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ABSTRACT
	A study was conducted to assess the influence of panchagavya on physical and nutritive value of hydroponic fodder maize. Hydroponic fodder was produced as per the protocol for 8 Days. Hydroponic maize fodder was produced using the TANUVAS – UIIC - Low-cost hydroponic green fodder machine at TANUVAS, Chennai, Tamil Nadu during August, 2025.  Two group of Hydroponic maize fodder was produced, one control group and another treatment group. In the six hydroponic trays, three trays have been marked as control and three trays has been marked as treatment. In control tray only maize seeds with plain water were used for germination however in the treatment group maize seed along with regular spray of water, 3 % of panchagavya was sprayed at the rate of 100 ml per tray on 3rd day. Both physical characteristics and Chemical composition was estimated. The results showed that, there was significant (P<0.05) difference between the harvest days in shoot length, leaf weight, stem weight, ash (%) and highly significant (P<0.01) difference between the harvest days in leaf to stem ratio, crude protein (%), NDF (%), ADF (%) in control group. There was significant (P<0.05) difference between the harvest days in root length, leaf weight and highly significant (P<0.01) difference between the harvest days in leaf to stem ratio, ash (%), CP (%), NDF (%) and ADF (%) in treatment group. Also, there was significant (P<0.05) difference between the control group and treatment group in ash (%) (on 8th day), CP (%) (on 6th day), NDF (%) (on 7th day) and ADF (%) (on 7th day) and highly significant (P<0.01) difference in leaf to stem ratio (on 8th day), CP (%) (on 7th day). The results conclude that application of panchagavya has beneficiary effect on physical and nutritive value of hydroponic fodder maize however, utilization of panchagavya on large scale basis require further research on priority.
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1. INTRODUCTION
Livestock plays a vital role in rural economic by providing subsidiary income to farmer during crop failure (Dagar et al., 2017). However, for sustainable livestock production continuous supply of green fodder is obligatory. India has a requirement of 827.19 million Tons of green fodder against the availability of 734.219 million Tons showing a deficit of 11.24% (IGFRI, 2022), this emphasis the need for technology-led interventions to address the growing challenge. The major limitations for fodder production include small land holdings, uncertain rainfall, water scarcity, labor availability, manure and fertilizer stock, natural calamities and the impact of climate change (Naik et al., 2015). At this crucial moment, it is indispensable to look for alternative methods of fodder production. Hydroponic fodder production is an alternative technology to produce green fodder by vertical farming (Shit, 2019). This system requires minimal land, water to produce nutritious and palatable animal feed produced in a versatile and intensive hydroponic unit (Gebremedhin, 2015). which reduces the gap in feed supply (Fazaeli et al., 2017). Fodders such as Cowpea, Bajra, Jowar, Maize, Sunhemp, Ragi, Horsegram can be grown hydroponically, however maize is most preferred fodder crop (Malhi et al., 2020). Hydroponic system produces disease and pesticide free high quality fresh fodder without soil, using nutrient rich water solution (Woznicki, et al., 2021). Nutrient solution for production of hydroponic fodder is not mandatory as it can be produced using ordinary water (Ningoji, et al., 2021); however, Dung et al., 2010 reported positive effect of nutrient solution containing Ca, K, N, Fe, Mg, S, P, Zn, Mn, Cu, Bo and Na at a level of 89.20, 81.90, 75.10, 1.80, 20.80, 43.20, 3.20, 0.40, 0.50, 0.01, 0.10 and 0.10 ppm respectively. On the other hand, organic formulations particularly liquid like preparations such as panchagavya, beejamruth, and jeevamruth, derived from cow products, have gained popularity. Panchagavya is ayurveda fermented liquid organic fertilizer derived from cow by-products such as milk, urine, dung, curd and butter commonly used in conventional agriculture due to its positive impact on plant growth and crop yield (Amalraj et al., 2011). Panchagavya is natural formulation containing unique blend of major nutrients like N P K and micro nutrients necessary for plant and growth hormones like IAA and GA, leading to better crop morphology and increased yields (Selvaraj et al., 2007). Panchagavya increases the shelf life and taste of the grains, fruits and vegetables (Borgohain et al., 2020). There are lot of studies supporting beneficial role of panchagavya in conventional agriculture (Kumar & Singh, 2020, Bajaj et al., 2022 and Singh et al., 2023) but there are less literature pertaining to role of panchagavya in hydroponic fodder production. With this background a study was conducted to deliver knowledge and information to the farming community on influence of panchagavya on physical, nutritive value and yield of hydroponic fodder maize. 
2. MATERIALS AND METHODS
The study was conducted for evaluating the effect of panchagavya on physical and nutritive value of hydroponic fodder maize. The experiment was carried out at Livestock Farm Complex, Tamil Nadu Veterinary and Animal Sciences University.
2.1 Production of Panchagavya
Panchagavya was prepared by using five byproducts of cow (GIR-P1), i.e. urine, dung, milk, curd and ghee. The above-mentioned quantity of cow dung and ghee were mixed well in a plastic bucket and in another bucket, cow`s milk, cow`s urine and curd were mixed thoroughly. Both the buckets were incubated for 3 days at the prevailing temperature with stirring the ingredients both in the morning and evening for about 20 minutes. The plastic buckets were covered with a cotton cloth and kept in the shade. On the fourth day, the liquid concoction was mixed in to the solid mixture and stirred well both in clock wise and anti-clock wise directions both in the morning and evening. The mixture was allowed to ferment for a period 7 days. On the 8th day of preparation, the Panchagavya is ready for usage. The Physico-chemical parameters of Panchagavya are presented in Table 1. 
Table 1. Characteristics of FYM and panchagavya used for study

	Sl. No.
	Parameter
	Value

	1
	Colour
	Dark green

	2
	Odour
	Fruity smell

	3
	pH
	5.5

	4
	EC (dS/m)
	1.995

	5
	OC %
	0.53

	6
	N (%)
	2.01

	7
	P (%)
	0.41

	8
	K (%)
	0.90

	9
	Zinc (ppm)
	0.50

	10
	Boron (ppm)
	0.116

	11
	Magnesium (ppm)
	0.116

	12
	Iron (ppm)
	8.54

	13
	Actinomycetes (x 103 /ml)
	16.07

	14
	Total Bacteria (x 106 /ml)
	379.50

	15
	Azotobacter (x 103 /ml)
	44.05

	16
	Total Pseudomonas (x 105 /ml)
	46.00

	17
	Total fungi (x 103 /ml)
	11.96


2.2 Production of Hydroponic Maize Fodder
2.2.1 Low-cost hydroponic green fodder machine

Hydroponic maize fodder was produced using the TANUVAS – UIIC - Low-cost hydroponic green fodder machine fabricated at University Innovation and Instrumentation Centre (UIIC), TANUVAS (Jemimah et al., 2020). It is 3 ft wide, 4 ft long and 6 ft high machine consisting of two sections made up of iron frame. Each section contains 8 rows consequent to the 8 days of growth period. Each row consists of 3 plastic hydroponic trays. The hydroponic trays are held in place by ‘L’ shaped beading on either side made up of 22-gauge GI sheet. Each row of the hydroponic machine is fitted with drip pipe on either side. The drip pipe is fitted with misting nozzle so that each tray will have one misting nozzle on either side for watering the crops, and also to maintain the temperature (range of 22 – 27 ̊C) and relative humidity (up to 70%). The machine is covered with 90% green shade net on all sides which permits the entry of sunlight needed for plant growth.

2.2.2 Method of hydroponic fodder production

Recently harvested good quality yellow maize seeds with less than 12% moisture were selected. The seeds were winnowed to remove chaffs and dirt’s and sun dried the day before soaking. Required quantity of seeds i.e. 6 kg/ machine were then weighed and washed in tap water to remove remaining chaffs and dirt's. The seeds were then soaked in water for 20 hours. Water was then drained and the seeds were packed in gunny bags for germination. Water was sprinkled periodically over the gunny bag to maintain moisture. After 24 hours, germinated seeds were taken out from the gunny bags and loaded onto 6 different hydroponic fodder trays at the rate of 1 kg per tray (dry weight). After loading the trays with germinated seeds, the trays were kept on the lowest row of the hydroponic fodder machine. Each tray in the sprout section is provided with one sprinkler on either side for irrigation. Water was sprinkled every hour for about 4 minutes. The trays were shifted to immediate upper row daily. 
2.3 Experimental design 

In the six hydroponic trays, three trays have been marked as control and three trays has been marked as treatment. In control tray only maize seeds with plain water were used for germination however in the treatment group maize seed along with regular spray of water, 3 % of panchagavya was sprayed at the rate of 100 ml per tray on 3rd day. 
Figure 1: Growth of hydroponic fodder maize through low-cost hydroponic device
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2.4 Physical and chemical parameters
Samples (200 g) of hydroponic fodder maize were collected on 6th, 7th, and 8th day evaluated for their moisture (AOAC, 2012). The proximate compositions of the dried samples were determined according to standard methods of AOAC (2012). The loss / gain of proximate principles for hydroponic fodder maize from their original seeds was also calculated and presented on % DMB. The leaf samples were analyzed for neutral detergent fibre (NDF), acid detergent fibre (ADF), lignin and cellulose according to Van Soest et al. (1991). Percentage hemicellulose content was obtained by finding the difference between NDF and ADF values (Church, 1975). Results from this study is then processed using t-test.
3. RESULTS AND DISCUSSION
The changes in the physical and chemical parameters and yield of hydroponic fodder during the different days of growth and their effect due to panchagavya spray is presented in the table 2. 
Table 2: Effect of 3% Panchagavya spray on the physical and nutritive value of hydroponic fodder maize. (Mean ± SE)
	
	Treatment
	6th Day
	7th Day
	8th Day
	Sig

	Physical parameters

	Shoot (cm)
	1
	1.46 ± 0.13a
	1.95 ± 0.28ab
	2.44 ± 0.19b
	0.044*

	
	2
	1.97 ± 0.21
	2.05 ± 0.27
	2.51 ± 0.31
	0.368

	
	Sig
	0.110
	0.822
	0.854
	

	Root (cm)
	1
	1.51 ± 0.32
	1.35 ± 0.13
	1.77 ± 0.24
	0.508

	
	2
	1.36 ± 0.07 a
	1.72 ± 0.12 ab
	1.91 ± 0.15b
	0.049*

	
	Sig
	0.682
	0.104
	0.641
	

	Seed (kg)
	1
	1.88 ± 0.30
	1.90 ± 0.20
	2.33 ± 0.25
	0.426

	
	2
	1.97 ± 0.09
	2.05 ± 0.27
	2.41 ± 0.34
	0.476

	
	Sig
	0.781
	0.676
	0.847
	

	leaf (kg)
	1
	0.03 ± 0.00a
	0.04 ± 0.01ab
	0.06 ± 0.00b
	0.015*

	
	2
	0.04 ± 0.00a
	0.04 ± 0.01ab
	0.07 ± 0.01b
	0.033*

	
	Sig
	0.092
	0.770
	0.218
	

	Stem (kg)
	1
	1.43 ± 0.13 a
	1.91 ± 0.27 ab
	2.38 ± 0.19 b
	0.045*

	
	2
	1.93 ± 0.21
	2.00 ± 0.26
	2.44 ± 0.30
	0.389

	
	Sig
	0.110
	0.823
	0.880
	

	Leaf to Stem Ratio
	1
	0.20 ± 0.00 a
	0.21 ± 0.00 b
	0.23 ± 0.00 c
	0.000**

	
	2
	0.21 ± 0.01 a
	0.22 ± 0.01 a
	0.29 ± 0.01b
	0.001**

	
	Sig
	0.202
	0.284
	0.004**
	

	Height (cm)
	1
	17.77 ± 1.21
	18.70 ± 0.92
	20.97 ± 1.35
	0.220

	
	2
	19.67 ± 1.45
	21.23 ± 1.01
	21.83 ± 1.36
	0.511

	
	Sig
	0.372
	0.137
	0.675
	

	Water use efficiency (fresh basis)
	1
	128.14 ± 16.87
	127.57 ± 9.32
	121.73 ± 7.50
	0.917

	
	2
	144.47 ± 10.16
	140.10 ± 16.93
	133.98 ± 7.78
	0.836

	
	Sig
	0.454
	0.552
	0.321
	

	Water use efficiency (DM basis)
	1
	12.04 ± 1.66
	15.16 ± 0.99
	16.36 ± 1.04
	0.119

	
	2
	13.11 ± 0.95
	16.93 ± 2.11
	16.87 ± 1.05
	0.189

	
	Sig
	0.605
	0.490
	0.747
	

	Nutritive Value (on DM basis) 

	ASH (%)
	1
	3.80 ± 0.04 a
	3.99 ± 0.14 ab
	4.24 ± 0.08 b
	0.042*

	
	2
	3.87 ± 0.06 a
	4.37 ± 0.04 b
	4.54 ± 0.05 b
	0.000**

	
	Sig
	0.350
	0.055
	0.030*
	

	CP (%)
	1
	15.22 ± 0.28 a
	17.38 ± 0.23 b
	18.27 ± 0.42 b
	0.001**

	
	2
	17.10 ± 0.31 a
	18.77 ± 0.08 b
	19.52 ± 0.23 b
	0.001**

	
	Sig
	0.011*
	0.005**
	0.058
	

	NDF (%)
	1
	37.43 ± 0.57 a
	42.08 ± 0.40 b
	43.23 ± 0.18 b
	0.000**

	
	2
	38.65 ± 0.28 a
	43.90 ± 0.38 b
	44.38 ± 1.11 b
	0.002*

	
	Sig
	0.124
	0.030*
	0.366
	

	ADF (%)
	1
	13.03 ± 0.12 a
	14.52 ± 0.31 b
	17.29 ± 0.28c
	0.000**

	
	2
	14.34 ± 0.57 a
	15.83 ± 0.15 a
	18.53 ± 0.72 b
	0.004**

	
	Sig
	0.088
	0.019*
	0.184
	

	Yield 

	Weight (kg)
	1
	4.84 ± 0.64
	5.63 ± 0.41
	6.14 ± 0.38
	0.249

	
	2
	5.46 ± 0.38
	6.18 ± 0.75
	6.75 ± 0.39
	0.304

	
	Sig
	0.454
	0.552
	0.321
	

	Dry matter yield (Kg)
	1
	0.61 ± 0.08
	0.76 ± 0.05
	0.82 ± 0.05
	0.119

	
	2
	0.66 ± 0.05
	0.85 ± 0.11
	0.85 ± 0.05
	0.187

	
	Sig
	0.606
	0.489
	0.748
	


(n=3) *P<.05 **P<.01

3.1 Physical parameters 

3.1.1 Shoot

Between the harvest days, there was significant (P<0.05) difference in the shoot length of hydroponic fodder maize in control group, the highest length was recorded in the 8th day of harvest. However, there was no significant (P>0.05) difference in the shoot length of hydroponic fodder maize in treatment group. There was no significant (P>0.05) difference in the shoot length between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.2 Root
Between the harvest days, there was no significant (P>0.05) difference in the root length of hydroponic fodder maize in control group and treatment groups there was significant (P<0.05) difference. Also, there was no significant (P>0.05) difference in the root length between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.3 Seed

Between the harvest days, there was no significant (P>0.05) difference in the seed weight of hydroponic fodder maize in control and treatment groups. Also, there was no significant (P>0.05) difference in the seed weight between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.4 Leaf

Between the harvest days, there was significant (P<0.05) difference in the leaf weight of hydroponic fodder maize in control group and treatment group, the highest weight was recorded in the 8th day of harvest. However, there was no significant (P>0.05) difference in the leaf weight between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.5 Stem

Between the harvest days, there was significant (P<0.05) difference in the stem weight of hydroponic fodder maize in control group, the highest weight was recorded in the 8th day of harvest. However, there was no significant (P>0.05) difference in the stem weight of hydroponic fodder maize in treatment group. There was no significant (P>0.05) difference in the shoot length between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.6 Leaf to Stem Ratio

Between the harvest days, there was highly significant (P<0.01) difference in the leaf to stem ratio of hydroponic fodder maize in control and treatment group, the highest ratio was recorded in the 8th day of harvest. There was no significant (P>0.05) difference in the leaf to stem ratio between the control group and treatment group on 6th and 7th day. However, there was significant (P<0.01) difference in the leaf to stem ratio between the control group and treatment group on 8th day of harvest.
3.1.7 Height
Between the harvest days, there was no significant (P>0.05) difference in the height of hydroponic fodder maize in control and treatment groups. Also, there was no significant (P>0.05) difference in the height between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.1.8 Water use efficiency
Between the harvest days, there was no significant (P>0.05) difference in the water use efficiency (both fresh basis and DM basis) of hydroponic fodder maize in control and treatment groups. Also, there was no significant (P>0.05) difference in the water use efficiency (both fresh basis and DM basis) between the control group and treatment group on 6th, 7th and 8th day of harvest. 
3.2 Nutritive Value

3.2.1 Ash

Between the harvest days, there was significant (P<0.05) difference in the ash (%) of hydroponic fodder maize in control group and highly significant (P<0.01) difference in treatment group, the highest ash % was recorded in the 8th day of harvest in both the group. Also, there was significant (P<0.05) difference in the ash (%) of hydroponic fodder maize between the control group and treatment group on 8th day of harvest. 

3.2.2 Crude Protein

Between the harvest days, there was highly significant (P<0.01) difference in the crude protein (%) of hydroponic fodder maize in control group and treatment group, the highest CP % was observed in the 8th day of harvest in treatment and control groups. Also, there was significant (P<0.05) difference in the CP (%) of hydroponic fodder maize between the control group and treatment group on 6th and 7th day of harvest. Naik et al. (2012) evaluated the nutrient changes during growth of hydroponic fodder maize. The crude protein had increasing trend and remained highest on 7th day of growth (13.57 per cent). Sprouting modifies the amino acid profile and increases the crude protein content of hydroponic fodder (El-Morsy et al., 2013). The absorption of nitrates facilitates the metabolism of nitrogenous compounds from carbohydrate reserves, thus increasing crude protein levels (Morgan et al., 1992).  
3.2.3 Fibre fraction

Between the harvest days, there was highly significant (P<0.01) difference in NDF and ADF of hydroponic fodder maize in control and treatment groups. However, Also, there was no significant (P>0.05) difference in the NDF and ADF value between the control group and treatment group on 6th, and 8th day of harvest and significant (P<0.05) difference in NDF and ADF values on 7th day. Conventional fodder maize had significantly (P<0.05) higher ADF, cellulose and lignin as compared to hydroponically grown fodder maize. However, NDF and hemicellulose was significantly (P<0.05) higher in hydroponically grown fodder maize.

3.3 Yield 

Between the harvest days, there was no significant (P>0.05) difference in the weight and dry matter yield of hydroponic fodder maize in control and treatment groups. Also, there was no significant (P>0.05) difference in the weight and dry matter yield between the control group and treatment group on 6th, 7th and 8th day of harvest. 
4. CONCLUSION
The hydroponic fodder production is gaining recognition among the farming community as it is efficient technology for the small, medium and landless farmers. However, the cost and yield are the two limiting factors for adaptation of this technology, existing knowledge is insufficient for conversion of seeds to nutritious fodder for the livestock. To achieve maximum yield nutrient solution like panchagavya needs to be validated. Studies on the concentration of nutrient solution, quantity, number of sprays per day and day of spray needs to be undertaken before recommending the technology to end user. 
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