


Optimizing Nutrient Management in Kinnow Mandarin through Organic and Bio-Fertilizer Interventions


Abstract: 
A field study was carried out to Optimize Nutrient Management in three years old Kinnow Mandarin through Organic and Bio-Fertilizer Interventions during the year 2022-23 and 2023-24. Different treatments were applied i.e. T1 : RDN through FYM, T2 : RDN through Vermicompost, T3 : RDN through FYM + Azotobacter sp. + Pseudomonas sp., T4 : RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp., T5 : Cow based bio formulation (Liquid formulation 5 liter /plant/month + Solid formulation 1.5 kg/plant at 3 months interval) and T6 : Control with four replications under randomized block design. The results of the study revealed significant increase in growth, yield and quality of Kinnow mandarin fruit crop. However, application of RDN through FYM + Azotobacter sp. + Pseudomonas sp. and application of RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp. proved to be the best treatments in increasing the plant height (cm), plant spread (cm), stem girth (cm), fruit length (mm), fruit breadth (mm), average fruit weight (g), number of fruits per plant, yield (kg/plant), TSS (°Brix), decreasing acidity (%), TSS:Acid, Initial soil pH, EC (dS/m), SOC (%), Available N (kg/ha), P (kg/ha), K (kg/ha), bacterial count and fungal count. Thus, it can be concluded that effect of manures and bio fertilizers increases the growth, yield and quality of Kinnow mandarin.
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Introduction:
Citrus ranks among the most important fruit crops globally. It belongs to the family Rutaceae and is believed to be native to China. Kinnow mandarin (C. nobilis × C. deliciosa) represents the most significant citrus crop in the regions of Haryana and Punjab, adjoining Rajasthan, where the prevailing agro-climatic conditions are particularly favourable for its cultivation. This crop is cultivated with high efficiency in Haryana, thriving under arid to semi-arid soil conditions (Vijay et al., 2023). Kinnow mandarin is increasingly gaining commercial significance owing to its high yield potential, superior processing quality, appealing aroma for fresh consumption, and strong adaptability to diverse agro-environmental conditions. This cultivar is highly responsive to nutrients, and the implementation of a balanced nutrition programme is essential to sustain the productive lifespan of orchards while ensuring the consistent production of high-quality fruits  (Ghosh, 1990). Kinnow is also preferred by growers due to its high yield potential, broad agro-climatic adaptability, and desirable fruit characteristics, including excellent taste, appealing aroma, and suitability for processing. In Haryana, mandarin fruit crops occupy 26.2 thousand hectares (ha) area and production of 439.89 million tonnes (MT) (Anonymous, 2025).
Farmyard manure (FYM), one of the most widely used and important organic manures, plays a vital role in improving the yield of Kinnow mandarin by enhancing soil physicochemical properties and promoting the gradual release of essential macro- and micronutrients (Lakkineni and Abrol, 1994). On average, FYM contains about 0.5–1.5% nitrogen (N), 0.5–0.9% phosphorus (P), and 0.5–1.4% potassium (K), along with small amounts of other nutrients. Vermicompost is produced through the combined action of earthworms and microorganisms during the decomposition and stabilization of organic matter. The resulting product is a finely divided, peat-like material characterized by improved porosity, aeration, drainage, water-holding capacity, and enhanced microbial activity. Bio-fertilizers, also referred to as microbial inoculants, are formulations containing live or dormant cells of efficient strains of beneficial microorganisms. These inputs serve as a cost-effective and renewable nutrient source, helping to reduce the dependence on inorganic fertilizers. In addition, bio-fertilizers contribute to improved flowering, higher yield, and sustained soil fertility (Kumari et al., 2016).
Cow-based bioformulation is an organic liquid manure prepared from cow dung, cow urine, pulse flour, jaggery, water, and a small quantity of soil. It serves as a nutrient-rich input in organic farming systems. Organic farming, which relies on inputs such as farmyard manure, crop residues, oil cakes, and animal excreta, is gradually regaining prominence due to increasing awareness about sustainable agriculture. This system avoids the use of synthetic agrochemicals and emphasizes natural nutrient sources. Although manures contain relatively lower concentrations of plant nutrients compared to chemical fertilizers, they significantly improve soil organic matter, enhance soil permeability and aggregation, supply essential macro- and micronutrients, and increase microbial populations in the soil. The integrated use of manures, bio-fertilizers, and crop residues has been shown to positively influence crop yield and quality. Moreover, these organic inputs provide a cost-effective and sustainable source of available nutrients for plants while maintaining long-term soil health. Keeping in view, this experiment was planned to study the “Optimizing Nutrient Management in Kinnow Mandarin through Organic and Bio-Fertilizer Interventions” with the objective to study the effect of manures on growth, yield and quality of Kinnow mandarin. 

Materials and Methods:
The present investigation was conducted at Experimental orchard of Deendayal Upadhyay Centre of Excellence for Organic Farming, CCS Haryana Agricultural University, Hisar on three and three year old Kinnow mandarin trees during the year 2022-23 and 2023-24. Kinnow was selected as an experimental material to examine the effect of manures and bio fertilizers on growth, yield and quality of mandarin. The experiment comprised of total 6 treatments i.e. T1 : RDN through FYM, T2 : RDN through Vermicompost, T3 : RDN through FYM + Azotobacter sp. + Pseudomonas sp., T4 : RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp., T5 : Cow based bio formulation (Liquid formulation 5 liter /plant/month + Solid formulation 1.5 kg/plant at 3 months interval) and T6 : Control with four replications under randomized block design. After application of manures and bio fertilizers, the fruits were analyzed for plant height (cm), plant spread (cm), stem girth (cm), fruit length (mm), fruit breadth (mm), average fruit weight (g), number of fruits per plant, yield (kg/plant), TSS (°Brix), acidity (%), TSS:Acid,  Initial soil pH, EC (dS/m), SOC (%), Available N (kg/ha), P (kg/ha), K (kg/ha), bacterial count and fungal count.
 
Plant height (cm) : The plant height of the trees were measured with the help of measuring pole, upto maximum point of height. 
Plant spread (cm) : The plant spread of the trees was measured with the help of measuring tape. 
Stem girth (cm) : The stem girth of the trees was measured with the help of measuring tape.
Fruit length and breadth (mm) : The observations on size of fruits in terms of their length (mm) and breadth (mm) were taken with the help of Vernier Caliper, at the time of fruit harvesting. Then the average length and breadth were calculated and expressed in millimeter (mm).
Number of fruits/plant : Numbers of fruits per plant were counted for different treatments.
Average fruit weight (g) : Ten fruits were randomly selected from a tagged branch of each tree and weighed using a top-pan electric balance. The average fruit weight was then calculated by dividing the total weight of the fruits by the number of fruits sampled and expressed in grams (g).
Yield (kg/plant) : Total fruit yield per tree was calculated by multiplying the total number of fruits by the average fruit weight, with the result expressed in kilograms per tree (kg/tree).
TSS (ºBrix) : The total soluble solids (TSS) content was measured using a hand-held refractometer.
Acidity (%) : Acidity was determined following the procedure outlined by the Association of Official Analytical Chemists (AOAC, 1990).
TSS/Acid ratio : The TSS/acid ratio was determined by dividing the total soluble solids (TSS) value by the titratable acidity of the fruit juice.
Soil Analysis
Collection of soil samples: 
Soil samples were collected both at the beginning and at the end of the experiment from beneath the tree canopy in all four directions and thoroughly mixed. A trowel was used for sampling, and the samples were stored in clean polythene bags.
Processing of soil samples: 
Soil samples were air-dried in the shade for three to four days, then ground using a wooden mortar and pestle and sieved through a 2 mm mesh to remove coarse fragments. The coarse material was discarded, and the fine earth fraction was retained for analysis.
Soil electric conductivity (dS/m) : Electric conductivity was estimated in 1:2 soil: water suspension. 20 g soil sample was taken in 100 ml beaker and 40 ml distilled water was added to it and a glass rod was used to stir intermittently for 30 minutes. It was allowed to stand until a clear supernatant liquid was acquired. This clear extract was used for EC measurement with the help of EC meter.
Soil pH : Soil pH was measured in 1:2 soil: water suspension. 20 g soil of sample was taken in 100 ml beaker and 40 ml distilled water was added to it and a glass rod was used to stir intermittently for 30 minutes. It was allowed to stand until a clear supernatant liquid was acquired. This clear extract was used for pH estimation with the help of pH meter.
Organic carbon : The organic C in soil was determined by method given by Kalembassa and Jenkinson (1973).
Available nitrogen (kg/ha)
The alkaline permanganate method proposed by Subbiah and Asija (1956) was used for the determination of available nitrigen in soil sample. 
Available phosphorus (kg/ha)
For the determination of available phosphorus, Olsen's method (Olsen et al., 1954) was used.  
Available potassium (kg/ha)
Available Potassium was determined by neutral normal NH4OAC solution using flame photometer (Hanway and Heidal, 1952). 

Results and Discussion:
Application of manures and bio fertilizers was found effective in influencing the growth, yield and quality of Kinnow mandarin. During 2022-23, the effect of manures and bio fertilizers on growth, yield and quality of Kinnow mandarin revealed that the maximum stem girth (32.8 cm) was recorded in T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM) and minimum (29.2 cm) in control. The maximum plant height (293.6 cm), plant spread (288.2 cm) was recorded in T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM) and minimum plant height (270.1 cm), plant spread (266.9 cm) was recorded in control. Similarly during 2023-24, the maximum stem girth (38.8 cm) and plant height (333.6 cm) were recorded in T4 (RDN through Vermicompost + Azotobacter sp + Pseudomonas sp.) which remained at par with T2 (RDN through Vermicompost), T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) and T1 (RDN through FYM). The maximum plant spread (313.6 cm) was recorded in T4 (RDN through Vermicompost + Azotobacter sp + Pseudomonas sp.) which was at par with T2 (RDN through Vermicompost) and T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) followed by T1 i.e. RDN through FYM and minimum stem girth (35.2 cm), plant height (310.1 cm), plant spread (290.1 cm) was recorded in control (Table 1). Optimum dose of FYM may be attributed to increased metabolic uses of nutrients in plants which promotes meristematic activities resulting in higher growth and expansion of photosynthetic surface. Vermicompost serves as a protein source and a key component of plant protoplasm; consequently, enhanced nitrogen availability promotes the synthesis of amino acids, which may indirectly contribute to increased plant height. Similarly, *Azotobacter* and phosphate-solubilising bacteria (PSB) facilitate cell elongation and division in the meristematic regions of the plant, primarily through the production of growth-promoting substances such as indole-3-acetic acid (IAA) and gibberellic acid (GA). Similar results are in accordance with the findings of Ingle et al. (2008) in okra, Yadav et al. (2011) in papaya, Mishra and Tripathi (2011), Gupta and Tripathi (2012) and Singh et al. (2015) in strawberry.
Table 1: Effect of manures and bio fertilizers on stem girth, plant height and plant spread of Kinnow mandarin during the year 2022-23 and 2023-24
	Treatments
	Stem girth (cm)
	Plant height (cm)
	Plant spread (cm)

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

	T1 - RDN through FYM
	32.3
	36.9
	288.1
	322.6
	283.9
	302.6

	T2 - RDN through Vermicompost
	30.7
	38.3
	282.6
	328.1
	278.7
	308.4

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	32.8
	37.2
	293.6
	325.4
	288.2
	305.4

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	31.2
	38.8
	285.4
	333.6
	282.3
	313.6

	T5 - Cow based bio formulation
	30.4
	36.4
	280.1
	320.1
	276.7
	300.1

	T6 - Control
	29.2
	35.2
	270.1
	310.1
	266.9
	290.1

	CD at 5%
	0.8
	0.9
	7.5
	7.8
	5.7
	5.8



In the year 2022-23, the maximum fruit length (66.7 mm) and fruit breadth (76.5 mm) was recorded in T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM), T2 (RDN through Vermicompost) and T4 (RDN through Vermicompost + Azotobacter sp + Pseudomonas sp.) and minimum fruit length (63.3 mm) and fruit breadth (73.7 mm) was recorded in control. Whereas during 2023-24, the maximum fruit length (64.7 mm) and fruit breadth (73.5 mm) were recorded in T4 (RDN through Vermicompost + Azotobacter sp + Pseudomonas sp.) which was at par with T2 (RDN through Vermicompost), T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) and T1 (RDN through FYM) whereas minimum fruit length (61.3 mm) and fruit breadth (70.7 mm) was recorded under control (Table 2). The observed increase in fruit size (length and breadth) and weight can be attributed to the plants that were fertilized with FYM + Azotobacter and vermicompost + Azotobacter, as they exhibited a higher photosynthetic ability. This enhanced photosynthetic capacity likely facilitated increased dry matter accumulation in the fruits. Fruit size (length and breadth) and weight are closely associated with the content of dry matter and the balanced levels of hormones. These findings align with the studies conducted by Gajbhiye et al. (2003) and Shukla et al. (2009) in tomato, Gupta and Tripathi (2012), Verma and Rao (2013) and Soni et al. (2018) in strawberry.
Table 2: Effect of manures and bio fertilizers on fruit length and fruit breadth of Kinnow mandarin during the year 2022-23 and 2023-24
	Treatments
	Fruit length (mm)
	Fruit breadth (mm)

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

	T1 - RDN through FYM
	65.7
	63.7
	75.2
	72.6

	T2 - RDN through Vermicompost
	65.4
	63.7
	75.6
	72.2

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	66.7
	63.5
	76.5
	72.9

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	65.5
	64.7
	75.9
	73.5

	T5 - Cow based bio formulation
	64.5
	62.5
	74.8
	71.8

	T6 - Control
	63.3
	61.3
	73.7
	70.7

	CD at 5%
	1.2
	1.3
	1.2
	1.4



However in 2022-23, the maximum average fruit weight (175.4 g) was recorded under T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM) and T4 (RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp.) whereas minimum average fruit weight (161.7 g) was recorded under control. The maximum number of fruits per plant (144.3) and yield (25.3 kg/plant) were also recorded in T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM) whereas, minimum number of fruits (121.6) and yield (19.7 kg/plant) was recorded in control. Similarly during 2023-24, the maximum average fruit weight (173.4 g) was recorded under T4 (RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T2 (RDN through Vermicompost) whereas minimum average fruit weight (159.7 g) was recorded under control. The maximum number of fruits per plant (294.3) and yield (51.03 kg/plant) were also recorded in T4 (RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp.) whereas, minimum number of fruits (271.6) and yield (43.4 kg/plant) was recorded in control (Table 3). The presence of bio fertilizers, particularly Azotobacter inoculation, which subsequently led to flower initiation and the number of flowers per plant, may be responsible for an increase in the number of fruits per plant. Similar results were observed by Zargar et al. (2008), Yadav et al. (2010) and Verma and Rao (2013) in strawberry.
Table 3: Effect of manures and bio fertilizers on average fruit weight, number of fruits per plant and yield of Kinnow mandarin during the year 2022-23 and 2023-24
	Treatments
	Average fruit weight (g)
	Number of fruits per plant
	Yield (kg/plant)

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

	T1 - RDN through FYM
	174.5
	169.4
	140.3
	284.4
	24.5
	48.2

	T2 - RDN through Vermicompost
	171.4
	172.5
	134.4
	290.3
	23.0
	50.1

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	175.4
	171.1
	144.3
	286.5
	25.3
	49.0

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	173.1
	173.4
	136.5
	294.3
	23.6
	51.1

	T5 - Cow based bio formulation
	169.3
	167.3
	128.8
	278.8
	21.8
	46.6

	T6 - Control
	161.7
	159.7
	121.6
	271.6
	19.7
	43.4

	CD at 5%
	2.3
	2.3
	5.3
	10.4
	1.6
	2.8



In the year 2022-23, the quality parameters like maximum TSS (9.66°Brix), minimum acidity (0.90 %) and maximum TSS: Acid (10.73) were recorded in T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T1 (RDN through FYM) and T4 (RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp.) whereas, minimum TSS (9.46°Brix) and maximum acidity (0.96) were recorded under control. During 2023-24, quality parameters like maximum TSS (9.64°Brix), minimum acidity (0.91 %) and maximum TSS: Acid (10.59) were recorded in T4 (RDN through Vermicompost + Azotobacter sp. + Pseudomonas sp.) which was statistically at par with T2 (RDN through Vermicompost) and T3 (RDN through FYM + Azotobacter sp. + Pseudomonas sp.) whereas, minimum TSS (9.44°Brix) and maximum acidity (0.97) were recorded under control (Table 4). FYM contains micronutrients which help in proper development of fruits and improves their quality. The observed increase in TSS (Total Soluble Solids) is due to the application of bio fertilizers and vermicompost which can be attributed to the rapid conversion of starch and pectin into soluble compounds and the efficient transportation of sugars from leaves to developing fruits. Similar  findings were reported by Singh et al. (2009) in ber, Baksh et al. (2008) in guava, Rathi and Bilst (2004) in pear, Attia et al. (2009) in banana, Rajbir et al. (2008), Gupta and Tripathi (2012) and Jain et al. (2017) in strawberry.
Table 4: Effect of manures and bio fertilizers on TSS, acidity and TSS: Acid of Kinnow mandarin during the year 2022-23 and 2023-24
	Treatments
	TSS (°Brix)
	Acidity (%)
	TSS: Acid

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

	T1 - RDN through FYM
	9.62
	9.58
	0.93
	0.95
	10.34
	10.08

	T2 - RDN through Vermicompost
	9.60
	9.60
	0.94
	0.94
	10.21
	10.21

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	9.66
	9.62
	0.90
	0.92
	10.73
	10.45

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	9.64
	9.64
	0.91
	0.91
	10.59
	10.59

	T5 - Cow based bio formulation
	9.56
	9.54
	0.95
	0.96
	10.06
	9.93

	T6 - Control
	9.46
	9.44
	0.96
	0.97
	9.95
	9.73

	CD at 5%
	0.18
	0.18
	0.03
	0.03
	0.09
	0.30



[bookmark: _GoBack]The results presented in table 5 and 6 showed that the effect of FYM, vermicompost and bio fertilizers was found significant on soil organic carbon, nitrogen, phosphorus and potash. The results revealed that effect of different organic manures like FYM and vermicompost alone and along with biofertilizers was found to be significant on EC, SOC, available nitrogen (N), available phosphorus (P) and potash (K). During 2022-23, the available nutrients (SOC, available NPK) was significantly improved/maintained under the treatments T1 to T4 as compared to initial value however, it was lowest under the control (0.60 % SOC, 159 kg/ha available N, 15.03 kg/ha available P and 315.67 kg/ha available K) and cow based bioformulation (0.62 % SOC, 161.67 kg/ha available N, 15.17 kg/ha available P and 323.67 kg/ha available K). The highest available soil organic carbon (0.68 %), available N (170.33 kg/ha), available P (15.97 kg/ha) and available K (333 kg/ha) were observed in the treatment T4 (RDN through vermicompost+ Azotobacter sp. + Pseudomonas sp.) on post-harvest soil properties of Kinnow mandarin. During 2023-24, the SOC and available nutrients were improved by the treatments of FYM and vermicompost along with biofertilizers as compared to initial value however, it was lowest with control (0.62 % SOC, 159 kg/ha available N, 15.03 kg/ha available P and 315.67 kg/ha available K) followed by cow based bioformulations (0.62 % SOC, 150.00 kg/ha available N, 11.99 kg/ha available P and 290.67 kg/ha available K). The highest available soil organic carbon (0.68 %), available N (160.33 kg/ha), available P (13.99 kg/ha) and available K (307.67 kg/ha) were observed in the treatment T4 - RDN through Vermicompost + Azotobacter sp + Pseudomonas sp. in the Kinnow mandarin. Soil Organic carbon and available NPK were significantly superior over control and cow based bioformulations under Kinnow mandarin cultivation. Whereas, the bacterial count and fungal count were found maximum in T5 - Cow based bio formulation. The enhanced soil nutrient status can also be attributed to the application of biofertilisers in combination with organic manures, which improved soil physical properties, promoted root development, and increased soil moisture retention. The increased bacterial population might be due to role of manures incorporated in the soil which proved essential organic carbon source and also because of soil being the natural habitat of these microorganisms. Similar results were reported by Mitra et al. (2010), Trivedi et al. (2012), Dhomane and Kadam (2013), Kumar et al. (2014) in guava and Marathe and Bharambe (2007) in sweet orange.
Table 5: Effect of FYM, Vermicompost and bio fertilizers on soil properties of Kinnow mandarin during the year 2022-23
	Treatments
	Soil properties

	
	pH (1:2)
	EC 1:2 (ds/m)
	SOC (%)
	Avail. N (kg/ha)
	Avail. P (kg/ha)
	Avail. K (kg/ha)

	T1 - RDN through FYM
	7.70
	0.33
	0.66
	168.67
	15.67
	325.00

	T2 - RDN through Vermicompost
	7.71
	0.32
	0.66
	169.33
	15.80
	328.67

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	7.70
	0.32
	0.67
	169.33
	15.83
	329.33

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	7.71
	0.31
	0.68
	170.33
	15.97
	333.00

	T5 - Cow based bio formulation
	7.71
	0.35
	0.62
	161.67
	15.17
	323.67

	T6 - Control
	7.70
	0.36
	0.60
	159.00
	15.03
	315.67

	CD at 5%
	NS
	0.01
	0.03
	2.37
	0.31
	5.49

	Initial
	7.60
	0.36
	0.68
	154
	14.0
	301



Table 6: Effect of FYM, Vermicompost and bio fertilizers on soil properties of Kinnow mandarin during the year 2023-24
	Treatments
	Soil properties

	
	pH (1:2)
	EC 1:2 (ds/m)
	SOC(%)
	Avail. N (kg/ha)
	Avail. P (kg/ha)
	Avail. K (kg/ha)
	Bacterial Count
	Fungal Count

	T1 - RDN through FYM
	7.60
	0.35
	0.67
	158.33
	13.42
	297.15
	4.5x104
	5.3 x102

	T2 - RDN through Vermicompost
	7.61
	0.34
	0.67
	159.67
	13.65
	302.67
	5.5 x105
	8.4 x103

	T3 - RDN through FYM + Azotobacter sp. + Pseudomonas sp.
	7.60
	0.32
	0.67
	159.33
	13.89
	300.33
	5.5 x105
	4.2 x103

	T4 - RDN through Vermicompost +Azotobacter sp. + Pseudomonas sp.
	7.58
	0.31
	0.68
	160.33
	13.99
	307.67
	6.5 x106
	3.6 x104

	T5 - Cow based bio formulation
	7.66
	0.35
	0.65
	151.67
	12.85
	295.67
	7.2 x107
	6.5 x104

	T6 - Control
	7.70
	0.36
	0.62
	150.00
	11.99
	290.67
	9.5 x103
	1.2 x103

	CD at 5%
	NS
	NS
	0.02
	1.37
	0.28
	4.82
	-
	       -

	Initial
	7.60
	0.36
	0.68
	154
	14.0
	301.00
	5.6 x105



Conclusion:
Manures and bio fertilizers play an important role in growth, fruit retention and development and cause efficient yield improvement. Results revealed that during 2022-23, the maximum stem girth (32.8 cm), plant height (293.6 cm), plant spread (288.2 cm), fruit length (66.7 mm), fruit breadth (76.5 mm), average fruit weight (175.4 g), number of fruits per plant (144.3), yield (25.3 kg/plant), TSS (9.66°Brix), minimum acidity (0.90 %), TSS: Acid (10.73) and available soil organic carbon (0.68 %) of Kinnow mandarin were recorded in RDN through FYM + Azotobacter sp + Pseudomonas sp. Similarly, during 2023-24, the maximum stem girth (38.8 cm), plant height (333.6 cm), plant spread (313.6 cm), fruit length (64.7 mm), fruit breadth (73.5 mm), average fruit weight (173.4 g), number of fruits per plant (294.3), yield (51.1 kg/plant), TSS (9.64°Brix), minimum acidity (0.91 %), TSS: Acid (10.59) and available soil organic carbon (0.68 %) of Kinnow mandarin were recorded in RDN through Vermicompost + Azotobacter sp + Pseudomonas sp.
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