Impact of Nitrogen, Phosphorus and Bio-fertilizer on Yield Dynamics & Quality of Okra. (Abelmoschus esculentus L. Moench).


ABSTRACT 
 The present study entitled Impact of Nitrogen, Phosphorus and Bio-fertilizer on Yield Dynamics & Quality of Okra. (Abelmoschus esculentus L. Moench) was carried out in spring summer season of 2020-21 at main experiment farm of P. G. College Ghazipur (U.P.). The factorial experiment was layout in Randomized Block Design with eight treatment combinations with three replications. The one-half nitrogen along with full dose of phosphorus were applied before sowing as basal dose, while remaining one-half of nitrogen was top dressed after 30 days after sowing. The two biofertilizer treatments Azotobacter (B1) and no Azotobacter(B0), the two nitrogen and phosphorus treatments N1, N2, P1, P2 each of 60 kg/ha and 40 kg/ha were given. The sowing distance was 30 x 30 cm. Application of biofertilizer [Azotobacter(B1)] as okra seed treatment may result higher vegetative growth and growth attributes. Fruit yield (kg/plot) was uniformly pushed up by using Azotobacter during present investigation. Thus, Azotobacter may be used for better realization of fruit yield in okra cultivation The effect of different nitrogen and phosphorus treatments viz., height of plant, number of branches, number of leaves and all growth characters and ultimately yield was significantly higher with increased doses. It may be concluded from the findings of present experiment that combined effect of nitrogen, phosphorus and biofertilizer treatment is superior over the combination where no biofertilizer was used. Therefore, inoculation of seeds of okra is strongly recommended for okra cultivations in eastern part of Uttar Pradesh Specially from Ghazipur District. 
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INTRODUCTION 
 Okra [Abelmoschus esculentus (L.) Moench] is an annual vegetable crop in tropical and sub-tropical parts of the world (Thakur and Arora, 1986). Vegetables have always been an essential component of a human's nutritious meal. The importance of vegetables to solving the issue of food and nutritional security has been accepted on a global scale (Fogawat et al., 2025). It belongs to Malvaceae family that contributes more nutrients to our diet, including protein, lipids, carbs, minerals, and vitamins. Okra is an annual vegetable that grows quickly and has become a popular choice in India. It is a crop with many uses. It is cultivated almost everywhere in India's agro-ecological zones, primarily for its immature fruits, which are consumed as cooked vegetables. Okra (Abelmoschus esculentus L. Moench) has held a key rank in vegetables it is preferred fruit vegetable cultivated richly in the subtropical, tropical and warm region of the world as India, Turkey, Africa and other neighbouring countries. In India, okra is a most prominent vegetable crop cultivated for its fresh soft green fruits during rainy and summer seasons. Okra is called by different regional names in different area of the world. It is known as Bhindi in India, Gumbo in U.S.A. and lady’s finger in England. Sizeable export of okra is being done to GCC (Gulf Co-operation Council) and EU (European Union) markets. India is the biggest producer of okra ranked first (72.9%) in the world (Anonymous 2017a). Okra is available throughout the year and country has the required infrastructure for export. There is still scoped to expand the export to markets of GCC, EU and Singapore. Okra is widely cultivated in plains of India. Total area covered in India by vegetable crops is 10106 thousand hectares and total production 169064 thousand metric tonnes with okra crop occupying nearly 511 thousand hectares’ area, production 5848.6 thousand metric tonnes and productivity of 11.40 metric tonnes/ ha (Anonymous 2017b). Okra crop covered 5.05% of total area and 3.46% of total vegetable production. In Uttar Pradesh total area under vegetable crops is 729.3 thousand hectares with production of about 307.29 thousand metric tonnes and okra crop occupies area 22.93 thousand hectares with production 307.29 thousand metric tonnes/ ha (Horticulture statistics at a Glance, 2018). At present all India area of okra is 513 thousand hectares, its production is 6176 thousand million tonnes and productivity is 12.04 M.T./ha (Indian Horticulture Database 2018-19). Okra produces fruits continuously for a longer period; therefore, it requires excess and regular supply of nutrients for obtaining regular picking. Nitrogen is essential constituent of protein, nucleic acid, nucleotide, amino acid, chlorophyll, phospholipids, alkaloids, enzyme etc. It imparts dark green colour to plants, improves quality and succulence of leafy vegetable and fodder crops. Nitrogen promotes vegetative growth, flower and fruit set but excess of nitrogen delays maturity and decreases fruit size Rajgopal and Roy (1974). Due to deficiency of single element, phosphorus plants cannot complete their life cycle hence "P" is called "Key to life.". Phosphorus governs the root growth. High level of phosphorus throughout root zone is essential for rapid root development and for good utilization of water and other nutrients by the plants. Choudhary et al. (2015) reported that nitrogen and Phosphorus application of nitrogen decreased total sugar and number of ripe fruits. 
Phosphorus deficiency results in poor root development, poor pod setting and subsequently reduces yield (Jam et al., 1990). Many researchers reported the effect of phosphorus application on green pod yield of okra (Gupta et al., 1981; Mohanta, 1998; Sadat, 2000). Biofertilizers offer an economically attractive and ecologically sound means for reducing the requirement of chemical fertilizers. They do not require non-renewable source of energy during their production and increase the sustainability of soil with respect to physical, chemical and biological properties. Bio-fertilizers are also helpful as biocontrol agents as they prevent many plant pathogens too. Biofertilizers can be identified as commercial preparations, contain microorganisms or latent cells from the effective strains of microorganisms, helps plants absorb various nutrients by interacting in the roots of the earth (Khanna et al., 2019).

MATERIALS AND METHODS 
The present study was carried out in spring summer season of 2020-21 at main experiment farm of P. G. College Ghazipur (U.P.). The factorial experiment was laid out in Randomized Block Design with eight treatment combinations with three replications. The one-half nitrogen along with full dose of phosphorus were applied before sowing as basal dose, while remaining one-half of nitrogen was top dressed after 30 days after sowing the two biofertilizer treatments Azotobacter (B1) and no Azotobacter(B0), the two nitrogen and phosphorus treatments N1, N2, P1, P2 each of 60 kg/ha and 40 kg/ha were given. The sowing distance was 30 x 30 cm. Application of biofertilizer [Azotobacter(B1)]. 
Site of the experiment
The experiment was conducted in Shiv Vatika of Post Graduate College Ghazipur, during the spring summer season of 2021. The plot is situated at the left side of P.G. College, Gora Bazar, west of Ghazipur. It is about 2 km. West-South of Ghazipur city Railway station at the left bank of river Ganga. All the facilities of the normal vegetable cultivation are available.


Climate
This area has a typical subtropical/tropical climate prevailing in the eastern part of U.P. with temperature range 30C minimum to 460C maximum during winter and summer season respectively. There is always danger of frost in winter and hot wind and loo during summer.
The average rain fall range is about 80 cm. mostly from June middle to September.
List 1 : Factors Treatments and notations
	Factors	 
	 Amount ha-1
	Quality of fertilizers
	Notations

	1. Nitrogen	 
	  40 kg
	5.76 g Urea
	     N1

	 
	  60 kg
	8.64 g Urea
	     N2

	2. Phosphorus 
	  40 kg
	5.76 g SSP
	     P1

	 
	  60 kg
	8.64 g SSP
	     P2

	2. Biofertilizer 
	  No treatment
	
	    B0

	  (Azotobactor) 
	  Treated
	50g Azotobactor for 100 g okra seed
	    B1




 









RESULT AND DISCUSSION 
Plant height: The different nitrogen treatments showed significant effect in case of plant height at 60 days after sowing. It was recorded to be 57.84 cm. height of plant that different nitrogen treatments showed significant effect in case of plant height at 60 days after sowing. It was recorded to be 57.84 cm. height of plant. The mean table also reveals that various phosphorus doses showed significant variation. The plant height was recorded to be 57.58 cm. by application of 60 kg P/ha while 40 Kg P/ha dose produced only 56.57 cm height of plant. Treatment by biofertilizer (Azotobacter) has also produced significant effect. In this case of height of plant was recorded to be 57.57 cm by applying Azotobacter (B1) while 56.58 cm. height of plant reached without Azotobacter(B0). 
Number of leaves/plants: The different nitrogen doses showed significant improvement towards number of leaves per plant at 60 days after sowing. It is recorded to be 12.75 number of leaves by applying 60 Kg N/ha. while 40 kg N/ha. dose produced only 12.02 leaves. The table.5 also shows that different phosphorus treatments brought significant improvement towards number of leaves/plants at 60 days after sowing. It is recorded to be 12.58 no. leaves by applying 60 kg P/ha. while 40 Kg P/ha dose produced only 12.18 leaves per plant. Treatment by biofertilizer (Azotobacter) has also produced significant effect. The number of leaves was recorded to be 12.54 by use of biofertilizers (B1), while only 12.23 no.of leaves could be reached by no biofertilizer (B0). 
Number of branches/plants: The different nitrogen treatments showed significant improvement in number of branches/plants at 60 days after sowing which were recorded to be 0.83 number of branches by applying 60 Kg N/ha. while 40 kg N/ha. Dose produced only 0.47 number of branches. The table 6 also shows that various phosphorus doses brought significant effect. It is recorded to 0.77 no. of branches /plant by uses 60 kg P/ha. while only 0.53 number of branches/plants by application of 40 kg P/ha. Treatment by biofertilizer (Azotobacter) has also produced significant effect. The number of branches was recorded to be 0.73 by applying Azotobacter (B1), while 0.57 number of branches where reached no Azotobacter (B0) was applied. 
Weight of pods (g): The different nitrogen treatments brought significant improvement in pod weight. It is recorded to be 94.83g weight of pod by applying 60 Kg N/ha. while 40 kg N/ha. could produced only 82.0 g weight of pod. The table also shows that various phosphorus doses increased the weight of pod. It is recorded to be 91.75g weight of pod by applying 60 Kg P/ha. while only 85.08 g weight of pod by application of 40 kg P/ha. Treatment by biofertilizer (Azotobacter) has also produced significant effect. The weight of pod was recorded to be 90.0g by use of Azotobacter (B1), while only 86.83 g weight of pod could reach by no Azotobacter (B0). 
Number of green pods: The different nitrogen treatments brought high significant increase in number of green pods. It is recorded to be 9.28 pod by applying 60 Kg N/ha. while only 7.58 pod by applying 40 kg N/ha. The table also shows that various phosphorus treatments brought significant improvement in number of green pods. It is recorded to be 8.83 pod by applying 60 kg P/ha while only 8.03 number of green pods by applying 40 kg P/ha. Treatment by biofertilizer (Azotobacter) has also produced significant effect. The number of green pod was recorded to be 8.60 with use of Azotobacter (B1), while only 8.27 pods where no Azotobacter (B0) was used. 
Length of pods (cm.): The different nitrogen treatments brought significant improvement in case of length of pod. It is recorded to be 13.65 cm length of pod by uses of 60 kg N/ha while 40 kg N/ha dose produced only 12.03 cm length of pod. The mean table also shows that various phosphorus doses brought significant improvement toward length of pod. Data were recorded as 13.13 cm length of pod by applying 60 kg P/ha while only 12.54 cm length of pod by application of 40 kg P/ha. The table are refers that biofertilizer (Azotobacter) treatment brought significant improvement towards length of pods. The maximum length of pod was 12.97 cm with Azotobacter treatment (B1), while minimum length of pod was noted 10.71 cm. with control Azotobacter (B0). 
Fruit yield q/ha:  The different nitrogen treatments showed significant increase in case of fruit yield. It was recorded to be 97.14 q/ha by applying 60 Kg N/ha. while 40 kg N/ ha dose produced only 74.51 q/ha yield. The mean table also reveals that various phosphorus doses showed significant variation. It is recorded to be 90.93 q/ha fruit yield by application of 60 kg P/ha. while only 80.69 q/ha fruit yield by uses of 40 Kg P/ha. Treatment by biofertilizer (Azotobacter) has also produced significant effect. The fruit yield was recorded to be 88.57 q/ha by applying Azotobacter (B1) while only 83.08 q/ha fruit yield reached without azotobacter (B0). 
CONCLUSION 
It may be concluded from the findings of present experiment that combined effect of nitrogen, phosphorus and biofertilizer treatment is superior over the combination where no biofertilizer was used. Therefore, inoculation of seeds of okra is strongly recommended for okra cultivations in eastern part of Uttar Pradesh Specially from Ghazipur District. 





Table 1. Impact of Nitrogen and Bio-fertilizer, treatment on growth, yield and quality of okra. (Abelmoschus esculentus (L.) Moench)”.

	Treatment 
(N x B) 
	Height of plant (cm) 60 
DAS 
	No. of branches /plant 
	Weight of pods (g) 
	No. of green pods 
	N. of leaves/plant 
	Fruit yield q/ha 

	
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 

	B0 
	55.67 
	57.48 
	0.43 
	0.70 
	80.17 
	93.50 
	7.40 
	9.13 
	0.43 
	0.70 
	72.15 
	94.02 

	B1 
	56.92 
	58.31 
	0.50 
	0.97 
	83.83 
	96.17 
	7.77 
	9.43 
	0.50 
	0.97 
	76.87 
	100.27 

	Mean 
	56.30 
	57.84 
	0.47 
	0.83 
	82.00 
	94.83 
	7.58 
	9.28 
	0.47 
	0.83 
	74.51 
	97.15 


 
	 
	
	N 
	P 
	B 
	N x P 
	N x B 
	P X B 
	N x P x B 

	Sem ± 
C.D. at 5% 
	0.407 
0.989 
	
	0.407 
0.989 
	0.407 
0.989 
	0.576 
1.399 
	0.576 
1.399 
	0.576 
1.399 
	0.815 
1.979 



 Table 2. Impact of Phosphorus and Bio-fertilizer, treatment on growth, yield and quality of okra. (Abelmoschus esculentus (L.) Moench)”.

	Treatment 
(P x B) 
	Height of plant (cm) 
60 DAS 
	No. of branches/plant 
	Weight of pods (g) 
	No. of green pods 
	
	N. of leaves/plant 
	Fruit yield q/ha 

	
	P1 
	P2 
	P1 
	P2 
	P1 
	P2 
	P1 
	P2 
	P1 
	
	P2 
	P1 
	P2 

	B0 
	56.13 
	57.02 
	0.50 
	0.63 
	83.50 
	90.17 
	7.87 
	8.67 
	0.50 
	
	0.63 
	78.19 
	87.91 

	B1 
	57.00 
	58.14 
	0.57 
	0.90 
	86.67 
	93.33 
	8.20 
	9.00 
	0.57 
	
	0.90 
	83.19 
	93.95 

	Mean 
	56.57 
	57.58 
	0,53 
	0.77 
	85.08 
	91.75 
	8.03 
	8.83 
	0.53 
	
	0.77 
	80.69 
	90.93 


 
	 
	
	N 
	P 
	B 
	N x P 
	N x B 
	P X B 
	N x P x B 

	Sem ± 
C.D. at 5% 
	0.027 
0.082 
	
	0.027 
0.082 
	0.027 
0.082 
	0.038 
0.116 
	0.038 
0.116 
	0.038 
0.116 
	0.054 
0.164 


 
 
Table 3. Impact of Nitrogen, Phosphorus treatment on growth, yield and quality of okra. (Abelmoschus esculentus (L.) Moench)”. 

	Treatment 
(N x P) 
	Height of plant (cm) 60 
DAS 
	Number of leaves/plant 
	Weight of pods (g) 
	No. of green pods 
	N. of branches/plant 
	Fruit yield q/ha 

	
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 
	N1 
	N2 

	P1 
	55.60 
	57.53 
	0.40 
	0.67 
	78.00 
	92.17 
	7.27 
	8.80 
	0.40 
	0.67 
	70.55 
	90.83 

	P2 
	57.00 
	58.16 
	0.53 
	1.00 
	86.00 
	97.50 
	7.90 
	9.77 
	0.53 
	1.00 
	78.47 
	103.47 

	Mean 
	56.30 
	57.84 
	0.47 
	0.83 
	82.00 
	94.83 
	7.58 
	9.28 
	0.47 
	0.83 
	74.51 
	97.15 


 
	 
	
	N 
	P 
	B 
	N x P 
	N x B 
	P X B 
	N x P x B 

	Sem ± 
C.D. at 5% 
	0.351 
1.064 
	
	0.038 
0.116 
	0.038 
0.116 
	0.496 
1.505 
	0.496 
1.505 
	0.496 
1.505 
	0.701 
2.128 


 
 


Table 4. Impact of Nitrogen, Phosphorus and Bio-fertilizer, treatment on growth, yield and quality of okra. (Abelmoschus esculentus (L.) Moench)”. 

	Treatment 
(N x P x B) 
	
	Height of plant (cm) 60 DAS 
	
	Weight of pods (g) 
	
	
	Fruit yield q/ha 
	

	
	N1P1 
	N1P2 
	N2P1 
	N2P2 
	N1P1 
	N1P2 
	N2P1 
	N2P2 
	N1P1 
	N1P2 
	N2P1 
	N2P2 

	B0 
	55.10 
	56.23 
	57.17 
	57.80 
	76.00 
	84.33 
	91.00 
	96.00 
	68.67 
	75.69 
	87.44 
	100.20 

	B1 
	56.10 
	57.75 
	57.90 
	58.53 
	80.00 
	87.67 
	93.33 
	99.00 
	72.56 
	81.25 
	93.81 
	106.66 

	Mean 
	55.60 
	56.99 
	57.53 
	58.16 
	78.00 
	86.00 
	92.17 
	97.50 
	70.58 
	78.47 
	90.83 
	103.47 


 
	 
	
	N 
	P 
	B 
	N x P 
	N x B 
	P X B 
	N x P x B 

	Sem ± 
C.D. at 5% 
	7.329 
22.231 
	
	7.329 
22.231 
	7.329 
22.231 
	10.364 
31.440 
	10.364 
31.440 
	10.364 
31.440 
	14.657 
44.462 
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