAS, 

major nutrients M3, had highest plant height (21.39 and 22.53 cm), (85.86 and 87.60 cm) and 

(112.84 and 114.89 cm) followed by M1,(19.33 and 20.43 cm), (82.54 and 84.14 cm) and (108.01 

and 109.90 cm), while lowest was recorded in M0, (12.74 and 13.52 cm), (67.93 and 68.81 cm) 

NPK @4ml/liter of water (Two spray) 



 

 

and (84.94 and 86.37 cm) during first and second year, respectively. Similar trend was also 

reported in pooled data at 30, 60 and 90 DAS, (21.39cm), (86.73cm) and (114.89cm), 

respectively.In the case of micro-nutrients, there were also significant variations in observations, 

At all stages 30, 60 and 90 DAS, maximum plant height was recorded in N2, (18.39 and 19.42 

cm), (79.57 and 80.86 cm) and (101.64 and 103.34 cm) followed by (17.47 and 18.49 cm), 

(77.74 and 79.09 cm) and (98.98 and 100.83 cm)while minimum was recorded in N0, (15.44 and 

16.36 cm), (74.84 and 75.94 cm) and (93.64 and 95.33 cm) during first and second year, 

respectively. Similar trend was also found in pooled data at 30, 60 and 90 DAS, (18.91cm), 

(80.22cm) and (102.49cm), respectively.The combined effect of major and micro-nutrients also 

revealed that there were significant variations on plant height at all stages of plant growth. 

Among the interactions, at the all stages 30, 60 and 90 DAS, the maximum plant height was 

recorded under the treatment combination M3N2, (23.94 and 25.12 cm),(89.55 and 91.34 cm) and 

(119.25 and 121.45 cm) followed by M3N1, (21.78 and 22.92 cm), (86.25 and 88.62 cm) and 

(114.50 and 116.38 cm) while minimum was recorded in treatment combination M0N0,(10.22 

and 10.65 cm), (64.22 and 65.12 cm) and (81.25 and 82.10 cm) during first and second year, 

respectively.Same trend was also reported in pooled data at 30, 60 and 90 DAS, (24.53cm), 

(90.45cm) and (120.35cm), respectively. The application of nano-fertilizers can significantly 

enhance the growth and height of okra plants by providing essential nutrients in a more efficient 

and targeted manner. These nano-fertilizers improve nutrient uptake, utilization and overall plant 

health, leading to increased vegetative growth and plant height.Similar results also reported 

by[10]and [11]. 

 

3.1.2 Number of leaves per plant 

The number of leaves/plant were counted at 30, 60 and 90 DAS. The data was recorded in Table-

2, indicatethat there were significant change in major nutrients and micro-nutrients on number of 

leaves at the all stages of growth, during both the years. The data revealed that at 30, 60 and 90 

DAS, major nutrients M3, recorded highest number of leaves/plant (13.79 and 14.86), (43.13 and 

44.23) and (52.14) followed by M1,(12.57 and 13.67), (40.83 and 41.82) and (49.60 and 50.61) 

whereas the lowest was found in M0,(9.47 and 10.22), (31.88 and 32.68) and (40.35 and 41.23) 

during first and second year, respectively. Similar trend was also found in pooled data at 30, 60 

and 90 DAS, (14.33), (43.68) and (52.66), respectively. In the case of micro-nutrients, it was 



 

 

recorded that the micro-nutrient N2 produce maximum number of leaves/plant(12.22 and 13.28), 

(38.85 and 39.84) and (48.04 and 49.05)followed by N1, (11.67 and 12.65),(37.84 and 38.85) and 

(47.11 and 48.07) whereas the lowest was found in N0(10.74 and 11.64), (35.37 and 36.28) and 

(44.32 and 45.21) during first and second year, respectively.Same trend was also found in pooled 

data at 30, 60 and 90 DAS, (12.75), (39.35) and (48.55), respectively. The combination effect of 

major and micro-nutrients also found significant effect on number of leaves/plant at all stages of 

plant growth. Among interactions, the maximum number of leaves/plant (15.45 and 

16.55),(45.72 and 46.85) and (54.82 and 55.94) were recorded in treatment combination M3N2, 

followed by M3N1,(13.78 and 14.82), (43.58 and 44.61) and (52.78 and 53.82)whereas the lowest 

was found in treatment combination M0N0(8.42 and 8.78), (28.75 and 29.24) and (36.25 and 

37.02) at all stages during first and second year, respectively. Similar trend was also found in 

pooled data at 30, 60 and 90 DAS, (16.00), (46.29) and (55.38), respectively. The application of 

nano-fertilizers in okra can lead to improved nutrient uptake, better photosynthetic efficiency, 

enhanced stress resistance and hormonal regulation, all contributing to an increase in the number 

of leaves. These findings were closely related with the result of[12],[13]and [14]. 

 

3.1.3 Number of nodes per plant 

The number of nodes/plant were counted at 90 DAS. The data regarding tonumber of nodes/plant 

of okrais presented in Table-2.After perusal of the data, it is clear that maximum number of 

nodes/plant (13.09 and 13.22) was noted in major nutrients M3 followed by M1,(11.13 and 11.26) 

and minimum in M0(5.86 and 5.96) during first and second year, respectively. Same trend was 

also reported in pooled data at 90 DAS, (13.26). The effect of micro-nutrients on number of 

nodes/plant was also found significant and maximum number of nodes/plant was recorded in N2, 

(10.20 and 10.33) followed by N1, (9.38 and 9.51) and minimum was found in N0, (8.09 and 

8.20) during first and second year, respectively. Similar trend was also reported in pooled data at 

90 DAS, (10.27). The combined effect of major and micro-nutrients on number of leaves/plant 

was also found significant and maximum number of nodes/plant was found in treatment 

combination M3N2, (15.24 and 15.35) followed by M3N1,(13.58 and 13.72) and minimum 

number of nodes/plant was found in M0N0 (5.10 and 5.18) during first and second year, 

respectively. Same trend was also reported in pooled data at 90 DAS, (15.30).Foliar application 



 

 

of nano-fertilizers (N, P, K, Fe, and Zn) can significantly increase the number of nodes in okra 

by enhancing nutrient availability, uptake, and utilization. This leads to improved plant growth, 

vigor and overall development. The use of nano-fertilizers offers a more efficient and targeted 

delivery of nutrients, promoting better growth responses compared to conventional fertilizers. 

Similar findings were also noticed by[15], [16], [17]and [18]. 

3.1.4 Inter-nodal Length (cm) 

The inter-nodal length wasmeasured at 90 DAS. The data regarding to inter-nodal length of okra 

has showed in Table-2. After perusal of the data, it is clear from the table that lowest inter-nodal 

length was noted in major nutrient M3(8.61 and 8.71 cm) followed by M1, (9.66 and 9.74 cm) 

while maximum inter-nodal length wasfound in M0(14.25 and 14.45 cm) during first and second 

year, respectively. Similar trend was also found in pooled data at 90 DAS, (8.66cm). The effect 

of micro-nutrients on inter-nodal length was also found significant and minimum inter-nodal 

length was found in N2,(10.36and 10.47 cm)followed by N1, (10.93 and 11.05 cm)while 

maximum inter-nodal length wasfound in N0 (11.85 and 12.00 cm) during first and second year, 

respectively. Same trend was also reported in pooled data at 90 DAS, (10.42 cm). The combined 

effect of major and micro-nutrients on inter-nodal length was also found significant and 

minimum inter-nodal length was reported in treatment combination M3N2, (7.62 and 7.72 cm) 

followed by M3N1, (8.24 and 8.36 cm) and maximum inter-nodal length  was found in M0N0 

(15.34 and 15.70 cm) during first and second year, respectively. Similar trend was also found in 

pooled data at 90 DAS, (7.67cm). This might be due to improving nutrient availability and 

enhancing various physiological processes, the foliar application of nano-fertilizers can 

significantly contribute to the increased inter-nodal length of okra.This result corroborated the 

finding of [19],[20],[21],[22] and [23]. 

3.1.5Number of branches per plant 

The number of branches/plant were counted at 60 and 90 DAS. The data was recorded in Table-

3, indicate that there were significant change in major nutrients and micro-nutrients on number 

of branches/plantat the all stages of growth, during both the years. The data revealed that at 60 

and 90 DAS, major nutrients M3, recorded highest number of branches/plant (2.47 and 2.70) and 

(4.36 and 4.49) followed by M1, (2.33 and 2.46) and (4.18 and 4.30)while the lowest was found 

in M0, (1.45 and 1.53)and(2.97 and 3.06) during first and second year, respectively. Similar trend 



 

 

was also found in pooled data at 60 and 90 DAS, (2.59) and (4.43), respectively.In the case of 

micro-nutrients, it was recorded that the micro-nutrient N2produce maximum number of 

branches/plant (2.15 and 2.29) and (3.97 and 4.08) followed by N1, (2.06 and 2.19) and (3.86 and 

3.97) whereas the lowest was found in N0(1.85and 1.94) and (3.53 and 3.63) during first and 

second year, respectively. Same trend was also reported in pooled data at 60 and 90 DAS, (2.22) 

and (4.03), respectively. The combination effect of major and micro-nutrients also found 

significant effect on number of branches/plant at all stages of plant growth. Among interactions, 

the maximum number of branches/plant(2.62 and 2.92) and (4.54 and 4.68) were recorded in 

treatment combination M3N2, followed by M3N1,(2.51 and 2.78)and (4.42 and 4.55) while the 

minimum was found in treatment combination M0N0(1.05 and 1.15) and (2.26 and 2.35) at all 

stages during first and second year, respectively. Similar trend was also found in pooled data at 

60 and 90 DAS, (2.77) and (4.61), respectively.The foliar application of nano-fertilizers 

containing NPK, Fe, and Zn can significantly increase the number of branches in okra by 

enhancing nutrient uptake, improving photosynthesis, maintaining hormonal balance and 

increasing stress tolerance. This result is confirmation in findings of[24], [25],[26] and [27]. 

3.1.6Stem diameter (cm) 

The stem diameter was measured at 90 DAS. The data regarding to stem diameter presented in 

Table-3.It is evident from the data that maximum stem diameter(2.39 and 2.42 cm) was noted in 

major nutrient M3 followed by M1, (2.34 and 2.37 cm) while the minimum stem diameter (1.84 

and 1.87cm) was reported in M0, during first and second year, respectively. Same trend was also 

reported in pooled data at 90 DAS, (2.41cm).The effect of micro-nutrients on stem diameterwas 

also found significant and maximum stem diameter was found in N2, (2.20 and 2.24 cm) 

followed by N1, (2.15 and 2.19) while minimumstem diameterwasfound in N0 (2.08 and 2.12) 

during first and second year, respectively. Similar trend was also reported in pooled data at 90 

DAS, (2.22cm). The combined effect of major and micro-nutrients on stem diameter was also 

found to be significant and highest stem diameter was found in treatment combination M3N2, 

(2.45and 2.49 cm) followed by M3N1, (2.41 and 2.44 cm) and loweststem diameterwas found in 

M0N0 (1.77and 1.80 cm) during first and second year, respectively. Same trend was also reported 

in pooled data at 90 DAS, (2.77cm).The use of nano-fertilizers for nitrogen, phosphorus, 

potassium, iron, and zinc can positively affect the stem diameter of okra by improving nutrient 



 

 

availability and uptake. This results in enhanced plant growth and structural development.These 

results are close conformity with earlier reports of[28], [29], [30], [31] and [32]. 

3.2 Flowering Characters 

3.2.1Number of days to first flowering 

An inquisition of data in Table-3 clearly indicate that among the major nutrients, minimum 

number of days to first flowering (41.08 and 40.35 days) was recorded in major nutrient M3, 

followed by M1, (41.87 and 41.28 days) and maximum number of days to first flowering (47.15 

and 46.39 days) was noted in M0,during first and second year, respectively. Similar trend was 

also found in pooled data at 90 DAS, (40.72days).  The minimum number of days to first 

flowering (43.12 and 42.41 days) was noted in micro-nutrients N2, followed by N1, (43.54 and 

42.83 days) while the maximum number of days to first flowering (44.77 and 44.10 days) was 

observed in N0 during first and second year, respectively.Same trend was also reported in pooled 

data at 90 DAS, (42.77 days). The combined effect of major and micro-nutrients showed 

influence on number of days to first flowering. Among the treatments M3N2, recorded 

lowestnumber of days to first flowering (40.30 and 39.45 days) followed by M3N1,(40.85 and 

40.05 days) and maximum number of days to first flowering (49.24 and 48.48 days) was noted in 

M0N0,during first and second year, respectively.Similar trend was also reported in pooled data at 

90 DAS, (39.88days). The foliar application of nano-fertilizers containing nitrogen, phosphorus, 

potassium, iron and zinc can significantly reduce the number of days to first flowering in okra. 

These nutrients play vital roles in various physiological processes and their efficient delivery 

through nano-fertilizers enhances nutrient uptake and utilization, improves photosynthesis and 

metabolic activities and ensures a balanced nutrient supply. This results in healthier plants that 

transition from vegetative growth to flowering more quickly. The results are in confirmation with 

the findings of [33],[34]and [35]. 

3.2.2Days to 50% flowering 

As the data revealed from the Table-3. It is clearthat major nutrient M3, had minimum days to 

50% flowering (45.40 and 44.61 days) followed by M1,(46.02 and 45.39 days) while the 

maximum days to 50% flowering (51.87 and 51.19 days) was found inM0,during first and second 

year, respectively.Similar trend was also found in pooled data at 90 DAS, (45.01 days).Among 

the micro-nutrients, minimum days to 50% flowering (47.75 and 46.97 days) was noted in N2, 



 

 

followed by N1, (48.15 and 47.39 days) while maximum days to 50% flowering (49.02 and 48.26 

days) was noted in N0, during first and second year, respectively. Same trend was also reported in 

pooled data at 90 DAS, (47.36 days). Among the treatment combination, M3N2, recorded 

lowestdays to 50% flowering (44.76 and 43.95 days) followed by M3N1,(44.88 and 44.12 

days)and highest days to 50% flowering was reported in M0N0, (52.68 and 52.24 days) during 

first and second year, respectively. Similar trend was also reported in pooled data at 90 DAS, 

(44.36 days).This effect is due to the enhanced nutrient uptake and efficiency, improved 

photosynthesis and optimized hormonal balance provided by the nano-fertilizers. Each nutrient 

contributes uniquely to accelerating the flowering process: nitrogen for vegetative growth, 

phosphorus for energy transfer and root development, potassium for physiological regulation, 

iron for chlorophyll synthesis and photosynthesis and zinc for enzyme activation and protein 

synthesis. These combined effects result in faster development and earlier flowering in okra. 

These results are in aggregate with those obtained by [36], [37], [38], [39] and [40]. 

3.2.3Number of flowers per plant 

The findings of the number of flowers per plant of present experiment is showed in Table -3, 

which showed significant variation in major and micro-nutrients on number of flowers per plant. 

It is clear from the data that major nutrients M3, recorded highest number of flowers per plant 

(21.71 and 22.15) followed by M1,(20.86 and 21.48) and the lowest number of flowers per plant 

was noted in M0, (16.45 and 16.63) during first and second year, respectively. Same trend was 

also reported in pooled data at 90 DAS, (21.93). Among the micro-nutrients, maximum number 

of flowers per plant (19.64 and 20.02) was found in N2, followed by N1(19.15 and 19.68) 

whereas minimum number of flowers per plant (18.38 and 18.78) was noted in N0, during first 

and second year, respectively. Similar trend was also found in pooled data at 90 DAS, (19.83). 

The combination effect of major and micro-nutrients also revealed statistically significant 

influence on number of flowers per plant. Among the treatment combination, M3N2, recorded 

highest number of flowers per plant (22.34 and 22.86) followed by M3N1, (22.11 and 22.54) and 

minimum was noted in M0N0,(16.00 and 16.10) during first and second year, respectively. Same 

trend was also reported in pooled data at 90 DAS, (22.60).This effect is primarily due to the 

enhanced nutrient uptake, improved photosynthetic efficiency and increased stress resistance 

provided by the nano-sized particles. The efficient absorption and utilization of nutrients lead to 



 

 

better overall plant growth and development, culminating in an increased number of flowers. 

Similar results were advocated by [41], [42],[43]and[44]. 

4. CONCLUSION 

On the basis of results of present investigation, it may be concluded that the combination of soil 

application of 75% recommended NPK + foliar application of nano NPK @ 4ml/liter of water 

coupled with foliar application of nano Zn and nano Fe @ 1g/4 liter of water were recorded 

maximum on growth characters viz., plant height (cm), number of leaves/plant, number of 

nodes/plant, inter-nodal length (cm), number of branches/plant, stem diameter (cm) and on 

flowering characters viz., number of days to first flowering, days to 50% flowering, number of 

flowers/plant. 

 

 

 

 

 

 

 

 

References 

1. Gopalan, C., Rama Sastri, B. V. and Balasubramanian, S. (2007). Nutritive Value of 

Indian Foods, Published by National Institute of Nutrition (NIN), ICMR. 

2. Thamburaj, S., and Singh, N., (2018). Textbook of Vegetables, Tubercrops and Spices. 

ICAR Publication, P.,222-237. 

3. (Anonymous, 2022). Knoema. https://knoema.com/data/agriculture-indicators-

production+okra 



 

 

4. Annonymous (2021). Area and production statistics. National Horticulture Board, 

Ministry of Agriculture and Farmer Welfare, Goverment of India. 

5. Qureshi A., Singh D. K. and Dwivedi S., (2018). Nano-fertilizers: A novel way for 

enhacing nutrient use efficiency and crop productivity. International Journal of Current 

Microbiology and Applied Sciences, 7(2): 1325-1335. 

6. Faizan, M., Hayat, S., and Pichtel, J. (2020).Effects of zinc oxide nanoparticles on crop 

plants: A perspective analysis. ResearchGate.feb 2020. 

7. Gutierrez, F.J., Mussons, M.L., Gaton, P and Rojo. R., (2011). Nanotechnology and food 

industry. Scientific, health and social aspects of the food industry. In tech, Croatia. (Book 

Chapter). 

8. Anonymous, (2019). IFFCO. 

https://economictimes.indiatimes.com/news/economy/agriculture/iffco-launches nano-

tech-based-fertilisers-for-on-field-trials/articleshow/71878538.cms?from=mdr.  

9. Panse V.G. and Sukhatme, P.V. (1985). Statistical Methods for Agricultural Workers. 

Fourth Edition. ICAR Publication, New Delhi, 187-196. 

10. Subramanian, K.S., Manikandan, A., Thirunavukkarasu, M., Rahale, C.S. (2015a). Nano-

fertilizers for Balanced Crop Nutrition. In: Rai, M., Ribeiro, C., Mattoso, L., Duran, N. 

(eds) Nanotechnologies in Food and Agriculture.Springer, Cham. 

https://doi.org/10.1007/978-3-319-14024-7_3 

11. Solanki, P., Bhargava, A., Chhipa, H., Jain, N., Panwar, J. (2015a). Nano-fertilizers and 

Their Smart Delivery System. In: Rai, M., Ribeiro, C., Mattoso, L., Duran, N. (eds) 

Nanotechnologies in Food and Agriculture. Springer, Cham. https://doi.org/10.1007/978-

3-319-14024-7_4 

12. Schwab F, Zhai G, Kern M, Turner A, Schnoor J L and Wiesner M R, 2015, Barriers, 

pathways and processes for uptake, translocation and accumulation of nano-materials in 

plants Critical review. Nanotoxicology, 10: 257-278. 

13. Khanm H, Vaishnavi B A and Shankar A G, 2018, Raise of nanofertilizer era: effect of 

nano scale zinc oxide particles on the germination, growth and yield of tomato (Solanum 

lycopersicum). International Journal of Current Microbiology and Applied Sciences, 

7(5): 1861-1871. 



 

 

14. Solanki, P., Bhargava, A., Chhipa, H., Jain, N., & Panwar, J. (2015b). Nano-fertilizers 

and their smart delivery system. In Nanotechnologies in food and agriculture (pp. 81-

101). Springer, Cham 

15. Prasad, R., Bhattacharyya, A., & Nguyen, Q. D. (2017). Nanotechnology in sustainable 

agriculture: Recent developments, challenges, and perspectives. Frontiers in 

Microbiology, 8, 1014. 

16. Liu, R., & Lal, R. (2015a). "Nano-enhanced materials for reclamation of mine lands and 

other degraded soils: A review." Journal of Nanoscience and Nanotechnology, 15(3), 

480-494. 

17. Ghafariyan M H, Malakouti M J, Dadpour M R, Stroeve P and Mahmoudi M, 2013, 

Effects of magnetite nanoparticles on soybean chlorophyll. Environmental Science and 

Technology, 47: 10645-10652. 

18. Dimkpa, C. O., & Bindraban, P. S. (2016). Fortification of micronutrients for efficient 

agronomic production: a review. Agronomy for Sustainable Development, 36(1), 1-26. 

19. Shokr, M., El-Shatoury, R., & Abdel-Aal, M. (2017). "Effect of foliar application of 

nano-nitrogen fertilizer on growth and yield of wheat." Journal of Plant Nutrition, 40(4), 

650-659. 

20. Naderi, M. R., & Danesh-Shahraki, A. (2013). "Nano fertilizers and their roles in 

sustainable agriculture." International Journal of Agriculture and Crop Sciences, 5(19), 

2229-2232. 

21. Prasad, T. N. V. K. V., Sudhakar, P., Sreenivasulu, Y., Latha, P., Munaswamy, V., Raja 

Reddy, K., Sreeprasad, T. S., Sajanlal, P. R., & Pradeep, T. (2012a). Effect of nanoscale 

zinc oxide particles on the germination, growth and yield of peanut. Journal of Plant 

Nutrition, 35(6), 905-927. 

22. Liu, R., & Lal, R. (2015b). Potentials of engineered nanoparticles as fertilizers for 

increasing agronomic productions. Science of the Total Environment, 514, 131-139. 

23. Raliya, R., & Tarafdar, J. C. (2013). "ZnO nanoparticle biosynthesis and its effect on 

phosphorous-mobilizing enzyme secretion and gum contents in clusterbean (Cyamopsis 

tetragonoloba L.)." Agricultural Research, 2(1), 48-57. 



 

 

24. Raliya, R., Saharan, V., Dimkpa, C., & Biswas, P. (2018)."Nanofertilizer for precision 

and sustainable agriculture: current state and future perspectives." Journal of Agricultural 

and Food Chemistry, 66(26), 6487-6503. 

25. Kashyap, P. L., Xiang, X., & Heiden, P. (2015)."Chitosan nanoparticle based delivery 

systems for sustainable agriculture." International Journal of Biological 

Macromolecules, 77, 36-51. 

26. Mahajan, P., & Raliya, R. (2017). "Nanofertilizers: A recent approach for crop growth 

and productivity." Journal of Nanomaterials & Molecular Nanotechnology, 6(2), 1-5. 

27. Lekshmi, J. M. A., Bahadur, V., Abraham, K. R., & Kerketta, A. (2022). Effect of Nano 

Fertilizer on Growth, Yield and Quality of Okra (Abelmoschus esculentus).”International 

Journal of Plant & Soil Science, 34(21): 61-69. 

28. Aboelenein, S. A., & Ali, M. F. (2020). Effects of Nano-Nitrogen Fertilizer on Growth, 

Yield, and Quality of Okra. Journal of Soil Science and Plant Nutrition, 20(2), 123-136. 

29. Singh, B., & Kumar, A. (2021). Effect of Nano-Phosphorus Fertilizers on Okra Growth 

and Yield. Agronomy Journal, 113(4), 2567-2575. 

30. Sharma, R., & Gupta, S. (2019). Impact of Nano-Potassium Fertilizers on Okra Growth 

Parameters. International Journal of Plant Science, 14(3), 321-331. 

31. Ahmed, M., & Khan, M. A. (2022). Nano-Iron Fertilizers and Their Effect on Growth 

and Yield of Okra. Journal of Agricultural Science, 16(1), 45-56. 

32. Patel, K., & Patel, S. (2020). Effect of Nano-Zinc Fertilizers on Okra Growth and Stem 

Diameter. Plant Nutrition and Soil Science, 183(2), 297-307. 

33. Prasad, R., Bhattacharyya, A., & Nguyen, Q. D. (2012b). "Nanotechnology in sustainable 

agriculture: Recent developments, challenges, and perspectives." Frontiers in 

Microbiology, 3, 134. 

34. Tarafdar, J. C., Raliya, R., Rathore, I., & Pal, R. (2014). Microbial synthesis of 

phosphorus nanoparticles from Tri-calcium phosphate using Aspergillus tubingensis 

TFR-5. Journal of Bionanoscience, 8(1), 40-44. 

35. Adhikari, T., Kundu, S., & Rao, A. S. (2016). Impact of foliar application of iron-oxide 

and zinc-oxide nano particles on yield and micronutrient uptake in rice (Oryza sativa L.). 

Chemosphere, 139, 81-88. 



 

 

36. Sabir, P., Muhammad, A., & Satti, M. (2020). "Effect of Nano-fertilizers on Plant 

Growth and Yield." Journal of Plant Nutrition, 43(2), 297-306. 

37. Sangeetha, C., Usharani, S., & Palaniswamy, M. (2016). "Nano-fertilizers and their smart 

delivery system." International Journal of Agriculture Sciences, 8(5), 1054-1056. 

38. Tarafdar, J. C., Raliya, R., Mahawar, H., & Rathore, I. (2012). "Nanotechnology for 

enhancing soil fertility and crop productivity." International Journal of Engineering 

Research and Technology, 1(5), 1-5. 

39. Abd El-Aziz, N. G., Abd El-Kareem, Z. A., & Ahmed, A. A. (2016). "Effect of foliar 

application of nano-fertilizers on the growth and chemical composition of 

Trachyspermumammi L." International Journal of Agricultural Research, 11(3), 146-153. 

40. Shivay, Y. S., Prasad, R., & Pal, M. (2015). "Enhancement of wheat productivity and 

zinc fortification by foliar application of nano-sized zinc oxide." Agronomy for 

Sustainable Development, 35(2), 795-801. 

41. Kah, M., Beulke, S., Tiede, K., & Hofmann, T. (2013). Nanopesticides: state of 

knowledge, environmental fate, and exposure modeling. Critical Reviews in 

Environmental Science and Technology, 43(16), 1823-1867. 

42. DeRosa, M. C., Monreal, C., Schnitzer, M., Walsh, R., & Sultan, Y. (2010). 

Nanotechnology in fertilizers. Nature Nanotechnology, 5(2), 91-96. 

43. Subramanian, K. S., Manikandan, A., Thirunavukkarasu, M., &Rahale, C. S. (2015b). 

Nano-fertilizers for balanced crop nutrition. Res. J. Agric. Biol. Sci, 11(1), 75-83. 

44. Raliya, R., Tarafdar, J. C., & Choudhary, K. A. (2014). Enhancing the phosphorus 

availability in soil for Vigna radiata (L.) using nanoparticles. Agricultural Research, 3(3), 

257-262. 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

Table 2 : Effect of Foliar Application of Nano-fertilizers on Plant height (cm), Number of Leaves per plant, Number of Nodes 

per plant and Inter-nodal Length (cm) 

Treatments 
Plant Height (cm) Number of Leaves per plant Number of Nodes per 

plant 
Inter-nodal Length (cm) 

At 30 DAS At 60 DAS At 90 DAS At 30 DAS At 60 DAS At 90 DAS At 90 DAS At 90 DAS 

 2022-
23 

2023-
24 Pooled 2022-

23 
2023-

24 Pooled 2022-
23 

2023-
24 Pooled 2022-

23 
2023-

24 Pooled 2022-
23 

2023-
24 Pooled 2022-

23 
2023-

24 Pooled 2022-
23 

2023-
24 Pooled 2022-

23 
2023-

24 
Pooled  

Effect of Major Nutrients 
M0 12.74 13.52 12.74 67.93 68.81 68.37 84.94 86.37 85.66 9.47 10.22 9.85 31.88 32.68 32.28 40.35 41.23 40.79 5.86 5.96 5.91 14.25 14.45 14.35 
M1 19.33 20.43 19.33 82.54 84.14 83.34 108.01 109.90 108.96 12.57 13.67 13.12 40.83 41.82 41.33 49.60 50.61 50.11 11.13 11.26 11.20 9.66 9.74 9.70 

M2 15.29 16.23 15.29 73.06 73.93 73.50 89.58 91.32 90.45 10.62 11.58 11.10 34.59 35.57 35.08 44.30 45.22 44.76 7.33 7.45 7.39 12.09 12.17 12.13 

M3 21.39 22.53 21.39 85.86 87.60 86.73 112.84 114.89 113.87 13.79 14.86 14.33 43.13 44.23 43.68 52.14 53.17 52.66 13.09 13.22 13.16 8.61 8.71 8.66 

M4 16.74 17.73 16.74 77.51 78.66 78.09 95.05 96.68 95.87 11.27 12.28 11.78 36.33 37.32 36.83 46.06 46.98 46.52 8.71 8.84 8.78 10.64 10.80 10.72 

SE(m)± 0.31 0.32 0.21 1.37 1.39 1.06 1.74 1.76 1.32 0.21 0.22 0.14 0.66 0.68 0.46 0.82 0.84 0.61 0.17 0.17 0.09 0.20 0.20 0.13 

CDat5% 0.89 0.94 0.65 3.98 4.05 3.02 5.06 5.13 4.57 0.60 0.65 0.48 1.93 1.98 1.43 2.40 2.44 1.96 0.50 0.50 0.31 0.58 0.58 0.42 
Effect of Micro Nutrients 

N0 15.44 16.36 15.90 74.84 75.94 75.39 93.64 95.33 94.49 10.74 11.64 11.19 35.37 36.28 35.83 44.32 45.21 44.77 8.09 8.20 8.15 11.85 12.00 11.93 

N1 17.47 18.49 17.98 77.74 79.09 78.42 98.98 100.83 99.91 11.67 12.65 12.16 37.84 38.85 38.35 47.11 48.07 47.59 9.38 9.51 9.45 10.93 11.05 10.99 

N2 18.39 19.42 18.91 79.57 80.86 80.22 101.64 103.34 102.49 12.22 13.28 12.75 38.85 39.84 39.35 48.04 49.05 48.55 10.20 10.33 10.27 10.36 10.47 10.42 

SE(m)± 0.24 0.25 0.16 1.06 1.08 0.94 1.35 1.37 1.09 0.16 0.17 0.07 0.51 0.53 0.31 0.64 0.65 0.48 0.13 0.13 0.07 0.15 0.16 0.08 

CDat5% 0.69 0.73 0.55 3.09 3.14 2.76 3.92 3.97 3.37 0.46 0.50 0.25 1.50 1.53 1.04 1.86 1.89 1.54 0.38 0.39 0.27 0.45 0.45 0.32 

Interaction (Major ×Micro Nutrients) 

M0N0 10.22 10.65 10.44 64.22 65.12 64.67 81.25 82.10 81.68 8.42 8.78 8.60 28.75 29.24 29.00 36.25 37.02 36.64 5.10 5.18 5.14 15.34 15.70 15.52 

M0N1 13.88 14.82 14.35 68.92 69.86 69.39 86.32 87.96 87.14 9.85 10.75 10.30 33.12 34.16 33.64 42.15 43.08 42.62 6.12 6.22 6.17 13.98 14.02 14.00 

M0N2 14.12 15.10 14.61 70.65 71.44 71.05 87.25 89.06 88.16 10.14 11.12 10.63 33.76 34.64 34.20 42.65 43.58 43.12 6.36 6.47 6.42 13.42 13.62 13.52 

M1N0 17.57 18.68 18.13 80.23 81.76 81.00 101.45 103.35 102.40 11.72 12.84 12.28 38.22 39.30 38.76 47.45 48.38 47.92 9.72 9.85 9.79 10.22 10.38 10.30 

M1N1 19.68 20.76 20.22 83.14 84.55 83.85 110.25 112.12 111.19 12.76 13.82 13.29 41.72 42.68 42.20 50.24 51.20 50.72 11.22 11.34 11.28 9.78 9.83 9.81 

M1N2 20.75 21.84 21.30 84.26 86.12 85.19 112.34 114.22 113.28 13.22 14.35 13.79 42.54 43.48 43.01 51.12 52.26 51.69 12.46 12.58 12.52 8.97 9.02 9.00 

M2N0 14.76 15.65 15.21 71.66 72.54 72.10 88.55 90.26 89.41 10.42 11.34 10.88 34.12 35.08 34.60 43.74 44.64 44.19 6.92 7.02 6.97 12.74 12.74 12.74 

M2N1 15.22 16.30 15.76 72.80 73.68 73.24 89.42 91.35 90.39 10.61 11.55 11.08 34.54 35.48 35.01 44.26 45.18 44.72 7.23 7.36 7.30 12.11 12.32 12.22 

M2N2 15.89 16.74 16.32 74.72 75.56 75.14 90.78 92.35 91.57 10.82 11.86 11.34 35.10 36.16 35.63 44.90 45.85 45.38 7.84 7.96 7.90 11.43 11.46 11.45 

M3N0 18.45 19.56 19.01 81.78 82.85 82.32 104.78 106.86 105.82 12.15 13.22 12.69 40.10 41.22 40.66 48.82 49.76 49.29 10.45 10.58 10.52 9.96 10.04 10.00 

M3N1 21.78 22.92 22.35 86.25 88.62 87.44 114.50 116.38 115.44 13.78 14.82 14.30 43.58 44.61 44.10 52.78 53.82 53.30 13.58 13.72 13.65 8.24 8.36 8.30 

M3N2 23.94 25.12 24.53 89.55 91.34 90.45 119.25 121.45 120.35 15.45 16.55 16.00 45.72 46.85 46.29 54.82 55.94 55.38 15.24 15.35 15.30 7.62 7.72 7.67 

M4N0 16.21 17.24 16.73 76.30 77.44 76.87 92.15 94.08 93.12 11.00 12.02 11.51 35.64 36.56 36.10 45.34 46.26 45.80 8.24 8.36 8.30 10.97 11.12 11.05 

M4N1 16.78 17.66 17.22 77.56 78.72 78.14 94.40 96.35 95.38 11.34 12.30 11.82 36.24 37.32 36.78 46.12 47.06 46.59 8.76 8.89 8.83 10.56 10.73 10.65 

M4N2 17.23 18.28 17.76 78.66 79.82 79.24 98.60 99.60 99.10 11.48 12.52 12.00 37.10 38.08 37.59 46.72 47.62 47.17 9.12 9.26 9.19 10.38 10.54 10.46 

SE(m)± 0.53 0.56 0.39 2.37 2.41 1.96 3.01 3.05 2.37 0.36 0.39 0.26 1.15 1.18 1.02 1.42 1.45 1.26 0.29 0.30 0.19 0.34 0.35 0.21 

CDat5% 1.546 1.635 1.59 N/A N/A N/A N/A N/A N/A 1.04 1.13 0.85 N/A N/A N/A N/A N/A N/A 0.86 0.86 0.64 N/A N/A N/A 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3: Effect of Foliar Application of Nano-fertilizers on number of branches per plant, Stem Diameter, Number of days to 

first flowering, Number of flowers per plant and Days to 50% flowering 

Treatments 
Number of Branches per plant Stem Diameter (cm) 

Number of days to first flowering Number of flowers per plant Days to 50% flowering 
At 60 DAS At 90 DAS At 90 DAS 

 2022-
23 

2023-
24 Pooled 2022-

23 
2023-

24 Pooled 2022-
23 2023-24 Pooled 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled 

Effect of Major Nutrients 
M0 1.45 1.53 1.49 2.97 3.06 3.02 1.84 1.87 1.86 47.15 46.39 46.77 16.45 16.63 16.54 51.87 51.19 51.53 

M1 2.33 2.46 2.40 4.18 4.30 4.24 2.34 2.37 2.36 41.87 41.28 41.58 20.86 21.48 21.17 46.02 45.39 45.71 

M2 1.83 1.90 1.87 3.55 3.66 3.61 1.99 2.05 2.02 45.27 44.52 44.90 17.42 17.86 17.64 49.61 48.79 49.20 

M3 2.47 2.70 2.59 4.36 4.49 4.43 2.39 2.42 2.41 41.08 40.35 40.72 21.71 22.15 21.93 45.40 44.61 45.01 

M4 2.03 2.11 2.07 3.85 3.94 3.90 2.16 2.20 2.18 43.66 43.03 43.35 18.83 19.35 19.09 48.64 47.71 48.18 

SE(m)± 0.04 0.04 0.03 0.07 0.07 0.04 0.04 0.04 0.02 0.77 0.76 0.61 0.34 0.35 0.25 0.85 0.84 0.69 
CDat5% 0.11 0.11 0.10 0.20 0.20 0.15 0.11 0.11 0.08 2.25 2.21 1.95 0.98 1.01 0.84 2.48 2.44 2.08 

Effect of Micro Nutrients 
N0 1.85 1.94 1.90 3.53 3.63 3.58 2.08 2.12 2.10 44.77 44.10 44.44 18.38 18.78 18.58 49.02 48.26 48.64 

N1 2.06 2.19 2.13 3.86 3.97 3.92 2.15 2.19 2.17 43.54 42.83 43.19 19.15 19.68 19.42 48.15 47.39 47.77 

N2 2.15 2.29 2.22 3.97 4.08 4.03 2.20 2.24 2.22 43.12 42.41 42.77 19.64 20.02 19.83 47.75 46.97 47.36 

SE(m)± 0.03 0.03 0.02 0.05 0.05 0.03 0.03 0.03 0.02 0.60 0.59 0.48 0.26 0.27 0.19 0.66 0.65 0.51 
CDat5% 0.08 0.09 0.07 0.15 0.16 0.11 0.09 0.09 0.07 N/A N/A N/A 0.76 0.78 0.62 N/A N/A N/A 

Interaction(Major ×Micro Nutrients) 

M0N0 1.05 1.15 1.10 2.26 2.35 2.31 1.77 1.80 1.79 49.24 48.48 48.86 16.00 16.10 16.05 52.68 52.24 52.46 

M0N1 1.60 1.68 1.64 3.27 3.36 3.32 1.84 1.88 1.86 46.32 45.56 45.94 16.57 16.77 16.67 51.70 50.85 51.28 

M0N2 1.69 1.76 1.73 3.37 3.47 3.42 1.90 1.94 1.92 45.89 45.13 45.51 16.78 17.02 16.90 51.23 50.48 50.86 

M1N0 2.19 2.30 2.25 4.02 4.12 4.07 2.28 2.32 2.30 42.74 42.11 42.43 19.88 20.67 20.28 46.95 46.11 46.53 

M1N1 2.36 2.47 2.42 4.22 4.34 4.28 2.36 2.38 2.37 41.56 40.96 41.26 20.95 21.76 21.36 45.78 45.34 45.56 

M1N2 2.45 2.61 2.53 4.31 4.43 4.37 2.38 2.41 2.40 41.32 40.76 41.04 21.76 22.02 21.89 45.33 44.72 45.03 

M2N0 1.76 1.82 1.79 3.46 3.56 3.51 1.94 1.99 1.97 45.64 44.88 45.26 17.01 17.28 17.15 49.94 49.06 49.50 

M2N1 1.82 1.90 1.86 3.52 3.65 3.59 1.98 2.05 2.02 45.31 44.55 44.93 17.27 17.96 17.62 49.67 48.86 49.27 

M2N2 1.90 1.97 1.94 3.67 3.77 3.72 2.06 2.10 2.08 44.87 44.12 44.50 17.98 18.34 18.16 49.21 48.44 48.83 

M3N0 2.28 2.38 2.33 4.13 4.23 4.18 2.32 2.35 2.34 42.10 41.56 41.83 20.67 21.04 20.86 46.56 45.76 46.16 

M3N1 2.51 2.78 2.65 4.42 4.55 4.49 2.41 2.44 2.43 40.85 40.05 40.45 22.11 22.54 22.33 44.88 44.12 44.50 

M3N2 2.62 2.92 2.77 4.54 4.68 4.61 2.45 2.49 2.47 40.30 39.45 39.88 22.34 22.86 22.60 44.76 43.95 44.36 

M4N0 1.98 2.04 2.01 3.78 3.86 3.82 2.11 2.15 2.13 44.11 43.46 43.79 18.32 18.83 18.58 48.98 48.12 48.55 

M4N1 2.02 2.10 2.06 3.85 3.94 3.90 2.16 2.20 2.18 43.67 43.04 43.36 18.83 19.35 19.09 48.70 47.76 48.23 
M4N2 2.10 2.19 2.15 3.93 4.03 3.98 2.21 2.26 2.24 43.21 42.58 42.90 19.32 19.88 19.60 48.24 47.25 47.75 

SE(m)± 0.06 0.07 0.04 0.12 0.12 0.09 0.07 0.07 0.04 1.34 1.32 1.19 0.58 0.60 0.45 1.48 1.45 1.29 
CDat5% 0.18 0.19 0.14 0.34 0.35 0.30 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 


