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Abstract

The present investigation entitled “Influence of organic manures and bio-fertilizers on the growth and productivity of Indian spinach (Beta vulgaris var. bengalensis) was conducted during winter season 2024-2025 at CRC-3 Turari Department of Horticulture ITM university Gwalior (M.P.). The experiment was laid in Randomized Block Design with ten treatments in three replications. The treatments comprise organic manures viz. FYM, Vermicompost and bio fertilizers viz. PSB and Azotobacter for treatment. The treatment used were Control (T1), FYM (25 t/ha) T2, FYM (25 t/ha) + PSB (10 kg/ha) T3, Vermicompost (10 t/ha) T4, Vermicompost 10 t/ha + PSB (10 kg/ha) T5, FYM (12 t/ha) + Vermicompost (5 t/ha) T6, FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha) T7, Azotobacter (10 kg/ha) T8, Azotobacter + PSB each @10 kg/ha T9, FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) T10. It was observed that the plant when applied FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) (T10). Showed the significantly effective response in improving the growth and yield related parameters. The plant height (cm), number of leaves per plant, fresh weight of whole plant (g), yield per plot (Kg/ha), yield per hectare (q/ha) of Indian Spinach was recorded significantly highest with T10 compared to the control. However, the quality parameter viz., chlorophyll content (mg/100g) and total soluble solid (0B) was recorded significantly maximum in (T7) FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha).
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Introduction
Indian Spinach scientifically known as (Beta vulgaris var. bengalensis) with a chromosome number of 2n = 2x = 18, is a leafy vegetable that belongs to the Chenopodiaceae family. It is native to Indo-Chinese region. It is highly nutritive and so it is called as “Mines of minerals”. It is rich in vitamin A, vitamin C, calcium, thiamine, folic acid, niacin, antioxidants, amino acids and minerals like iron, potassium, copper, zinc which contribute to control blood pressure. It plays an important role in red blood cell formation, helps in the synthesis of nucleic acids, and supports proper digestion (Tambura & Singh, 2015).  It is also beneficial against cancer, cataract and ulcers.  It is profitable for vegetable production because of its great productivity of green leaves with succulent stems (Nayak and Maji, 2018). In India, the main Indian Spinach growing states are Uttar Pradesh, Gujarat, Maharashtra, West Bengal. In Jammu province, it is mainly cultivated in Jammu, Samba, Kathua, Udhampur, Reais, Rambam, Doda, Kishtwar, Poonch districts over an area of 83 thousand hectares with annual production 0.9 million MT (FAO 2023). Indian Spinach can with stand the warm conditions, but higher temperature causes premature bolting and reduces its economic yield.  Palak can be grown on wide range of soil type having good fertility and drainage.  It requires sufficient soil moisture at the time of sowing for better germination and growth.  
 Use of organic manures such as FYM, vermicompost not only increase the yield but also improve physical, chemical and biological properties of soil which in turn improve fertility, productivity, water holding capacity of soil (Blane et al.1989). Biofertilizer is a wide term applied to a diverse category of bio-inoculants such as nitrogen fixers Azotobacter and PSB. They are efficient, eco-friendly, cost effective and economically viable apart from meeting the crop nutrient requirements. These days, the use of chemical substances and heavy metals in growing leafy vegetables is becoming a major concern, as it can seriously harm both human health and soil quality. By consuming of vegetables grown by using organic manures and biofertilizers improves health. There is limited information available on the use of various organic manures and biofertilizers in the cultivation of leafy vegetables, particularly in crops like palak (Indian spinach). Hence the present investigation was aimed to know the organic manures and bio inputs on growth, yield and quality parameters of Indian Spinach.
Material and Methods
A research trial was taken up during winter season of 2024-2025 at Crop Research Centre (CRC-3) Turari, ITM university Gwalior (M.P.). The experiment was laid out in Randomized Block Design (RBD) with ten treatments in three replications in which the treatments comprised of nine levels of organic manures and biofertilizers sources (T) i.e. Control T1, FYM (25 t/ha) T2, FYM (25 t/ha) + PSB (10 kg/ha) T3, Vermicompost (10 t/ha) T4, Vermicompost 10 t/ha + PSB (10 kg/ha) T5, FYM (12 t/ha) + Vermicompost (5 t/ha) T6, FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha) T7, Azotobacter (10 kg/ha) T8, Azotobacter + PSB each @10 kg/ha T9, FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) T10. The plot was 3m x 1.5m required plot size and spacing maintain 45 cm row to row and 10 cm plant to plant. The experimental site was well prepared, cultural practices include thinning, weeding, irrigation and manures and biofertilizers application were followed for the healthy growth of crop. Organic manures were applied as a basal dose, while biofertilizers were used to treat the seeds before sowing. Control plot was maintained without any organic and bio inputs.
Well-decomposed FYM, VC and PSB, Azotobacter were used before sowing. The organic manures and biofertilizers were applied through broad casting and mixed in the soil before sowing. Control plot was maintained without any organic manures and biofertilizers input. The Indian Spinach variety Pusa All Green was taken for present investigation. Indian Spinach growth and yield parameters were noted at time of harvest. Five plants taken for each plot. Observations recorded plant height (cm), number of leaves per plant, leaf length (cm), leaf breath (cm), fresh weight of whole plant (g), root length (cm), number of root per plant, yield per plot (Kg/ha), yield per hectares (q/ha), leaf chlorophyll content (mg/100g) and total soluble solid (oB). The observations related to growth, yield, and quality parameters were recorded and are discussed in the following sections.
Results and Discussion
The data on growth, yield and quality parameters are presented in Table 1, 2. The results showed that application of organic manures and biofertilizers significantly influenced the growth, yield and quality parameters of indian spinach. From the study it was evident that organic inputs and bio fertilizers had a positive influence on growth, yield and quality of indian spinach over control.
Plant height (cm) varies from 25.50 cm to 20.58 cm the overall average was 23.28 cm. Maximum value for plant height (cm) 25.50 cm was recorded in treatment (T10) which treated by FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) was found  statistically at par with (T3) 24.23 cm and (T8) 24.66 cm, while the minimum value for plant height (cm) 20.58 cm was recorded in control. Among organic manure and biofertilizers levels the significantly maximum mean height of plant was recorded with the application 100%RDN 27.24 cm was given through FYM, vermicompost and PSB plays a pivotal   role   in   cellular   carbon and metabolism. They need to work closely together to ensure the plant grows and develops in the best possible way. Increased application of level of not spinach might have favoured vegetative growth increasing plant vigour and shoot growth rate increasing spinach growth attributes. These results are in accordance with Thapa et al. (2021) and Krishna et al. (2022) in spinach.
Number of leaves per plant varies from 15.33 to 9.50 the overall average was 12.45. maximum value for number of leaves per plant 15.33 was recorded in treatment T10 FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha). Which was found to be statically at par with (T4) 13.61. While the minimum value for number of leaves per plant 9.50 was recorded in T1 (control). This may be brought about by the microbial consortium found in organic fertilizers, and a favourable environment is created for root respiration, nutrient absorption, and upper part growth when organic manure and bio-fertilizers improves soil formation, air circulation, water retention capacity, and nutrient flow all contribute to a greatly enhanced character. Similar outcomes were published by Anwar et al., (2017). As reported by studies conducted by Sharma et al., (2014), Jamoh et al., (2021) and Krishana et al., (2022) in palak crops.
Leaf length ranged from 11.53 cm to 13.16 cm, with an overall average of 12.03 cm. Maximum value for leaf length 13.16 cm was recorded in treatment (T9) Azotobacter + PSB each @10 kg/ha. Which was found to be statically at par with T2 (12.33) cm and T5 (12.63) cm. The shortest leaf length measuring 11.53 cm was observed in the (T1) control. Highest leaf length may be due to impact of combined application of organic manures and biofertilizers on growth cell division, cell elongation, cell enlargement and formation of more tissues and Vigor of plant. Khadse et al., (2021) and Vishwakarma et al., (2023) in Indian spinach reported that influence of organic fertilizers in combination with biofertilizers might be due to optimum supply of nutrients particularly nitrogen.
Leaf breath (cm) varies from 7.53 cm to 6.13 cm the overall average was 6.80 cm. maximum value for leaf breath 7.53 cm was recorded in treatment T7 FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha), which was found to be statically at par with (T4) 6.93 cm. While the minimum value for leaf breath 6.13 cm was recorded in (T1) control. This could be attributed to the steady supply of nutrients provided by organic inputs. Similar results were reported by Hasan and Solaiman (2013), who found that using organic amendments in cauliflower led to consistent nutrient availability, which in turn supported better plant growth and development.
Fresh weight of whole plant (g) varies from 88.61 g to 65.08 g the overall average was 75.12 g. maximum value for fresh weight of whole plant (g) 88.61 g was recorded in treatment T10 FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha). While the minimum value for fresh weight of whole plant (g) 65.08 was recorded in (T1) control. The significant increase in fresh weight of whole plant due to application of Azotobacter + PSB each @ 2 lit/ha could be due to the fact that as the microorganisms available in biofertilizers in liquid form might have increased the nutrient availability thus, increased the growth and developmental processes of plant leading to more production and accumulation of carbohydrates in the plants grown with this treatment that might have resulted in production of better growth of the plants which in turn leads to increase the fresh weight of whole plant at harvest in this treatment. Similar results have been reported by Nadre et al., (2022) and Vishwakarma et al., (2023) in Indian spinach.
Root length (cm) varies from 13.73 cm to 11.62 cm the overall average was 12.72 cm. maximum value for root length 13.73 cm was recorded in treatment (T5) Vermicompost 10 t/ha + PSB (10 kg/ha), which was found to be statically at par with (T2) 12.68 cm, (T4) 12.99 cm, (T6) 12.90 cm and (T7) 12.41 cm. While the minimum value for root length (cm) 11.62 cm was recorded in (T1) control. Similar result found in application of organic manures such as farm yard manure (FYM), compost, and vermicompost enhances the physical, chemical, and biological properties of soil. These organic manures help improve soil structure, boost microbial activity, and enhance the soil's ability to retain moisture, all of which create a favourable environment for healthy root development. According to Kumar et al. (2018) in palak.
Number of roots per plant varies from 2.97 to 1.56 the overall average was 2.57. maximum value for number of roots per plant 2.97 was recorded in treatment (T3) FYM (25 t/ha) + PSB (10 kg/ha), which was found to be statically at par with (T2) 2.59, (T4) 2.72, (T5) 2.94, (T6) 2.70, (T7) 2.64, (T8) 2.52, (T9) 2.52 and (T10) 2.55. While the minimum value for number of roots per plant 1.56 was recorded in (T1) control. Similar result found that integrated use of FYM and biofertilizers (Azotobacter + PSB) resulted in maximum root number in palak plants due to synergistic effects on nutrient uptake and root stimulation Kumawat et al. (2020) in palak.
Yield per plot (Kg/ha) varies from 7.60 kg/ha to 5.19 kg/ha the overall average was 6.48 kg/ha. The highest yield per plot, 7.60 kg/ha, was recorded under treatment (T10), which included FYM at 10 t/ha, vermicompost at 4 t/ha, along with PSB and Azotobacter each applied at 8 kg/ha, which was found to be statically at par with (T6) 5.78. While the minimum value for yield per plot (kg/ha) 5.19 kg/ha was recorded in (T1) control. Similar results were given through organic manure.  Organic manure acts as a chelating agent and regulates the availability of micronutrients for plants there by increase the growth and yield by providing nutrients in available form. These findings agree with the results reported by Jabeen et al. (2018) and Krishna et al. (2022) in spinach.
Yield per hectare (q/ha) varies from 168.88 q/ha to 115.47 q/ha the overall average was 144.03 q/ha. Maximum value for yield per hectare (q/ha) 168.88 q/ha was recorded in treatment (T10) FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha). While the minimum value for yield per hectare (q/ha) 115.47 was recorded in (T1) control. The increment of yield might be due to application of inorganic nutrients and biofertilizers i.e., Azotobacter, PSB, KSB and AMC which have enhanced the availability of N and P in soil as major plant nutrients. The yield improvement may be attributed to higher yield attributing components such as increased vegetative and yield parameters which were positively affected by the foliar application of micronutrients as reported by Diana and Nehru (2014).
Leaf chlorophyll content (mg/100g) ranged from 5.22 to 7.93 mg/100 g, with an overall average of 6.62 mg/100g. Mmaximum value for leaf chlorophyll content (mg/100g) 7.93 mg/100g was recorded in treatment (T7) FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha), which was found to be statically at par with (T8) 7.66 mg/100g and(T10) 7.26 mg/100g. The lowest leaf chlorophyll content (mg/100g) 5.22 mg/100g, was observed in the (T1) control treatment. Similar results of improvement in chlorophyll content due to addition of organic manures and bio- fertilizers have also been found by Jabeen et al., (2018) and Krishna et al., (2022). The higher chlorophyll content in the leaves could be attributed to the macro and micronutrients provided by vermicompost and biofertilizers, especially nitrogen, which is a key component of chlorophyll. As regards to cutting, maximum chlorophyll content was registered in first cutting (C1) followed by C2 whereas minimum chlorophyll content was recorded in C3. These results are consistent with the findings of Gairola et al. (2009).
Total soluble solid (0B) varies from 8.06 to 5.40 the overall average was 6.82. Maximum value for total soluble solid (0B) 8.06 was recorded in treatment (T7) FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha), which was found to be statically at par with T4 (7.16) and (T10) 7.96. While the minimum value for total soluble solid (0B) 5.40 was recorded in (T1) control. Also reported similar finding where vermicompost + azotobacter treatment significantly increased TSS due to enhanced photosynthetic and rate and sugar accumulation Kumar et al. (2020) in spinach.
Conclusion



On the basis of the recorded data, it was observed that different doses of FYM, Vermicompost, Azotobacter and PSB significantly impacted the quality character of Indian Spinach. It was observed that the plant when applied FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) (T10) showed the significantly effective response in improving the growth and yield related parameters. The plant height (cm), number of leaves per plant, fresh weight of whole plant (g), yield per plot (Kg/ha), yield per hectare (q/ha) of Indian Spinach was recorded significantly highest with (T10) compared to the control. However, the quality parameter viz., chlorophyll content (mg/100g) and total soluble solid (oB) was recorded significantly maximum in (T7) FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha).




	Treatment No.
	
                                       Treatments
	Plant height (cm)
	Number of leaves per plant
	Leaf length (cm)
	Leaf breath (cm)
	Fresh weight of whole plant (g)
	Root length(cm)

	T1 
	Control  
	20.58
	9.50
	11.53
	6.13
	65.08
	11.62

	T2 
	FYM (25 t/ha) 
	22.80
	13.00
	12.33
	7.06
	75.55
	12.68

	T3 
	FYM (25 t/ha) + PSB (10 kg/ha) 
	24.23
	13.13
	12.03
	6.60
	75.61
	13.33

	T4 
	Vermicompost (10 t/ha) 
	23.51
	13.61
	11.63
	6.93
	77.88
	12.99

	T5 
	Vermicompost 10 t/ha + PSB (10 kg/ha) 
	24.06
	11.53
	12.63
	6.60
	72.26
	13.73

	T6 
	FYM (12 t/ha) + Vermicompost (5 t/ha) 
	23.89
	10.78
	11.60
	6.60
	70.61
	12.90

	T7 
	FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha) 
	23.88
	13.14
	11.90
	7.53
	72.97
	12.41

	T8 
	Azotobacter (10 kg/ha) 
	24.66
	13.21
	11.63
	6.40
	83.15
	12.21

	T9 
	Azotobacter + PSB each @10 kg/ha 
	23.70
	11.53
	13.16
	7.46
	69.40
	11.63

	T10 
	FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) 
	25.50
	15.00
	11.86
	6.66
	88.61
	13.68

	SEm(±)
	
	0.61
	0.68
	0.46
	0.28
	1.58
	0.64

	CD (5%)
	
	1.29
	1.43
	0.97
	0.60
	3.23
	1.35


Table 1. Impact of organic manures and biofertilizers on plant height (cm), number of leaves per plant, leaf length (cm), leaf breath (cm), Fresh weight of whole plant (g), root length(cm) of Indian Spinach at time of harvest.

Table 2. Impact of organic manures and biofertilizers on, number of roots per plant, yield per plot (Kg/ha), yield per hectare (q/ha), leaf chlorophyll content (mg/100g), total soluble solid (oB) of Indian Spinach at time of harvest.

	Treatment No.
	
   Treatments
	Number of roots per plant
	Yield per plot (Kg/ha)
	Yield per hectare (q/ha)
	Leaf chlorophyll content (mg/100g)
	Total soluble solid (oB)

	T1 
	Control  
	1.56
	5.19
	115.47
	5.22
	5.40

	T2 
	FYM (25 t/ha) 
	2.59
	6.53
	145.18
	5.68
	6.13

	T3 
	FYM (25 t/ha) + PSB (10 kg/ha) 
	2.97
	6.81
	151.47
	6.80
	6.63

	T4 
	Vermicompost (10 t/ha) 
	2.72
	6.85
	152.36
	6.23
	7.16

	T5 
	Vermicompost 10 t/ha + PSB (10 kg/ha) 
	2.94
	6.46
	143.70
	6.72
	6.73

	T6 
	FYM (12 t/ha) + Vermicompost (5 t/ha) 
	2.70
	6.69
	148.66
	6.39
	7.03

	T7 
	FYM (12 t/ha) + Vermicompost (5 t/ha) + PSB (10 kg/ha) 
	2.64
	6.85
	152.29
	7.93
	8.06

	T8 
	Azotobacter (10 kg/ha) 
	2.52
	6.94
	154.36
	7.66
	6.76

	T9 
	Azotobacter + PSB each @10 kg/ha 
	2.52
	6.18
	137.33
	6.33
	6.33

	T10 
	FYM (10 t/ha) + Vermicompost (4 t/ha) + PSB (8 kg/ha) + Azotobacter (8 kg/ha) 
	2.55
	7.60
	168.88
	7.26
	7.96

	SEm (±)
	
	0.25
	0.22
	5.07
	0.40
	0.46

	CD (5%)
	
	0.54
	0.48
	10.66
	0.84
	0.98
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