Effect of integrated nutrient management on growth, yield and quality of papaya (Carica papaya L.) cv. Gujarat Junagadh Papaya 1
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ABSTRACT
The present study, entitled “Effect of integrated nutrient management on growth and yield of papaya (Carica papaya L.) cv. Gujarat Junagadh Papaya 1,” was carried out for two consecutive years (2023-24 and 2024-25) at the Horticultural Research Farm, B. A. College of Agriculture, AAU, Anand, Gujarat. To assess the effects of inorganic fertilizers (RDF: 200:200:250 g NPK/plant), organic nutrient sources (FYM, vermicompost and castor cake) and Bio NPK liquid biofertilizer on papaya vegetative growth and yield attributes, the experiment was established up in a Randomized Block Design with ten treatments and three replications. For every recorded measure, there were significant variations among the various treatments. The treatment T3 (75% RDF + 25% N from vermicompost + Bio NPK Liquid Bio fertilizer) consistently outperformed others by promoting early flowering, maximum plant height, higher leaf number per plant and increased stem girth at both first and last picking. Yield attributes such as number of fruits per plant, fruit length, diameter, average fruit weight and yield per plant were also recorded highest under the treatment T3 across both years and pooled analysis. In contrast, the control (T1) recorded the lowest values for growth and yield traits and highlighting the importance of integrated nutrient application. 
Keywords: Papaya, Integrated nutrient management, Vermicompost, Bio NPK liquid biofertilizer, Fruit yield.
Introduction
Papaya (Carica papaya L.) is a rapidly growing, herbaceous plant belonging to the family Caricaceae, one of the 48 species known in Caricaceae. Carica papaya is the only species cultivated for its edible fruit. It bears chromosome no. 2n=18. Papaya, also known as papaw or pawpaw, is native to Tropical America (Hofmeyr, 1938) [5]. Papaya is an important fruit crop that grows mainly in tropical and subtropical areas for its edible fruit.
It is currently grown on a large scale in many countries throughout the world, including Australia, Hawaii, Taiwan, Puerto Rico, Peru, Florida, Texas, California, the Gold Coast, various parts of Central and South Africa, Pakistan, Bangladesh and India.
India is one of the world's top producers of papaya, with Andhra Pradesh, Gujarat, Maharashtra, Karnataka, and Tamil Nadu leading the way in cultivation. In India, papayas are grown on 149000 hectares of land, yielding 57,44,000 MT. Papayas are grown on 18,190 hectares of land in Gujarat, with a productivity of 11,07,880 MT. Kachchh, Tapi, Vadodara, Kheda, Jamnagar, Ahmedabad, Bharuch and Anand are among Gujarat major producing areas. Red Lady, Taiwan Hybrid and Madhu Bindu are popular cultivars that are supported by loamy soil and drip irrigation techniques in these areas (Anon., 2025) [3].
Papaya is a semi-perennial plant with soft wood and a hollow, cylindrical stem devoid of true woody structure. It usually grows to a height of two to ten meters. In contrast to woody perennials, the stem has noticeable leaf scars from fallen leaves and does not experience secondary thickening (Nakasone & Paull, 1998) [12]. Under ideal conditions, the plant can start flowering in four to six months and grows quickly vertically. The leaves are huge (30–60 cm in diameter), palmately lobed and borne on long petioles which are spirally arranged along the stem.
The papaya is a polygamous plant with three primary sex forms: hermaphrodite (bisexual), female (pistillate) and male (staminate) blooms. Whereas female and hermaphrodite flowers are solitary or in tiny groups close to the leaf axils, male flowers are carried in long, hanging clusters (Storey, 1969) [19]. After blossoming, the fruits last for four to five months and after 150 to 160 days, they are ready to be harvested. It yield 70–80 tons of fruit per hectare when properly handled.
             A sustainable substitute, integrated nutrient management (INM) combines inorganic fertilizers with organic amendments and biofertilizers to improve soil health, increase crop vigour and increase production without sacrificing environmental sustainability. INM techniques enhance soil structure, microbial activity and long-term productivity in addition to providing nutrients in a balanced way.
Materials and methods
The present study, "Effect of integrated nutrient management on growth, yield and quality of papaya (Carica papaya L.) cv. Gujarat Junagadh Papaya 1," was carried out for two years from July to May in 2023-24 and 2024-25. The Horticultural Research Farm, B. A. College of Agriculture, Anand Agricultural University, Anand, Gujarat, India, was the site of the research investigation. The crop was planted using a Randomized Block Design (RBD) at a distance of 1.8 × 1.8 m. There were three replications and ten treatments in each 7.2 x 5.4 m plot. Twelve plants were kept in each treatment, for a total of 720 plants throughout the trial, with two plants each hill.
           The experiment consisted of ten treatments: T1 included the recommended dose of fertilizers (RDF) at 200:200:250 g NPK per plant + 10 kg FYM as the control. T2 75% RDF + 25% N from FYM + Bio NPK Liquid Biofertilizer, while T3 75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer. T4 75% RDF + 25% N from Castor cake + Bio NPK Liquid Biofertilizer. T5 50% RDF + 50% N from FYM + Bio NPK Liquid Biofertilizer, whereas T6 50% RDF + 50% N from Vermicompost + Bio NPK Liquid Biofertilizer. T7 50% RDF + 50% N from Castor cake + Bio NPK Liquid Biofertilizer. T8 25% RDF + 75% N from FYM + Bio NPK Liquid Biofertilizer, while T9 25% RDF + 75% N from Vermicompost + Bio NPK Liquid Biofertilizer. Finally, T10 25% RDF + 75% N from Castor cake + Bio NPK Liquid Biofertilizer.
           The observations recorded in the study in growth parameters included plant height at first and last picking, number of leaves per plant at first and last picking, stem girth at first and last picking, initiation of flowering (days) and yield parameters like number of fruits per plant, fruit length, fruit diameter, fruit weight and fruit yield per plant.

[bookmark: _Hlk138061297]Results and discussion
Initiation of flowering (Days)
When chemical fertilizers, FYM, vermicompost, castor cake and Bio NPK liquid biofertilizer were used in combination with various doses of RDF, the number of days it took for the first flowering in both years as well as the pooled analysis of the experimentation was significantly lower than the control (Table 1).
Compared to all other treatments, plants treated with T3 (75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer) required the minimum days (84.36, 85.95 and 85.15 days, respectively). On the other hand, for both years and the pooled analysis, treatment T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] recorded substantially maximum days required to initiate flowering (110.59, 111.01 and 110.80 days, respectively).
Improved development may result in a greater net assimilation rate, which allows for early flowering by producing endogenous chemicals at appropriate levels. Growth factors, such as cytokinin, are simultaneously transferred to the auxiliary bud and disrupt apical dominance. Similar findings were also reported by Singh and Tripathi (2020) [15], Jhade et al. (2020) [6] in papaya and Shukla et al. (2022) [14] in banana.
Plant height (cm) at the time of first and last picking
[bookmark: _Hlk206600747][bookmark: _Hlk206600993]            It was observed that among different treatments, T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] was shown (Table 1), had the significantly maximum plant height at the time of first picking (86.53, 86.78 and 86.65 cm) as well as last picking (182.21, 184.38 and 183.29 cm) in the years of 2023-24, 2024-25 and the pooled analysis, respectively. Whereas, the minimum plant height at the time of first picking (70.16, 71.25 and 70.70 cm) and last picking (165.42, 166.73 and 166.07 cm) were recorded with the treatment T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] i.e. control in the years 2023-24, 2024-25 and pooled analysis, respectively.
            This increase in plant height may be caused by a combination of chemical fertilizers, organic manure and biofertilizers that provide nutrients in the right amounts and proportions at the right times, accelerating plant growth. Similar results were reported by Singh et al. (2008) [17], Singh and Tripathi (2020) [15] in papaya and Shukla et al. (2022) [14] in banana.
Number of leaves per plant at the time of first and last picking
[bookmark: _Hlk206602685]            Significantly, the maximum number of leaves per plant at the time of first picking stage (26.21, 24.98 and 25.59) as well as last picking (37.25, 36.97 and 37.11) in the years 2023-24, 2024-25 and pooled analysis, respectively, were recorded with T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] was shown (Table 2). Whereas, the minimum number of leaves per plant at the time of first picking (17.20, 17.39 and 17.29) and last picking (28.17, 29.15 and 28.66) in both years and pooled analysis, respectively, were recorded with T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] i.e. control. 
            Bio-NPK liquid biofertilizers increase microbial activity and nutrient uptake, vermicompost provides slow-release nitrogen and enhances soil health and RDF supplies vital nutrients. A healthy supply of nutrients promotes consistent growth, improved root development and a maximum number of leaves, which increases photosynthesis activity in the plant, all of which contribute to the construction of a robust canopy. Similar findings have been noted by Srinu et al. (2017) [18], Jhade et al. (2020) [6], Anand et al. (2022) [2] in papaya and Shukla et al. (2022) [14] in banana.
Stem girth (cm) at the time of first and last picking
            It was observed that T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] were shown (Table 3 and 4) recorded the maximum stem girth at the time of first picking (30.34, 32.76 and 31.55 cm) as well as last picking (47.16, 48.23 and 47.69 cm) during 2023-24, 2024-25 and pooled analysis, respectively. Whereas, the minimum stem girth at the time of first picking (19.85 cm) and last picking (35.16 cm) in the pooled analysis was recorded with the treatment of T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] i.e. control.
            The integrated effects of balanced chemical fertilizer, organic amendments, and microbial inoculants are responsible for significantly higher stem girth at the time of first and last picking. While bio-NPK liquid biofertilizers boost nutrient solubilization and uptake, especially nitrogen and phosphorus, which are essential for cell division and stem thickening, vermicompost enhances soil aeration, microbial activity and nutrient retention.  Similar results were also reported by Jhade et al. (2020) [6] in papaya and Shukla et al. (2022) [14] in banana.
Number of fruits per plant
Treatment, T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] was shown (Table 3) to have a considerably higher number of fruits per plant (28.12, 29.26 and 28.69) in the years 2023-24, 2024-25 and pooled result, respectively. Whereas, the lower number of fruits per plant (20.98, 20.85 and 20.92) in the years of 2023-24, 2024-25 and pooled analysis, respectively, was recorded with the treatment T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] i.e. control.
Chemical fertilizers and manures like vermicompost work together with the N-fixing microbial population to enhance the macro and micronutrients in the soil, which aids in flowering and pollen tube growth for more fruit sets. Similar findings were reported by Singh et al. (2008) [17], Yadav et al. (2011) [22], Mirja et al. (2019) [11] in papaya, Kumawat et al. (2018) [8] in guava and Patel et al. (2022) [13] in mango.
Fruit length (cm) and fruit diameter (cm) at the time of 5th picking
It was observed that among the different nutrient management treatments, T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] were shown (Table 3 and 4) recorded the significantly maximum fruit length (22.30, 24.01 and 23.15 cm) and fruit diameter (15.38, 14.81 and 15.10 cm) in the years 2023-24, 2024-25 and pooled analysis, respectively. Whereas, the minimum fruit length (18.57, 18.08 and 18.33 cm) and fruit diameter (9.39, 9.47 and 9.43 cm) in the years 2023-24, 2024-25 and pooled analysis, respectively, were recorded with the control treatment T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM].
This result might be due to increased photosynthesis, which enhances the accumulation of glucose and provides the required components from organic and microbial sources. These components work together to raise glucose levels and encourage fruit growth in both diameter and length. Other integrated nutrient management studies, including Amrish et al. (2014) [1], Tandel et al. (2014) [21], Singh et al. (2013) [16] worked on papaya, Bohane and Tiwari (2014) [4] in ber reported similar types of results.
Fruit weight (g) at the time of 5th picking and fruit yield (kg/plant)
Among different integrated nutrient management treatments, T3 [75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer] was shown (Table 4) obtained significantly maximum fruit weight (1104, 1103 and 1104 g) and fruit yield (31.05, 32.26 and 31.65 kg/plant) during the years 2023-24, 2024-25 and pooled analysis, respectively. Whereas, control treatment T1 [RDF (200:200:250 NPK g/plant) + 10 kg FYM] recorded the minimum fruit weight (919, 923 and 921 g) and fruit yield (19.27, 19.25 and 19.26 kg/plant) during both years and pooled analysis, respectively. This result is due to the parallel treatments help to boost the plant metabolic pathways. The development of plant vegetative conditions is aided by nitrogen supplemented by organic manure such as vermicompost. Bio NPK also aided in the increased development and accumulation of ideal dry matter for improved yield and fruit yield through the stimulation of growth hormones. 
A similar finding was also noted by Amrish et al. (2014) [1], Singh & Tripathi (2020)[15] in papaya, Mehta (2021) in mango, Kuttimani et al. (2013) [9] in banana and Jugnake et al. (2017)[7] in sweet orange, Singh et al. (2008) [17], Suresh et al. (2010) [20], Tandel et al. (2014)[21] in papaya, Kumawat et al. (2018) [8] in guava and Meena et al. (2019) [10] in sapota. 









Table 1: Effect of integrated nutrient management on growth and yield parameters of papaya
	Treatment
No.
	Treatment Details
	Initiation of flowering
(Days)
	Plant height (cm) at
the time of first picking
	Plant height (cm) at
the time of last picking

	
	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	RDF (200:200:250 NPK g/plant) + 10 kg FYM (Control)
	110.59
	111.01
	110.80
	70.16
	71.25
	70.70
	165.42
	166.73
	166.07

	T2
	75% RDF + 25% N from FYM + Bio NPK Liquid Biofertilizer
	91.36
	89.76
	90.56
	80.81
	82.23
	81.52
	177.30
	177.58
	177.44

	T3
	75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer
	84.36
	85.95
	85.15
	86.53
	86.78
	86.65
	182.21
	184.38
	183.29

	T4
	75% RDF + 25% N from Castor cake + Bio NPK Liquid Biofertilizer
	94.07
	96.27
	95.17
	78.20
	78.84
	78.52
	174.25
	172.94
	173.59

	T5
	50% RDF + 50% N from FYM + Bio NPK Liquid Biofertilizer
	89.61
	90.32
	89.96
	82.78
	82.92
	82.85
	178.91
	177.64
	178.27

	T6
	50% RDF + 50% N from Vermicompost + Bio NPK Liquid Biofertilizer
	87.64
	86.58
	87.11
	84.34
	84.97
	84.65
	180.10
	183.16
	181.63

	T7
	50% RDF + 50% N from Castor cake + Bio NPK Liquid Biofertilizer
	97.64
	94.46
	96.05
	77.65
	78.19
	77.92
	172.99
	170.56
	171.77

	T8
	25% RDF + 75% N from FYM + Bio NPK Liquid Biofertilizer
	104.35
	101.98
	103.17
	73.28
	74.36
	73.82
	170.87
	169.12
	169.99

	T9
	25% RDF + 75% N from Vermicompost + Bio NPK Liquid Biofertilizer
	101.13
	99.83
	100.48
	74.72
	74.89
	74.80
	172.15
	170.26
	171.20

	T10
	25% RDF + 75% N from Castor cake + Bio NPK Liquid Biofertilizer
	105.41
	105.95
	100.48
	72.21
	72.91
	72.56
	168.94
	168.43
	171.20

	T
	S. Em. ±
	4.61
	3.91
	2.73
	2.85
	2.42
	1.67
	2.95
	2.42
	1.75

	
	C. D. (P=0.05)
	13.70
	11.61
	7.79
	8.47
	7.19
	4.78
	8.77
	7.20
	5.02

	Year
	S. Em. ±
	-
	-
	1.35
	-
	-
	0.83
	-
	-
	0.85

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	YxT
	S. Em. ±
	-
	-
	4.27
	-
	-
	2.64
	-
	-
	2.70

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	              C.V. %
	8.26
	7.03
	7.68
	6.33
	5.32
	5.84
	2.95
	2.41
	2.69





	
Table 2: Effect of integrated nutrient management on growth and yield parameters of papaya
	Treatment
No.
	Treatment Details
	Number of leaves per plant
at the time of first picking
	Number of leaves per plant
at the time of last picking
	Stem girth (cm) at the
time of first picking

	
	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	RDF (200:200:250 NPK g/plant) + 10 kg FYM (Control)
	17.20
	17.39
	17.29
	28.17
	29.15
	28.66
	20.75
	18.96
	19.85

	T2
	75% RDF + 25% N from FYM + Bio NPK Liquid Biofertilizer
	22.44
	22.84
	22.64
	33.25
	35.67
	34.46
	27.88
	30.16
	29.02

	T3
	75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer
	26.21
	24.98
	25.59
	37.25
	36.97
	37.11
	30.34
	32.76
	31.55

	T4
	75% RDF + 25% N from Castor cake + Bio NPK Liquid Biofertilizer
	22.26
	22.14
	22.20
	32.73
	34.12
	33.42
	27.25
	26.91
	27.08

	T5
	50% RDF + 50% N from FYM + Bio NPK Liquid Biofertilizer
	22.72
	23.76
	23.24
	34.64
	35.57
	35.10
	28.78
	31.24
	30.01

	T6
	50% RDF + 50% N from Vermicompost + Bio NPK Liquid Biofertilizer
	23.18
	24.87
	24.02
	35.71
	36.21
	35.96
	29.45
	32.18
	30.81

	T7
	50% RDF + 50% N from Castor cake + Bio NPK Liquid Biofertilizer
	21.39
	21.95
	21.67
	31.39
	33.18
	32.28
	26.19
	26.74
	26.46

	T8
	25% RDF + 75% N from FYM + Bio NPK Liquid Biofertilizer
	19.17
	18.94
	19.06
	28.21
	31.57
	29.89
	22.93
	23.17
	23.05

	T9
	25% RDF + 75% N from Vermicompost + Bio NPK Liquid Biofertilizer
	19.42
	20.53
	19.97
	30.81
	32.16
	31.48
	25.44
	23.92
	24.68

	T10
	25% RDF + 75% N from Castor cake + Bio NPK Liquid Biofertilizer
	18.89
	18.10
	18.49
	25.40
	27.98
	26.69
	21.62
	20.89
	21.25

	T
	S. Em. ±
	1.44
	1.07
	0.82
	1.20
	1.21
	0.79
	0.83
	0.91
	0.67

	
	C. D. (P=0.05)
	4.29
	3.17
	2.36
	3.57
	3.58
	2.27
	2.48
	2.71
	1.93

	Year
	S. Em. ±
	-
	-
	0.40
	-
	-
	0.38
	-
	-
	0.27

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	YxT
	S. Em. ±
	-
	-
	1.26
	-
	-
	1.20
	-
	-
	0.87

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	                     C.V. %
	11.74
	8.56
	10.25
	6.54
	6.28
	6.41
	5.54
	5.92
	5.74




	

Table 3: Effect of integrated nutrient management on growth and yield parameters of papaya
	Treatment
No.
	Treatment Details
	Stem girth (cm) at the
time of last picking
	Number of fruits per plant
	Fruit length (cm) at the
time of 5th picking

	
	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	RDF (200:200:250 NPK g/plant) + 10 kg FYM (Control)
	34.46
	35.87
	35.16
	20.98
	20.85
	20.92
	18.57
	18.08
	18.33

	T2
	75% RDF + 25% N from FYM + Bio NPK Liquid Biofertilizer
	45.38
	42.89
	44.13
	25.91
	23.89
	24.90
	20.77
	21.12
	20.94

	T3
	75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer
	47.16
	48.23
	47.69
	28.12
	29.26
	28.69
	22.30
	24.01
	23.15

	T4
	75% RDF + 25% N from Castor cake + Bio NPK Liquid Biofertilizer
	43.52
	40.98
	42.25
	24.92
	24.13
	24.52
	20.54
	20.78
	20.66

	T5
	50% RDF + 50% N from FYM + Bio NPK Liquid Biofertilizer
	46.13
	45.76
	45.94
	25.75
	25.38
	25.56
	21.01
	21.51
	21.26

	T6
	50% RDF + 50% N from Vermicompost + Bio NPK Liquid Biofertilizer
	46.52
	46.67
	46.59
	27.68
	27.32
	27.50
	21.69
	22.46
	22.08

	T7
	50% RDF + 50% N from Castor cake + Bio NPK Liquid Biofertilizer
	40.99
	40.15
	40.57
	23.98
	22.84
	23.41
	20.47
	20.53
	20.50

	T8
	25% RDF + 75% N from FYM + Bio NPK Liquid Biofertilizer
	39.25
	36.78
	38.01
	21.15
	22.08
	21.61
	19.51
	19.77
	19.64

	T9
	25% RDF + 75% N from Vermicompost + Bio NPK Liquid Biofertilizer
	40.44
	39.83
	40.13
	22.77
	22.96
	22.86
	20.13
	20.17
	20.15

	T10
	25% RDF + 75% N from Castor cake + Bio NPK Liquid Biofertilizer
	36.04
	36.52
	36.28
	21.05
	21.33
	21.19
	19.35
	18.82
	19.09

	T
	S. Em. ±
	1.32
	1.25
	0.87
	1.47
	1.47
	0.94
	0.63
	0.67
	0.46

	
	C. D. (P=0.05)
	3.92
	3.71
	2.50
	4.36
	4.38
	2.69
	1.87
	2.00
	1.33

	Year
	S. Em. ±
	-
	-
	0.40
	-
	-
	0.46
	-
	-
	0.21

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	YxT
	S. Em. ±
	-
	-
	1.28
	-
	-
	1.47
	-
	-
	0.65

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	                     C.V. %
	5.44
	5.23
	5.34
	10.49
	10.55
	10.52
	5.36
	5.61
	5.49






Table 4: Effect of integrated nutrient management on growth and yield parameters of papaya
	Treatment
No.
	Treatment Details
	Fruit diameter (cm) at 
the time of 5th picking
	Fruit weight (g) at the 
time of 5th picking
	Fruit yield (kg/plant)

	
	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	RDF (200:200:250 NPK g/plant) + 10 kg FYM (Control)
	9.39
	9.47
	9.43
	919
	923
	921
	19.27
	19.25
	19.26

	T2
	75% RDF + 25% N from FYM + Bio NPK Liquid Biofertilizer
	11.26
	10.63
	10.94
	1056
	1065
	1061
	27.35
	25.45
	26.40

	T3
	75% RDF + 25% N from Vermicompost + Bio NPK Liquid Biofertilizer
	15.38
	14.81
	15.10
	1104
	1103
	1104
	31.05
	32.26
	31.65

	T4
	75% RDF + 25% N from Castor cake + Bio NPK Liquid Biofertilizer
	10.82
	10.10
	10.46
	1032
	1024
	1028
	25.72
	24.72
	25.22

	T5
	50% RDF + 50% N from FYM + Bio NPK Liquid Biofertilizer
	11.56
	11.51
	11.53
	1053
	1062
	1058
	27.11
	26.95
	27.03

	T6
	50% RDF + 50% N from Vermicompost + Bio NPK Liquid Biofertilizer
	14.54
	13.67
	14.11
	1100
	1086
	1093
	30.46
	29.66
	30.06

	T7
	50% RDF + 50% N from Castor cake + Bio NPK Liquid Biofertilizer
	10.34
	11.22
	10.78
	1012
	1020
	1016
	24.28
	23.30
	23.79

	T8
	25% RDF + 75% N from FYM + Bio NPK Liquid Biofertilizer
	10.17
	10.10
	10.13
	990
	994
	992
	20.93
	21.94
	21.44

	T9
	25% RDF + 75% N from Vermicompost + Bio NPK Liquid Biofertilizer
	9.69
	9.92
	9.81
	996
	1005
	1001
	22.68
	23.06
	22.87

	T10
	25% RDF + 75% N from Castor cake + Bio NPK Liquid Biofertilizer
	9.41
	10.35
	9.88
	948
	953
	951
	19.94
	20.32
	20.13

	T
	S. Em. ±
	0.47
	0.53
	0.36
	38
	36
	23
	1.07
	1.32
	0.78

	
	C. D. (P=0.05)
	1.40
	1.58
	1.02
	112
	107
	67
	3.19
	3.93
	2.23

	Year
	S. Em. ±
	
	
	0.16
	-
	-
	12
	-
	-
	0.38

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	YxT
	S. Em. ±
	-
	-
	0.50
	-
	-
	37
	-
	-
	1.20

	
	C. D. (P=0.05)
	-
	-
	NS
	-
	-
	NS
	-
	-
	NS

	                      C.V. %
	7.24
	8.27
	7.77
	6.37
	6.12
	6.25
	7.48
	9.21
	8.39



CONCLUSION
The two-year study clearly demonstrated that integrated nutrient management practices significantly improved the growth and yield attributes of papaya cv. Gujarat Junagadh Papaya 1. Treatment, T3 (75% RDF + 25% N from vermicompost + Bio NPK liquid biofertilizer) consistently outperformed the other treatments in every growth parameter, including the earliest flowering, maximum plant height, number of leaves and stem girth at both the first and last picking stage. Increased microbial activity, improved soil health and improved nutrient delivery all contribute to improved growth performance under T3, promoting strong vegetative development. Fruit length, diameter, weight, number of fruits per plant and total fruit yield per plant all showed noticeably higher values in T3, demonstrating its efficacy in increasing fruit development and reproductive efficiency. On the other hand, the control treatment (T1) was continuously performed at the lowest level across all metrics. The findings unequivocally show that balanced nutrient availability, enhanced physiological functions and improved nutrient use efficiency are ensured when inorganic fertilizers are combined with vermicompost and biofertilizers. Thus, under Gujarat agroclimatic conditions, T3 is the most efficient and long-lasting nitrogen management technique for optimizing papaya development, growth and yield.
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