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[bookmark: _GoBack]Abstract
This study was conducted in the Hydroponic Fodder unit of Azemor Agribiz Limited, Ibadan to evaluate fodder yield and nutritive values of maize under hydroponic condition as affected by sources of water and days to harvest.  Three sources of water: nutrient solution (NS), borehole water (BW) and fish hatchery-wastewater (FHW) and three days to harvest: 8, 10 and 12 days after sowing (DAS) were combined in a factorial arrangement and randomized complete block design with five replicates. At harvest, fodder samples were randomly taken and weighed to determine the dry matter yields (DMY). These were oven-dried at 70oC for 48 hours, milled and subjected to chemical analyses. The pH of the waters used ranged from 6.20 – 6.70. Fresh fodder, DMY and green fodder/tray were highest for maize grown in NS and harvested 10 DAS. It can be concluded from this study that hydroponic fodder production from maize is possible between 8 – 12 DAS; and for fodder optimum yield, the fodder is best harvested at 8-10 DAS; using NS .

Introduction
As the gap between the demand and supply of green fodder for ruminant livestock increases resulting from fluctuations in the quality and quantity of the animal feed year-round (Adekeye et al., 2013) an alternative complementing fodder production method that would enhance fodder and livestock production is hydroponics. Hydroponically produced fodder has a short growth period (7-10 days) and requires a small piece of land for production (Mooney, 2005). It has high feed quality that is rich in proteins, fibers, vitamins, and minerals (Bhise et al., 1988; Chung et al., 1989) with health beneficial effects on animals. This technology is new in Nigeria and only few livestock base industries is practicing it among which is Azemor Agribiz Limited. The nutrient solution is occasionally used while borehole water is rarely used. In view of this, this study aimed at evaluating the best source of water and days to harvest that will produce the optimum yield with best water efficiency of hydroponically produced fodder from seeds of maize (Zea mays). 
Materials and Methods
[bookmark: _Toc530606571][bookmark: _Toc17732717][bookmark: _Toc530606584][bookmark: _Toc17732729]The experiment was conducted in the Hydroponic Fodder unit of Azemor Agribiz Limited, km 15, Ibadan-Ife Expressway, Ibadan, Nigeria located on latitude 7.38oN and longitude 3.95oE. The hydroponic room was made with planks covered with mesh net (2 mm) and mosquito net. The room consists of sixteen units of metal shelves (coated with aluminum) each with a length of 140 cm, a width of 92 cm, and a height of 220 cm. Each shelf is divided into five layers of 30 cm interval, each layer could accommodate five trays (made with aluminum), and thus each shelf can contain 25 trays making a total of 400 trays in the Hydroponic system. Maize seeds used were cleaned, sterilized and sown at 2 kg seed tray-1. The factorial treatments consisted of three sources of irrigation water: fish hatchery wastewater (FHW), nutrient solution (NS) and borehole water (BW); and three days to harvest: 8, 10 and 12 days after sowing (DAS). The waters were analyzed for their mineral compositions. The treatments in trays were randomly arranged on the shelf and well labeled. Seeds meant for 12 DAS were sown first followed by 10 DAS while 8 DAS were sown last, hence all treatment were terminated on the same day. Each treatment had five replicates. Trays were irrigated manually with experimental water (allotted to each treatment) twice daily (7.00 am and 7.00 pm) at a fixed rate of 600mL tray−1 day−1. At harvest, fresh fodder from the tray with different sources of water and days to harvest was collected and weighed using electronic sensitive scale. A fresh herbage sub-sample of 400 g was taken and separated into green and dead fodder. These were weighed separately and oven dried at 60oC until constant weight was obtained for dry matter yield (DMY) determination.  All data were subjected to two-way analysis of variance (ANOVA) in using statistical package SAS (2012).
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Table 1:	pH and mineral composition of different irrigation water
	Parameters
	Borehole water
	Nutrient  Solution
	Fish hatchery wastewater 

	pH
	6.40
	6.20
	6.70

	% N
	0.01
	0.02
	0.01

	P (mg kg-1)
	0.01
	0.01
	0.02

	K (mg kg-1)
	23.50
	558.43
	60.13

	Ca (mg kg-1)
	6.40
	230.46
	8.50

	Mg (mg kg-1)
	14.07
	18.50
	19.10

	
	
	
	

	Mn (mg kg-1)
	0.07
	3.00
	0.17

	Fe (mg kg-1)
	6.56
	12.90
	7.50

	Cu (mg kg-1)
	0.56
	0.34
	1.32

	Zn (mg kg-1)
	3.91
	2.00
	0.25



Table 2:	Main effects of sources of water and days to harvest on fresh and dry matter yields, proportions 
		green and dead of maize fodder
	
	Sources of water
	
	Days to Harvest
	

	Parameters 
	NS
	BW
	FHW
	SEM
	8
	10
	12
	SEM

	Fresh yield (t ha-1)
	52.23b
	55.50a
	51.69b
	17.51
	52.34b
	55.63a
	51.65b
	9.14

	Dry matter yield (t ha-1)
	35.45b
	36.61a
	34.26b
	7.78
	35.45b
	36.61a
	34.26b
	8.80

	DM % of fresh fodder
	32.21
	34.11
	33.62
	7.54
	32.21
	34.11
	33.62
	6.57

	Green fodder (kg tray -1)
	4.06b
	4.31a
	4.01b
	0.11
	4.06b
	4.31a
	4.01b
	0.13

	Proportion of green fodder (%)
	100
	100
	99
	1.01
	100
	100
	99
	1.03

	Proportion of dead fodder (%)
	0
	0
	1
	0.00
	0
	0
	1
	0.00


NS = nutrient solution, BW = Borehole water, FHW= Fish hatchery wastewater 
a,b,c: means on the same row with different superscripts are significantly varied (P < 0.05), 
SEM = Standard error of mean




Table 3:	Interaction effects of sources of water and days to harvest on the fresh and dry matter yields 
		and proportions of green and dead maize fodder
	
	Nutrient solution
	Borehole Water
	Fish Hatchery Wastewater 
	

	Parameters 
	8 
	10 
	12 
	8 
	10 
	12 
	8 
	10 
	12 
	SEM

	Fresh yield (t ha-1)
	52.55b
	60.42a
	50.78b
	54.49b
	55.14b
	51.10b
	50.28b
	51.43b
	52.77b
	16.51

	Dry matter yield (t ha-1)
	36.20b
	39.68a
	32.93c
	36.93b
	35.83b
	33.95b
	33.22b
	34.33b
	35.91b
	2.20

	DM% of fresh fodder
	31.11b
	33.89ab
	35.11a
	31.74b
	35.21a
	34.10a
	33.86ab
	33.20ab
	31.67b
	7.17

	Green fodder (kg tray -1)
	4.08ab
	4.66a
	3.94b
	4.20b
	4.29ab
	4.00b
	3.90b
	3.99b
	4.08b
	6.10

	Green fodder proportion (%)
	100
	100
	98.7
	100
	100
	99
	100
	100
	99.1
	22.01

	Dead fodder proportion (%)
	0
	0
	1.3
	0
	0
	.01
	0
	0
	0.9
	0.00


a,b,c: means on the same row with different superscripts are significantly varied (P < 0.05), SEM = Standard error of mean

Results and Discussion
The result showed that the pH of the three sources of water used for producing fodder from maize (Zea mays) seeds indicated that they were close to neutral with a pH range of 6.20 – 6.70 (Table 1). The higher proportions of Ca, K, Mg, Mn and Fe in the nutrient solution (NS) than in borehole water (BW) and fish hatchery wastewater (FHW) was a clear indication that NS was similar to a liquid fertilizer. It contained minerals for plant growth and development. 
The results showed that highest fresh and DMY (t ha-1) and green fodder (kg tray -1) were recorded from fodder irrigated with BW, while these corresponding yields were similar (P<0.05) with both NS and FHW. As recorded, fodder yields in term of fresh and DMY (t ha-1) and green fodder (kg tray -1) reached the peak on 10 DAS after which the yields started declining (Table 2). These downward trends in fodder yields after day 10, signifying cessation in growth and development. Day 10 seems to be the best day for harvesting maize fodder under hydroponic conditions. 
There were significant differences (P < 0.05) in the interaction effects of sources of water and days to harvest on the fresh yield, dry matter yield, percentage dry matter of fresh yield and green fodder (Table 3). Irrigating maize with NS and harvest at 10DAS had the highest fresh yield (60.42 t ha-1), dry matter yield (39.68t ha-1) and green fodder (4.66 kg tray-1), while all the fresh yields were not significantly different at (P<0.05) except NS harvested at 8 and 10 DAS with the lest fresh yield. The least dry matter yield (32.93 – 34.33 t ha-1) was recorded from fodder irrigated with NS (12DAS), borehole water (12 DAS) and FHW (8, 10 DAS), respectively. Others were between 35.83 – 36.93 t ha-1. The highest percentage DM of fresh fodder was recorded from fodder irrigated with NS harvested at 12 DAS and borehole water harvested at 10 and 12 DAS. The least percentage DM of the fresh matter was from fodder irrigated with NS harvested at 8 DAS (31.11%), borehole water harvested at 8 DAS (31.74%) and FHW harvested at 12 DAS (31.67%). Dry matter content of maize fodder recorded in this study was higher than 10.3- 18.5% in maize fodder previously reported (Naik et al., 2014). This might due to variations in climatic conditions, variety of maize seed planted and season.  The biomass yield of 58 - 60 t ha-1 recorded from this research was similar with the result of Al-Karaki (2011) who recorded biomass of 56.0 t ha−1 from barley grown hydroponically under irrigation with borehole water. A fresh yield of 8-10 kg from one kg of locally grown maize seeds in 7-10 days was reported from farmers producing hydroponics maize fodder under low-cost greenhouses devices in Indian (Naik et al., 2013). AI-Karaki and Al-Hashimi (2012) recorded average green forage yields of 217, 200, 194, 145, and 131 t ha−1 for one production cycle (8 days), for cowpea, barley, alfalfa, sorghum, and wheat, respectively. Genotypic variations in forage yields have been reported for different cereal and legume crops (Ansar et al., 2010). Many factors that can influence the fresh yield and DM content of the hydroponics fodder included the type of crops, days to harvesting, degree of drainage of free water prior to weighing, type and quality of seed, seed rate, seed treatment, water quality, pH, irrigation frequencies, nutrient solution used, light, growing period, temperature, humidity, clean and hygienic condition of the greenhouse etc.   

Conclusion 
Production of green fodder under hydroponic conditions is possible within 8 to 12 days from seeds of maize using nutrient solution, borehole water and fish hatchery wastewater as sources of water.  For desirable fodder yields hydroponic fodder from maize is best harvested on 10 DAS using nutrient solution.
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