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1. INTRODUCTION

India is basically an agricultural country with 2/3™ of rural population
depending on it for their livelihood. Livestock is the sub-sector of agriculture which
contributes about 4.5 per cent to total Gross Domestic Product (GDP) and 25.8 per
cent to the agriculture GDP (GOI, 2017). Livestock plays an imperative role in
nutritional security, particularly of small and marginal farmers. But productivity of
our animals is 20 to 60 per cent lower than the global average due to improper
nutrition, inadequate health-care and management. Among the responsible factors
for the low productivity, feed and fodder deficiency is the major factor contributing
50 per cent to this cause. Being the leader in cattle and buffalo population and
livestock population increasing every year, current fodder production in our country
is not able to meet the requirement of fodder. At present the country faces a deficit
of 63.5 per cent green fodder and 23.5 per cent dry crop residues. If the present
situation continues deficit will increase to 65.45 per cent in 2030 (IGFRI, 2013).
The cultivated area under fodder in Kerala is only 5570 ha. The fodder requirement
in the state is 232 m t whereas the availability is only 94.5 m t and deficit of nearly
60 per cent (137.5 m t) (GOK, 2018).

For sustainable dairy farming, quality green fodder which is an essential
component of ration for dairy cattle should be fed regularly. Unfortunately, scope
for further expansion of fodder cultivation area is low because of pressure on
agriculture land for food and cash crops. Other constraints like more labour
requirement, more growth time (approximately 45 to 60 days), non-availability of
same quality fodder round the year, uncertain rainfall, requirement of manure and
fertiliser, scarcity of water etc. in conventional fodder production system would

further aggravate the gap in requirement and availability of quality fodder.

As the gap between the demand and supply of green fodder is becoming
wide, researchers and farmers are in search of an alternative fodder or fodder
production method. In this juncture, hydroponics is an emerging technology that
has revolutionized the green fodder production in the 21st century (Tudor et al.,

2003). Fodder produced by growing plants in water or nutrient rich solution but

S



without using any soil is known as hydroponics fodder or sprouted grains or
sprouted fodder. (Dung ef al., 2010a). Hydroponics techniques have proven useful
and efficient for producing food for livestock. Fodder is grown year round under
controlled climatic condition and it is rich in minerals, proteins, amino acids and
vital nutrients. Fodder is free of diseases, residues of pesticides or chemicals and
organic in nature. It improves the health, productivity, fertility and longevity of all

livestock, and saves land, water and labour (Khanna, 2014).

There are many types of grain that can be grown hydroponically. Grain such
as oats, barley, wheat, sorghum and corn have all been tried. According to Jemimah
et al. (2015), crops viz., maize, barley, oats, finger millet, bajra, sorghum, foxtail
millet, rye, triticale, alfalfa, cowpea, horsegram and sun hemp can be grown
successfully under hydroponics as fodder. Fodder maize and grain maize among
the cereals and also grain cowpea and horsegram among the legumes were
identified as better performing crops under hydroponic fodder production system
for getting higher green fodder yield (GFY) and quality with reasonable cost (Jolad,
2018).

Optimum seed rate and period of harvest are primary aspects in the agro-
techniques of hydroponic fodder production, as the productivity, profitability and
quality are associated with it. It is necessitated to select suitable fodder crops for
hydroponics system as well as to standardise seed rate and period of harvest for
good quality fodder production.

Hydroponics fodder can be produced with the use of fresh water and the use
of nutrient rich solution is not obligatory. The added expenses of the nutrient
solution also do not justify its use, unless there is significant improvement in the
feeding value of the hydroponics fodder due to the use of the nutrient solution. In
hydroponic systems, nutrients are provided in the form of nutrient solution at
regular interval. This nutrient solution is an aqueous solution containing mainly
inorganics ions from soluble salts of essential elements which are required for the

growth and development.
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Although, the hydroponic technology is practised by some progressive
farmers, the scientific data base on standard agro-techniques is meagre. With this

background, the study was undertaken with the following objectives:

¢ To identify suitable fodder crops for hydroponics system
» To standardize nutrient solution, seed rate and period for harvest.
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2. REVIEW OF LITERATURE

India is basically an agricultural country and livestock plays an important
role for nutritional and livelihood security of small and marginal farmers. In
Indian livestock farming, scarcity of feed and fodder has been the main restrictive
factor in improving the livestock production and reproduction efficiencies (Birthal
and Jha, 2005).It has become very difficult to get year round supply of quality
green fodder considering urbanisation, unavailability of land and labour, climatic

changes, scarcity of water etc.(Naik et al., 2014).

In these circumstances, alternative methods of fodder production will pave
the way for achieving an increase in fodder production in a sustained manner. One
such alternative is hydroponic fodder production which provides the year round
supply of fresh green fodder with minimal use of land, labour, water and space
(Naik and Singh, 2013).It has been reported that to produce the same amount of
fodder, hydroponic fodder production requires only about 2 to 3 per cent of that
water used under field conditions. Fodder produced hydroponically is of a short
growth period of 7 to 10 days and does not require high quality arable land for
production to take place, but only a small piece of land. It is of a high feed quality,
rich with proteins, fibre, vitamins, and minerals (Khanna, 2014).

Tudor et al. (2003) stated that hydroponics fodder production is a well
known technique for high fodder yield, year round production and least water
consumption. Jemimah et al. (2015) also stated that hydroponic fodder production
is a boon for farmers whose soil is rocky and infertile and it is found to be a viable

farmer friendly alternative technology for landless farmers for fodder production.

Hydroponic fodder is produced in greenhouses under controlled
environment within a short period (Sneath and McIntosh, 2003). The greenhouse
for the production of hydroponics fodder can be of hi-tech greenhouse type or low
cost greenhouse type as per the financial status of the farmer and availability of
building material. The Indian Institute of Technology, Kharagpur developed a low

cost hydroponic system in a room of which two walls were made up of bricks,



while the other two sides (north-south) had double glazed glass windows, which
permitted sunlight to get through, but prevented a rise in temperature inside the
hydroponic system (Sinsinwar et al., 2012). According to Reddy (2014), any type
of shelter, garage, basement, room or low density plastic sheets, greenhouse or
poly hut with solid floor of compacted earth, concrete, cobblestone etc. where the
temperature, humidity and light can be controlled are used for hydroponic fodder

production.

As studies on fodder production through hydroponic technology were very
scanty in India, an attempt was made to identify the suitable crops, seed rate,
period of harvest and nutrient management strategy for enhancing the fodder yield
under hydroponics. The few available already published research works relevant

to the topic are reviewed in this chapter.
2.1 SUITABLE CROPS FOR HYDROPONIC FODDER PRODUCTION

Different types of fodder crops viz., barley, oats, wheat, sorghum, alfalfa,
cowpea and maize can be produced by hydroponics technology. Peer and Leeson
(1985) stated that barley can be established as a superior crop under protective
condition as it produce higher green fodder and dry matter yield when compared
to other crops. Rule et al. (1986) recommended wheat crop for hydroponic fodder
production due to its high vigour and higher GFY. Reddy ef al. (1988) confirmed
that barley can be grown successfully under hydroponics as a fodder crop.
Al-Karaki and Al-Hashimi (2012) studied the green fodder production and water
use efficiency of some forage crops under hydroponics condition. They observed
that among different crops, cowpea recorded highest green fresh yield and it was
followed by barley, alfalfa, sorghum and wheat. Naik et al. (2012) conducted a
detailed study in hydroponic fodder cultivation under the scheme Rashtriya Krishi
Vikas Yojana (RKVY), Govt. of India. Based on the experimental findings, they
concluded that fodder maize was found to be well suited crop under hydroponics

due to its adaptability and higher GFY.



Heins et al. (2015) tested the suitability of temperate seeds viz., barley,
oats, rye, triticale and wheat for hydroponic fodder production system and they
concluded that barley has recorded strikingly higher green forage yield and found
to be superior among temperate seeds. According to Naik e al. (2015), maize was
found to be the grain of choice for production of hydroponic fodder due to its easy
availability, lower cost of seeds, good biomass production and quick growing
habit. High digestibility and fermentability of mung bean indicated it could be
utilized as dairy feed (Zahera et al, 2015). Ansari (2016) concluded maize
followed by barely were economical for hydroponic fodder production based on

cost of seed and yield of fodder.

2.2 GROWTH OF DIFFERENT CROPS UNDER HYDROPONIC FODDER
PRODUCTION SYSTEM

Clarkson and Lane (1991) evaluated the feasibility of using
hydroponically grown barley and the results revealed that barley produced good
plant stand with a height of 20 to 22 cm in six to ten days. According to Bill
(2002) hydroponic fodder plants attained the plant height of 25 to 30 cm within
seven days and ready for harvest. A study conducted by Sneath and Mclntosh
(2003) revealed that starting of germination and visibility of roots varied with the
type of seeds used under hydroponics. They observed that germination started one
or two days after seeding and the roots were clearly visible after two and three
days after seeding in maize and cowpea seeds, respectively. Hydroponically
grown wheat, barley and oats grew rapidly and fairly uniformly and showed no
symptom of mineral deficiency although fungal growth was evident (Snow et al.,
2008). Based on the study, they further stated that average crop heights for wheat,
barley and oats at harvest were 19.0, 25.5 and 25.2 cm, respectively. Similarly,
Naik and Singh (2013) also reported that the hydroponic maize crop looked like a
mat of 20 to 30 cm height consisting of germinated seeds embedded in their white

roots and green shoots.

According to Al-Saadi and Al-Zubiadi (2013), barley seeds under
hydroponics reached the crop height of about 16 to 18 cm height within the



growth period of seven days. They also observed that it had a carpet like
appearance with dark green colour shoots and thick white roots. Jolad (2018)
found out that among the cereal crops, fodder maize and grain maize were
recorded with significantly higher shoot and root length and in the case of
legumes, higher shoot and root length were registered in grain cowpea and
horsegram. All these four crops were found to be on par with each other and this

was followed by fodder cowpea in recording shoot and root length.

23 YIELD OF DIFFERENT CROPS UNDER HYDROPONIC FODDER
PRODUCTION SYSTEM

Sneath and Mcintosh (2003) observed that a higher GFY of eight to ten kg
per kg of barley seed was obtained within seven to eight days under hydroponic
system. Al-Ajmi ef al. (2009) recorded a GFY of about seven to nine kg and dry
matter yield of 0.9 to 1.1 kg per kg of seed with a crop height 15 to 30 cm in
barley. Dung et al. (2010a) recorded 3.7 times increase in fresh weight of barley
fodder with dry matter content of 19.7 per cent within seven days under
hydroponics. Al-Karaki and Al-Hashimi (2012) found that the highest values for
GFYs were recorded in cowpea followed by barley, alfalfa, sorghum, and wheat.
Barley and cowpea had produced significantly higher dry fodder yield than other
tested crops. However, no significant differences between cowpea and barley in
dry fodder yields were noted. Fazaeli et al. (2012) conducted a study on yield and
feed value of barley grain under hydroponics and reported that average GFY of
4.93 kg per kg of barley seed at day six and 7.21 kg per kg of barley seed at day
eight. They also stated that conversion ratio based on the amount of fresh fodder

produced per unit of seed used could be approximately four to eight times.

Green fodder yield of maize under hydroponics was found to be five to six
folds higher on fresh basis with dry matter content of 11 to 14 per cent (Naik et
al., 2014). Naik et al. (2015) evaluated the green fodder production ability of
different crops under hydroponic fodder production system. Experimental results
showed that fresh yield of barley was 2.8 to 8 folds with dry matter content of 8.0
to 19.7 per cent in six to eight days and fresh yield of maize was 3.5 to 6.0 folds



with dry matter content of 10.3 to 18.5 per cent in seven to eight days. An
elaborative study was conducted by Naik et al. (2016) to assess the yield and
nutrient content of hydroponic cowpea sprouts at various stages of growth. They
found that GFY of hydroponically sprouted cowpea was highest at day nine (6.63
kg kg of seed). In a study conducted by Jolad (2018), it was concluded that
among the cereal crops, fodder maize recorded higher GFY of 5.48 kg kg™’ of seed
and dry mater yield of 720.77 g kg' of seed which was on par with grain maize.
Whereas, higher green fodder and dry matter yield were recorded in grain cowpea
(5.29 kg kg of seed and 692.53 g kg of seed, respectively) and horsegram
(5.24 kg kg™ of seed and 689.89 g kg™ of seed, respectively) among legume crops.

24 QUALITY OF DIFFERENT CROPS PRODUCED UNDER
HYDROPONICS FODDER PRODUCTION SYSTEM

Sprouting has been used to improve the nutritional value of the grains. The
nutritional value of sprouted grains is improved due to the conversion of complex
compounds into relatively simpler compounds that are nutritionally more
valuable. Sprouting of grains has resulted in increased protein quantity and
quality. Sprouting also increases the concentration of certain nutrients including
sugars, minerals and vitamin contents. However, sprouting has resulted in
decreased starch content and dry matter content of grains. It also increases the
plant enzyme contents (Chavan and Kadam, 1989). Sneath and Mclntosh (2003)
analysed the composition of sprouted barley and reported that crude protein
content ranged from 11.38 to 24.9 per cent at the time of harvest. Naik ef al.
(2014) investigated the nutritional composition of conventionally grown bajra
napier hybrid and hydroponics maize fodder. They obtained the conclusion that
hydroponics maize fodder is highly nutritious because it contains more crude
protein (13.57 %), less crude fibre (14.07 %) and less total ash (8.34 %) as against
the conventional bajra napier hybrid. Concentrations of crude protein averaged
15.6 per cent and 17.9 per cent for sprouted barley and wheat, respectively. The
NDF was greater for sprouted barley (34.4%) while for wheat it was 26.7 per cent



(Heins et al., 2015). Mung bean sprout grows fast and contains high protein and
crude fibre which are frequently deficient in dairy cow diets (Zahera et al., 2015).

Gebremedhin (2015) reported that hydroponic horsegram was found to
have higher crude protein content of 30.26 per cent on dry matter basis. This was
followed by hydroponic maize fodder with the crude protein content of 16.5 per
cent and hydroponics barley fodder with the crude protein content of 14.44 per
cent. According to Naik ef al. (2016), dry matter content of cowpea sprouts under
hydroponics was the lowest (6.49 per cent) and crude protein content was highest
(31.23 per cent) on ninth day of growing period. Among all the crops tested by
Jolad (2018), grain cowpea and horsegram were recorded with significantly
higher crude protein content. Among the cereals, considerably higher crude fibre
content was recorded in fodder maize and grain maize, and in the case of legumes,
fodder cowpea, grain cowpea and horsegram were registered with higher crude
fibre content. Regarding ash content, significantly higher values were recorded in

fodder cowpea, grain cowpea and horsegram.

2.5 EFFECT OF SEED RATE AND TIME OF HARVEST ON GROWTH OF
CROPS UNDER HYDROPONIC FODDER PRODUCTION SYSTEM

Plant height was not influenced by seed density and moreover plant
competition could inhibit sprout growth that was germinated in green house
because of the low nutrient availability (Knochel et al., 2010). Naik et al. (2012)
realized seven to nine kg GFY with 20 to 25 cm height with 1.5 kg seed under
hydroponic maize production. While El-Morsy ef al. (2013) stated that increase in
the seed density of barley would increase the shoot length and root length. Higher
shoot length and root length was observed at a seed density of 1.5 cm (10 kg m™)
as compared to 0.5 cm (5 kg m™). Ningoji (2018) reported that, at harvest of
hydroponically grown maize, significantly higher root and shoot length was
documented with 2.50 kg m™ seed rate as compared to 1.50 kg m™ seed rate and it

was on par with 2.25 kg m~,



The growth characters like shoot and root length in sprouts grown under
hydroponic system increases with advancement of growing period. Emam (2016)
reported that from the first to the eighth day, the main visible change is the

increase in root length and thickness.

2.6 EFFECT OF SEED RATE AND TIME OF HARVEST ON YIELD OF
CROPS UNDER HYDROPONIC FODDER PRODUCTION SYSTEM

Massantini and Magnani, (1980) reported an increased total dry weight
with increasing seeding rate up to 5 kg m™~, but they showed that leaf to root ratio
was constant with seeding upto 4 kg m~ and declined rapidly with further increase
in seeding rate. On the basis of total dry weight to grain weight ratio, they
concluded that a seeding rate of 4 kg m™ is most efficient for seedling growth and
higher productivity. Morgan et al. (1992) studied the effect of grain rate on
hydroponic fodder production. Trays sown with 2.5, 5 and 7.5 kg m™ of grain was
assessed for dry matter at seven days and he observed a reduction in dry matter
recovery with increased grain density. Fazaeli et al. (2012) studied the
productivity and nutritive value of barley green fodder under hydroponic system
and suggested a seed rate of 4.5 kg m™ as ideal to get higher fresh GFY and dry
matter. El-Morsy ef al. (2013) stated that increase in barley seed density from 0.5
cm (5 kg m?) to 1.5 cm (10 kg m?) led to significant increase in total sprouts,
shoot and root fresh weight. Islam er al. (2016) reported that forage yield of
fodder maize was significantly higher at 6.22 kg kg™ seed) compared to 4.42 kg
kg™ seed. While, significantly higher forage yield of fodder wheat was noticed at
6.73 kg kg seed compared to 4.3 kg kg seed. Naik et al. (2017) reported that
hydroponically grown maize with seed rate 5.1 kg m™” recorded significantly
higher total fresh yield (5.14 kg kg seed) and leaves fresh yield (1.67 kg kg
seed) as compared to seed rate of 10.2 kg m™. But the root yield (6.86 kg kg™
seed) was significantly higher with 10.2 kg m™ seed rate as compared to 3.8 kg m”
2(2.55 kg kg seed). Significantly higher total dry matter yield (0.68 kg kg™ seed)
was observed with 5.1 kg m? seed rate as compared to 10.2 kg m™ seed rate.

Gunasekaran et al. (2018) opined that hydroponically grown fodder maize has

Q)



recorded significantly higher biomass yield with seed rate of 250 g sq. ft' (4.50
kg kg seed) as compared to 100 g sq. ft” (3.60 kg kg™ seed).

Sneath and McIntosh (2003) stated that 1 kilogram of seed produces six to
ten kilograms of fodder and most of this gain comes from water. They saw a
reduction in dry matter weight of fodder when compared to grain seed as during
soaking and germination, seeds lose dry matter as they use their own energy
reserves for growth. Fazeli et al. (2012) reported that as the growing period
extended from day six to day eight, crude protein, ash, Ether Extract (EE), Neutral
Detergent Fibre (NDF) and Acid Detergent Fibre (ADF) increased in barley. The
fresh yield of hydroponically sprouted cowpea increased and dry matter content
(%) decreased with the advancement of growing period (Naik ef al., 2013). Akbag
et al. (2014) reported that seventh day is the best harvest day, in terms of green
fodder production. Naik et al. (2016) also observed that the fresh yield of
hydroponically sprouted cowpea increased with the advancement of growing
period and remained similar and highest from sixth day to ninth day growing
period. Productivity of mungbean is influenced by seed conversion to fodder that
is influenced by seed density (Zahera et al., 2015).

2.7 EFFECT OF SEED RATE AND TIME OF HARVEST ON NUTRITIVE
QUALITY OF CROPS UNDER HYDROPONIC FODDER PRODUCTION
SYSTEM

Knochel et al. (2010) observed that enhanced seed density caused
decreased nutrient conversion that could be caused by plant competition to uptake
nutrient and water and this competition caused the low nutrient availability in high
seed density. While, Zahera et al. (2015) concluded that nutrient composition of
mung bean green fodder was not influenced by seed density. The seed rate had no
effect on the proximate constituents of different portions ie. roots with
germinated seeds, leaves and plants of hydroponic maize fodder. The seed rate of
7.6 kgm™ can be recommended for the production of hydroponics maize fodder
for optimal output and all parts of the hydroponics maize fodder are nutritious
(Naik et al., 2017).



It is indicated that the ash content of the seeds increased during sprouting.
This relatively increases due to the decrease of dry matter, in other terms the
alterations are based on changing of proportion of the nutrients (Chavan and
Kadam, 1989). Cell wall cellulose accumulation such NDF and ADF per cent was
raised due to increasing growth stage (Hoffman e al, 2003).
Naik ef al. (2012) indicated that the corn crude protein content raise following
increasing harvest days. Fazeli et al. (2012) and Naik et al. (2012) in their studies
reported that with the progress of harvest period, the plants cell wall components
are increased. The ash content of barley was increased by the maturation. This
result was in accordance with Naik ef al. (2012). Dung et al. (2012) explains that
the fibre content is mostly derived from root and seed husk due to the maturation
process and endosperm formation with time. Total biomass and nutrient content
were increased in longer harvest time. Chemical composition of hydroponically
germinated fodders is changed in relation with harvest days. The fodder dry
matter contents were decreased significantly by maturation of sprouts. It was
determined that the dry matter content was decreased, the crude protein content
was not changed significantly, cell wall contents (NDF, ADF) and ash content
were increased by the maturation of the sprouts (Akbag et al., 2014).The crude
protein (%) of the hydroponically sprouted cowpea fodder was lowest on first day,
then increased and remained similar during seventh to ninth day of sprouting
period. The EE content increased and remained similar during day fifth to eighth
day of sprouting, however, it was highest on ninth day of growth (Naik et al,
2016). Chrisdiana (2018) observed that with increase in time of harvest, NDF and
ADF value increase occurs because of the synthesis and accumulation of lignin

which usually occurs during the formation and thickening of secondary cell walls.

2.8 NUTRIENT MANAGEMENT FOR HYDROPONIC FODDER
PRODUCTION

According to Epstein and Bloom (2005), half strength Hoagland solution
is considered as a complete formulation of all required nutrients and is

recommended for general use in hydroponic systems. Azevedo et al (2006)



strongly believed that green fodder production under hydroponic has been directly
correlated with nitrogen (N) content of the applied water. Lamnganbi and Surve
(2017) tested six crops sprayed with two different water soluble fertilizers urea
(0.5 %) and 19-19-19 (0.5 %) and found out that plants which were foliar sprayed
had a much healthier growth with more plant growth and larger diameter as
compared to no foliar sprayed treatments. Ningoji (2018) observed that fodder
yield of the hydroponically grown fodder maize differed significantly with foliar
nutrition and time of spray. From the study conducted by Jolad (2018), it could be
concluded that cultivation of grain maize with foliar application of 19:19:19 @ 1
per cent found to be the best option for attaining maximum GFY and nutritional
quality with minimal cost under hydroponic fodder production system. Anil
(2018) recommended to use GA3 at 10 mg L' with African tall to obtain

maximum forage yield under hydroponic condition.

2.8.1 Effect of Different Nutrients on Growth of Crops Under Hydroponic

Fodder Production System

Study conducted by Massantini and Magnani (1980) showed a positive
response to added nutrient solution. They found that leaf growth rate was
increased by 31.5 per cent in cereal fodders under hydroponics through the
addition of nutrient solution when compared to water alone. (Al-Karaki and Al-
Hashimi, 2012) found that crop height of hydroponic barley was increased by 1.5
times when it was irrigated with treated sewage water when compared to tap
water. They concluded that this significant increase in growth might be due to
nutrient concentration of treated sewage water. Al-Karaki (2011) also reported
that the height of barley seedlings was significantly higher when irrigated with
waste water containing nutrients than irrigated with normal water. Adrover et al.
(2013) observed that the treatment with Hoagland nutrient solution had the
maximum above ground and below ground productions. Lamnganbi (2017)
reported that plants which were foliar sprayed had a much healthier growth with
more plant growth and larger diameter as compared to no foliar sprayed

treatments. Jolad (2018) observed that among the nutrient foliar spray, application



of 19: 19: 19 (1%) recorded significantly higher shoot and root length, while foliar
spray of panchagavya (3%), vermivash (1%) and control (without any spray)
produced relatively smaller roots and shoots. Ningoji (2018) reported that higher
values of growth parameters in fodder maize at harvest viz., shoot length (33.74
cm) and root length (30.16 cm) were noticed with application of two sprays of
urea and MOP each @ one per cent at third and tenth day of seeding.

2.8.2 Effect of Different Nutrients on Yield of Crops Under Hydroponic
Fodder Production System

Massantini and Magnani (1980) stated that GFY of cereals under
hydroponics was found to be superior with application of nutrient solution and
this might be due to accelerated growth of seedlings with enhanced nitrogen (N)
supply. According to Sneath and MclIntosh (2003), fodder production in
hydroponic barley can be accelerated by 25 per cent through bringing the nutrients
directly to the plants without developing large root systems to seek out food. Al-
Ajmi et al. (2009) while studying yield and water use efficiency of barley fodder
produced under hydroponic system in Gulf Cooperation Council countries using
tertiary treated sewage effluents used a seed rate of 4.65 kg m~, realized GFY of
18.1 kg with an efficiency of 2.76 kg kg™ seed. Dung et al. (2010b) also reported
the higher GFY of barley with hydroponic nutrient solution.

Al-Karaki (2011) obtained the GFY of 224 t ha' with use of tap water
alone, 276 t ha™ with equal mix of tap water with tertiary sewage treated waste
water and 320 t ha™' with tertiary sewage treated waste water alone, respectively in
hydroponically grown barley crops. He concluded that higher GFY obtained with
tertiary sewage treated waste water might be due to the higher nutrient content of
treated waste water especially nitrogen. Ningoji (2018) observed that combined
application of urea and MOP each @ 1 per cent recorded significantly higher
fodder maize yield (13.25 kg m™) as compared to individual spray viz., MOP
(1%) spray (11.87 kg m™), 19:19:19 (1%) spray (12.27 kg m~) and urea (1%)
spray (12.24 kg m™). Jolad (2018) found out that among the nutrient foliar spray
tested on hydroponically grown maize, higher GFY of 6.00 kg kg' of seed and
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dry matter yield of 780.70 g kg' of seed were recorded in foliar spray of
19: 19: 19 (1%). Anil (2018) reported that higher forage yield was obtained with
spray of 10 mg L' GA3 in African tall variety.

2.8.3 Effect of Different Nutrients on Nutritive Quality of Crops under
Hydroponic Fodder Production System

Provision of nutrients in the hydroponic solution had no effect on dry
matter yield as corroborated by Morgan et al. (1992). Following the dry matter
loss there was no difference in barley fodder with water vs nutrient solution. Dung
et al. (2010a) studied the effect of nutrient solution on yield and quality of barley
sprouts under hydroponic condition. They found that the dry matter losses after
seven days of sprouting were 16.4 and 13.3 per cent in tap water irrigation and
hydroponic nutrient solution, respectively. Higher protein concentration of 17.3
per cent was recorded in sprouts grown with hydroponic nutrient solution than
those grown with tap water irrigation (15.9 %). Al-Karaki and Al-Hashimi (2012)
reported that the protein content in hydroponically produced fodder reached about
27.4 per cent in crops irrigated with tertiary sewage treated waste water which
was considerably higher when compared to barley fodder grown in equal mix of
tap water with tertiary sewage treated waste water (24.9 %) and tap water
(25.2 %). However, no significant difference was noticed in crude fibre and crude
fat content of fodder irrigated with three types of water. Crude protein
composition of mung bean could be increased by increased N supplementation

from nutrient solution during germination (Naik et al., 2012).

Gunashekaran et al. (2018) opined that the crude protein content was
higher with spray of 0.1 per cent urea and total ash was higher with 10 per cent
vermiwash spray, while crude fibre and ether extract were higher with water
spray, in hydroponically grown maize fodder. According to Lamnganbi (2017),
dry matter content showed a gradual decline but was improved by foliar
application compared to no foliar sprayed treatments and the nutrient content or
crop quality was improved by applying foliar spray. Jolad (2018) observed that
foliar spray of 19: 19: 19 (1%) recorded significantly higher total protein while,



panchagavya (3%), vermivash (1%) and control (without any spray) were
recorded with significantly lower protein yield. However, different nutrient foliar
spray did not show any significant difference in crude fibre, crude fat and ash
contents. Nanavare (2018) studied the effect of nutrient solution (19:19:19) on
chemical composition of different varieties of maize and concluded that spraying
of 0.75 per cent of 19:19:19 recorded significantly higher nutrient per centage at
7" day and 14" day of hydroponic study.

2.9 ECONOMICS OF HYDROPONIC FODDER PRODUCTION

Naik et al. (2013) pointed out that hydroponic fodder can be grown in low
cost green houses with locally available grains to cut down the cost of production.
They calculated that if seed was home grown, the cost of production was about
Z 2 to 3 per kg of fresh fodder and if seed was purchased from market, the cost of
production was bit higher as ¥ 3 to 3.50 per kg of fresh fodder. The cost of
hydroponic systems depends upon the type of construction materials used (Bakshi
et al., 2017). Kaouche et al. (2016) did the cost benefit analysis of cultivating
hydroponic fodder to conventional fodder considering labour, land and water, and
concluded that conventional fodder production requires ten times more labour,
200 times more land and eight times more water than hydroponic system.
Lamnganbi (2017) opined that foliar sprayed yellow maize both urea treated and
19-19-19 (0.5 %) treated were most economical of all the crops taken and it had
high potential in India. Grain maize with foliar spray of 19:19:19 NPK (1%)
recorded higher B:C ratio of 1.16 which was closely followed by grain maize
along with foliar application of DAP (0.5%) + KCI (0.5%) which registered the
B:C ratio of 1.15 (Jolad, 2018). Ningoji (2018) observed that application of two
sprays of urea and MOP each @ 1 per cent at 3™ and 10™day of seeding recorded
higher gross returns, net returns and benefit cost ratio (B:C ratio) (2.41) as

compared to control.
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3. MATERIALS AND METHODS
The experiment was conducted at Integrated Farming System Research
Station, Karamana during November 2018 to June 2019 to identify suitable fodder
crops for hydroponics system and to standardize seed rate, period for harvest and
nutrient solution. The details of materials used and methods adopted during the

course of study are presented in this chapter.

3.1. EXPERIMENTAL MATERIALS
3.1.1. Location

The study was conducted at IFSRS, Karamana, Thiruvananthapuram,
Kerala, located at 8°28 25~ North latitude and 76°57'41" east longitude at an altitude

of 3.3 m above mean sea level.
3.1.2. Crops

3.1.2.1. Experiment I

This experiment was conducted to find out the best performing crops
among the ten crops based on yield, quality and economics by adopting standard
hydroponic techniques. The crops taken were rice, barley, maize, wheat, sorghum,

pear] millet, finger millet, cowpea, horsegram and greengram.

3.1.2.2. Experiment II:
This experiment was conducted to standardise the seed rate and days of
harvest for best performing two crops selected from Experiment I. The crops

selected for this experiment were maize and greengram.

3.1.2.3. Experiment 111
This experiment was conducted to know the effect of foliar spray of
nutrients under hydroponics in maize and greengram, each sown at the seed rate

and harvested on the period of harvest standardised from experiment IL.



3.1.3 Hydroponic Structure

Low cost hydroponic chamber having the size of 2 m length x 1.3 m width
x 1.8 m height was established with GI pipes with four shelves and automatic
sprinkler irrigation system (Plate 1). The frame was housed inside a small chamber
made of iron mesh to avoid entry of rats and squirrels. It was covered with shade
net. Plastic trays of size 500 cm™ were used with drainage holes at the bottom of
trays to facilitate drainage of excess water. Motor was used to deliver the water

from water tank through laterals fitted with low cost foggers.
3.1.4 Preparation of Nutrient Solutions

3.1.4.1. Hoagland Selution

Chemicals used  for | Stock solution (g to | Final solution (ml
Hoagland solution make 1 L) to make 1 L)
KNO; 101.1 5

Ca(NO;3)2.4H20 236.2 5

KH2PO4 136.1 1

MgS04.7H.0 246.5 2

To make 1 L of solution, add 5 ml Ca(NO1)2.4H20 stock solution, 5 ml
KNO3, 1 ml KHaPOy, 2 ml MgS04.7H20, 1 ml micronutrient solution and 1 ml iron
solution to 800 ml distilled water and make up to 1 L. (Maynard and Hochmuth,
2007).

3.1.4.2. Groundnut Cake (Supernatant Solution)
One kg groundnut cake was immersed in water necessary to soak it and kept

for four to five days. The supernatant solution was filtered and taken.

3.1.4.3 Starter Solution

A solution of N, P20s and K>O in the ratio of 1:2:1 was made by mixing
water soluble fertilisers urea, DAP (Diammonium phosphate) and KCI (Potassium
chloride).



Plate 1. Low cost hydroponic fodder production system
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3.2. EXPERIMENTAL METHODS
3.2.1. Experimental Design and Details

3.2.1.1. Experiment I: To Evaluate the Suitability of Fodder Crops for
Hydroponics

The experiment started on November 2018 and two trials were conducted.
The experiment was completed by end of November. The experiment to identify
suitable crops for hydroponic fodder production was laid out in Completely
Randomized Design (CRD) comprised of ten crops (Table 2a and 2b). The
treatments were replicated thrice.
Treatments

¢ - Rice

¢z - Barley

c¢3 - Maize

c4 - Wheat

¢s - Sorghum

cs - Bajra

c¢7 - Ragi

cg - Cowpea

co - Horsegram

c1o — Greengram
3.2.1.2. Experiment II: Standardization of Seed Rate and Period for Harvest of
Fodder in Hydroponics Fodder Production Unit

The experiment started on April 2019 and was completed by end of May
2019. The experiment to standardise the seed rate and period of harvest of the
selected crops from experiment I under hydroponics was laid out in factorial CRD.
In maize, the experiment was laid out in factorial CRD with three seed rates and
four periods for harvest. Considering greengram, it was laid out in factorial CRD
with three seed rates and two periods for harvest as it was observed that the crop

did not survive beyond nine days in hydroponic fodder production system (Plate3).

a0
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The treatment combinations were replicated thrice. The treatment details are given

in Table 1.

Table 1: Treatment details of experiment [T

Greengram

Maize

Factor A: Seed rate (s)
s 150 g ft 2 (1.61 kg m™)
s2: 175 g ft 2 (1.88 kg m?)

s3: 200 g ft 2 (2.15 kg m?)

Factor A: Seed rate (s)

si: 150 g ft 2 (1.61 kg m?)
s2: 175 g ft 2 (1.88 kg m?)
s3:200 g ft 2 (2.15 kg m?)

Factor B: Period for harvest (t)
t: 7 days
t2: 9 days

Factor B: Period for harvest (t)

t1: 7 days
t2: 9 days
t3: 11 days
t4: 13 days

siti: Seed rate of 150 g ft
harvested on 7" day

sit: Seed rate of 150 g fi
harvested on 9™ day

sati: Seed rate of 175 g ft
harvested on 7" day

i
(]

i
(5]

s:t2: Seed rate of 175 g fi
harvested on 9™ day

sst;: Seed rate of 200 g ft
harvested on 7" day

sstz: Seed rate of 200 g ft
harvested on 9™ day

and

and

and

and

and

and

sity:
sita:
sita:
sity:
day
saty:
Sata:
Sata:
day
saly:
day
S3ty:
sata:
sata:
day
s3ly:
day

Seed rate of 150 g ft  and harvested on 7" day
Seed rate of 150 g ft 2 and harvested on 9™ day
Seed rate of 150 g ft ? and harvested on11" day
Seed rate of 150 g ft > and harvested on 13"

Seed rate of 175 g ft 2 and harvested on 7" day
Seed rate of 175 g ft 2 and harvested on 9" day
Seed rate of 175 g ft 2 and harvested on 11"
Seed rate of 175 g ft 2 and harvested on 13™
Seed rate of 200 g ft 2 and harvested on 7" day
Seed rate of 200 g ft 2 and harvested on 9™ day

Seed rate of 200 g ft ? and harvested on 11"

Seed rate of 200 g ft % and harvested on 13"

2\



ok .

3.2.1.3. Experiment III: Standardization of Nutrient Solution for Hydroponics
Fodder Production

The experiment started on June 15" 2019 and was completed by June 27®
2019. The experiment was laid out in CRD, comprised of eight sources of foliar
nutrition on the two selected crops with selected seed rate and selected period of

harvest, The treatment combinations were replicated thrice.

Treatments - Nutrient solutions
n; - Hoagland solution (0.25%)
n2 - Hoagland solution (0.5%)
n3 - 19:19:19 (0.5%)
n4 - DAP (0.5%)+ KCI (0.5%)
ns - Starter solution (1:2:1)
ns - Vermiwash (10 times dilution)
n7 - Groundnut cake (supernatant solution- 10 times dilution)

ng — Water

3.2.2. Hydroponic Protocols
The different steps followed in hydroponic fodder production are (Plate 4):

3.2.2.1. Selection of Seeds

Seeds of ten crops were obtained from the respective Departments of Tamil
Nadu Agricultural University, Coimbatore. Seeds of all crops were cleaned from
debris and other foreign materials. Seeds were subjected to a germination test to

check for their viability before being used.

3.2.2.2. Seed Treatment
The cleaned seeds were soaked in tap water with 0.1 percent sodium

hypochlorite solution (household bleach) overnight for about 12 hours.
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3.2.2.3. Seed Incubation
Soaked seeds were allowed to germinate in air tight gunny bags kept in dark
condition for 24 hours before being loaded into plastic trays for fodder production

in the hydroponic unit.

3.2.2.4. Seeding of Sprouted Seeds

The sprouted seeds were uniformly spread over hydroponic plastic trays. In
experiment I, the seed rate of 200 g fi? (2.15 kg m™) was adopted and in experiment
11 seed rate as per treatments were adopted. While in experiment III seed rate of 200
g ft? (2.15 kg m™) was adopted for both the crops. The trays were stacked on the

shelves.

3.2.2.5. Irrigation

Irrigation to the hydroponic fodder was done by automatic spraying of water
through foggers at one hour interval during day time at a fixed rate which was
enough to keep the seeds or seedlings moist.

3.2.2.6. Harvesting
The experiment was terminated afier nine days from seeding in experiment
I, as per treatments in experiment IT and, seven days for greengram and eleven days

for maize in experiment III.

3.2.2.7. Application of Nutrient Solution

Eight different sources of nutrients were tested on greengram and maize in
experiment III. The time and source of nutrient foliar spray were given in
Table 2.

&
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Table 2. Time and source of nutrient foliar spray

S.No. Time of spray Source and concentration of nutrition

1 Hoagland solution (0.25%)

Hoagland solution (0.5%)

19:19:19 (0.5%)

Morning 08.30 AM on | DAP (0.5%)+ KCI (0.5%)

consecutive days from | Starter solution (1:2:1)

third day of seeding Vermiwash (10 times dilution)

| SN | A W N

Groundnut cake (supernatant solution-

10 times dilution)

8 Water

3.3. OBSERVATIONS

3.3.1. Growth Parameters

3.3.1.1. Number of Leaves

Visual counting was followed to count number of leaves.

3.3.1.2. Shoot Length
The length of the seedling was measured from base of the stem to the tip on
the day of harvest from five selected plants and mean value was expressed in

centimetres.

3.3.1.3. Shoot Weight
Weight of shoot separated from root of the hydroponic mat was weighed
and the value was expressed in kg kg’ seed.

3.3.1.4. Root Length
Root length was determined by measuring the length of root from the base
of the stem to the tip of the longest root on the day of harvest from five selected

plants and mean value was expressed in centimetres

\l‘l )
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3.3.1.5. Root Weight
Weight of the root separated from the shoot of the hydroponic mat was

weighed and the value was expressed in kg kg seed.

3.3.2. Yield Parameters

3.3.2.1. Seed to Green Fodder Yield Multiplication Ratio
Weight of seeds sown was divided by the fresh weight of hydroponic green
fodder obtained.

3.3.2.2. Green Fodder Yield
The entire plants including roots in the tray were removed and the fresh

weight was recorded. The yield of green fodder was expressed in kg of green fodder
kg 'of seeds.

3.3.2.3. Dry Fodder Yield.

Samples (of green fodder) collected from each tray were air dried and then
oven dried at 80° £5° C for 72 hours. From the dry weight of sample, total dry matter
yield was calculated and expressed in kg of dry matter per kg of seeds.

3.3.3. Quality Characteristics

3.3.3.1. Dry Matter Per Cent
Weight of sample before and after oven drying is taken and dry matter per

cent is calculated using the formula,

Weight of sample after drying (g)
Weight of sample before drying (g)

DM (%) =

x 100

W
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3.3.3.2. Crude Protein
Nitrogen content was estimated by Micro kjeldahl's method and it was
multiplied by the factor 6.25 to obtain the total protein content. It was expressed in

percentage (Crompton and Harris, 1969).

3.3.3.3. Acid Detergent Fibre

An acidified quaternary detergent solution is used to dissolve cell solubles,
hemicellulose and soluble minerals leaving a residue of cellulose, lignin, and heat
damaged protein and a portion of cell wall protein and minerals (ash). ADF is
determined gravimetrically as the residue remaining after extraction (van Soest,
1965).

3.3.3.4. Neutral Detergent Fibre

The process of determining NDF content involves a neutral detergent that
involves a neutral detergent that dissolves plant pectins, proteins, sugars and lipids.
This leaves behind the fibrous parts such as cellulose, lignin and hemicellulose.
These parts are not easily digestible and so are often not desired within a feedstuff
(van Soest, 1965).

3.3.3.5. Ether Extract

The crude fat in the feed sample was extracted with organic solvents such
as diethyl ether in a soxhlet fat extraction assembly for several hours. Afterwards
the ether in the extraction flask was separated and the flask with the ether extract
was dried and weighed. The ether extract was expressed in percentage (AOAC,
1990).

3.3.3.6. Ash Content
Total ash is the non-combustible fraction of the feed, represents the total
mineral content in the feed. A weighed quantity of the sample was incinerated and

ash left as residue was weighed and percentage was calculated (AOAC, 1990).

3.3.4. Pest and Disease Incidence

No incidence of pest and disease.
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3.3.5. Economic Analysis
The economic analysis of the hydroponic fodder production was done in
terms of net income and B:C ratio based on cost of cultivation and prevailing price

of produce.

3.3.5.1. Net Income
The net income was calculated by deducting cost of cultivation from the

gross income and expressed in ¥ kg™’ seed.
3.3.5.2. B:C Ratio

Benefit cost ratio was worked out as follows

Gross returns (% kg™ seed)
Cost of cultivation (% kg™’ seed)

B:C ratio =

3.4. STATISTICAL ANALYSIS

The data related to each parameter was analysed statistically by using
Analysis of Variance Technique (ANOVA) like CRD and factorial CRD (Panse
and Sukhatme, 1985) and significance was tested by ‘F’ test (Snedecor and
Cocharan, 1967). In the cases were the treatment differences were found significant,
critical difference was worked out at five per cent probability level and the values
are furnished. The treatment difference that were not significant were denoted as
*NS”.
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4. RESULTS

The experiment was conducted in a low cost hydroponics fodder machine
at Integrated Farming System Research Station, Karamana to identify suitable
fodder crops for hydroponics system and to standardise seed rate, period of
harvest, and nutrient solution. The experimental data collected were statistically

analysed and the results obtained are presented below.

4.1. EXPERIMENT 1: TO EVALUATE THE SUITABILITY OF FODDER
CROPS FOR HYDROPONICS

4.1.1. Performance Based on Growth Parameters
4.1.1.1. Number of Leaves

Number of leaves recorded at the time of harvest is presented in Table 3.
There was no significant variation in number of leaves among the ten different

crops grown under hydroponics.
4.1.1.2. Shoot Length

The data pertaining to shoot length recorded at the time of harvest is
presented in Table 3. Significant variations were seen in shoot length of different

crops tested.

Among the crops, maize (cs) recorded significantly higher shoot length of
23.23 em which was on par with greengram (cio) measuring 22.83 cm. The lowest

shoot length of 3.76 cm was observed in ragi (c7).
4.1.1.3. Shoot Weight

Shoot weight recorded at the time of harvest is presented in Table 3.
Among the crops, greengram (cio) recorded significantly higher shoot weight of
7.93 kg kg™ seed and the lowest shoot weight of 0.78 kg kg™ seed was observed

in sorghum (cs).
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Table 3. Performance of different crops under hydroponics based on growth

parameters
Shoot
Teamens | NDSTOf || weht |y, | Rootwoight
(cm) seed) (cm)
c1 - Rice 2.33 8.00 1.09 7.60 3.15
c2 - Barley 233 21.03 1.65 9.47 3.24
¢3 . Maize 233 23.23 2.90 13.27 3.15
c4 - Wheat 2.67 18.98 1.79 8.83 3.47
cs - Sorghum 233 11.71 0.78 5.94 1.23
cs - Bajra 233 9.81 1.28 4.75 1.38
c7- Ragi 2.67 3.76 2.10 4.61 3.97
cs - Cowpea 2.33 21.03 4.04 9.23 1.53
¢s - Horsegram 233 11.74 6.25 12.57 2.38
cio- Greengram 2.33 22.83 7.93 13.51 2.07
SE m(+) 0.33 0.39 0.16 0.25 0.13
CD (0.05) NS 1.175 0.484 0.739 0.384




4.1.1.4. Root Length

Root length recorded at the time of harvest is presented in Table 3. Among
the crops, greengram (c10) recorded the highest root length of 13.51 cm which was
on par with maize (13.27 cm). The lowest root length of 4.75 cm was observed in

ragi (4.61 cm).
4.1.1.5. Root weight

Root weight recorded at the time of harvest is presented in Table 3.
Considering root weight, ragi (c7) had a significantly higher value for root weight

(3.97 kg kg! seed) compared to other crops.
4.1.2. Performance Based on Yield Attributes
4.1.2.1. Seed to Green Fodder Yield Multiplication Ratio

Data pertaining to seed to GFY multiplication ratio is presented in Table 4.

The least amount of seeds required to produce kg” green fodder was found to be
for greengram (cio).
4.1.2.2. Green Fodder Yield

Results revealed that there is significant difference on the green fodder

potential of different crops under hydroponics fodder production system (Table
4).

Among the crops, greengram (c10) recorded the highest GFY of 10.17 kg
kg of seeds. Sorghum recorded the lowest GFY of 2.01 kg kg™ seed.
4.1.2.3. Dry Fodder Yield

DFY recorded is presented in Table 4. Among the ten different crops,
DFY was highest for greengram (0.91 kg kg™ seed). Bajra and sorghum recorded
the lowest values for DFY (0.33 kg kg™ seed).
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Table 4. Performance of different crops under hydroponics based on yield
attributes.

Treatments Sff::!‘il:rj g:l?in GﬁY Dl_:;Y
multiplication ratio (kg kg™ seed) (ka kg 80ed)

c1 - Rice 0.24 423 0.85
c2 - Barley 0.21 4.82 0.70
¢3 - Maize 0.17 6.04 0.82
¢4 - Wheat 0.19 5.26 0.66
cs - Sorghum 0.51 2.01 0.33
cs - Bajra 0.39 2.61 0.34
c7- Ragi 0.17 5.98 0.55

cg - Cowpea 0.19 5.45 0.60
¢y - Horsegram 0.11 8.62 0.71

c10- Greengram 0.10 10.17 0.91

SE m(%) 0.02 0.25 0.015
CD (0.05) 0.069 0.754 0.043
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4.1.3. Performance Based on Quality Characteristics
4.1.3.1. Dry Matter Per Cent

Dry matter content was analysed and presented in Table 5. Among the
crops, dry matter per cent was the highest for rice (20.25 %). Legumes recorded

low dry matter per cent and the lowest value was for horsegram (co).
4.1.3.2. Crude Protein

Crude protein content varied significantly for different crops under
hydroponics fodder production system (Table 5).

Among the crops, all legumes had high crude protein content. Greengram
(c10) recorded the highest crude protein content of 20.97% which was on par with
horsegram (c9) and cowpea (cg). The lowest crude protein content was estimated

in ragi (c7).
4.1.3.3. Acid Detergent Fibre

Higher values of fibre is an undesirable character for animal feed. ADF
values were analysed and results are presented in Table 5. The lowest ADF value

was recorded for maize (c3) and highest value for rice (c1).
4.1.3.4. Neutral Detergent Fibre

NDF values was analysed and results are presented in Table 5. The lowest
NDF value was recorded for cowpea (cs) which was on par with horsegram and
the highest value for rice (ci).

4.1.3.5. Ether Extract

Ether extract (fat content) was analysed and presented in Table 5.
Greengram (ci0) which recorded a value of 3.50 was the highest among different

crops which was on par with bajra (cs) and the lowest value was recorded by ragi

(c7).
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Table 5. Effect of different crops under hydroponics on quality parameters, per cent

s | o [ wor [ vor | B |
¢ - Rice 20.25 14.56 | 39.41 68.71 2.85 13.01
¢z - Barley 14.58 13.97 31.34 50.28 2.05 7.87
¢3 . Maize 13.59 15.97 18.86 47.37 2.61 8.66
¢4 - Wheat 12.48 13.72 30.21 52.65 1.97 10.74
¢s - Sorghum 16.64 14.25 22.40 51.12 2.58 9.40
cs- Bajra 13.13 13.33 22.70 54.32 3.16 11.06
¢7- Ragi 9.19 9.08 34.49 60.50 1.22 11.73
cg - Cowpea 11.17 18.29 | 27.89 32.27 1.61 12.11
¢y - Horsegram 8.20 19.63 38.12 50.39 2.52 7.18
¢io- Greengram 8.98 20.97 25.60 33.57 3.50 8.01
SE m(%) 0.75 1.04 0.77 0.89 0.21 0.51
CD (0.05) 2.216 3.075 2.281 2.645 0.629 1.503
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4.1.3.6. Ash content

Ash content was analysed and data is presented in Table 5. Lower values
of this parameter are desirable. Among different crops, horsegram (co) recorded
the lowest value of 7.18 which was on par with greengram, barley and maize, and

highest value for rice (c10).

4.1.4. Economics of Different Crops Under Hydroponics Fodder Production
System

The data presented in Table 6 depicts net income and B:C ratio of
different crops grown under hydroponics fodder production system. Maize crop
grown under hydroponics system recorded the highest net income of ¥ 36.30 kg
seed and B:C ratio of 2.51. B:C ratio of more than one was recorded for rice,

barley, wheat, ragi, horsegram and greengram.

Seed to green fodder multiplication was very poor (<3 kg) in sorghum and pearl
millet. Hence, these crops were not suitable for hydroponics fodder production.
Considering the yield, quality and economics, maize and greengram was selected

for the second and third experiment.

4.2. EXPERIMENT II: STANDARDISATION OF SEED RATE AND PERIOD
OF HARVEST OF FODDER IN HYDROPONICS FODDER PRODUCTION
UNIT

4.2.1. Effect of Seed Rate and Period of Harvest on Growth Parameters of

Greengram Under Hydroponics
4.2.1.1. Number of Leaves

The data on effect of seed rate and period of harvest on biometric

parameters of greengram on number of leaves is presented in Table 7.

The results revealed that the main effects and the interaction effects did

not have any significant influence on number of leaves.

AL



Table 6. Economics of different crops under hydroponics fodder production system

38

Treatments (I;I igh,l cs(::;) B:C ratio
¢ - Rice 15.23 1.56
2 - Barley 22.13 1.85
¢3 . Maize 36.30 2.51
c4 - Wheat 2.53 1.05
¢s - Sorghum -29.03 0.41
c6- Bajra -22.97 0.53
c7- Ragi 15.73 1.35
cs - Cowpea -24.60 0.69
¢y - Horsegram 11.80 1.14
c1o - Greengram 12.67 1.16
SE m(+) 2.54 0.06
CD (0.05) 7.538 0.162
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4.2.1.2. Shoot Length

The variation in shoot length of greengram at different seed rates and

period of harvest is given in Table 7.

Different seed rates and period of harvest had no significant impact on
shoot length. With respect to the interaction effects, sst2 (seed rate of 200 g ft?
and harvested on 9" day) recorded the highest shoot length which was on par with

sit2and satz.
4.2.1.3. Shoot Weight

The variation in shoot weight of greengram at different seed rates and time

for harvest is given in Table 7.

Comparing the different seed rates, s3 (200 g fi*) recorded the highest
shoot weight which was on par with s2 (175 g ft?), while different period of
harvest had no significant effect on shoot weight. Among the interaction effects,
sati (seed rate of 200 g ft* and harvested on 7% day) recorded the highest shoot

weight which was on par with sati, stz and sata.
4.2.1.4. Root Length

The data on root length of greengram at different seed rates and period of
harvest is given in Table 7. Different seed rates and period of harvest had no
significant impact on root length. Among the interactions, sit; showed

significantly higher root length which was on par with siti, sit, s2ti and s3ta.
4.2.1.5 Root Weight

The data on root weight of greengram at different seed rates and period of

harvest is given in Table 7.

Among the three seed rates, s3(200 g ft?) recorded the highest root weight,
while the different period of harvest had no significant effect on root weight.
Among the interactions, s3tz recorded significantly higher root weight which was

on par with s3ti.

[
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Table 7. Effect of seed rate and period of harvest on growth parameters of

greengram under hydroponics
Number Shoot 32:;;: t Root Root wei_;ght

Treatments of length 1 length (kg kg

leaves (cm) (h;i:_,lg) (cm) seed)
Seed rate (Sg
s - 150 gfi 2 23.06 5.29 9.65 34
s,- 175¢ i 2 23.07 6.28 9.32 3.37
s, - 200g i 2 23.35 6.44 9.69 3.74
SE m (%) - 0.21 0.08 0.29 0.05
CD (0.05) NS NS 0.268 NS 0.145
Period of harvest (T)
t —7days 2 22.41 6.05 9.88 3.49
t,—9 days 2 23.91 5.95 9.22 3.52
SE m (%) - 0.18 0.07 0.23 0.04
CD (0.05) NS NS NS NS NS
Interaction (S x T)
st 2 22.18 5.28 9.87 3.39
s;t, 2 23.95 5.29 9.43 343
A 2 22.40 6.40 9.66 3.35
5,4 2 23.74 6.15 8.98 3.39
st 2 22.66 6.47 10.12 3.72
st 2 24.04 6.41 9.26 3.75
SE m (%) - 0.31 0.11 0.41 0.12
CD (0.05) NS 0.983 0.378 0.983 0.369
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4.2.2. Effect of Seed Rate and Period of Harvest on Yield Attributes of

Greengram under Hydroponics
4.2.2.1. Seed to Green Fodder Multiplication Ratio

The data on seed to green fodder multiplication ratio of greengram at

different seed rates and period of harvest is given in Table 8.

Among the three different seed rates, s3 (200 g ft”) recorded the lowest
seed to green fodder multiplication ratio, while the different period of harvest

showed no significant difference in the seed to green fodder multiplication ratio.

Among the interactions, szti, s2tz, s3t; and s3t2 recorded the same seed to

FAVS

green fodder multiplication ratio.
4.2.2.2. Green Fodder Yield

The data on GFY of greengram at different seed rates and time for harvest

is given in Table 8.

Among the three different seed rates, s3 (200 g ft?) recorded the highest
GFY, while the different period of harvest showed no significant difference in the
GFY. Among the interactions, st (seed rate of 200 g ft? and harvested on 7" day)
recorded the highest GFY which was on par with sat; and sat.

4.2.2.3. Dry Fodder Yield

The data on DFY of greengram at different seed rates and time for harvest

is given in Table 8.

Among the three different seed rates, s3 (200 g ft?) recorded the highest
DFY and among the different period of harvest greengram harvested at 7" day (1)
recorded highest DFY. Among the interactions, s3t) (seed rate of 200 g ft* and
harvested on 7" day) recorded highest DFY.
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Table 8. Effect of seed rate and period of harvest on yield attributes of greengram
under hydroponics

Seed to green
Treatment fodder yield GFY DFY
XAHISR multiplication (kg kg™' seed) (kg kg™ seed)
ratio
Seed rate (S)
2
s, —150 g fi 0.12 8.79 0.75
2
s, -175¢ ft 0.11 9.64 0.85
5,-200g ft 0.10 10.17 0.87
SE m () 0.002 0.08 0.015
CD (0.05) 0.005 0.262 0.005
Period of harvest (T)
t,—7 days 0.11 9.54 0.85
t,—9 days 0.12 9.47 0.80
SE m (%) 0.01 0.07 0.004
CD (0.05) NS NS 0.012
Interaction (S x T)
5.t 0.12 8.67 0.77
st 0.11 8.72 0.72
st 0.10 9.78 0.87
st 0.10 9.54 0.83
st 0.10 10.18 0.90
st 0.10 10.16 0.84
SE m (£) 0.003 0.12 0.007
CD (0.05) 0.009 0.409 0.021
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4.2.3. Effect of Seed Rate and Period of Harvest on Quality Characteristics of

Greengram under Hydroponics
4.2.3.1. Dry Matter Per Cent

Dry matter content was analysed and presented in Table 9. Different seed
rates had no effect on dry matter per cent of greengram, while among different
period of harvest t; (7 days) recorded significantly higher dry matter per cent.
Among the interactions, sati (seed rate of 175 g ft? and harvested on 7" day)

recorded the highest dry matter per cent which was on par with siti, s>tz and ssti.
4.2.3.2. Crude Protein

Crude protein varied significantly with different seed rates and interaction

effects. The results are presented in Table 9.

Different seed rates and period of harvest had no significant effect on
crude protein. Among the interactions, s3t: (seed rate of 200 g ft”? and harvested
on 9" day) was found to be significantly higher which was on par with sit2, sat2

and saty.
4.2.3.3. Acid Detergent Fibre

Low fibre content is desirable for cattle feed. The variation in ADF of

greengram at different seed rates and period of harvest is given in Table 9.

Different seed rates had no effect on ADF while among the different
period of harvest, t; (7 days) recorded significantly lower value for ADF.
Considering the interactions, sit; (seed rate of 150 g ft* and harvested on 7™ day)

recorded lowest ADF which was on par with sat; and sst;.
4.2.3.4. Neutral Detergent Fibre

The data on NDF recorded for greengram at different seed rates and period

of harvest is given in Table 9.

Different seed rates had no effect on NDF, while among the different
period of harvest t; (7 days) recorded significantly lower value for NDF.
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Table 9. Effect of seed rate and period of harvest on quality characteristics of
greengram under hydroponics, per cent

Dry Crude Ether Ash
Tregtments matter Protein ADF | ‘HDF extract content
Seed rate (S)
s,—150 g ﬁ-I 8.57 21.23 2431 | 35.21 2.12 11.27
2
s, -175g ft 8.77 21.29 25.20 | 35.81 2.19 10.89
2
s, -200g ft 8.56 21.76 24.58 | 35.56 2.11 10.66
SE m (%) 0.10 0.81 0.88 | 0.97 0.10 0.27
CD (0.05) NS NS NS NS NS NS
Period of harvest (T)
t —7days 8.85 2143 | 21.82 | 32.38 2.35 9.86
-9 days 8.42 21.428 27.57 | 38.67 1.93 12.03
SE m (%) 0.08 0.68 0.72 | 0.79 0.08 0.22
CD (0.05) 0.28 NS 2.232 | 2.455 0.259 0.687
Interaction (S x T)
st 8.87 21.00 21.79 | 32.35 235 9.90
st 8.27 21.47 26.83 | 38.07 1.89 12.63
st 8.88 22.17 21.79 | 32.35 242 9.80
s,t 8.66 20.42 28.62 | 39.27 1.95 11.99
5.4 8.81 22.12 21.89 | 3245 2.28 9.87
s.t, 8.31 22.40 27.26 | 38.67 1.94 11.46
SE m (%) 0.15 0.36 1.21 1.37 0.14 0.38
CD (0.05) 0.481 1.172 4.069 | 4.659 0.463 1.299




Considering the interactions, sit; (seed rate of 150 g ft* and harvested on

7% day) recorded the lowest NDF which was on par with sat; and ssti.
4.2.3.5. Ether Extract

Ether extract (fat content) was analysed and presented in Table 9. No
significant effect was noted on fat content at different seed rates. Among the

different period of harvest, t; (7 days) recorded the highest fat content.

Considering the interaction effects, spt; (seed rate of 175 g ft? and
harvested on 7" day) recorded the highest fat content which was on par with sit;

and saty.
4.2.3.6. Ash content

Ash content was analysed and data is presented in Table 9. Lower values
of this parameter is desirable. No significant effect was noted on ash content at
different seed rates. Among the different period of harvest, t; (7 days) recorded

the lowest ash content.

Considering the interaction effect, s>t; (seed rate of 175 g ft* and harvested on 7"

day) recorded the lowest ash content which was on par with sit; and sst;.

4.2.4. Effect of Sced Rate and Period of harvest on Economics of Greengram
Under Hydroponics

The data presented in Table 10 depicts net income and B:C ratio of
greengram grown at different seed rates and period of harvest under hydroponics

fodder production system.

Among the three different seed rates, s3 (200 g ft%) recorded the highest
net income and B:C ratio, while the different period of harvest showed no

significant difference in the economics of the system.

Among the interactions, s3t; (seed rate of 200 g ft*> and harvested on 7"
day) recorded the highest net income and benefit cost ratio which was on par with

s3t2 and saty



Table 10. Effect of seed rate and period of harvest on economics of greengram

A4t -

under hydroponics

Treatments Nt iﬂcome B:C Ratio
(T kg’ seed)

Seed rate (S)
s1—150 g fi? 1.95 1.03
s -175g fit? 11.63 1.14
s3- 200g fi? 16.72 1.20
SE m (%) 0.84 0.01
CD (0.05) 2.616 0.03
Period of harvest (T)
11— 7 days 10.50 1.13
t2— 9 days 9.70 1.11
SE m (£) 0.69 0.01
CD (0.05) NS NS
Interaction (S x T)
5.4 1.74 1.02
st 2.15 1.03
st 12.87 1.15
LA 10.39 1.12
EAR 16.87 1.20
st 16.56 1.19
SE m (%) 0.187 0.013
CD (0.05) 4.113 0.046
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4.2.5. Effect of Seed Rate and Period of Harvest on Growth Parameters of
Maize Under Hydroponics.

4.2.5.1. Number of Leaves

The data on number of leaves is presented in Table 11. The results
revealed that the main effects and the interaction effects did not have any

influence on the number of leaves.
4.2.5.2. Shoot Length

The variation in shoot length of maize at different seed rates and time for

harvest is given in Table 11.

Among the different seed rates, s3 (200 g ft?) recorded the highest shoot
length which was on par with s;, while among the different period of harvest 4
(13 days) recorded the highest shoot length which was on par with t3. With respect
to the interaction effects, sits (seed rate of 200 g ft* and harvested on 13" day)
recorded the highest shoot length which was on par with sits, sits, sat3, s2ta and

sata.
4.2.5.3. Shoot Weight

The variation in shoot weight of maize at different seed rates and period of

harvest is given in Table 11.

Comparing the different seed rates, s3 (200 g ft?) recorded the highest
shoot weight, while among different period of harvest, t3 (11 days) recorded the
highest shoot weight. Among the interaction effect, ssts (seed rate of 200 g ft? and
harvested on 11" day) recorded significantly higher shoot weight which was on
par with s3t.

4.2.5.4. Root Length

The data on root length of maize at different seed rates and period of

harvest is given in Table 11.
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Table 11. Effect of seed rate and period of harvest on growth parameters of maize

under hydroponics.
Shoot Sh_o o Root Root weight

Treatments Nl;;nagz; of l?:gth (:gelﬁlg].t, length (kg kg"g

m) seed) (cm) seed)
Seed rate (S)
s —150g 3 26.58 198 | 21.49 2.87
s, -175¢ i 3 27.00 2.16 21.50 3.02
s, - 200g . 3 27.40 232 21.49 2.97
SE m (£) . 0.16 0.03 0.13 0.05
CD (0.05) NS 0.465 0.085 NS 0.168
Period of harvest (T)
t —7days 3 24.10 1.74 20.47 2.75
t,—9 days 3 25.52 2.01 21.63 2.78
t,— 11 days 3 29.04 2.48 21.88 3.22
t,—13 days 3 29.31 2.38 21.99 3.14
SE m (+) - 0.18 0.03 0.15 0.06
CD (0.05) NS 0.537 0.098 0.441 0.87
Interaction (S x T)
st 3 25.05 1.67 20.5 2.46
st 3 25.99 1.8 21.75 2.4
st 3 28.9 2.25 21.65 3.37
st 3 29.64 2.19 22.05 3.27
st 3 24.03 1.89 20.9 3
st 3 25.65 2.2 21.29 3.03
s,t, 3 28.91 2.31 21.93 3.16
st 3 29.42 2.23 21.87 3.14
st 3 23.23 1.65 20 2.8
s.t, 3 24.92 2.03 21.85 291
st 3 29.31 2.88 22.05 3.15
5.t 3 28.87 2.71 22.06 3.02
SE m (£) . 0.32 0.06 0.26 0.11
CD (0.05) NS 0.869 0.17 0.763 0.324
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Different seed rates had no significant impact on root length, while among
the different period of harvest t4 (13 days) recorded the highest root length which
was on par with t2 and t3. Among the interactions, s3ts (seed rate of 200 g ft* and
harvested on 13" day) showed significantly higher root length which was on par

with sitz, sits, sita, Sat2, s2ts, Sols, S3tz and sats.
4.2.5.5. Root Weight

The data on root weight of maize at different seed rates and period of

harvest is given in Table 11.

Among the three seed rates, sz (175 g ft?) recorded the highest root weight
which was on par with s3, while among different period of harvest highest root
weight was recorded for t3 (11 days) which was on par with t4. Among the
interactions, sit; (seed rate of 150 g ft? and harvested on 11" day) recorded

significantly higher root weight which was on par with sita, s2t3, s2t4 and ssts.

4.2.6. Effect of Seed Rate and Period of Harvest on Growth and Yield
Attributes of Maize Under Hydroponics

4.2.6.1. Seed to Green Fodder Multiplication Ratio

The data on seed to green fodder multiplication ratio of maize at different

seed rates and period of harvest of maize is given in Table 12.

Among the three different seed rates, s3 (200 g ft?) and s; (175 g ft?)
recorded the lowest seed to green fodder multiplication ratio, while among the
different period of harvest at t3 (11 days) and ts (13 days) recorded the lowest seed

to green fodder multiplication ratio.

Among the interactions, sits (seed rate of 200 g fi”? and harvested on 11"
day) recorded the lowest seed to green fodder multiplication ratio which was on

par with s)t3, s2t3 and s3ta.



Table 12. Effect of seed rate and period of harvest on yield attributes of maize under
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hydroponics
Treatments Seed to green GFY DFY
fodder yield (kg kg™ seed) | (kg kg' seed)
multiplication ratio
Seed rate (S)
s~ 150 g ﬂ-z 0.22 4.77 0.62
s -175g fi 0.2 524 0.68
S; R 02 529 0.67
SE m (%) 0.003 0.06 0.005
CD (0.05) 0.009 0.172 0.014
Period of harvest (T)
t —7 days 0.23 439 0.62
-9 days 0.21 4.79 0.63
t,— 11 days 0.18 5.70 0.71
t,—13 days 0.18 5.52 0.65
SE m (%) 0.002 0.07 0.006
CD (0.05) 0.007 0.205 0.017
Interaction (S x T)
s, t, 0.26 3.82 0.55
5.t 0.24 4.19 0.57
st 0.18 5.62 0.70
st 0.19 5.45 0.65
s,t, 0.2 4.89 0.68
s,t, 0.19 5.23 0.69
5.t 0.18 5.46 0.69
st 0.19 5.37 0.64
s,t 0.22 4.46 0.63
s.t, 0.2 4.94 0.63
st 0.17 6.03 0.74
s.t, 0.18 5.73 0.67
SE m (&) 0.003 0.12 0.01
CD (0.05) 0.008 0.355 0.029
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4.2.6.2. Green Fodder Yield

The data on GFY of maize at different seed rates and period of harvest is
given in Table 12.

Among the three different seed rates, s3 (200 g ft?) recorded the highest
GFY which was on par with s2 and among the different period of harvest t; (11
days) recorded significantly high GFY which was on par with ts.

Among the interactions, sats (seed rate of 200 g ft? and harvested on 11*
day) recorded highest GFY which was on par with s3ta.

4.2.6.3. Dry Fodder Yield

The data on DFY of maize at different seed rates and period of harvest is
given in Table 12.

Among the three different seed rates, s2 (175 g ft?) recorded the highest
DFY which was on par with s3 and among the different period of harvest t; (11
days) recorded significantly high DFY. Among the interactions, sst3 (seed rate of
200 g ft* and harvested on 11" day) recorded the highest DFY.

4.2.7. Effect of Seed Rate and Period of Harvest on Quality Parameters of
Maize Under Hydroponics

4.2.7.1. Dry Matter Per Cent

Dry matter content was analysed and presented in Table 13. Different seed
rates had no effect on dry matter per cent of maize, while t; (7 days) among

different period of harvest recorded significantly higher dry matter per cent.

Among the interactions, sit; (seed rate of 150 g ft? and harvested on 7"
day) recorded the highest dry matter per cent which was on par with st and sat;.

4.2.7.2. Crude Protein

Crude protein varied significantly with different seed rates and interaction

effects. The results are presented in Table 13.

TN
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Different seed rates had no effect on crude protein, while t4 (13 days)
among different period of harvest recorded significantly high crude protein which
was on par with ts. Among the interactions, s:t4 (seed rate of 175 g ft* and
harvested on 13" day) was found to be significantly higher crude protein content,

which was on par with sit3, sit, s2t3, s3ts and s3ta,
4.2.7.3. Acid Detergent Fibre

Low fibre content is desirable for cattle feed. The variation in ADF of

maize at different seed rates and period of harvest is given in Table 13.

Different seed rates had no effect on ADF, while among the different
period of harvest t; (7 days) recorded significantly lower value for ADF.
Considering the interactions, there was no significant variations among the

treatment combinations and sit; recorded the lowest ADF.
4.2.7.4. Neutral Detergent Fibre

The data on NDF recorded for maize at different seed rates and period of

harvest is given in Table 13.

Different seed rates had no effect on NDF, while among the different
period of harvest t; (7 days) recorded significantly lower value for NDF.
Considering the interaction, s2t; (seed rate of 175 g ft”> and harvested on 7" day)

recorded the lowest NDF which was on par with sit; and s3ti.
4.2.7.5. Ether Extract

Fat content was analysed and presented in Table 13. No significant effect
was noted on fat content at different seed rates. Among the different period of
harvest, t4 (13 days) recorded the highest fat content which was on par with t> and
ta.

Considering the interaction effects, s3t4 (seed rate of 200 g ft* and
harvested on 13" day) recorded the highest fat content which was on par with all

treatment combinations except sit), s2t) and sst).
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Table 13. Effect of seed rate and period of harvest on quality parameters of maize
under hydroponics, per cent

Treatments macer | oroein | APF | MF | crvae | comn
Seed rate (S)

5,150 g 13.09 | 1464 | 1692 | 4461 | 2.33 7.99
5, -175g ft 1294 | 1473 | 17.01 | 4462 | 245 8.02
s, - 200g s 12.74 | 1467 | 17.03 | 4479 | 243 8.03
SE m () 0.12 0.16 006 | 048 | 0.09 0.14
CD (0.05) NS NS NS | NS NS NS
Period of harvest (T)

t,— 7 days 14.17 | 13.38 | 16.87 | 38.52 | 2.03 7.90
t,— 9 days 13.19 | 1439 | 1690 | 44.60 | 2.50 8.05
t,— 11 days 12.47 | 1528 | 17.11 | 4636 | 251 8.00
t,~13 days 11.87 | 1567 | 17.06 | 4921 | 2.57 8.09
SE m () 0.14 | 0.8 0.06 | 055 | 0.10 0.16
CD (0.05) 0399 | 0563 | 0.171 | 1.663 | 0.295 NS
Interaction (S x T)

st 1445 | 1342 | 16.82 | 3842 | 193 7.64
s, 13.46 | 1435 | 16.84 | 4452 | 243 8.01
A 1254 | 1528 | 17.05 | 46.54 | 242 8.07
s L, 1193 | 1552 | 1697 | 4895 | 2.54 8.23
5,0, 13.99 | 1342 | 1691 |38.15| 2.10 8.02
st 1329 | 1435 | 16.93 | 4492 | 255 8.09
s t, 1260 | 1528 | 17.12 | 45.89 | 2.64 7.89
s t, 11.88 | 1587 | 17.07 | 49.52 | 2.52 8.06
st 1406 | 1330 | 1690 | 38.99 | 2.06 8.05
st 1282 | 1447 | 1692 | 4437 | 253 8.06
st 1227 | 1528 | 17.16 | 46.64 | 247 8.03
s t, 1179 | 1563 | 17.14 | 49.15 | 2.66 7.99
SE m (+) 0.24 0.32 0.11_| 095 | 0.18 0.27
CD (0.05) 0.607 | 0976 | NS [2.880 | 0.511 NS
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4.2.7.6. Ash Content

Ash content was analysed and data is presented in Table 13. Lower values
of this parameter is desirable. No significant effect was noted on ash content with

different seed rates, period of harvest and their interactions.

4.2.8. Effect of Seed Rate and Period of harvest on Economics of Maize
Under Hydroponics

The data presented in Table 14 depicts net income and B:C ratio of maize
grown at different seed rates and periods for harvest under hydroponics fodder

production system.

Among the three different seed rates, s3 (200 g ft”*) recorded the highest
net income and B:C ratio which was on par with s; and among the different period
of harvest, t3 (11 days) recorded the highest net income and B:C ratio which was
on par with ta.

Among the interaction, sts (seed rate of 200 g ft? and harvested on 11"

day) recorded highest net income and B:C ratio which was on par with s3ta.

4.3. EXPERIMENT III: STANDARDIZATION OF NUTRIENT SOLUTION
FOR HYDROPONICS FODDER PRODUCTION

4.3.1. Effect of Different Nutrient Solutions on Growth Parameters of

Greengram Under Hydroponics
4.3.1.1. Number of Leaves

Number of leaves recorded at the time of harvest is presented in Table 15.
The results revealed that nutrient spray did not have any influence on the number

of leaves.



Table 14. Effect of different seed rates and period of harvest on economics of maize
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under hydroponics
Treatments (]:t;: ;}i‘::{% B:C Ratio
Seed rate (S)
5150 g R 23.71 1.99
s, -175¢ i 28.39 2.18
s, - 200g i 28.88 2.20
SE m (+) 0.60 0.025
CD (0.05) 1313 0.073
Period of harvest (T)
t —7days 19.90 1.83
t,—9 days 23.87 1.99
t — 11 days 33.02 2.38
t,—13 days 31.19 2.30
SE m () 0.69 0.03
CD (0.05) 1.516 0.084
Interaction (S x T)
st 14.20 1.59
st 17.92 1.75
st 32.17 2.34
st 30.52 227
st 24.94 2.04
st 28.30 2.18
st 30.61 2.28
s t, 29.72 2.24
st 20.55 1.86
st 25.38 2.06
5,t, 36.28 2.51
st 33.32 2.39
SE m () 1.20 0.05
CD (0.05) 2.625 0.146
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4.3.1.2. Shoot Length

The data pertaining to shoot length recorded at the time of harvest is
presented in Table 15.

Shoot length was the highest with the spray of hoagland solution (0.25 %)
(m) which was on par with spray of 19:19:19 (0.5 %) (ns), vermiwash (ns),
groundnut cake supernatant solution (n7) and water (ns).

4.3.1.3. Shoot Weight

The variation in shoot weight of greengram sprayed with different nutrient

solutions is given in Table 15.

The highest shoot weight was recorded for greengram sprayed with
hoagland solution (0.25 %) (n1) which was on par with spray of 19:19:19 (0.5 %)
(n3), combined spray of DAP and KCI at 0.5 per cent each (ns), and vermiwash

(ms).
4.3.1.4. Root Length

The data pertaining to root length recorded at the time of harvest is
presented in Table 15.

Root length was the highest with the spray of hoagland solution (0.25 %)

(n1) which was on par with all other treatments except starter solution (ns).
4.3.1.5. Root Weight

The variation in root weight of greengram sprayed with different nutrient

solutions is given in Table 15.

The highest root weight was recorded for greengram sprayed with
hoagland solution (0.25 %) (ni) which was on par with spray of 19:19:19 (0.5 %)
(n3), combined spray of DAP and KCI at 0.5 per cent each (n4), and vermiwash
(ns).
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Table 15. Effect of different nutrient solutions on growth parameters of greengram

under hydroponics
Number | Shoot 32.0 (;:t Root ‘i?ofl t
Treatments of length & - | length & R
leaves (cm) (kg kg (cm) (kg kg
seed) seed)
n - Hoagland solution (0.25%) 2 22.77 8.14 9.82 2.96
n 2 - Hoagland solution (0.5%) 2 19.63 6.77 9.14 2.45
ns-19:19:19 (0.5%) 2 21.45 7.96 9.81 2.87
n 4 - DAP (0.5%)+ KCl (0.5%) 2 21.74 7.80 9.67 2.84
n s - Starter solution (1:2:1) 2 18.43 4.45 7.61 1.60
n 6 - Vermiwash (10 times dilution) 2 22.45 7.59 9.53 2.75
n 7 - Groundnut cake (supernatant
solution - 10 times dilution) 2 2 139 224 265
nsg - Water 2 22.40 7.43 9.66 2.66
SE m (%) - 0.51 0.21 0.28 0.08
CD (0.05) NS 1.521 0.642 | 0.844 | 0.242

'l
-4

F<t
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4.3.2. Effect of Different Nutrient Solutions on Yield Attributes of

Greengram
4.3.2.1. Seed to Green Fodder Multiplication Ratio

The data on seed to green fodder multiplication ratio of greengram sprayed

with different nutrient solutions is given in Table 16.

The least amount of seeds required to produce per kg green fodder was
found to be for greengram sprayed with hoagland solution (0.25 %) (1), 19:19: 19
(0.5 %) (n3), and combined spray of DAP and KCl at 0.5 per cent each (n4) which

was on par with all treatments except ns.
4.3.2.2. Green Fodder Yield

Data pertaining to GFY is presented in Table 16. Results revealed that
spray of nutrient solutions had a marked impact on GFY.

Among the treatments, greengram sprayed with hoagland solution
(0.25 %) (m) gave the highest GFY which was on par with spray of 19:19:19
(0.5 %) (n3), combined spray of DAP and KCI at 0.5 per cent each (ns), and

vermiwash (ns).
4.3.2.3. Dry Fodder Yield

DFY recorded is presented in Table 16. Among the treatments, greengram
sprayed with hoagland solution (0.25 %) (i) gave the highest DFY which was on
par with spray of 19:19:19 (0.5 %) (n3) and combined spray of DAP and KCl at

0.5 per cent each (n4).

4.3.3. Effect of Different Nutrient Solutions on Quality Characteristics of

Greengram Under Hydroponics
4.3.3.1. Dry Matter Per Cent

Dry matter content is analysed and presented in Table 17. Among different
treatments, starter solution (1:2:1) (ns) recorded the highest dry matter per cent

which was on par with hoagland solution (0.5 %) (n2).



Table 16. Effect of different nutrient solutions on yield attributes of greengram

Seedtogreen |  Gpy | ppy
Treatment fodder ylcld (kg k A (k k -1
reatments multiplication g %8
. seed) seed)
ratio
n | - Hoagland solution (0.25%) 0.09 11.10 0.92
n 2 - Hoagland solution (0.5%) 0.11 9.22 0.79
ni-19:19:19 (0.5%) 0.09 10.83 0.88
n 4 - DAP (0.5%)+ KCl (0.5%) 0.09 10.64 0.87
n s - Starter solution (1:2:1) 0.16 6.04 0.60
n s - Vermiwash (10 times dilution) 0.10 10.34 0.85
n 7 - Groundnut cake (supernatant solution —
10 times dilution) 0.10 10.09 0.83
ng - Water 0.10 10.01 0.81
SEm (%) 0.004 0.29 0.08
CD (0.05) 0.016 0.881 0.052
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4.3.3.2. Crude Protein

The data on crude protein content is presented in Table 17. Different
treatments were found to have no significant effect on the crude protein content of

the crop.
4.3.3.3. Acid Detergent Fibre

ADF values were analysed and the results are presented in Table 17. There
was no significant variation in the ADF values with the spray of different nutrient

solutions.
4.3.3.4. Neutral Detergent Fibre

NDF values was analysed and results are presented in Table 17. There was
no significant variation in the NDF values with the spray of different nutrient

solutions
4.3.3.5. Ether Extract

Ether extract (fat content) was analysed and presented in Table 17. No

significant effect was noted on fat content with application of different treatments.
4.3.3.6. Ash content

Ash content was analysed and data is presented in Table 17. No significant

variation was noted on ash content at the application of different treatments.
4.3.4. Effect of Different Nutrient Solutions on Economics of Greengram

The data presented in Table 18 depicts net income and benefit cost ratio of

greengram grown with different nutrient solutions.

Greengram sprayed with 19:19:19 (0.5 %) (n3) recorded the highest net
income and B:C ratio which was on par with combined spray of DAP and KClI at

0.5 per cent each (ns), vermiwash (ns) and groundnut cake supernatant solution

(n7).



Table 17. Effect of different nutrient solutions on quality characteristics of

6|

greengram under hydroponics, per cent

Dry | Crude . | Ether | Ash

Treatments matter P rotei“ ADF NDF extract | content
n 1 - Hoagland solution (0.25%) 831 | 26.02 |21.11] 3200 | 247 | 981
n 2 - Hoagland solution (0.5%) 858 | 2520 [2099| 3255 | 236 | 9.76
ns-19:19:19 (0.5%) 814 | 2550 [2099] 3230 | 232 | 9.80
n ¢ - DAP (0.5%)+ KCI (0.5%) 820 | 26.60 |2037]33.00 | 248 | 991
n 5 - Starter solution (1:2:1) 9.03 25.90 |21.08| 3249 | 244 0.84
0 ¢ - Vermiwash (10 Gmes 821 | 2380 | 2089|3134 | 245 | 9.89

dilution)
n7 - Groundnut cake (supernatant | ¢, | 2637 2087|3147 | 241 | 9.89

solution - 10 times dilution)
ns- Water 853 | 2520 2079|3235 | 242 | 9.80
SE m () 017 | 078 | 086 | 125 | 022 | 023
CD (0.05) 0527 | Ns | NS | NS | NS | Ns

.
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Table 18. Effect of different nutrient solutions on economics of greengram

Net income

Treatments @ kg™ seed) B:C Ratio
n 1 - Hoagland solution (0.25%) -55.89 0.66
n > - Hoagland solution (0.5%) -152.56 0.38
n3-19:19:19 (0.5%) 16.77 1.19
n 4 - DAP (0.5%)+ KCI (0.5%) 16.40 1.18
n 5 - Starter solution (1:2:1) -29.09 0.67
n ¢ - Vermiwash (10 times dilution) 10.63 1.11
ny- Grqundnu? ca‘kc (supernatant solution — 10.89 112
10 times dilution)

ng- Water 4.33 1.05
SE m (%) 2.92 0.03
CD (0.05) 8.817 0.089
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4.3.5. Effect of Different Nutrient Solutions on Growth Parameters of Maize

Under Hydroponics
4.3.5.1. Number of Leaves

Number of leaves recorded at the time of harvest is presented in Table 19.
The results revealed that nutrient spray did not have any influence on the number

of leaves.
4.3.5.2. Shoot Length

The data pertaining to shoot length recorded at the time of harvest is
presented in Table 19.

Shoot length was the highest with the spray of hoagland solution (0.25 %)
(m) which was on par with spray of hoagland solution (0.5 %) (n2), 19:19:19
(0.5 %) (n3), combined spray of DAP and KCl at 0.5 per cent each (n4), groundnut

cake supernatant solution (n7) and water (ns).
4.3.5.3. Shoot Weight

The variation in shoot weight of maize sprayed with different nutrient

solutions is given in Table 19.

The highest shoot weight was recorded for maize sprayed with hoagland
solution (0.25 %) (n;) which was on par with spray of hoagland solution (0.5 %)
(n2) and combined spray of DAP and KCl at 0.5 per cent each (ns).

4.3.5.4. Root Length

The data pertaining to root length recorded at the time of harvest is
presented in Table 19.

Root length was the highest with the spray of hoagland solution (0.25 %)
(ni) which was on par with spray of hoagland solution (0.5 %) (n2) and groundnut

cake supernatant solution (n7).
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Table 19. Effect of different nutrient solutions on growth parameters of maize under
hydroponics

Number | Shoot Shoot Root Root

weight lenath weight

Treatments f len ; 3

- le;)vcs (cr?lt)h (kg kg™ (cm) (kg kg™
seed) seed)
n | - Hoagland solution (0.25%) 3 27.58 2.34 24.29 4.15
n 2 - Hoagland solution (0.5%) 3 27.19 234 23.68 4.04
ni-19:19:19 (0.5%) 3 26.87 2.09 20.52 3.58
n 4 - DAP (0.5%)+ KCl (0.5%) 3 26.68 2.21 20.11 3.82
n s- Starter solution (1:2:1) 3 23.45 1.82 18.31 3.11
n s - Vermiwash (10 times dilution) 3 25.36 1.87 22.86 3.19

n 7 - Groundnut cake (supernatant

solution - 10 times dilution) 3 2659 1.98 23,67 3.38

ng- Water 3 26.65 2.09 22.05 3.57

SE m (%) - 0.60 0.06 0.39 0.09

CD (0.05) NS 1.801 0.19 1.161 0.264
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4.3.5.5. Root Weight

The variation in root weight of maize sprayed with different nutrient

solutions is given in Table 19.

The highest root weight was recorded for maize sprayed with hoagland
solution at 0.25 % (n;) which was on par with spray of hoagland solution at 0.5 %
(n2).

4.3.6. Effect of Different Nutrient Solutions on Yield Attributes of Maize
Under Hydroponics

4.3.6.1. Seed to Green Fodder Multiplication Ratio

The data on seed to green fodder multiplication ratio of maize sprayed

with different nutrient solutions is given in Table 20.

The least amount of seeds required to produce per kg green fodder was
found to be for maize sprayed with hoagland solution (0.25 %) (n;) which was on
par with hoagland solution (0.5 %) (n2) and combined spray of DAP and KCI at

0.5 per cent each (n4).
4.3.2.2. Green Fodder Yield

Data pertaining to GFY is presented in Table 20. Results revealed that
spray of nutrient solutions had a marked impact on GFY.

Among the treatments, maize sprayed with hoagland solution (0.25 %) (m)
gave the highest GFY which was on par with spray of hoagland solution (0.5 %)
(n2).

4.3.2.3. Dry Fodder Yield

DFY recorded is presented in Table 20. Among the treatments, maize
sprayed with hoagland solution (0.25 %) (n1) gave the highest DFY which was on
par with spray of hoagland solution (0.5 %) (n2).
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Table 20. Effect of different nutrient solutions on yield attributes of maize under

hydroponics

Todderyiold | OFY, | DFY,

Treatments multiplication (l;gcel:ig) (ksie.tg
ratio

n 1 - Hoagland solution (0.25%) 0.16 6.48 0.87
n 2 - Hoagland solution (0.5%) 0.16 6.37 0.86
n3-19:19:19 (0.5%) 0.18 5.67 0.77
n 4 - DAP (0.5%)+ KClI (0.5%) 0.17 5.64 0.81
n 5 - Starter solution (1:2:1) 0.20 4.94 0.71
n ¢ - Vermiwash (10 times dilution) 0.20 5.06 0.71
nz«- lG()r‘t)x‘;l:sn;:I ﬁ'o‘; §supernatam solution - 0.18 536 0.73
ng- Water 0.18 5.65 0.77
SE m (£) 0.004 0.15 0.014
CD (0.05) 0.012 0.44 0.042
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4.3.7. Effect of Different Nutrient Solutions on Quality Characteristics of

Maize Under Hydroponics
4.3.7.1. Dry Matter Per Cent

Dry matter content is analysed and presented in Table 21. Different

treatments were found to have no significant effect on the dry matter content.
4.3.7.2. Crude Protein

The data on crude protein content is presented in Table 21. Among the
different treatments, spray of 19:19:19 (0.5 %) (n3) recorded the highest crude

protein content which was on par with starter solution (ns).
4.3.7.3. Acid Detergent Fibre

ADF values was analysed and the results are presented in Table 21. There
was no significant variation in the ADF values with the spray of different nutrient

solutions.
4.3.7.4. Neutral Detergent Fibre

NDF values was analysed and results are presented in Table 21. There was
no significant variation in the NDF values with the spray of different nutrient

solutions
4.3.7.5. Ether Extract

Ether extract (fat content) was analysed and presented in Table 21. No

significant effect was noted on fat content with application of different treatments.
4.3.7.6. Ash Content

Ash content was analysed and data is presented in Table 21. No significant

variation was noted on ash content at the application of different treatments.

o\
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Table 21. Effect of different nutrient solutions on quality characteristics of maize

under hydroponics, per cent

Dry | Crude Ether Ash

Treatments matter | Protein ADF | NDF extract | content
n ; - Hoagland solution (0.25%) 13.28 | 15.05 | 16.85| 45.28 | 2.53 8.13
n 2 - Hoagland solution (0.5%) 13.51 | 16.08 |17.02 | 45.29 | 2.66 8.08
ns-19:19:19 (0.5%) 13.53 | 16.87 | 17.08 | 4555 | 2.58 8.00
n 4 - DAP (0.5%)+ KCI (0.5%) 1442 | 1585 |17.37| 4545 | 2.59 7.99
n 5 - Starter solution (1:2:1) 1434 | 16.67 | 17.09 | 4533 | 2.74 8.06
¢ - Vermiwash (10 times 14.05 | 1542 | 1729 4542 | 2.55 | 8.06

dilution)
n 7 - Groundnut cake (supernatant

solution ~ 10 times diltion) 13.68 | 15.53 |17.27 | 4535 | 2.60 7.94
ngz- Water 13.63 | 15.40 |17.16 | 4530 | 2.60 8.03
SE m (%) 0.39 0.25 0.36 | 0.40 0.23 0.21
CD (0.05) NS 0.771 NS NS NS NS
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4.3.8. Effect of Different Nutrient Solutions on Economics of Maize Under

Hydroponics
The data presented in Table 22 depicts net income and B:C ratio of maize

grown with different nutrient solutions.

Maize grown with water (control-ng) recorded the highest net income and
B:C ratio. Combined spray of DAP and KCl at 0.5 per cent each (n4) was found to

have on par value with water for net income.

O



Table 22. Effect of different nutrient solutions on economics of maize under

hydroponics
Treatments (T;‘I i:;cs{::;) B:C Ratio
n 1 - Hoagland solution (0.25%) -37.08 0.63
n » - Hoagland solution (0.5%) -193.93 0.25
n3-19:19:19 (0.5%) 27.25 1.93
n 4 - DAP (0.5%)+ KClI (0.5%) 31.17 2.24
n 5 - Starter solution (1:2:1) 24.26 1.97
n s - Vermiwash (10 times dilution) 19.14 1.61
ny- l((i)rz;ngsn;tu Etailge:] isupematant solution — 27.58 2.06
ng - Water 32.54 2.36
SE m (%) 1.33 0.04
CD (0.05) 4.023 0.113
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5. DISCUSSION

5.1. EXPERIMENT I: TO EVALUATE THE SUITABILITY OF FODDER
CROPS FOR HYDROPONICS

5.1.1 Performance of Different Crops in Hydroponic Fodder Production
System

The performance of cereals like rice, barley, maize and wheat; millets like
sorghum, bajra and ragi; legumes like cowpea, horsegram and greengram was

studied to find out suitable crops for hydroponic fodder production system.
5.1.1.1. Growth Parameters

The growth parameters viz., number of leaves, shoot and root length of
crops were recorded and marked variations in shoot and root length of crops were
observed due to different crops under hydroponics. But there was no significant
variation in number of leaves among the ten different crops grown under

hydroponics.

The shoot length is an index to measure the growth and vigour of plants
which contributes to yield in crops. Among the crops, maize (c3) recorded
significantly higher shoot length of 23.23 e¢m which was on par with greengram
(c10) measuring 22.83 cm. Mooney (2005) also reported the variation in shoot
length of different crops under hydroponics. This might be due to the presence of
higher amount of reserve material in these seeds which would have been helpful for
continuous supply of energy to establish better shoot system. Similar results have
been observed by Jolad et al. (2018). The lowest shoot length of 3.76 cm was
observed in ragi (c7). The probable reason for this might be the limited reserves in

the tiny seeds.

As root plays a vital role in water and nutrient absorption, an increase or
decrease in root length has direct effect on yield of the crop. Based on the results
obtained from the present experiment, it is inferred that significantly higher root

length was recorded in greengram (13.51 cm) which was on par with maize (13.27).

oA
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Similar results were obtained by Jolad et al. (2018). The higher root length of
greengram could be attributed to the availability of adequate internal constituents
and production of growth promoting substances which initiate the rooting process
(Dukare ef al., 2017). Higher availability of reducing and non reducing sugars in
maize seeds might have favoured the cell development process and in turn increased
the root growth. The lowest root length of 4.75 cm was observed in ragi. This might
be due to insufficient availability of internal constituents and the poor ability of the

seeds to withstand continuous saturation.
5.1.1.2. Yield Attributes

The total yield of the green fodder is resultant of the fresh weight and dry
matter accumulation at different parts of plant at different growth stages. Results of
the present investigation showed that there is significant difference among different

crops with respect to shoot weight, root weight and GFY.

Among the crops, greengram (cio) recorded significantly higher shoot
weight and GFY (Fig.1). This is in agreement with findings of Al-Karaki and
Al-Hashimi (2011) and Jolad et al. (2018). It might be due to improved persistence
of shoot and root of these crops which facilitate greater absorption of moisture and
nutrients, hence greater accumulation of assimilates which induce profuse
vegetative growth and achieve potential yield. The lowest shoot weight and GFY
was observed in sorghum (cs). Loss of crop stand due to metabolic and enzymatic
depletion of essential reserves resulted by continuous saturation might be the reason

for this lower yield.

Considering root weight, ragi (c7) had a significantly higher value for root
weight compared to other crops. This might be due to the large number of tiny seeds

of ragi present as a thick mat.

Among the ten different crops, DFY was higher for greengram (ci0) and this
can be attributed to the significantly higher GFY. Bajra and sorghum recorded the
lowest values for DFY. This could be attributed to the loss of crop stand and high

moisture content in these crops in comparison to other tested crops.
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5.1.1.3. Quality Characteristics

The observation related to quality parameters viz. dry matter per cent, crude

protein, ADF, NDF, ether extract and ash content showed significant variations.

Among the crops, all legumes had high crude protein content. Greengram
(c10) recorded the highest crude protein content of 20.97 per cent which was on par
with horsegram (co) and cowpea (cs). The reason for higher protein content might
be due to high protein content of legume seeds, higher nitrogen (N) uptake, rapid
synthesize of carbohydrates which was converted and stored as protein. This is in
agreement with the findings of Sneath and Mcintosh (2003) and Jolad ef al. (2018).
Ghavidel and Prakash (2007) reported that germination of legume seed is able to

improve protein composition.

The digestibility of the fodder crops is indirectly indicated by the fibre
content and it occupies prime position in the elevation of fodder crops. It consists
of cellulose, hemicelluloses and lignin and hence reduces the digestibility of
forages. ADF and NDF below 35 per cent and 50 per cent respectively are
considered as good fodder. The NDF value is the total cell wall which is comprised
of the ADF fraction plus hemicellulose. NDF values are important because they
reflect the amount of fodder or dry matter the animal can consume. As NDF percent
increases, the dry matter intake generally decreases. The ADF value refers to the
cell wall portions of the fodder that are made up of cellulose and lignin. These
values are important because they relate to the ability of an animal to digest the
forage. As ADF increases the ability to digest or the digestibility of the forage
decreases. From the results it is observed that the lowest ADF value was recorded

for maize (c3) and the lowest NDF value for cowpea (cs) which was on par with

horsegram.

Greengram (c0) recorded the highest ether extract value among different
crops which was on par with bajra (cs). Increased ether extract could be due to the

production of chlorophyll associated with plant growth (Fazaeli ef al., 2012).
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The present investigation showed that among different crops, horsegram
recorded the lowest ash per cent which was on par with greengram, barley and
maize. Similar findings were also reported by Naik ef al. (2014) in hydroponic

maize.

5.1.1.4. Economics of Cultivation

Higher crop productivity with lesser cost of cultivation could result in better
economic parameters like higher net income and B:C ratio. Among all the crops
investigated, maize showed maximum net income and B:C ratio (Fig.2). This could
probably due to lesser seed cost of maize coupled with comparably higher GFY.
Naik ef al. (2015) also reported the same results and they stated that grain maize is
the best choice among different crops for hydroponic fodder production due to its
easy availability, quick growing habit, good biomass production and low cost of
seeds.

5.1.2. Suitability of Different Crops in Hydroponic Fodder Production System

Among the crops maize recorded the highest shoot length, and greengram
recorded the highest root length, shoot weight, GFY and DFY. Maize recorded the
highest net income and B:C ratio. B:C ratio of more than one was recorded for rice,
barley, wheat, ragi, horsegram and greengram. But in sorghum and pearl millet,
seed to green fodder multiplication was very poor (<3 kg) and finger millet had
undesirable characters for hydroponics green fodder like lower values for shoot
length, shoot weight, protein content, EE and higher values for fibre and ash. Hence
these crops were not recommended for hydroponic fodder production system.
Considering the yield, quality and economics, maize and greengram was selected

for the second and third experiment.
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5.2. EXPERIMENT II: STANDARDISATION OF SEED RATE AND PERIOD
FOR HARVEST OF FODDER IN HYDROPONICS FODDER PRODUCTION
UNIT

5.2.1 Effect of Seed Rate and Period of Harvest on Growth Parameters of

Greengram Under Hydroponic Fodder Production System

5.2.1.1. Effect on Growth Parameters

Growth parameters are important from the perspective of economical yield.
Crop growth is influenced by several internal and external factors, among which,
seed rate and period of harvest plays a major role.

The results of present study revealed that the main effects and the interaction
effect did not have any significant influence on the number of leaves of greengram.
Different seed rates and time for harvest had no significant impact on shoot length.
With respect to the interaction effects, sst2 (seed rate of 200 g ft* and harvested on
9" day) recorded the highest shoot length which was on par with sit2 and s;t2. As
density increased, plant height and first internode length increased and so at higher
density, intense intraspecific competition might have decreased the amount of light
available for coexisting plants, leading to taller plants. EI-Morsy et al. (2013) also
stated increase in the seed density of barley will increase its shoot length. As the
length of growing period was extended from seven to nine days there was increase

in shoot length.

Different seed rates and period of harvest had no significant impact on root
length. Among the interactions, sst; showed significantly higher root length which
was on par with siti, sitz, 2t and sat2. Increased seed density increased intra plant
competition for light and other resources. The light transmission was lower under
higher seed density which might have led to increased main root length and number

of roots.
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5.2.1.2. Effect on Yield Attributes
The total yield of the green fodder is resultant of the fresh weight and dry
matter accumulation at different parts of plant at different growth stages. The fresh
weight and dry weight are significantly influenced by different seed rates.
Comparing the different seed rates, s3 (200 g ft %) recorded the highest shoot
weight which was on par with s2 (175 g ft2), while different period of harvest had
no significant effect on shoot weight. In the case of interaction effect, sst; recorded

the highest shoot weight which was on par with sati, s2t2 and s3to.

Among the three seed rates, s3 (200 g ft %) recorded the highest root weight,
while the different period of harvest had no significant effect on root weight.
Among the interactions, sat2 recorded significantly higher root weight which was

on par with s3t).

Among the three different seed rates, s3 recorded the highest GFY and DFY,
Among the interactions, s3t recorded highest GFY which was on par with s3tz2 and
soty (Fig.3) while sst; recorded highest DFY which was on par with sit;. Among the
different period of harvest, greengram harvested at 7% day (1)) recorded highest
DFY.

The fresh weight of fodder at harvest is sum of fresh weight of individual
seedlings, so higher fresh weight of the fodder recorded at higher seed rate might
be due to higher plant population compared to lower seed rates. The increased plant
population would have increased shoot, root and total fresh weight at the period of
harvest. The lower seed rate might result in underutilization of available resources
like space and water, which in turn resulted in lesser fodder production. This is in
conformity with results of Naik ef al. (2017). The higher fodder yield of greengram
was directly related to total dry matter production.

Results of GFY was as per the findings of Sneath and Mclntosh (2003) that
the fresh yield of the hydroponically sprouted cowpea increased with the

advancement of growing period and remained similar, and the highest from 6™ day



to 9" day growing period. According to Lorenz (1980), during sprouting, the
situation of dry matter decrease is related with degradation of the large part of seed
content like carbohydrate (such as starch) which is used for energy source. Dry
matter loss was due to the increased water uptake during germination process.
(Al-Karaki and Al-Hashimi, 2011). Sprouts can regain some dry matter with the
uptake of minerals and effective photosynthesis however in the short growing cycle
there is most commonly a dry matter loss ranging from 7 per cent to 47 per cent
(Sneath and Mclntosh, 2003).

5.2.1.3. Effect on Quality Characteristics

There were no significant differences found in any of quality parameters of

hydroponically grown greengram among different seed rates.

Among the interactions, stz (seed rate of 200 g ft2 and harvested on 9™ day)
was found to be significantly higher, which was on par with sitz, s2t2 and sst;. Since
crude protein content is expressed on dry matter basis and there was an increase in
dry matter per cent as period of harvest extended in greengram, greengram
harvested on 9™ day recorded higher value for crude protein.

Among the different time for harvest, t; (7 days) recorded significantly
lower value for NDF and NDF. Considering the interactions, sit; recorded the

lowest ADF and NDF values which was on par with st) and s3t;.

Among the different period of harvest, t| recorded the highest fat content,
EE and the lowest ash content. Considering the interaction effects, sati recorded
highest fat content and lowest ash content which was on par with sit; and sst;. This
may be probably due to the loss of dry matter as the time for harvest increase
(Trubey et. al., 1969).

5.2.1.4. Effect on economics

Among the three different seed rates, s3 (200 g ft %) recorded the highest net
income and B:C ratio, while the different period of harvest showed no significant

difference in the economics of the system. Among the interactions, sst; (seed rate



10.5

10

9.5

9

8.5

]
ll )

GFY (kg kg'! seed)

Seed rate

msl Ws] w53

Fig. 3. Effect of different seed rates and period of harvest on GFY
greengram under hydroponics

1.2

.15

il

|

0,95
tl 2

B:C ratio
&

Period of harvest

Bsl ©s2 Ws3

Fig. 4. Effect of different seed rates and period of harvest on B:C ratio of
greengram under hydroponics

of



of 200 g ft* and harvested on 7" day) recorded highest net income and B:C ratio
(Fig.4) which was on par with s3t2 and s2ti. The increased seed rate increased the
total fodder yield of greengram which in turn increased net return and B:C ratio.

These results are in consonance with Naik et al. (2017).

5.2.2. Effect of Seed Rate and Period of Harvest on Growth Parameters of
Maize Under Hydroponic Fodder Production System

5.2.2.1 Effect on Growth Parameters
The results revealed that the main effects and the interaction effects did not

have any influence on the number of leaves of maize.

Among the different seed rates, s3 (200 g ft %) recorded the highest shoot
length which was on par with sz, while among the different period of harvest ts
(13 days) recorded highest shoot length which was on par with ts. With respect to
the interaction effects, s3ts recorded the highest shoot length which was on par with
sit3, sits, Sat3, Sots and s3ta. As seed density increased crops were shaded, thus light
transmittance was lower which leads to increased shoot length. Similar results were
observed by Ningoji (2018).

Different seed rates had no significant impact on root length, while among
the different period of harvest t4 (13 days) recorded the highest root length which
was on par with t; and t3. Among the interactions, ssts (seed rate of 200 g ft? and
harvested on 13"™ day) showed significantly higher root length which was on par
with sita, sit3, Sita, Sata, S2t3, Sots, s3t2 and ssts. With the increase of seed density and
time for harvest root proliferation increased. Similar results were observed by
Ningoji (2018).

5.2.2.2. Effect on Yield Attributes of Maize

Comparing the different seed rates, s3 (200 g ft ) recorded the highest shoot
weight and s2 (175 g ft?) recorded the highest root weight, while among different
period of harvest, t3 (11 days) recorded highest shoot and root weight. With respect

to interaction effect, ssts (seed rate of 200 g ft* and harvested on 1 1" day) recorded

o0
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significantly higher shoot weight which was on par with ssts and sits recorded

significantly higher root weight which was on par with s;ts, s2t3, s2ts and s3ta.

Among the three different seed rates, s3 (200 g ft ) recorded the highest
GFY which was on par with s and among the different period of harvest t3
(11 days) recorded significantly high GFY which was on par with ts. Among the
interactions, sats recorded highest GFY (Fig.5) which was on par with s3ts and, s3t3
recorded highest DFY which was on par with s3ts, sits, sits, S2t3 and sata.

Here the higher fresh yield of the plant at 200 g ft ~ (s3) seed rate and
harvested at 11" day (t3) is mainly due to higher dry matter accumulation per kg
seeds in different parts of the plant at harvest. The dry matter accumulation
increased due to increased growth parameters like shoot length, root length, shoot
weight and root weight. This is in conformity with results of Ningoji (2018) who
also reported that the fresh yield of shoot, root and total yield per kg seeds sown
increased with increased seed rate up to 2.5 kg m?~ and thereafter it decreased with

2.75 kg m?.

Higher dry matter accumulation is mainly ascribed to increased
photosynthetic ability and by the higher plant population per unit area in
2.15 kg m? as compared to 1.88 kg m” and 1.61 kg m2, where in lower plant
population per unit area, lower growth and yield attributing parameters reduced the

dry matter accumulation significantly.

Among the different period of harvest t3 (11 days) recorded significantly
high DFY. This increase in DFY, even though dry matter per cent decreased with
growth of cowpea sprouts, is due to the significant increase of GFY.

5.2.2.3. Effect on Quality Characteristics

There were no significant differences found in any of quality parameters of
hydroponically grown fodder maize due to different seed rates. Naik et al. (2017)
also did not observe significant differences in quality parameters of hydroponically

grown fodder maize under different seed rate.
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Among different period of harvest, ts (13 days) recorded significantly high
crude protein which was on par with t. Among the interactions, s2ts was found to
be significantly higher crude protein content, which was on par with sits, sits, s2t3,
sats and s3ts. Since crude protein content is expressed on a dry matter basis and there
was an increase in dry matter from t; to ts as there was an increase in crude protein

content (Trubey et al.,1969).

Lowest ADF and NDF values were recorded when harvested on the 7" day
(t1). Considering the interactions, there was no significant variation in ADF values
among the treatment combinations and s2t) recorded lowest NDF which was on par
with sit; and sst;. This is similar to the observation by Chrisdiana (2018) that the
increase in NDF and ADF value occurs because of the synthesis and accumulation
of lignin which usually occurs during the formation and thickening of secondary
cell walls.

Among the different period of harvest, ts (13 days) recorded highest ether
extract value which was on par with t; and t;. Considering the interaction effect, s3t4
recorded highest fat content which was on par with all treatments except those
harvested at time t; (sit1, s2t1 and sst;). Increased ether extract could be due to the
production of chlorophyll associated with plant growth (Fazaeli ef al., 2012). No
significant effect was noted on ash content due to different seed rates, period of

harvest and their interactions.
5.2.2.4. Effect on Economics

Among the three different seed rates, s3 (200 g ft ) recorded the highest net
income and B:C ratio which was on par with s> and among the different period of
harvest, t3 recorded the highest net income and B:C ratio which was on par with ts.
Among the interactions, s3ts recorded highest net income and B:C ratio which was
on par with ssts (Fig.6). The increased seed rate increase the total fodder yield of
maize that in turn increased net return and B:C ratio. Higher growth and yield
parameters helped to achieve higher fodder yield which finally resulted in higher

net return and B:C ratio compared to other treatments (Ningoji, 2018).
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5.3. EXPERIMENT III: STANDARDIZATION OF NUTRIENT SOLUTION
FOR HYDROPONICS FODDER PRODUCTION

5.3.1 Effect of Nutrient Solutions on Greengram under Hydroponics Fodder

Production System
5.3.1.1 Effect on Growth Parameters

Foliar spray seemed not to play any role in increasing number of leaves as
it remained same in all the foliar spray treatment in hydroponically grown

greengram.

Better growth was recorded in foliar applied treatments than the control in
all the crops taken for the experiment. The plant height and root length growth were
steady (Lamnganbi and Surve, 2017).

Shoot length was the highest with the spray of hoagland solution (0.25 %)
(n;) which was on par with spray of 19:19:19 (0.5 %) (n3), vermiwash (ng),
groundnut cake supernatant solution (n7) and water (ng). According to Mehta er al.
(2017), enhancement of shoot length might be attributed to the increased supply of
nutrients in general and N in particular. Higher photosynthetic activity with greater

N supply had led to taller shoots.

Root length was the highest with the spray of hoagland solution (0.25 %)
(n1) which was on par with all other treatments except starter solution (ns).
Increased availability of N and phosphorous with above nutrient foliar spray might
have enhanced the cell differentiation and multiplication which might be the reason

for higher root length.

The findings of the study is in conformity with the studies of Epstein and
Bloom (2005) who reported that half strength hoagland solution is considered a
complete formulation of all required nutrients and is recommended for general use
in hydroponic systems. In this way, the treatment with hoagland solution had the

maximum above ground and below ground productions (Androver et al.,2013).

d
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5.3.1.2 Effect on Yield Attributes

Yield of a plant largely depend on interactions of various physiological,
biochemical and morphological changes that takes place during growth and
development of crops and it also depends on optimum availability of resources like
nutrients, space, light and water. Nutrients plays an important role in physiological
and biochemical processes in plant influencing growth, development and finally the

yield.

Nutrient foliar spray imparted a significant effect on GFY of greengram
under hydroponics (Fig.7). Among the treatments, greengram sprayed with
hoagland solution at 0.25 % (ni) gave the highest shoot weight, root weight, GFY
and DFY which was on par with spray of 19:19:19 at 0.5 % (n3), combined spray
of DAP and KCI at 0.5 % each (ns), and vermiwash (ng). This increase could be
attributed to the fact that N plays a dominant role in the meristematic activity and
cell division which in turn increase the number of cells leading to improved
vegetative growth and dry matter accumulation. Potassium (K) activates enzymes
which are involved in protein synthesis and carbohydrate translocation which might
help for vigorous root development, growth and development of plant leading to
increased fodder yield (Ningoji,2018). Adequate availability of nutrients and the
presence of larger photosynthesizing surface, production and accumulation of
photosynthates proceeded at a rapid rate leading to greater dry matter accumulation.
It might be the reason for significantly higher dry matter yield in these treatments
(Jolad, 2018).

5.3.1.3 Effect on Quality Characteristics

Different treatments were found to have no significant effect on the quality
characteristics of the crop. This might be due to the result as reported by Dung ef
al. (2010) that the short life cycle of seven days does not seem likely to be adequate
to bring about the desired changes that would encourage the use of a nutrient

solution.
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5.3.1.4. Effect on Economics

Greengram sprayed with 19:19:19 (0.5 %) (n3) recorded highest net income
and B:C ratio which was on par with combined spray of DAP and KCI at 0.5 per
cent each (ns), vermiwash (ng) and groundnut cake supernatant solution (n7) (Fig.8).
All the solutions were sprayed twice, at 3™ and 5" day. Even though higher GFY
was obtained with spray of Hoagland solution at (0.25) (m), high cost of the
chemical made its use in hydroponic fodder production uneconomical. Considering
the forage yield and chemical price, greengram sprayed with 19:19:19 (0.5 %) (n3)

was found to be the best treatment.

5.3.2. Effect of Nutrient Solutions on Maize under Hydroponics Fodder

Production System
5.3.2.1 Effect on Growth Parameters

Foliar spray seemed not to play any role in increasing number of leaves as

it remained same in all the foliar spray treatment in hydroponically grown maize.

Shoot length was the highest with the spray of hoagland solution (0.25 %)
(n) which was on par with spray of hoagland solution (0.5 %) (n2), 19:19:19
(0.5 %) (n3), combined spray of DAP and KCl at 0.5 per cent each (n4), groundnut
cake supernatant solution (n7) and water (ns). Application of N and K would have
increased the shoot length due to improved meristematic activity in terms of
increased cell division and elongation. Greater cell elongation might have resulted

in increased shoot length (Ningoji, 2018).

Root length was highest with the spray of hoagland solution (0.25 %) (ni)
which was on par with spray of hoagland solution (0.5 %) (n2) and groundnut cake
supernatant solution (n7). Application of N and K would have increased root length
attributing the role of N and K in activation of many enzymes which are responsible
for vigorous long roots (Ningoji, 2018). Better growth was recorded in foliar
applied treatments than the control in all the crops taken. The plant height and root

length growth were steady (Lamnganbi and Surve, 2017).
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5.3.2.2 Effect on Yield Attributes

Fodder yield of the hydroponically grown maize differed significantly

among different foliar sprays.

The highest shoot weight was recorded for maize sprayed with hoagland
solution (0.25 %) (n;) which was on par with spray of hoagland solution (0.5 %)
(n2) and combined spray of DAP and KCl at 0.5 per cent each (n4). The highest root
weight was recorded for maize sprayed with hoagland solution (0.25 %) (n1) which
was on par with spray of hoagland solution (0.5 %) (n2). Androver et al. (2013)
reported that the treatment with hoagland solution had the maximum above ground

and below ground productions.

Among the treatments, maize sprayed with hoagland solution (0.25 %) (n)
gave the highest GFY (Fig.9) and DFY which was on par with spray of hoagland
solution (0.5 %) (n2). This might be due to proportional supply of primary macro
nutrients which in turn allowed the leaves to function photosynthetically and
triggered the metabolic activity in seedlings that led to higher growth and finally
yield. The higher GFY with foliar application of nutrients was also reported by Al-
Karaki and Al-Momani (2011) in hydroponic barley crop. Lamnganbi and Surve
(2017) also stated that application of foliar nutrients increased fodder yield of white

and yellow maize significantly compared to control.
5.3.2.3 Effect on Quality Characteristics

Regarding the nutrient foliar spray on hydroponically grown maize,
application of 19:19:19 (0.5 %) (n3) recorded the highest crude protein content
which was on par with starter solution (ns). This might be due to accelerated
accumulation of protein with adequate supply of primary nutrients. The current
observations are in line with the findings of Al-Karaki and Al-Hashimi (2011) and
Jolad (2018). ADF and NDF content was not altered with foliar nutrition. It might
be because, as it is a genetically controlled attribute, it cannot be modified

significantly through agronomic manipulations (Jolad, 2018).
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No significant effect was noted on ADF, NDF, EE and ash content with
application of different nutrient treatments.

5.3.2.4. Effect on Economics

Considering the yield obtained as well as the price of the chemicals sprayed,
maize grown with water (control-ng) recorded the highest net income and B:C ratio
(Fig.10). Spray of 19:19:19 (0.5 %) (n3) was found to have on par value with water
for net income. All the solutions were sprayed at 3", 5™, 7% and 9" day. Even though
higher GFY was obtained with spray of Hoagland solution (0.25 %) (ni), high cost

of the chemical made its use in hydroponic fodder production uneconomical.

5.4. SEED RATE, PERIOD OF HARVEST AND NUTRIENT SOLUTION FOR
HYDROPONIC FODDER PRODUCTION

Analysis of the results of the study indicated that maize and greengram are
suitable crops for hydroponic fodder production. Maize grown at a seed rate of
200 g ft* with water and harvested on 11" day and greengram at a seed rate of
200 g ft? sprayed with 19:19:19 (0.5 %) and harvested on 7" day were found to

give best results considering biometric parameters, quality and economics.
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6. SUMMARY

A study entitled ‘Standardization of hydroponics fodder production
technology’ was undertaken during 2017-2019 at College of Agriculture,
Vellayani, Thiruvananthapuram, Kerala with the objectives to identify suitable
fodder crops for hydroponics system and to standardize nutrient solution, seed rate
and period of harvest. Research work comprised three experiments which was
carried out in a low cost hydroponics fodder production system at the Integrated
Farming System Research Station, Karamana, Thiruvananthapuram. Summary of

the results obtained are presented below under separate heads.

6.1 EXPERIMENT 1 - TO EVALUATE THE SUITABILITY OF FODDER
CROPS FOR HYDROPONICS

The first experiment was aimed to identify suitable fodder crops for
hydroponics fodder production system. The experiment was laid out in CRD and
the crops included in the trial were rice (c1), barley (c2), maize (c3), wheat (c4),

sorghum (cs), bajra (cs), ragi (¢7), cowpea (cs), horsegram (co) and greengram (c10)-

Among the crops maize recorded the highest shoot length, and greengram
recorded the highest root length, shoot weight, GFY and DFY'.

Considering quality parameters, greengram recorded highest crude protein
content and EE value. Lower values of fibre and ash is desirable for animal feed.

Lowest values for ADF, NDF and ash were reported for maize, cowpea and

horsegram respectively.

Maize recorded the highest net income (% 36.30) and B:C ratio (2.51). B:C
ratio of more than one was recorded for rice, barley, wheat, ragi, horsegram and

greengram.

But in sorghum and pearl millet, seed to green fodder multiplication was
very poor (<3 kg), which is not recommended for hydroponic fodder production
system. Considering the yield, quality and economics, maize and greengram was

selected for the second and third experiment.
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6.2 EXPERIMENT II: STANDARDISATION OF SEED RATE AND PERIOD
FOR HARVEST OF FODDER IN HYDROPONICS FODDER PRODUCTION
UNIT

The second experiment was done to standardize seed rate and period of
harvest of the selected crops. Three different seed rates viz, s : 150 g ft?(1.61 kg
m2), s2: 175 gft? (1.88 kg m?), s3: 200 g ft*(2.15 kg em™) and four different period
for harvest viz, t;: 7 days, t2 : 9 days, t3 : 11 days and ts : 13 days were adopted. But,
in the case of greengram it was observed that the crop did not survive beyond nine
days in hydroponic fodder production system and hence only two periods of harvest
viz, t; and t were taken for greengram. Both crops were separately analysed in CRD

with two factors.

In greengram, number of leaves, root length and shoot length did not show
any significant variation among different seed rates and periods of harvest.
Different period of harvest did not have any effect on shoot and root weight, while
greengram at 200 g ft” recorded the highest shoot and root weight. GFY was not
affected by period of harvest while greengram harvest on 7" day recorded the
highest DFY. The highest seed rate tested i.e, 200 g ft? recorded the highest GFY
and DFY. Hence, greengram sown at 200 g ft* and harvested on the 7" day resulted
in the highest GFY and DFY.

There was no significant difference in any quality parameters of
hydroponically grown greengram due to different seed rates. Greengram harvested
on 7" day recorded the lowest values for ADF, NDF and ash content, and the
highest dry matter per cent and EE value. Net income and B:C ratio did show any
significant effect among different period of harvest, while greengram sown at 200
g ft (s3) recorded the highest value for both. Greengram sown at 200 g ft* and
harvested on 7" day (sst)) recorded the highest net income (% 16.87) and B:C ratio
(1.20).

In maize, among the three different seed rates, s; (200 g ft 2

recorded the highest GFY which was on par with s; and among the different times



of harvest t3 (11 days) recorded significantly high GFY which was on par with t4.
Among the interactions, s:ts (seed rate of 200 g ft”> and harvested on 11" day)
recorded the highest GFY. In maize, no significant difference was found in any of
quality parameter due to different seed rates. Among different period of harvest, t4
(13 days) recorded significantly high crude protein, while t; (7 days) recorded the
lowest values for ADF and NDF. Among the interactions, s:t4 (seed rate of 175 g
ft2 and harvested on 13" day) recorded significantly higher crude protein content.
It was observed that maize sown at 200 g ft® and harvested on 11" day (sat3)
recorded significantly high value for net income (236.28) and B:C ratio (2.51).

Hence, these best combinations of seed rate and period of harvest for both
the crops (sats: seed rate of 200 g ft* and harvested on 11" day for maize and
saty: seed rate of 200 g ft and harvested on 7" day for greengram) were selected

for the next experiment.

6.3. EXPERIMENT III: STANDARDIZATION OF NUTRIENT SOLUTION
FOR HYDROPONICS FODDER PRODUCTION

The third experiment was done to standardize nutrient solution for
hydroponics fodder production. The nutrient solutions tested were n;: hoagland
solution (0.25%), na: hoagland solution (0.5%), n3: 19:19:19 (0.5%), ns : DAP
(0.5%) + KC1(0.5%), ns: starter solution (1:2:1), ns : vermiwash (10 times dilution),
n7 : groundnut cake (supernatant solution) and ns : water (control), which was
sprayed on alternate days from 3™ day. Both crops were separately analysed in
CRD.

In greengram, spray of hoagland solution (0.25%) (ni) resulted in higher
shoot weight, root weight, root length, shoot length and GFY, but the B:C ratio was
less than one. Spray of 19:19:19 (0.5%) (n3) recorded on par values with hoagland
solution (0.25%) (ni) for shoot weight, root weight, root length, shoot length, GFY.
Different treatments were found to have no significant effect on the quality
characteristics of the crop. Significantly higher B:C ratio of 1.19 was recorded for

spray of 19:19:19 (0.5%) (n3).
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In maize, spray of hoagland solution (0.25%) (n) resulted in higher shoot
weight, root weight, root length, shoot length and GFY, but a B:C ratio of less than
one. Application of 19:19:19 (0.5 %) (n3) recorded the highest crude protein content
which was on par with starter solution (ns), while the other quality characteristics
were not affected by the application of nutrient solutions. The highest B:C ratio of

2.36 was recorded in the treatment ng i.e, water (control).

From the results, it can be concluded that both maize and greengram are
suited for hydroponics fodder production. Maize grown at a seed rate of 200 g | o
with water and harvested on 11" day, and greengram at a seed rate of 200 g ft?
sprayed with 19:19:19 (0.5%) and harvested on 7" day was found to give the best

results considering growth parameters, yield, quality and economics.
Future line of work

e Need to standardize the agro techniques for hydroponic fodder production
of other forages viz., barley, horsegram and cowpea.

e Need to study the combinations and proportion of cereals and pulses under
hydroponic production for balanced animal diet.

e Need to study the influence of light on growth, quality and yield of
hydroponics fodder.

R T



qa .



43

7. REFERENCES

Adrover, M., Moya, G., and Vadell, J. 2013. Use of hydroponics culture to assess
nutrient supply by treated wastewater. J. Environ. Manag. 127: 162-165.

Akbag, H. 1., Turkmen, O. S., Baytekin, H., and Yurtman, I. Y. 2014. Effects of
harvesting time on nutritional value of hydroponic barley production. Turk. J.
Agric. Nat. Sci. 7(7). 1761-1765.

Al-Ajmi, A., Salih, A. A., Kadim, I., and Othman, Y. 2009. Yield and water use
efficiency of barley fodder produced under hydroponic system in GCC
countries using tertiary treated sewage effluents. J. Phytol. 1(5): 342-348.

Al-Karaki, G. N. 2011. Utilization of treated sewage wastewater for green forage
production in a hydroponic system. Emir. J. Food Agric. 23(1): 80-94.

Al-Karaki, G. N. and Al-Hashimi, M. 2012. Green fodder production and water use
efficiency of some forage crops under hydroponic conditions. ISRN Agron. 5:
455-457.

Al-Karaki, G. N. and Al-Momani, N. 2011. Evaluation of some barley cultivars for
green fodder production and water use efficiency under hydroponic
conditions. Jordan J. Agric. Sci. 173(798): 1-21.

Al-Saadi, M. and Al-Zubiadi, 1. A. 2013. Effects of substitution barley by 10%, 30%
of sprouted barley on rumen characters, digestibility and feed efficiency in diet
of awassi male lambs. Int. J. Sci. Res. 5(4): 2228-2233.

Anil, S. A. 2018. Effect of gibberellic acid (GA3) on chemical composition and fodder
yield of hydroponic maize cultivar. M.Sc.(Ag) thesis. Mahatma Phule Krishi
Vidyapeeth, Rahuri, 121p.

Ansari, S. T. 2016. Evaluation of nutritive value of hydroponic fodder varieties in

sheep. M.V .Sc. thesis, Sri Venkateswara Veterinary University, Tirupati, 100p.



94

AOAC [Association of Official Analytical Chemists]. 1990. Official Methods of
Analysis (15™ Ed.). Association of Official Analytical Chemists, Washington,
D.C., 587p.

Azevedo, M. R. Q. A, Konig, A., de Macedo, B. N. E. M., de Ceballos, B. S. O., de
Azevedo, C. A. V., and de Lima, T. T. 2006. Effects of the Irrigation with
Treated Wastewater on Fodder Corn Production. In: Proceedings of ASAE
Annual Meeting. American Society of Agricultural and Biological Engineers,
pp- 21-24.

Bakshi, M. P., Wadhwa, M., and Makkar, H. P. 2017. Hydroponic fodder production:
a critical assessment [on-line]. Available: http:/https://www.feedipedia.org/

content/hydroponic-fodder-production-critical-assessment [8 Aug 2019].
Bill, C. 2002. Simple Shed Company. Morayfield, Queensland, Australia, 40p.

Birthal, P. and Jha, A. 2005. Review on emerging trends in India’s livestock economy:
implication for development policy. Indian J. Anim. Sci. 75(10): 145-149.

Chavan, J. and Kadam, S. S. 1989. Nutritional improvement of cereals by sprouting.
Crit. Rev. Food Sci. Nutr. 28(5): 401-437.

Chrisdiana, R. 2018. Quality and quantity of sorghum hydroponic fodder from different
varieties and harvest time. Proc. JOC Conference Series Earth Environ. Sci.

119(1): 12-14.

Clarkson, R. and Lane, S. 1991. Use of a small-scale nutrient-film hydroponic
technique to reduce mineral accumulation in aquarium water. Aquac. Res.
22(1): 37-45.

Crompton, E. W. and Harris, L. E. 1969. Applied Animal Nutrition (2™ Ed.). W. H.

Freeman and Co., San Francisco, 125p.



95

Dukare, A., Kale, S., Kannaujia, P., Mahawar, M. K., Singh, R., and Gupta, R. 2017.
Root development and nodulation in cowpea as affected by application of
organic and different types of inorganic/plastic mulches. Int. J. Curr. Microbiol.

Appl. Sci. 6(11): 1728-1738.

Dung, D. D., Godwin, I. R, and Nolan, J. V. 2010a. Nutrient content and In sacco
degradation of hydroponic barley sprouts grown using nutrient solution or tap

water. J. Anim. Vet. Adv. 9(18): 2432- 2436.

Dung, D. D., Godwin, 1. R., and Nolan, J. V. 2010b. Nutrient content and in sacco
digestibility of barley grain and sprouted barley. J. Anim. Vet. Adv. 9(9): 2485-
2492,

Dung, D. D., Godwin, 1. R., and Nolan, J. V. 2012. Digestive characteristics, rumen
ammonia nitrogen and volatile fatty acids levels in sheep fed commercial pellets
supplemented with grimmett barley grain or freeze-dried or fresh barley
sprouts. J. S. Pac. Agric. 16(1&2): 1-11.

El-Morsy, A. T., Abul-Soud, M., and Emam, M. S. A. 2013. Localized hydroponic
green forage technology as a climate change adaptation under Egyptian
conditions. Res. J. Agric. Biol. Sci. 9(6): 341-350.

Emam, M. S. A. 2016. The sprout production and water use efficiency of some barley
cultivars under intensive hydroponic system. Middle E. J. Agric. Res. 5(2): 161-
170.

Epstein, E. and Bloom, A. J. 2005. Mineral Nutrition of Plants: Principles and
Perspectives (2™ Ed.). Sinauer Associates Inc. Publishers, Sunderland,

Massachussets, 412p.

Fazaeli, H., Golmohammadi, H. A., Tabatabayee, S. N., and Asghari-Tabrizi, M. 2012.
Productivity and nutritive value of barley green fodder yield in hydroponic
system. World Appl. Sci. J. 16(4): 531-539.



16

Gebremedhin, W. K. 2015. Nutritional benefit and economic value of feeding
hydroponically grown maize and barley fodder for konkan kanyal goats. J.
Agric. Vet, Sci. 8: 24-30.

Ghavidel, R. A. and Prakash, J. 2007. The impact of germination and de-hulling on
nufrients, anti-nufrients, in vitro iron and calcium bioavailability and in vitro
starch and protein digestibility of some legume seeds. LWT-Food Sci.
Technol. 40(7): 1292-1299.

GOI [Government of India). 2017. Agricultural Statistics at a Glance 2016 [on-line].
Available: https://eands.dacnet.nic.in/PDF/Glance-2017.pdf [3 Jan. 2019].

GOK [Government of Kerala]. 2018. Farm Guide 2018. Farm Information Bureau,
Thiruvananthapuram, 366p.

Gunasekaran, S., Valli, C., Karunakaran, R., Gopi, H., Gnanaraj, P., and Sankaran, V.
2018. Studies on influence of soaking, germination time and seed rate on
biomass yield of fodder maize (Zea mays L.) cultivated through fabricated
hydroponic fodder production unit. /nt. J. Livest. Res. 8(1): 10-14.

Heins, B. J., Paulson, J. C., and Chester-Jones, H. 2015. Evaluation of forage quality
of five grains for use in sprouted fodder production systems for organic dairy
cattle. J. Dairy Sci. 98(2): 131-142.

Hoffman, P. C., Lundberg, K. M., Bauman, L. M., and Shaver, R. D. 2003. The effect
of maturity on NDF digestibility. Focus Forage. 5 (15): 1-3.

ICAR-IGFRI [Indian Grassland and Fodder Research Institute]. 2013. Vision 2050.
ICAR Indian Grassland and Fodder Research Institute, Jhansi, 40p.

Islam, R., Jalali, N., and Akbar, A. M. D. 2016. Effect of seed rate and water level on
production and chemical analysis of hydroponic fodder. Eur. Aca. Res. 4(8):
6724-6753.



q#

Jemimah, R., Gnanaraj, P. T., Muthuramalingam, T., and Devi, T. 2015. Hydroponic
Green Fodder Production-TANUVAS Experience. Tamil Nadu Veterinary and

Animal Sciences University, Chenani, India, 77p.

Jolad, R. 2018. Economical green fodder production through hydroponics. M.Sc.(Ag)
thesis, Tamil Nadu Agricultural University, Coimbatore, 182p.

Jolad, R., Sivakumar, S. D., Babu, C., and Srithran, N. 2018. Performance of different
crops under hydroponics fodder production system. Madras Agric. J. 105(3):
50-55.

Kaouche, S., Seirir, A. A., Bafdel, M., and Benhacine, R. 2016. Techno-economic
approach to hydroponic forage crops: Use for feeding dairy cattle herd. J. Appl.
Environ. Biol. Sci. 6(3): 83-87.

Khanna, R. S. 2014. Fodder of the future- A review of the hydroponics technique.
Indian Dairyman 66: 5-6.

Knochel, D. G., Flagg, C., and Seastedt, T. R. 2010. Effects of plant competition, seed
predation, and nutrient limitation on seedling survivorship of spotted knapweed
(Centaurea stoebe). Biol. Invasions 12(11): 3771-3784.

Lamnganbi, M. 2017. Influence of foliar sprays of water soluble fertilizers on growth,
yield and quality of hydroponic fodder crops. M.Sc.(Ag) thesis, Mahatma Phule
Krishi Vidyapeeth, Rahuri, 107p.

Lamnganbi, M. and Surve, U. S. 2017. Biological parameter and quality factor (ADF,
NDF) of hydroponics under the influence of foliar spray. Int. J. Bot. Stud. 2(6):
176-179.

Lorenz, K. and Dappolonia, B. 1980. Cereal sprouts: composition, nutritive value, food
applications. Crit. Rev. Food Sci. Nutr. 13(4): 353-385.

19



18

Massantini, F. and Magnani, G. 1980. Hydroponic fodder growing: Use of cleaner-
separated seed. In: Fifth International Congress on Soilless culture, 18-24 May
1980, Wageningen. International Society for Soilless Culture, Wageningen, pp.
555-556.

Maynard, D. N. and Hochmuth, G. J. 2007. Knott's Handbook for Vegetable Growers
(5™ Ed.). John Wiley & Sons, Inc., Hoboken, New Jersey, 630p.

Mehta, V. S., Padhiar, B. V., and Kumar, V. 2017. Influence of foliar application of
water soluble fertilizers on growth, yield and quality attributes of garlic (4 //ium
sativum L.) var. gujarat garlic-3 in southern Gujarat (India). Int. J. Curr.
Microbiol. 6(10): 3211-3225.

Mooney, J. 2005. Scholarship Report on Growing Cattle Feed Hydroponically. Meat
and Livestock, Australia, pp. 1-30.

Morgan, J., Hunter, R. R., and O’Haire, R. 1992. Limiting factors in hydroponic barley
production. In: Proceedings of 8th International Congress on soilless culture,
2-9 October 1992, South Africa. International Society for Soilless Culture, pp.
241-261.

Naik, P. and Singh, N. 2013. Hydroponics fodder production: an alternative technology
for sustainable livestock production against impeding climate change. In:
Kataktalware, M. A., Jeyakumar, S., Ramesha, K. P., and Kulkarni, S. (eds),
Compendium of Model Training Course: Management Strategies for
Sustainable Livestock Production against Impending Climate Change.
Southern Regional Station, National Dairy Research Institute, Adugodi,
Bengaluru, pp. 70-75.

Naik, P., Dhawaskar, B., Fataerpekar, D., Swain, B., Chakurkar, E. and Singh, N. 2016.
Yield and nutrient content of hydroponics cowpea sprouts at various stages of
growth. Indian J. Anim. Sci. 86(12): 118-100.



4

Naik, P. K., Dhuri, R. B., Karunakaran, M., Swain, B. K., and Singh, N. P. 2014, Effect
of feeding hydroponics maize fodder on digestibility of nutrients and milk

production in lactating cows. Indian J. Anim. Sci. 84(8): 880-883.

Naik, P. K., Dhuri, R. B, Swain, B. K., and Singh, N. P. 2012. Nutrient changes with
the growth of hydroponics fodder maize. Indian J. Anim. Nutr. 29: 161-163.

Naik, P. K., Gaikwad, S. P., Gupta, M. J., Dhuri, R. B., Dhumal, G. M., and Singh, N.
P. 2013. Low cost devices for hydroponics fodder production. Indian Dairyman
65: 68-72.

Naik, P. K., Swain, B. K., and Singh, N. P. 2015. Production and utilisation of
hydroponics fodder. Indian J. Anim. Nutr. 32(1): 1-9.

Naik, P. K., Swain, B. K., Chakurkar, E. B., and Singh, N. P. 2017. Effect of seed rate
on vyield and proximate constituents of different parts of hydroponics maize
fodder. Indian J. Anim. Sci. 87(1): 109-112.

Nanavare, V. S. 2018. Effect of nutrient solution (NPK) on chemical composition and
fodder yield of hydroponic maize cultivar. M.Sc.(Ag) thesis, Mahatma Phule
Krishi Vidyapeeth, Rahuri, 115p.

Ningogi, S. N. 2018. Standardization of seed rate and nutrition for hydroponic
production of fodder maize. M.Sc.(Ag) thesis, University of Agricultural

Sciences, Bengaluru, 147p.

Panse, V. G. and Sukhatme, P. V. 1985. Statistical Methods for Agricultural Workers
(4™ Ed.). Indian Council of Agricultural Research, New Delhi, India. 347p.

Peer, D. and Leeson, S. 1985. Feeding value of hydroponically sprouted barley for
poultry and pigs. Anim. Feed Sci. Technol. 13(3-4): 183-190.

Reddy, G., Reddy, M., and Reddy, K. 1988. Nutrient utilisation by milch cattle fed on
rations containing artificially grown fodder. Indian J. Anim. Nutr. 5(1): 19-22.



LDO -

Reddy, Y. R. 2014. Hydroponic fodder production [on-line]. http://www.authorstr
eam.com/presentation/kiranreddy526438-2376257-hydroponic-fodder-produc
tion [22 Aug. 2019].

Rule, D., Preston, R., Koes, R., and Mcreynolds, W. 1986. Feeding value of sprouted
wheat (Triticum aestivum) for beef cattle finishing diets. Anim. Feed Sci.
Technol. 15(2): 113-121.

Sinsinwar, S., Teja, K. C., and Kumar, S. 2012. Development of a Cost Effective,
Energy Sustainable Hydroponic Fodder Production Device. Project report, IIT,
Kharagpur, 335p.

Sneath, R. and McIntosh, F. 2003. Review of Hydroponic Fodder Production For Beef
Cattle. Department of Primary Industries: Queensland, Australia, 84p.

Snedecor, G. W. and Cocharan, W. G. 1967. Statistical Methods (16" Ed.). Oxford and
IBH Publishing Co., Calcutta, 458p.

Snow, A., Ghaly, A. E., and Snow, A. 2008. A comparative assessment of
hydroponically grown cereal crops for the purification of aquaculture
wastewater and the production of fish feed. Am. J. Agric. Biol. Sci. 3(1): 364-
378.

Trubey, C. R., Rhykerd, C. L., Noller, C. H., Ford, D. R., and George, J. R. 1969. Effect
of light, culture solution and growth period on growth and chemical
composition of hydroponically produced oats seedlings. Agron. J. 61(5): 663-
665.

Tudor, G., Darcy, T., Smith, P., and Shall, C. F. 2003. The intake and live weight
change of drought master steers fed hydroponically grown, young sprouted
barley fodder. J. Food Agric. 23(1): 80-94.

van Soest, P. J. 1965. Use of detergents in analysis of fibrous feeds: Study of effects of
heating and drying on yield of fiber and lignin in forages. J. Assoc. Off. Agric.
Chem. 48: 785-790.



Lol

Zahera, R. and Permana, I. G. 2015. Utilization of mungbean’s green house fodder and

silage in the ration for lactating dairy cows. Media Peternakan. 38(2): 123-131.



STANDARDIZATION OF HYDROPONICS FODDER
PRODUCTION TECHNOLOGY

,7'1'

SRUTHI LIZ THOMAS
(2017-11-054)

ABSTRACT

of the thesis submitted in partial fulfilment of the

requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM- 695 522
KERALA, INDIA

2019



ABSTRACT

The study entitled “Standardization of hydroponics fodder production
technology” was undertaken during 2017-2019, at College of Agriculture,
Vellayani, Thiruvananthapuram, Kerala, with the objectives to identify suitable
fodder crops for hydroponics system and to standardize nutrient solution, seed rate

and period for harvest.

Research work comprised three experiments which was carried out in a low
cost hydroponics fodder production system at the Integrated Farming System
Research Station, Karamana, Thiruvananthapuram. The crops were grown in a
hydroponics machine made of PVC pipes with 2m x 1.3m x 1.8m length, breadth
and height with four shelves and automatic sprinkler irrigation system. The first
experiment was aimed to evaluate the suitability of fodder crops for hydroponics.
The experiment was laid out in completely randomised design and the crops
included in the trial were rice (c1), barley (c2), maize (c3), wheat (c4), sorghum (cs),
bajra (cg), ragi (c¢7), cowpea (cg), horse gram (co) and greengram (cio). The seeds
were soaked in 0.1 per cent sodium hypochlorite solution for 12 hours, tied in gunny
bag and kept for germination for 24 hours. The seeds were then transferred to trays
following a seed rate of 200 g ft%(0.22 g cm™). Among the crops, maize recorded
the highest net income and B:C ratio. Considering yield and quality, greengram
recorded significantly superior GFY (10.17 kg kg 'seed), protein content (20.97 %),
the lowest values for fibre and ash, and a B:C ratio more than one. In sorghum and
pearl millet, seed to green fodder yield multiplication was very poor (<3 kg). Finger
millet had undesirable characters for hydroponics green fodder like lower values
for shoot length, shoot weight, protein content, EE and higher values for fibre and
ash. Hence, maize and greengram were identified and selected for the next

experiment.

The second experiment was done 1o standardize seed rate and period of
harvest of the selected crops. Three different seed rates viz, s; : 150 g ft?
(1.61 kg m?), s2: 175 gft? (1.88 kg m™), s3 : 200 g ft? (2.15 kg cm™?) and four
different period for harvest viz, t; : 7 days, t2 : 9 days, ta : 11 days and t4 : 13 days
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were adopted. But, in the case of green gram, it was observed that the crop did not
survive beyond nine days in hydroponic fodder production system and hence only
two periods of harvest viz, t and t: were taken for green gram. Both crops were
separately analysed in completely randomised design with two factors. It was
observed that maize sown at 200 g fi* (s3) and harvested on 11™ day (t3) recorded
significantly higher values for GFY (6.03 kg kg'seed) and B:C ratio. While,
greengram sown at 200 g ft(s3) and harvested on 7" day (t1) recorded significantly
higher values for GFY (10.18 kg kg'seed) and B:C ratio. Hence, these best
combinations of seed rate and period of harvest for both the crops were selected for

the next experiment.

The third experiment was done to standardize nutrient solution for
hydroponics fodder production. The nutrient solutions tested were ni: hoagland
solution (0.25%), n2: hoagland solution (0.5%), n3: 19:19:19 (0.5%), ns : DAP
(0.5%) + KC1(0.5%), ns : starter solution (1:2:1), ns : vermiwash (10 times dilution),
ny : groundnut cake (supernatant solution) and ng : water (control), which was
sprayed on alternate days from 3™ day. Both crops were separately analysed in
completely randomised design. In green gram, spray of hoagland solution (0.25%)
(1) resulted in higher shoot weight, root weight, root length, shoot length and GFY,
but the B:C ratio was less than one. Spray of 19:19:19 (0.5%) (n3) recorded on par
values with hoagland solution (0.25%) (m;) for shoot weight, root weight, root
length, shoot length, GFY and a significantly higher B:C ratio. In maize, spray of
hoagland solution (0.25%) (n;) resulted in higher shoot weight, root weight, root
length, shoot length and GFY, but a B:C ratio of less than one. The highest B:C

ratio was recorded in treatment ng i.e, water (control).

From the results, it can be concluded that both maize and greengram are
suited for hydroponics fodder production. Maize grown at a seed rate of 200 g fi”
with water and harvested on 11" day, and greengram at a seed rate of 200 g ft?,
sprayed with 19:19:19 (0.5%) and harvested on 7 day were found to give the best

results considering growth parameters, yield attributes, quality and economics.
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