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Abstract

Hydroponic fodders produced from readily available grains are highly nutritious, and contain more
nutrients than most conventional fodders, dry feeds, or grains, especially in their carbohydrate,
protein, mineral, and vitamin contents. Sorghum and millet hydroponic fodders may however contain
significant levels of antinutrients such as cyanide, phytin and tannins which may be harmful to
livestock. Varying levels of hydroponic fodders have been used to replace concentrates in the diets of
ruminants, monogastrics, and rabbits with promising improvements in growth performance, feed
efficiency and cost of production. Hydroponics fodder production practice has been applied to urban
and peri-urban livestock farming constrained by limited rangelands for forage production, and labour
costs. There is also research evidence of potentials for hydroponic fodder system to reduce land and
water usage and greenhouse (GHG) emissions from fodder production, thus, providing better carbon
sequestration opportunities than the conventional farming approach, and therefore contributing to
climate change mitigation objectives. Sustainable forage production technologies such as the
hydroponic fodder system could minimize the adverse impacts of climate change and conflicts in
vulnerable livestock producing zones. Specifically, livestock production in drought prone zones of
Nigeria could be sustained through the use of the fresh green fodders produced from the hydroponic
units in addition to the improvements in their livestock performance. The socioeconomic feasibility of
the hydroponic fodder production system across the different animal production realities at the various
locations such as seasonal availability of feedstuff, abundance of year round natural fodder, traditional
practices, disease prevalence and local policy constraints will however be considered before the
introduction of the technology. Training and supply of capital inputs on hydroponic fodder production
could be applied by appropriate government agencies as livelihood empowerment programme for low-
income farmers, unemployed youths and women at different locations in the country. There is however
the need to explore the feasibility of commercial hydroponic fodder production among pastoralists, and
urban farmers and at the traditional and non-traditional livestock production locations in Nigeria.
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Introduction of Problem

A major contributor to poor feed supply to
livestock in Nigeria is the shrinkage of the
grazing lands that produce the needed forage
for livestock feeding (1). (2) estimates show
that Nigeria has 70.80 million hectares of
agricultural land, 37 million hectares of
which are arable lands currently being
contested by pastoralists, resulting in the
frequent conflicts with crop farmers (3, 4,5).
In addition to these agro-ecological
challenges, livestock production in Nigeria
has encountered other institutional bottle
necks which are combining to replace
pastoral grazing lands with other allegedly
more beneficial uses (6, 1). There is also a
gradual buildup of consensus by
stakeholders on the need to reduce the land
arca allocated to livestock production,
through the development of production
systems that utilizes only marginal lands for
livestock production (7, 8,9). Some level of
sedentary system such as ranching that relies
on improved feeding, and modern animal
health care services has also been advocated
as a possible solution to this problem (10, 1,
11). Local innovative technologies, and
approaches needed to produce quality fodder
for the livestock at such sedentary locations
have however received limited research
attention in the country (12). The production
of livestock feeds without the use of land or
landless green fodder production has
recently received a lot of attention in some
European, American and Asian countries
(13). Such feed production concepts are
urgently needed in developing countries like
Nigeria in other to sustain the growth, and
development of the already constrained
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livestock industry. They could also aid the
mitigation of the incessant conflicts that have
plagued the industry in recent years (3, 5).
Sprouting of seeds to produce livestock
fodder is increasingly becoming one of the
viable methods of producing high quality
feedstuff for livestock production (14).
Sprouts are products obtained from
germination of seeds, through their
development in water or other media before
processing into feed. Sprouting is defined as
the natural process by which seeds or spores
germinate, and put out roots, and shoots, so
that the established plants produce new
leaves or buds or the other new developing
parts experience further growth (14).
According to (15), the interest on sprouting
seeds for fodder production has focused
principally on low-cost processing at the
backyard farm level to produce additive free
fodder having peculiar characteristics such
as unique color, rich flavor, and high content
of bio-active substances. Moreso, sprouting
is a simple and inexpensive process which
could be achieved without sophisticated
equipment. It has a quick production cycle of
2 to 3 weeks at most, and occupies limited
space in the green house (16, 17), and
provides comparatively higher yields of
quality feedstuff than the traditional forage
production methods (18). Fodder production
from sprouted seeds therefore has both
potential economic, and ecological values for
the global and national livestock industries
(19,20).

The fodder produced by growing plants
without soil is known as hydroponic fodder
or sprouted fodder (21). It is a method of
producing year-round green fodder without
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soil, in water or nutrient rich solutions in
houses or machines within a short period (22,
23). In advanced countries, hydroponic
fodders are usually produced in green
houses, which are framed or inflated
structures covered with transparent materials
that provide the ease for environmental
control (24). Though this method has made a
great impact on fodder production in these
countries, the requirements for air
conditioning in such high-tech systems to
maintain cold, and dry environments (23)
could be very expensive and may therefore
not be adaptable to the smallholder nature of
the Nigerian industry (20, 25, 26). There is no
doubt however that sprouting of cereal grains
such a sorghum, millet, barley, wheat and
maize among others in hydroponic units to
produce fodder would engender improved
forage supply and livestock production in the
country (27, 28).

Sprouted grains and their fodder have been
shown to contain higher quantity and quality
of proteins, sugars, minerals and vitamins
(20), although the starch and dry matter
(DM) levels are lower (27, 29). Sprouting
has also been reported to alter the amino acid
profile of the seeds in addition to increasing
the crude protein content of hydroponic
fodder (30). Again, both the roots and shoots
of hydroponic fodders are usually consumed
by the animals, thereby resulting in limited
loss of the fodder during feeding when
compared with the conventional grasses. The
green hydroponic fodder can also replace the
expensive concentrate component of the diet,
thereby reducing the cost of feeding. The
hydroponic fodder production system has
been applied to monogastric, (31,32)
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ruminant (33, 34, 35), and urban animal
production (36, 37). The technology has also
been applied as a viable solution the current
climate change challenges (38, 39) and the
conflicts between herders and crop farmers in
some parts of Nigeria (40, 41). The
socioeconomic benefits of the hydroponic
fodder production system, and the feasibility
of its application may however vary across
the different animal production realities of
different regions, in terms of local food
policies and cost of the available grains.
There is therefore the need for the continued
assessment of the sociocultural and
economic realities of applying the
technology at any given location, especially
in the poor communities where there may be
some moral resistance to the shifting of
human food resources to the feeding of
animal (23).

This paper reviews the available literature on
the nutritional values of hydroponic fodders,
their applications in various animal
production systems and the socioeconomic
implications of their adoption in animal
feeding across the different animal
production realities in Nigeria.

Nutrient Composition of Hydroponic
Fodders

Hydroponic fodders has been reported to
contain more nutrients than conventional
fodders, dry feeds, or grains, especially in
carbohydrate, minerals, and vitamins
contents (42). (43) compared the nutritional
compositions of commercial maize fodder
harvested at 60 days and hydroponic maize
fodder grown for 8 days, and reported higher
crude protein, ether extract, nitrogen free



Okoli et al

extract (NFE), macro-nutrients and trace
elements in the hydroponic fodder. The
nutrient composition of cereal grains indeed
changes after sprouting. For example, (44)
showed that sprouting of wheat for 5 to 7
days results in a 17.0% decrease in total dry
matter (DM), and a 25.0% decrease after 12
days of sprouting. A major drawback to
hydroponic fodder quality is therefore the
significant loss in DM which (45) and (46) in
their early studies reported to range from 9.4 -
18% after sprouting the cereals for 5 to 7
days. More recent studies have however
reported loss of 75% or more of the DM
content of a seed during the hydroponic
fodder production period (47, 48). This loss
is usually influenced by the grain type and
duration of growth (49, 13). (48) reported a
remarkable decrease in the DM content of
hydroponic wheat fodder with the
advancement of growing days, with the
value being less than 12.5% of the 90. 0%
DM in the initial wheat grain by day 8§ of
sprouting. In a recent study at our station,
(27) reported that the DM contents decreased
progressively from 89.72, 89.96 and 91.92%
in the white sorghum, red sorghum, and
millet seeds to 19.49, 19.90 and 13.75%
respectively on the 8" day sprouting. This
decrease in DM has been attributed to the
decrease in the starch content of the
hydroponics fodder (50). During sprouting,
starch is catabolized to produce the soluble
sugars needed to augment the energy needs
of the growing plants for respiration, and cell
wall synthesis, such that any decrease in the
starch content causes a corresponding
decrease in DM (20).

(45), and (51) reported that the protein in
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green barley hydroponic fodder is similar to
that of the grain, while the crude protein is
higher in the green fodder because of the
relative decrease in the other proximate
components. The authors also reported that
the crude protein content of sprouts increased
from day 4, corresponding to the extension of
the root system, and absorption of nitrates to
facilitate the metabolism of nitrogenous
compounds from the carbohydrate reserves,
thus increasing the crude protein levels. A
more recent study by (52) reported increasing
crude protein and fiber values in maize
hydroponic fodder from 12.36 and 5.56 %
respectively on the 8" day of harvesting to
18.43 and 10.90% respectively on the 20"
day of harvesting. (21) however, observed
that the use of nutrient solution during the
process enhances the crude protein content of
hydroponics fodder, usually due to the uptake
of nitrogenous compounds from the solution.
Sprouting has also been reported to alter the
amino acid profile of maize seeds and
increase the crude protein content of maize
hydroponic fodder (30).

The fatty acid concentration in hydroponic
fodders has also been shown to exhibit a
significant positive relationship with the
growth period. For example, the
concentration of linoleic, linolenic and
stearic acids was reported by (45) to increase
linearly with sprouting time. The average
ether extract composition value of maize
hydroponics fodder produced in Nigeria was
reported to be 3.55%, (31), and is similar to
the value range of 3.27 - 3.49% reported by
(54) and (20) in India. According to (55),
hydroponic fodder has simpler forms of
vitamin, starch, protein and lipids than their
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originating grains, and usually translates to
positive effects on the performance of the
animals when incorporated into their diets.
Hydroponic fodder is particularly a good
source of vitamins A, E, C, thiamine,
riboflavin, folic acid and biotin, in addition to
minerals, antioxidant, [B-carotene, and
chlorophyll (46, 18, 56). The fiber content of
hydroponic fodder was reported by (46) to
also increase from 3.5% in barley grains to
6.5 and 8.0% in the 5" and 8" day green barley
fodder, respectively. The crude fiber value
range of 7.35 - 21.20% has been reported by
(20). A Nigerian study by (57) reported much
lower values and increase (2.30 - 2.65%) in
the fiber content of finger millet sprouted for
4 days, while (31) reported 14.77% crude
fiber content in a 7" day maize hydroponic
fodder. The increase in the crude fiber
content of maize hydroponics fodder was
attributed by (58) to the build-up of cellulose,
hemicellulose and lignin in the forage.
During the sprouting process, the total ash
content increases due to the absorption of
minerals by the root system (43). (52)
however reported that the ash content of
maize hydroponic fodder remained relatively
stable at 2.02 - 2.60% from the 12" to the 20"
day of growth. Indian studies have reported
the value of total ash in maize hydroponic
fodder to range from 1.75 - 3.80% (59) in
agreement with the 3.33% reported by (31) in
Nigeria.

The neutral detergent fiber (NDF) and acid
detergent fiber (ADF) compositions of the
seed usually increase in hydroponic fodder
(60, 18). Maize grain was reported by (51) to
contain 19.2% NDF, and 5.5% ADF, which
increased to 29.3, and 10.3% respectively by
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the 10" day hydroponic fodder production.
The NDF and ADF contents of
hydroponically grown sorghum varieties
were also reported to be higher than the NDF
and ADF content of the non-sprouted grain
across varieties (62). (34) studied the 8" day
chemical compositions of the hydroponic
fodder produced from four Nigerian sorghum
cultivars and reported an NDF range of 37.14
- 44.69%, ADF (20.83 - 31.32%), and
hemicellulose (13.37 - 16.31%). (21)
explained that the fibre content of
hydroponic fodder is mostly derived from the
root and seed husk during the maturation
process and endosperm formation, resulting
in the increasing values of the ADF and NDF
in the fodder as the organic matter content
decreases. (63) however, reported that
feedstuff containing NDF values of less than
45.0% are classified as high quality, while
those having the value range 0f45.0 to 65.0%
are classified as medium and those higher
than 65.0% are of low quality.

Generally, the crude protein, NDF, ADF and
Ca contents increase in sprouted grains,
while the organic matter (OM) and non-
fibrous carbohydrate (NFC) contents
decrease. Sprouted grains are also rich
sources of bio-active enzymes, with the
highest activities in the sprouts being
between the germination and 7" day of
growth (64). These protease activities break
down the complex proteins in the grain into
albumin, globulin, and amino acids, resulting
in better protein quality, while the amylase
and lipase activities increase the sugar and
fatty acid contents of the fodders respectively
(64,65).
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Antinutrient Contents of Hydroponic
Fodders

In addition to being a good source of essential
nutrients, hydroponic fodder contains lower
levels of anti-nutritional factors such as
phytin, cyanide and tannin when compared
with the grains. Hydroponic fodders are also
good sources of chlorophyll and grass juice
factor that improves the performance of
livestock (20). (56) reported a considerable
variation in leaf chlorophyll index of
different seeds used in hydroponic fodder
production, with the 5 - 8" day seedling
values being significantly higher than those
of seedlings from the earlier days. Abiotic
stressors such as reduction in water
availability, salt, heavy metals, pollution, and
heat have also been shown to cause changes
in the mobilization of stored reserves, alter
hormonal balance and structural
organization of proteins in the seed, and
potentially affect the seed germination and
seedlings development (66). These stressors
may influence the physicochemical reactions
associated with seed germination and thus,
synthesize primary and secondary
metabolites in the fodder, which on
consumption may exert varied biological
effects on the growth and health of animals.
Water stress has particularly been shown to
cause oxidative stress in germinating seeds
leading to increased concentrations of
phenols and flavonoids in the young leaves
(67). It has also been shown to influence the
ratio of chlorophyll a and b, and carotenoids
in barley leaves (68). (57) equally report
some increases in the flavonoid and
antioxidant contents and decreases in the
phytate, trypsin inhibitor and tannin contents
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of germinated millet seeds. The Nigerian
millet (Pennisetum americanum) seeds
contain 1.38 - 1.43 mg/kg of potential ionic
cyanide. (69) reported 0.05 mg/100g cyanide
concentration in fonio (Digitaria exilis)
seeds, while the 0.18 mg/kg tannin
concentration was considered low.

Sorghum grains particularly contain varying
amounts of tannin and cyanogenic
glycosides, depending on the variety, growth
stage, and environmental conditions (70, 71).
For example, some common sorghum
varieties in Australia have been shown to
record relatively high cyanide concentrations
of between 400 and 900 mg/kg, while (72)
reported a cyanide concentration range of
265.00 - 315.00 mg/kg in sorghum from
Nigeria. Dhurrin, and amygdalin are the
major cyanogenic glycosides produced in the
immature sorghum leaves during sprouting,
with the levels decreasing with plant age
(71). (73) however, reported that the cyanide
content of hydroponic sorghum fodder
specifically increased with nutrient solution
irrigation and the harvest age. This has been
attributed to the rate of enzymatic activity
during germination which results in the
conversion of the cyanogenic glycoside to
hydrogen cyanide. Upon consumption by
ruminants, cyanogenic glucosides are
converted to prussic acid (hydrocyanic acid
'HCN") in the rumen and may cause fatal
poisoning. Prussic acid impacts sorghum by
inducing sulphur deficiency, which increases
when the forage has a high prussic acid level,
mostly because sulphur is used to detoxify
HCN in animals. Animals are able to
breakdown the prussic acid when there is
enough sulphur reserve in their body tissues.
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Sulphur deficiency will however enhance the
potency of the prussic acid, resulting in
anorexia which in turn leads to a decline in
average daily weight gain (74, 75, 76). (77)
observed that the safe limit for hydrogen
cyanide in green forage fed to livestock is
500 ppm on a dry basis, and that higher levels
in sorghum fodder will be toxic to animal
health. (78) reported that sprouted sorghum
from four Nigerian sorghum varieties
recorded 4000 - 7000% cyanide after 2 - 6
days of sprouting, thus highlighting the need
to exercise caution in the use of Nigerian
sorghum cultivars for hydroponic fodder
production.

Digestibility and Feeding Value of
Hydroponic Fodders for Ruminants

Fresh fodders produced from hydroponic
units have been reported to be generally
rich in highly digestible nutrients (79).
They are also rich in enzymes and digestible
fibers, chlorophyll and grass juice factors,
but low in antinutrients such as phytin and
therefore could be used to improve animal
productivity (65, 22). The presence of the
juice factor, and simple nutrients in the
hydroponic fodder helps to stimulate the
appetite, while the stable pH of the fodder is
favorable to the rumen microorganism in
ruminants, thus making for better digestion
(23). The improvements reported in the
digestibility of dietary nutrients has been
attributed to the tenderness of the fodder,
which helps to eliminate variability and
inconsistency in quality associated with
plants species and their effects on the
productivity of ruminants (80, 20). (81) also
attributed the higher digestibility to the
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presence of bio-active substances in the
hydroponic fodder that stimulate the
digestion and absorption of the nutrients. The
voluntary intake of hydroponics fodder by
different livestock species is also usually
high because of its tasty nature, since the
animals consume the seeds alongside the
roots and the shoots, thus ensuring that no
nutrient is wasted (59, 82, 79).

In a study by (53), barley sprouts were
supplemented to herbage-based or haylage-
based diets and evaluated by a dual-flow
continuous-culture fermentation system. The
in sacco degradability of barley grain and the
barley hydroponic sprouts were reported to
be comparable, while the methane output and
bacterial protein synthesis were found to be
comparable with results obtained by (83),
with barley grain supplemented diets. The
available metabolizable energy in barley
hydroponic fodder has also been reported by
(18) to be lower than that in the original
barley grain. (33) also reported significant
differences in the digestibility of crude
protein and ether extract among cross-bred
calves fed diets supplemented with 50.0 and
75.0% maize hydroponic fodder, and non-
supplemented ones. The digestibility of DM,
crude fiber, NFE, ADF and NDF were
however similar. (84) reported that feeding
Beetal goats with barley and hydroponic corn
fodders in the semi-arid Sargodha, Pakistan,
resulted in improvements in digestibility and
performance. Specifically, the goats fed the
hydroponic fodder-based diets exhibited
highly significant improvements in nutrient
digestibility and total nitrogen balance
The
supplementation of the diets of Tellicherry

compared to the control.
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buck kids with maize hydroponic fodder was
also found to improve the dry matter, organic
matter, crude fiber, ether extract and nitrogen
free extract digestibility in the kids (85).
Cross bred calves were fed maize hydroponic
fodder as 50.0 and 75.0% replacement of
conventional calve stater diet (20.0% crude
protein and 70.0% total digestible nutrient)
for 90 days, without any adverse effects on
body weight gain and dry matter intake (33).
These reports suggest that hydroponic fodder
inclusion in diets at the appropriate levels
enhances nutrient digestibility in different
livestock.

Increase in body weight of ruminants usually
indicates improvements in ruminal microbial
activity, and nutrient digestibility. For
example, beef cattle fed maize hydroponic
fodder have been reported to record an
average daily increase of 200 g in body
weight. (35) reported that Balami rams fed
sorghum hydroponic fodder of the Jigari
variety recorded the highest DM intake, and
live weight gain and consequently the lowest
feed conversion ratio over those fed fodder
produced from the the red chakalari, white
chakalari, and kaura varieties, although all
the varieties sustained the growth of the
rams. The supplementation of the diets of
Tellicherry buck kids with hydroponic maize
fodder at 25.0 and 50.0% replacement of
concentrate was also reported by (85) to have
attained puberty earlier, had higher scrotal
circumference, testicular volume, and fresh
semen characteristics. They also exhibited
more intense sexual behaviors than the
control kids, indicating significant
enhancement of their overall reproductive
performance. Several reports also exist on
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the effects of hydroponics fodder on milk
yield and quality. (86) reported that when 10
kg of barley hydroponic is given to cross bred
Holstein cows as replaced for corresponding
weight of oat hay, the milk yield increased by
4.7% compared to the control groups. (59)
reported a 13.7% increase in milk production
when traditional Napier hybrid grass was
replaced with maize hydroponic fodder.

Other Studies have also compared the milk
yields from animals fed cereal grains, hay or
silage with those fed hydroponic fodder and
reported better yields from the latter.
Feedback from farmers in south Africa, India
and Canada have also highlighted similar
improvements in milk yield due to feeding
hydroponics fodder to dairy animals (87, 88).
The increased milk yield has been attributed
to the high content of quality protein and bio-
active enzymes in the hydroponic fodders
(89,90).

Application of Hydroponic Fodder to
Monogastric Animal Production

Monogastric animals such as pigs and
poultry require the expensive cereal grains
and legumes in their diets, which also serve
as important human food in most tropical
developing countries. As the population of
farmed monogastric animals and their cereal
feed needs increase in response to the
increasing demand for animal products in
these countries, the need to reduce the
dependency on these grains by incorporating
alternative feedstuff arise (91, 92).
Hydroponic fodders could be used to reduce
the cost of feeding monogastric animals and
rabbits which naturally have low digestibility
capacity for cellulose and lignin, and hence
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require the inclusion of feed materials
containing high quality energy, protein, fat,
minerals and vitamins in their diets (82, 79).
Few studies have however reported the
potential value of hydroponic fodder
utilization in monogastric animal feeding,
probably because their GITs are not adapted
to efficient forage digestion.

Pig production: (31) in their study
hydroponic fodder utilization by pigs in the
warm humid environment of southwest
Nigerian reported that 50.0% replacement of
growing pig concentrate ration with maize
hydroponic fodder improved their growth
performance. Specifically, there were
improvements in crude protein, fiber, ether
extract digestibility, and consequently feed
conversion ratio.  Feeding the maize
hydroponics fodder to the pigs also resulted
in adecrease in the total daily feeding costs of
the experimental rations, compared to
control concentrate diet. Sole feeding of the
maize hydroponic fodder however reduced
their growth performance. (36) also reported
that up to 20.0% replacement of the
concentrate diet of weaner piglets with 10"
days maize hydroponic fodder for six weeks
resulted in improved growth, nutrient
digestibility, and cost of production,
although 10.0% replacement was regarded as
optimal. Younger sprouts of less than 10 days
old have however, been shown to be richer in
soluble proteins and amino acids (46), and
may therefore yield better performance
results when fed to weaner piglets. (79)
evaluated the effect of wheat hydroponic
fodder as a supplement on the growth
performance of piglets during a 12-week
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feeding trial. They reported 0.27, 0.08 and
0.06 feed efficiency in the piglets fed 0
(control), 15.0 and 30.0% wheat hydroponic
fodder respectively, although the other
growth performance parameters such as dry
matter intake, final body weight, and average
daily gain were superior in the control
animals. Weight loss has been reported in
pigs fed sole hydroponics fodder diets. This
has been attributed to the low DM of the
fodder and the fact that pigs being
monogastric animals cannot thrive solely on
fodder-based diets (93).

Poultry production: Recent studies have
also shown that hydroponic fodders could be
used to reduce the cost of feeding poultry in
small-scale farms, especially when it is
produced in the farm. Within this context, the
hydroponic fodder system and other
innovative technologies has been proposed
for research and application in intensive
poultry meat and egg production farms (32).
(94) had proposed a cost-effective method of
producing hydroponic fodder in an organic
pastured poultry system for feeding broilers
and laying hens. (95) fed finisher Kuroiler
(broiler) chicks with basal diets replaced with
4" day barley hydroponic fodder at 25.0,
50.0, 75.0 and 100.0% levels and reported
that the 25.0% replacement level recorded
the highest mean live weight, while the
75.0% inclusion level scored the highest
gross margin of 50.0% and benefit cost ratio
of 2.0, indicating significant effects on
production. (96) reported that 10.0 and
20.0% replacements of pelleted broiler feed
with hydroponic barley fodder resulted in
improvements in weekly body weight, body
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weight gain, feed intake, and feed conversion
ration in the birds fed the fodder for 3 (starter)
and 5 weeks. Decreases in the total fungi,
bacteria, and E. coli counts in the gut were
also observed, while the lactobacillus count,
villi height and crypt depth of the jejunum in
the birds fed the 10.0% fodder diet also
increased. The overall economic indices of
feeding the hydroponic fodder also translated
to reduction of 9.0% in production cost.
Another study by (97) evaluated the effect of
wheat hydroponic sprouts on the growth
performance, carcass characteristics and
lipid profile of broiler chicken, and reported
significant improvements in growth
performance parameters at 50 g/Kg dietary
inclusion of the wheat sprouts. Total serum
cholesterol and triglyceride values were
significantly reduced, while the high-density
lipoprotein (HDL) was increased in the birds,
indicating that 50 g/kg dietary inclusion of
the wheat hydroponic sprouts in the diets of
broilers has positive impact on their
performance. Again, (98) fed 7" day sorghum
hydroponic fodder to grower pullets at 25.0,
50.0 and 75.0% basal diet replacement
levels, and reported that apparent
digestibility, true digestibility, body weight
gain, feed intake and feed conversion ratio
declined with increasing inclusion level of
the fodder. The study concluded that 25.0%
of the 7" day sorghum hydroponic fodder is
the optimal replacement level of the basal
diets of grower chicken, beyond which the
energy: protein ratio of the feed will be
adversely affected.

Hydroponic fodders have also been applied
to poultry breeding and maintenance of
parent flocks in small farms, within the

83

framework of sustainable development of
poultry farming and creation of added value
through the production of feedstuft (32). The
authors specifically reported significant
increases in hen-day production (11.6%),
weight gain in broilers at harvest (13.3%),
and hatchability of fertile eggs (12.2%), with
a corresponding decrease in production costs
in response to the feeding of hydroponic
fodder to chickens in family farms. (99)
studied the effect of hydroponic green
herbage at 20.0, 25.0, 30.0, and 35.0%
dietary inclusion rates on the reproductive
quality of parent flocks of geese and reported
an optimal inclusion level of 25 - 30% as
reflected by survival, and hatching egg
production rates. Improvements were also
recorded in carotene and vitamin contents of
egg yolks, while the overall production
profitability increased by 9.6%, thus
highlighting the benefits of adding
hydroponic herbage in the diets of parent
geese. (66) also reported that turkey fed
hydroponic wheat sprouted fodders in their
diets at 5, 10, 15 and 20% replacement of
concentrate diet recorded increased live
weight with the exception of those fed the
20% replacement diet. Ad libitum feeding of
laying Japaneses quail with fresh barley
hydroponic fodder was also reported by
(101) to significantly increase the egg laying
rate, relative weights of gizzard and testes,
fertility and number of hatched
chicks/female but had no significant effect on
egg quality and blood indices.

Application of Hydroponic Fodder to
Rabbit Production
Hydroponic fodders produced from different
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types of grains have been used to feed rabbits.
This is because hydroponic fodders contain
significant levels of quality fibers which help
to improve the digestion and nutrition of
rabbits (102). (103) reported that rabbit kits
fed concentrate diets replaced with 50%
yellow maize hydroponic fodder recorded
significantly higher body weight gain,
superior FCR and lower cost of production
than the control and the 25% replacement
group. (104) also fed a combination of pea
and wheat hydroponic fodders to rabbit and
reported higher fodder intake, and weight
gain than when they were fed solely on any of
the fodders. (82) fed maize hydroponic
fodder to New Zealand White rabbits as a
replacement for concentrate mixtures and
reported that 50.0% replacement recorded
significant increase in body weight, and
average daily weight gain when compared
with the control, while cost of feeding was
insignificantly higher.

The effects of feeding a concentrate diet
containing 25% replacement of barley
hydroponic fodder and supplemented with
0.5 g/kg of an enzyme product containing
xylanase and beta-glutamase used in wheat
and barley-based diets for 56 days were
evaluated by (105). They reported overall
best performance effects in the groups that
received the 25% barley hydroponic fodder
with or without the enzyme supplementation
in terms of growth, nutrient digestibility and
economic efficiency. (102) also investigated
the dietary effect of maize hydroponic fodder
on the production and reproductive
performances of rabbits. The rabbits were fed
concentrate-based diets replaced with the
maize hydroponic fodder at 25, 50 and 75%
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replacement levels. The group fed the 50%
fodder replacement diet recorded better live
weigh gain, superior feed efficiency in the
young and does, higher litter weight and
individual kit weight. The group also
recorded higher profit value than the other
groups, indicating that 50% replacement of
the concentrate ration with maize hydroponic
fodder is good for growth, reproduction and
profitable production of rabbits. Overall,
these findings suggest that hydroponic
fodders production could be used to improve
the profitability rabbit production in Nigeria
and that up to 50% of the concentrate diet
could be replaced with such fodder.

Application Hydroponic Fodder System
to Urban Livestock Production

The global urban population was estimated at
4.2 billion in 2018 and was projected to add
2.5 billion person by 2050, with the
developing countries accounting for a greater
percentage of this increase (106). Presently,
about 40.0% of the sub-Saharan population
lives in urban areas, with many of the urban
poor engaging in farming activities for
survival and improvement of their food
security (107, 108). Urban farming
encompasses both crop and animal
husbandry within the administrative
boundaries of an urban center, and as a
means of food security contributes to
household food availability and dietary
diversity, while providing significant
employment opportunities across the food
supply chain (109, 110). Urban livestock
farming has been recognized as an important
part of urban agriculture that plays positive
roles in improving living conditions among
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the urban poor in many developing countries
(111,112).

(9) reported that the key constraints outlined
by urban farmers in southeastern Nigeria
were socioeconomic, institutional and
infrastructural constraints, especially poor
access to land and farming space. Urban
dairy farmers in Ethiopia specifically listed
lack of land (50.0%) and shortage of feed
(38.9%) among the major constraints they
face (113). The space constraint could be
addressed using hydroponic fodder
production system, since it could be carried
out in a very small space, especially when
grown in trays in vertical units. Thus, the
technology could be used to address the
problem of feed shortage encountered in
urban animal husbandry (37). (36) also
reported that the hydroponics fodder
production practice is well suited for urban
and peri-urban areas in Nepal where
rangelands for forage production are limited.
The higher cost of labour for conventional
agriculture also makes the hydroponics
system a viable option for reducing the cost
of feed production for urban livestock (114).
Therefore, with minimal training and little
capital input, unemployed youths and
women could start the business of
hydroponic fodder production and supply the
products to rabbit, pig, poultry and ruminant
farmers in peri-urban and urban areas.

Application of Hydroponic Fodder to
Climate Change and Farmer Conflicts

The most evident effects of climate change to
the subsistence smallholder livestock
farmers in the tropical developing countries
are usually the effects on the productivity of
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forage crops and range lands (115). Studies
have shown that these farmers are vulnerable
to climate change events because of the the
warmer baseline climates of the tropical
regions, and also the fact that subsistence
agriculture which is frequently characterized
by limited technological inputs and adoption
remains their major occupation and source of
income (89, 116). The increasing
environmental temperatures, and
atmospheric carbon dioxide levels, and the
erratic precipitations recorded in the region
in the last few decades have significantly
affected the ability of smallholder farmers to
source quality forage for their livestock (117,
116). Several studies have reported that
erratic climatic conditions cause significant
changes in the growth, development, and
nutrient compositions of natural pastures
(118, 119). The DM content and nutritive
value of fodder has been shown to reduce
with rise in environmental temperature and
increased CO, concentration in the
atmosphere (120, 121). For example,a 1.00C
increase in environmental temperature was
reported by (122) to lead to an 8.3% decrease
in conventional maize fodder production,
while (123) also reported a 34. 0% reduction
in wheat fodder production for every 4. 00C
rise in temperature. Again, extended
droughts resulting from climate change
events could cause the drying up of critical
water sources for livestock, while at the same
time increasing the volume of water
consumed by livestock. Indeed, (124)
postulated that the trend in global
temperature rise could with time increase
livestock water consumption by about two to
three folds.
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Against the background of these subsisting
climate change scenarios and their effects on
livestock production, the hydroponics fodder
production system could serve as an effective
alternative technology for sustainable
livestock fodder production in many regions
of the world. This is because the quest for
livestock fodder has become a major conflict
triggering issue in countries where
availability of arable lands is critical to food
and livelihood security. Indeed, more than
70. 0% of the global agricultural land has
been shown to be applied to one form of
animal agricultural practice or the other (25).
Animal agriculture also contributes about
14.5% of the anthropogenic greenhouse gas
(GHG) emissions through feed production
(45.0%), and gastrointestinal tract
fermentation in ruminants (39.0%) (126,

127). Recent studies have however shown
that the hydroponic fodder production
approach could be used to reduce the GHG
emissions from livestock (38), and therefore
the carbon footprint from animal agriculture.
(128) for example, studied the carbon
sequestration possibility using scenarios that
explored the land-sparing potentials of
transitioning from conventional to
hydroponic barley production and the shift
from tillage to no-tillage practices in Alberta,
Canada. The results showed the potentials for
hydroponics to reduce GHG emissions from
barley fodder production by 7.4%, thus,
providing better carbon sequestration
opportunities than the conventional farming
approach, and therefore contributing to
climate change mitigation objectives. The
authors also postulated that higher reduction
in GHG emissions could be achieved with
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increased seed-to-fodder output.

Several studies have also established that
climate events are majorly responsible for the
southward migration of pastoral families and
their animals in West Africa that triggers the
frequent conflicts between them and the
indigenous crop farmers in the southern parts
of the region (129, 130, 131). (132)
investigated the effects of technological
innovations on livelihood protection, food
security and positive peace among the
migrant pastoralists in Nigeria, and
recommended the application of appropriate
technologies within the precinct of ranching
as the best mitigation and adaptation
approach. Peace building activities such as
the distribution of inputs and planting
materials for pasture development and
training of extension workers on the
production of alternative animal feeds in
model pilot ranches in the north central zone
of Nigeria are being used to mitigate the
competition for natural resources, and
sustenance livelihoods and peace among
farmers and pastoralists in the zone (40).
Pastoral lands however, continue to be lost to
a myriad of other developmental activities in
the region, indicating that land-based
interventions may not be sustainable in the
long term, and may need to be augmented
with landless innovative options.

In 2021, the H2Grow project, under the
World Food Programme (WFP) Innovation
Accelerator, facilitated the training of more
than 170 pastoralists women from 193
households in the semi-arid Malakyarari
communities of Borno state, northeastern
Nigeria on hydroponics fodder production.
According to the (40), the women that
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received the training are able to grow enough
feed for their livestock, and also sell the
excess to their neighbors. The knowledge
gained has also been used by one of the
beneficiaries to multiply her number of goats
from four to seventeen, thereby improving
her income and livelihood. (133) reported the
successful training of women in Armenian
communities that have lost pasture lands to
conflicts on hydroponic fodder production,
and establishment of hydroponic units in
small farms by the WINNET Goris
Development Foundation. The project
brought new ideas and technologies into the
communities, and has also helped to address
the security, social and psychological needs
of the wvulnerable pastoral and farming
families impacted by conflicts. Hydroponics
system has also been used as an alternative
fodder production approach for
strengthening the resilience of vulnerable
herders within the West Bank in the Palestine
(134). Under the 'prepare and respond to
shocks affecting low resilience farmers and
herders in the West Bank and Gaza Strip'
project, the FAO promoted the use of
hydroponic technology to provide low-cost,
high quality, sustainable sources of year
round green fodder to vulnerable herders and
their cooperatives. The benefiting herders
were able to save about 30.0% of the cost of
feed through the use of the fresh green
fodders produced from the hydroponic units
in addition to the improvements in their
livestock performance.

(39) evaluated the impacts of the introduction
of hydroponic green fodder production
among livestock farmers in the drought
prone region of Amhara regional state of
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Ethiopia. They reported statistically
significant improvements in both cattle and
goat milk production and therefore
recommended scaling up of the technology to
cover farmers in other parts of the country. In
neighbouring Eritrea, The Ministry of
Agriculture also promotes hydroponic
fodder farming as a means of alleviating the
shortage of animal feed during the dry
seasons months and years of poor rainy
season (135). It is therefore evident that
appropriate policies, intervention strategies
and adaptation measures such as sustainable
forage production technologies could
minimize the adverse impacts of climate
change and conflicts in vulnerable livestock
producing communities (119).

Socioeconomic Feasibility of Hydroponics
Fodder Production System

Despite its many advantages, the
socioeconomic feasibility of the hydroponic
fodder production system may vary across
different animal production realities at
various locations, which may include
seasonal availability of feedstuff, abundance
of year round natural fodder, traditional
practices, disease prevalence and local policy
constraints. The type of grain used in the
fodder production may also be influenced by
the availability, cost and moral issues,
especially at locations where the food-feed
competition demands several policy
considerations before extensive use of grains
in animal feeding (136). Hydroponic fodder
production might therefore not be the
solution to livestock feeding constraints at
some locations despite the nutritional
benefits. Another major challenge at the
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traditional and small-scale level is the
relatively high cost of setting up the fodder
production units, which research has tried to
address in several Asian countries (137, 138,
139, 140), and the social resistance arising
from using grains as animal feed (23).
Ideally, grain sprouting for fodder production
should be feasible, and even profitable in
southern Nigeria that already has well
developed intensive, high-value input-driven
livestock operations and high cost of
agricultural lands and feedstuff (22, 141).
The automated hi-tech fodder production
approach could be adopted by the large-scale
farms in the region as a strategy for
controlling, and sustaining their feed
production capacities. In northern Nigeria,
the decline in the socioeconomic viability of
the pastoral production systems as presently
structured is paving the way for modern
alternatives such as the ranching of animals
at secured locations (1). Commercial-scale
production of livestock will however require
intensive fodder production which could be
achieved through the hydroponics
production system sustained by the
availability of appropriate local and cheap
grains (40, 132).

In India, (59) reported that the feed cost/kg of
milk was increased by feeding dairy cattle
with maize fodder produced from a hi-tech
hydroponic system, in response to the higher
cost of fodder production. Farmers at the
Satara district of Maharashtra in the same
country however, reported a net increase in
profit of 0.5 dollar from milk per day as a
result of feeding dairy animals with
hydroponics fodder produced in a low- cost
system, using home-grown or locally
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purchased seeds (138). These reports show
that the costs of hydroponics unit and seeds
are critical to the profitability of the
hydroponic fodder production system at any
given location. (36) reported a higher cost of
maize hydroponic fodder at Kumaltar,
Lalitpur, Nepal than the cost reported by
India workers (89, 142, 143), and attributed
this variation to the differences in the cost of
maize and electricity in the two counties.
(144) however, reported that in Saudi Arabia,
water use efficiency for hydroponic fodder
production is much higher than that of the
conventional production method, while the
returns and net profit is higher for the latter.
They attributed this to the lower dry matter
content and the fixed and variable costs
incurred by the hydroponic fodder technique.
Furthermore, the authors found the
hydroponic technique unsuitable for small-
scale farming operations in terms of cost
benefit ratios, return on investment, and
break-even price. A Kenyan study by (145)
also reported that pastoralists' decision to
purchase fodder is significantly influenced
by access to credit, weather and market
information, land tenure system, exposure to
shocks, off-farm income, age, gender, and
proximity to urban centers. The amount of
fodder purchased is however significantly
affected by access to weather information,
exposure to shocks, and livestock holding,
indicating that the pastoralists could adopt a
commercially focused approach to feeding
their animals. Such a study could be
undertaken to determine the feasibility of
commercial hydroponic fodder production
among pastoralists, and urban farmers and at
non-traditional livestock production
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locations in Nigeria.

Conclusion and Recommendations
Hydroponic fodders contain higher levels of
quality proteins, sugars, minerals and
vitamins, although the starch and dry matter
levels are lower than those conventional
fodders produced on land from the same
seeds. They can therefore replace up to 25 to
50% of the expensive concentrate
component in the diets of different types of
livestock, thereby reducing the cost of
feeding. The technology could be used as a
climate change and conflict mitigation
options at traditional pastoral livestock
farming locations. The socioeconomic
benefits of the hydroponic fodder production
system, and the feasibility of it application
may however vary across the different
animal production realities of different
regions, in terms of local food-feed policies,
and cost of the available grains.

The automated low cost or hi-tech
hydroponic fodder production approach
could be adopted by the small, medium or
large-scale farms in southern Nigeria
respectively, since the zone has already
existing intensive, high-value and input-
driven livestock operations and the cost of
agricultural lands are relatively high. The
declining socioeconomic and political
viability of the pastoral production systems
in northern Nigeria that paves the way for
modern alternatives such as the ranching of
animals at secured locations will also require
intensive fodder production which could be
achieved through the hydroponic fodder
production, sustained by the availability
local and cheap grains.
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Training and supply of capital inputs for
hydroponic fodder production by appropriate
government agencies as livelihood
empowerment programme for low-income
farmers, unemployed youths and women at
different locations in the country is therefore
recommended. There is also the need to
explore the feasibility of commercial
hydroponic fodder production among
pastoralists, and urban farmers at the
traditional and non-traditional livestock
production locations in Nigeria.

References

1. Kubkomawa, I.H. (2016). Studies on
the characteristics of pastoral cattle
production in Adamawa state,
guinea Savanna zone of Nigeria.
PhD Thesis, Federal University of
Technology, Owerri, Nigeria.
FAOSTAT (2018). FAOSAT
Statistical database. Food and
Agricultural Organization, Rome.
Okoli, I.C., Enyinnia, N.C., Elijah,
A.G. and Okoli, C.G. (2014). Cattle
feeding management of pastoralists
and conflict resolution strategies in
tropical humid rain forest zone of
southeastern Nigeria. Journal of
International Science Publication:
Agriculture and Food,2,16-17.
Ajala, O. (2020). New drivers of
conflict in Nigeria. An analysis of
the clashes between farmers and
pastoralists. Third Word Quarterly,
4 1 ( 1 2 )
DOI:10.1080/01436597.2020.1811
662.

Ani, J.,, Eme, O.I. and Oji, R.O.

b



10.

I1.

Okoli et al

(2021). Addressing the pastoral
conflicts in Nigeria. A thematic
overview./nternational Journal of
Innovative Development and Policy
Studies,9(1),1-16.

Shiawoya, E.L. and Tsoda, D.N.
(2011). Forage and fodder crop
production in Nigeria, problems,
and prospects. World Journal of Life
Science and Medical Research, 1(4),
88-93.

Van Zanten, H.H.E., Mollenhorst,
H., Klootwijk, C.W., Van
Middlelaar, C.E. and De Boer, [.J.M.
(2015). Global food supply: Land
use efficiency of livestock system.
International Journal of Life Cycle
Assessment, doi:10.1007/S//367-
015-949-1.

Field, C.R. (2018). Utilization of
marginal and arid range lands for
livestock and wildlife in Africa.
BSAP Occasional Publication,
2021. Cambridge University Press,
UK.

Olumba, C.C., Olumba, C.N. and
Alimba, J.O. (2021). Constraints to
urban agriculture in southeast
Nigeria. Humanities and Social
Sciences Communications, 8,329
( 2 0 2 1 ) .
https://doi.org/10.1057/s41599-
021-01007-1

Spore (2005). Feeding the towns : A
weighty dilemma. Spore, 177,4-5.
Tade, O. and Yikwabs, P.Y. (2020).
Conflict triggers between farming

and pastoral communities in
Nasarawa State, Nigeria. Journal of

90

13.

14.

16.

17.

Aggression, Conflict and Peace
Research,12(2):101—-114.

Okoli, I.C. (2020). Agricultural
residues.Abandoned wealth being
recovered by tropical research.
https://researchtropica.com/agricult

ural-residue—abandoned—wealth-b

eing-recovered—by-research 1.
Accessed 5/7/2022.

Salo, S. (2019). Effect of hydroponic
fodder feeding on milk yield and

composition of dairy cow: Review.
Journal of Natural Science
Research,9(8), doi:po.7176/ INSR.
Benincasa, P, Falcinelli, B., Lutts,
S., Stagnari, F. and Galieni, A.
(2019). Sprouted grains: A
comprehensive review. Nutrient, 11,
421,doi10.3390/nu11020421.
Treadwell, D., Hochmith, R.,
Landrum, L. and Laughlin, W.
(2020). Microgreens: Anew
specialty crop: HS1164, rev.
9/2020.EDIS,2020(5).
https://doi.org/10.324.73/edis-
hs//64-2020.

Delian, E., Chira, A., Badulescu, L.
and Chira, L. (2015). Insights into
micro greens physiology. Lucrari
Shintifice, Seria B. Horticultura, 59,
447-454.,

Kyriacou, M.C., Roupheal, Y.,
DiGioia, F., Kyratzis, A. Serio, F.,
Renna, M., De Pascal, S. and
Santamaria, P. (2016). Micro-scale
vegetable production and the rise of
microgreens. Trends in Food

Science and Technology, 57, 103 -
115.



18.

19.

20.

21.

22.

23.

Okoli et al

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 Applied Science
Journal,16(4), 531- 53.
Christensen, S. (2013). A new
approach to feeding Ilivestock.
Sprouted Fodder System.
www.naturessed.com

Naik, P.K., Swain, B.K. and Singh,
N.P. (2015). Production and
utilization of hydroponics fodder: A

review. Indian Journal of Animal
Nutrition,32,1-95.

Dung, D.D., Godwin, [.R. and
Nolan, J.V. (2010). Nutrient content
and in sacco degradation of
hydroponic barley sprouts grown
using nutrient solution or tap water.
Journal of Animal and Veterinary
Advances, 9, 2432 - 2436.

Sneath, R. and Mclntosh, T. (2003).
Review of hydroponic fodder
production for beef cattle. Project
Report NBP 332. Oct. 2003. Meat
and Livestock, Queensland
Government Department of Primary
Industries, Dalby Queensland,
Australia. Pp. 1-55.

Ahamed, M.S., Sultan,
M.,Shamshiri, R.R., Rahman,
M.M., Aleen, M. and Balasundram,
R.R. (2023). Present status of fodder
production in controlled
environments: A review. Smart
Agricultural Technology, 3: 20230-
100080.

91

24.

25.

26.

27.

28.

Chandra, P. and Gupta, M.J. (2003).
Cultivation in hi-tech greenhouses
for enhanced productivity of natural
resources to achieve the objective of
precision farming. In: Singh, H.P,
Singh, G., Samuel, J.C. and Pathak,
R.K. (eds.). Precision farming in
Agriculture. Edition: 1 Publisher:
NCPAH, DAC, MOA, PFDC,CISH.
Editors:

Etuk, U.N.E. (2023). Effect of
sprouting medium on the
hydroponic production and nutrient
composition of fodder from local
seeds. MSc Thesis, Federal
University of Technology Owerri,
Nigeria.

Martins, U. (2023). The potential of
selected local seeds for hydroponic
fodder production in Owerri,,
southeastern Nigeria. MSc Thesis,
Federal University of Technology
Owerri, Nigeria.

Martins, U., Giwa, L.A., Ohanaka,
A.U.C., Ukwadinamor, J.U.,
Anyanwu, N.J. and Okoli, I.C.
(2023). Impact of growth period on
biomass yield and dry matter content
in sorghum and millet hydroponic
fodders. International Journal of
Agriculture and Rural
Development, 26(1), 6688 - 6693.
Etuk, U.N.E., Etuk, E.B. and Okoli,
I.C. (2024). Growth patterns of
hydroponic fodder produced from
sorghum seeds as influenced by
sprouting media. Proceedings of the
49" Annual Conference of the
Nigerian Society of Animal


http://www.naturessed.com

29.

30.

31.

32.

33.

Okoli et al

Production, March 24 - 27, 2024,
Ibadan, Nigeria. Pp, 1671 -1674.
Okoli, I.C., Etuk, Nneka U., Giwa,
L.A., Achonwa, C.C.,
Ukwadinamor, J.U., Ohanaka,
A.U.C. and Etuk, E.B. (2024). The
effect of sprouting medium on the
cyanide and tannin contents of
hydroponic fodders produced from
sorghum and fonio seeds.
Proceedings of the 49" Annual
Conference of the Nigerian Society
of Animal Production, March 24 -
27,2024, Ibadan, Nigeria. Pp, 1568 -
1572.

Morsy, A. T., Abdul, S. F. & Emam,
M. S. A. (2013). Localized
hydroponic green forage and
vegetables in the Buryat Republic,
Mezhdun-Egyptian condition.
Journal of Agriculture and
Biological Science, 9(6),341 - 350.
Adebiyi, O.A., Adeola, A.T.,
Osinowo, O.A., Brown, D. and
NgAmbi, J.W. (2018). Effects of
feeding hydroponics maize fodder
on performance and nutrient
digestibility of weaned pigs. Applied
Ecology and Environmental
Research, 16(3), 2415 - 2422,
Rusramova, S. and Hasanov, M.
(2021). Application of the
hydroponic green fodder technology
in poultry breeding and maintenance
of the broiler in as provided by
zoogygienic conditions. Khazar
Journal of Science and Technology,
5(2),83-89.

Jasmine, R.K., Ally, K., Sajith, P. and

92

34.

35.

36.

37.

38.

Anil, K.S. (2019). Effect of feeding
hydroponic maize fodder on growth
performance and nutrient
digestibility in cross bred calves.
Journal of Entomology and Zoology
Studies, 7(6),489 -492.

Chana, Z. M., Abubakar, M., Kalla,
D. J. U. and Bello, K. M. (2021a).
Effect of cultivator and harvesting
time on growth components and
chemical composition of
hydroponic sorghum fodder.
Nigerian Journal of Animal Science
and Technology,4(4), 35 - 45.
Chana, Z.M., Abubakar, M., Kalla,
D.J.U. and Bello, K.M. (2021Db).
Growth performance of Balami
rams fed four varieties of
hydroponic sorghum fodder (HSF)
with supplement in semi-arid
environment. Journal of Agriculture
and Environment, 17 (2),63 - 70.
Upreti, S., Ghimire, R.P., Tiwari,
M.R. and Banskota, N. (2020).
Production and economic feasibility
of hydroponics maize fodder on
performance of piglets. Nepal
Journal of Animal Science and
Technology, 19(2),109 - 115.
Moorby, J.M. and Fraser, M.D.
(2021). New feeds and new feeding
systems in intensive and semi-
intensive forage-fed ruminant
livestock systems. Animal,
p-100297.

Kanaujia, A., Dwivedi, K.N.,
Kalraa, A. and Saxena, M.J. (2022).
Hydroponics farming for nutritious
fodder and carbon foot  print



39.

40.

41.

42.

43.

Okoli et al

management. South Asian Journal — 44.
of Agricultural Sciences, 2(1), 38 -

40.

Kidane, T. and Dagnachew, A.
(2022). Retrospective impact 45.
assessment for pilot hydroponic
green fodder production in Sekota
Woreda, Amhara Regional State
Ethiopia. Biophysical Economics

and Sustainability, 7, 9 (2022). 46.
https://doi.org/10.1007/s41247-
022-00103-3

FAO (2021). Peace building:
Farmers, pastoralists receive

inputs,planting materials for pasture
development. Food and Agricultural
Organization, Nigeria Office,
Abuja, Nigeria. 47.
UN Nigeria Newsletter (2022).
Hydroponics grown animal feed
improves livelihoods, incomes in
Nigeria. United Nations Information
Center (UNIC) Lagos, Nigeria. Pp,  48.
10.

Sawant, A. (2022). Growing
hydroponic fodder step by step
guide (7 Days). Agriculture Guruji.
Retrieved from
agricultureguruji.com on April 24,
2023.

Syeda, M. Z., Shazia, 1., Khuram, S.

A. & Mahwash, M. G. (2020). 49.
Nutritional composition and yield
comparison between
hydroponically grown and
commercially available Zea mays L.
fodder for sustainable livestock
production. Maydica Electronic  50.
Publication, 64-M29,2019, 9 pages.

93

Shtaya, I. (2004). Performance of
Awassi ewes fed barley green
fodder. Master Thesis, An- Najah
National University, Nablus, India.
Peer, D.J. and Leeson, S. (1985).
Feeding value of hydroponically
sprouted barley for poultry and pigs.
Animal Feed Science and
Technology, 13, 183.

Chung, T.Y., Nwokolo, E.N., and
Sim, J.S. (1989). Compositional and
digestibility changes in sprouted
barley and canola seeds. Plant
Foods for Human Nutrition, 39,
2 6 7 - 2 7 8 .
http://dx.doi.org/10.1007/BF01091
9

Ramteke, R., Doneria, R. and
Gendley, M.K., 2019. Hydroponic
techniques for fodder production.
Acta Scientific Nutritional Health,
3(5):127-132.

Bari, M. S., Islam, M.N., Islam, M.
M., Habib, M.R., Sarker, M.A.H.,
Sharmin, M.M., Rashid, M.H. and
Islam, M.A. (2022). Changes in
morphology, nutrient content and
production costs of hydroponic

wheat as fodders. Bangladesh
Journal of Animal Science, 51(2), 68
- 80.

Chrisdiana, R. (2018). Quality and
quantity of sorghum hydroponic
fodder from different varieties and
harvest time. IOP Conf. Series:
Earth and Environment Science,
119,(2018)01204.Pp: 1- 5.
Dayton (2013). Hydroponics fodder
feeding system for chickens, goats,



51,

52.

53.

54.

55.

56.

Okoli et al

pigs, sheep.
http://dayton.ebayclassifieds.co.

Morgan, J., Hunter, R.R. and
O'Haire, R. (1992). limiting factors

in hydroponic barley grass

production. Proceedings of the Sth
International Congress on Soilless
Culture, Hunter's Rest, 2 - 9 October
1992,241 - 261.

Ndaru, P.H., Huda, A.N., Marjuki,
Prasetyo, R.D., Shofiatun, U.,
Nuningtyas, Y.F., Ndaru, R.K. and
Kusmartono, (2020). Providing high
quality forage with hydroponic
fodder system. IOP Conf. Series:
Earth and Environmental Science,
478 (2020)012054.

Dung, D.D., Godwin, [.R. and
Nolan, J.V. (2005). Nutrient content
and in sacco digestibility of barley
grain and sprouted barley. Journal of
Animal and Veterinary Advances, 9:
2485-2492.

Singh, N.P. (2011). Technology
production and feeding of
hydroponics green fodder. ICAR
Research Complex for Goa, Old
Goa, India.

Kruglyakov, Y.A. (1989).
Construction of equipment for
growing green fodder by a
hydroponic technique. Traktory
Sel'skokhozy Aistvennye Mashiny, 6,
24-27.

Jolad, R., Sivakumar, S.D. and
Babu, C. (2020). Quality of different
crops under hydroponics fodder
production system. Journal of
Pharmacognosy and

94

57.

58.

59.

60.

61.

62.

63.

Phytochemistry, 9(1), 1434 - 14 -39.
Abioye, V.F., Ogunlakin, G.O. and
Taiwo, G. (2018). Effect of
germination on antioxidant activity,
total phenol, flavonoid and anti-
nutritional contents of finger millet
flour. Journal of Food Processing
and Technology, 9(2), 1 -4.
Cuddeford, D. (1989). Hydroponic
grass. In Practice, 11,211 -214.
Naik, P.K., Dhuri, R.B.,
Karaunakaran, M., Swain, B.K. and
Singh, N.P. (2014). Effect of feeding
hydroponic maize fodder on
digestibility of nutrient and milk
production in lactating cow. Indian
Journal of Animal Science, 84(8),
880 - 883.

Abdullah, A. (2001). Nutritive value
of barley fodder grown in a
hydroponics system. Universiti
Putra, Malaysia.
Thadchanamoorthy, S.,
Jayawardena,V.P. and Pramalal
(2012).
hydroponically grown maize as a
feed source for rabbits. In: 22nd

Evaluation of

Annual Students Research Session,
Department of Animal Science,
University of Peradeniya, Sri Lanka.
Garuma, Z. and Gurmessa, K.
(2021). Evaluation of hydroponic
fodder performance of different
varieties of sorghum. International
Journal of Research -
Granthaalayah, 9(2),1-10.

Singh, G.P. and Oosting, S.J. (1992).
A model for describing the energy
value of straws. Indian Dairyman,



64.

65.

66.

67.

68.

69.

70.

71.

Okoli et al

44,32-327.

Chavan, J. and Kadam S.S. (1989).
Nutritional improvement of cereals

by sprouting. Food Science and
Nutrition, 28(5),401 - 437. 72.
Shipard, I. (2005). How can I grow

and use sprouts as living food?
David Stewart Publishers, Amazon
Books.

Ali, A.S. and Elozeiri, A.A. (2017).
Metabolic processes during seed
germination. InTechOpen,
doi:10:5772/intechopen.70653. 73.
Larson, R.A. (1988). The
antioxidants of higher plants.
Phytochemistry, 27,969 -978.

Anjum, F., Yaseen, M., Rasul, E.,
Wahid, A., Anjum, S. (2003). Water

stress in barley. (Hordeum vulgare

L.) H. Effect on chemical
composition and chlorophyll
contents. Pakistan Journal of 74.
Agricultural Science, 40,45 - 49.

Ukam, C.I., Ojewole, G.S. and Out,

O.C. (2013). Nutrition and
replacement value of hungry rice 75.
acha (Digitaria exilis) grain for
maize grain in broiler starter chicks.

Doi: 10:4814/gjass.v1211.8.

Wheeler, J.L., Mulcahy, AC.,
Walcott, B.J.J. and Rapp, A.G.G.
(1990). Factors affecting the
hydrogen cyanide potential of
forage sorghum. Australian Journal

of Agricultural Research, 41,1093 -

1100.

Nyirenda, K.K. (2020). Toxicity 76.
potential of cyanogenic glycoside in
edible plants. In: Erkekaglu, P. and

95

Ogawa, T. (Eds). Medical
toxicology. IntechOpen DOI:
https://dx.doi.org/10.5772/intechop
en.91408.

Nkafamiya, L.I., Osemeahon, S.A.,
Andema, A.K. and Akinterinwa, A.
(2015). Evaluation of cyanogenic
glucoside contents in some edible
nuts and seeds in Girei, Adamawa
state, Nigeria. IOSR Journal of
Environmental Science, Toxicology,
and Food Technology, 9,27 - 33.
Sriagtula, R., Martaguri, I.,
Sowmen, S. and Zurmiati, (2021).
Evaluation of nutrient solution dose
and harvest time on forage sorghum
(Sorghum bicolor L. Moench) in
hydroponic fodder system. [IOP
Conf. Series: FEarth and
Environmental Science, 888 (2021)
012068.

Gibson, S. (1995). Safe grazing
management of forage sorghum. In:

Forage agronomy notes. Pacific
Seeds Co., Australia.

Mohammed, M.I. (2010). Sorghum
for feed and fodder production.
Regional Workshop on Optimum
Industrial utilization of Sorghum in
Sudan. IRCC. 18-19 April 2010.
Khartoum North. Sudan. Available
f r 0 m
https://www.researchgate.net/publi
cation/308078080 Sorghum_for fe
ed and fodder production
[accessed Apr272023].

Etuk, E.B., Ifeduba, A.V., Okata,
U.E., Chiaka, 1., Okoli, I.C.,
Okeudo, N.J.,Esonu, B. O.,



77.

78.

79.

80.

81.

82.

Okoli et al

Udedibie A.B.I. and Moreki, J.C.
(2012). Nutrient composition and
feeding value of sorghum for
livestock and poultry: A review. 1.
Journal of Animal Science
Advances, 2(6),510-524.

Karthika, N. and Kalpana, R. (2017).
HCN content and forage yield of
multi-cut forage sorghum under
different organic manures and
nitrogen levels. Chem. Sci. Rev.

Lett. 6(23),16591663.

Ikeobi, C.O., Olugboji, O. and Okoh, 2.
P.N. (1988). Cyanide profile of parts

of sorghum (Sorghum bicolar L.
Moech) sprouts. Food Chemistry,
27(3), 167-175.

Harerimana, T., Hatungimana, E.,
Hirwa, C.A. and Niyireba, R.T.
(2023). Effect of hydroponic wheat
fodder supplementation on dry
matter intake and growth
performances of pf piglets. 3.
Scientific Africa, 19,
doi/10.1016/j.sciaf.2022.e01507
Salinger, M. (2013). Grass fed beef.
http://Fodderking.blogspot. In
/2013/e7/grass.fed.beef.html.
Akkenapally J.S. and Lekkala S.
(2021). Hydroponic fodder
production: A review. The Pharma
Innovation Journal, SP-10(11),
2435-2439.

Chakravarthi, M.K., Pavan, T.V,,
Sreekar, V., Krishnamurthy, A., 4.
Kumar, C.A., Sudheer, K. and
Moise, S. (2020). The effect of
dietary incorporation of hydroponic
maize fodder on the growth

96

performance of New Zealand White
rabbits. Forage Research, 46(3), 30
-32.

Hafla, A.N., Soder, K.J., Brito, A.F.,
Rubano, M.D. and Dell, C.J. (2014).
Effect of sprouted barley grain
supplementation of an herbage-
based or haylage-based diet on
ruminal fermentation and methane
output in continuous culture.
Journal of Dairy Science, 97, 7856
- 78609.

Arif, M.M. lam, A., Fayyaz, M., E-
Hack, M.E., Taha, A.E., Al-Akeel,
K.A., Swelum, A.A., Alhimaidi,
A.R., Ammari, A., Naiel, M.A.E.
and Alagawany, M. (2023). Feeding
barley and corn hydroponic based
rations improved digestibility and
performance in Beetal goat. Journal
of King Saud University - Science,
35(2),2023,102457.

Ebenezer, R.J., Paulpandi, T.G.,
Kumar, S.T., Gopinathan, A. and
Sundaram,S.M. (2021).
Supplementation of the diets with
hydroponic maize fodder affects
digestibility, puberty, sexual
behaviour, and semen
characteristics in buck kids. Tropical
Animal Health and Production, 53,
310 (2021).
https://doi.org/10.1007/s11250-
021-02761-9

Kaouche-Adjlane, S., Serir, A.A.
Bafdel, M., Benhacine, R. (2016).
Techno-economic approach to
hydroponic forage crops: Use for
feeding dairy cattle herd. J. Appl.



10.

Okoli et al

Environ. Biol. Sci. 6, 83-87.

Abd Rahim, M. A. and Omar, J. A.
(2015). The biological and
economical feasibility of feeding
barley green fodder to lactating
Awassi ewes. Open Journal of
Animal Sciences, 5(02),99.

Bakshi, M.P.S., Wadhwa, M. and
Makkar, H.P.S. (2017). Hydroponic
fodder production: A critical
assessment. Broadening Horizons
No 48, December2017. 10 pages.
Naik, P.K. and Singh, N.P. (2013).
Hydroponic fodder production: An
alternative technology for
sustainable livestock production
against impending climate change.
In: Compendium of model training
course, management strategies for
sustainable livestock production
against impending climate change.
November 18 -25,2013.

Ghorbel, R. and Kosum, N. (2022).
Hydroponic fodder production: An
alternative solution for feed scarcity.
Proceedings of the 6" International
Students science Congress, lzmir,
Turkey. 9 pages.

Esonu, B.0O. (2009). Unconventional
feed resources for livestock
development and food security.
Paradigms for Nigeria livestock
industry. 14" Inaugural Lecture,
Federal University of Technology,
Owerri, Nigeria.

Ifeduba, A.V. (2018). Development
of computer models on the
performance response of chickens
fed alternative feedstuffs. M.Sc

97

I1.

12.

13.

14.

15.

16.

Thesis, Federal University of
Technology, Owerri, Nigeria.
Izunobi, N. D. (2006). Swine science
and husbandry for degree students.
Tabansi Press Ltd., Onitsha, Nigeria.
Burke, L. (2013). Hydroponic
fodder in an organic pastured
poultry system: Can feed cost be
reduced? Sustainable Agriculture
Research and Education Projects
(SARE), University of Maryland,
Symons Hall, USA.
Alinaitwe, J., Nalule, A.S., Okello,
S., Nalubwama, S. and Galukande,
(2019). Nutritive and economic
value of hydroponic barley fodder in
Kuroiler chicken diets. /OSR
Journal of Agriculture and
Veterinary Science, 12(2),76—83.
Al-Kanaan, A.J.J. (2022). Effect of
adding different levels of
hydroponic barley fodder on the
productive performance and
economic value of broiler chicken.
Archives of Razi Institute, 77(5 -
Serial 5), 1853 - 1864.
Sultana, M., Das, S.C., Dey, B.,
Salam, A, Afrin, A. and Ahmed, T.
(2022). Effect of hydroponic wheat
sprout on the growth
performance, carcass
characteristics and lipid profile of
broilers. Brazilian Journal of
Poultry Science, 24(3),001 - 008.
Kudilani, V.I. (2019). Effect of
sprouting on the chemical
composition and performances of
improved chickens fed with

hydroponicsorghum fodder



17.

18.

19.

20.

21.

Okoli et al

(HSF). MSc. Dissertation, Sokoine
University of Agriculture,
Morogoro, Tanzania.

Khaziev, D., Gadiev, R., Yusupova,
C., Kazanina, M. and Kopylova, S.
(2021). Effect of hydroponic green
herbage on the productive qualities
of parent flock of geese. Veterinary
World, 14(4), 841 - 846.

Ali, S.H., Miah, A.G., Sabuz,
S.H.,Asaduzzaman, M. and Salma,
U. (2019).Diectary effects of
hydroponic wheat sprouted fodder
on growth performance of turkey.
Research in Agriculture, Livestock
and Fisheries, 6(1),101-110.
Abouelezz, K.F.M., Sayed, M.A.M.
and Abdelnabi, M.A. (2019).
Evaluation of hydroponic barley
sprouts as a feed supplement for
laying Japanese quail: Effects on
egg production, egg quality, fertility,
blood constituents and internal
organs. Animal Feed Science and
Technology, 252,126 —135.

Miah, A.G., Osman, A.A., Mobarak,
M.H., Parveen, R. and Salman, U.
(2020). Evaluation of
supplementation of hydroponic
fodder on productive and
reproductive performance of
rabbits. Journal of Veterinary
Research Advances, 2(2),41 - 50.
Rachel, J.E., Gnanaraj, P.P.T.,
Muthuramalingam, T., Devi, T,
Bharathidasan, A., M. and
Sundaram, A.S. (2018). Growth
performance and economics of
feeding hydroponic maize fodder

98

22.

23.

24.

25.

26.

27.

with of
concentratemixturein New Zealand
white rabbit kits. Journal of Animal
Health and Production, 6(2),73 -76.
Shah, M.K., Magar, M.T. and Shah,
S. (2023). Effect of hydroponically
grown forages on growth
performance of rabbit. International
Journal of Applied Sciences and
Biotechnology, 11(1),8 - 14.

Abdel-Wareth, A.A.A., Mohamed,
E.M.H., Hassan, H.A., Eldeek, A A.
and Lokahare, J. (2023). Effect of
substituting hydroponic barley

replacement

forage with or without enzymes on
performance of growing rabbits.
Scientific Reports, 13, 943 (2023).
https://doi.org/10.1038/s41598-
023-27911-x

UN (2018). World population
projected to live in urban areas by
2050. United Nations Department of
Economic and Social Affairs, New
York, USA.

Saghir, J. and Santoro, J. (2018).
Urbanization in sub-Saharan Africa.

Center for Strategic and
International Studies (CSIS)
Available online at

https://www.csis.org/analysis/urban

ization-sub-saharan-africa.

Asadu, A.N., Chah, J.M., Attamah,
C.O. and Igbokwe, E.D. (2021).
Knowledge of hazards associated
with urban livestock farming in
southeast Nigeria. Frontiers in
Veterinary Science, 8, 600299.
doi.103389/fvets.2021.600299
Alimba, J.O., Olumba, C.C. and




28.

29.

30.

31.

32.

Okoli et al

Onwuka, C.N. (2018). Assessing
how food production in urban areas
contribute to household food
security in southeastern Nigeria.
Paper presented at the 2"
International Conference on Food
Security and Hidden Hunger, 8§ - 10
October, 2018, Ndufu Alike,
Nigeria.

Binns, T. and Nel, E. (2019). Urban
agriculture in Zambia. In:
Liemgruber, S. and Chang, C. (eds.).
Rural areas between regional needs
and global challenges. Perspectives
on geographical marginality.
Spriger, Cham, Pp,277 - 242.

FAO (2001). Livestock keeping in
urban area: A review of traditional
technologies based on literature and
field experience. FAO Animal
Production and Health Paper No.
151.
Organization, Rome.

De Han, C. (2013). Urbanization and
farm size changes in Africa and
Asia: Implications for livestock
research. Independent Science and
Partnership Council (ISPC).
https://cgspace.cgair.org/handle/10
568/108605.

Duguma, B., Kechero, Y. and
Janssen, G.P.J. (2011). Analysis of
constraints facing urban dairy

Food and Agricultural

farmers and gender responsibility in
animal management in Jamma town.
Libyan Agriculture Research Center
Journal International, 2(4), 155 -
160.

Butler, J.D. and Oebker, N.F. (2006).

99

33.

34.

35.

36.

37.

Hydroponics as a hobby- Growing
plants without soil. Circular 844.
Information Office, College of
Agriculture, Unuversity of Illinois,
Urbana, USA.

Hidosa, D. and Guyo, M. (2017).
Climate change effects on livestock
feed resources: A review. Journal of
Fisheries and Livestock Production,
5(4), 259, doi.10.4172/2332-
2608.1000259

Ningoji, S.N., Thimmegowda, M.N.,
Mudalagiriyappa, S.T. and Vasanthi,
B.G. (2021). Hydroponics fodder
production - an innovative approach
for sustainable livestock production
under varied climatic distress.
Mysore Journal of Agricultural
Science, 55(2), 1- 11.

Ziervogel, G., Nyong, A., Osman,
B., Conde, C., Cortes, S. and
Dowing, T. (2006).
variability and change: Implications

Climate

for household food security.
Assessments of Impacts and
Adaptations to Climate Change
(ATACC) Working Paper No 20. The
AIACC Project Office, International
START Secretariat, Washington
DC, USA.

Polley, H.W., Briske, D.D., Morgan,
J.A., Wolter, K., Bailey D.W. and
Brown, J.R. (2013). Climate change
and North American range lands:
Trends, projections, and
implications. Rangeland Ecol.
Manag., 66, 493 -511.

Giridhar, K. and Samireddypalle, A.
(2015). Impact of climate change on



38.

39.

40.

41.

42.

Okoli et al

forage availability for livestock. In:
Sejian, V., Guaghan, J., Baumgard,
L., Prasad, C.(eds.). Climate change
impact on livestock: Adaptation and
mitigation. Springer, New Delhi.
Izaurralde, R.C., Thomson, A.M.,
Morgan, J.A., Fay, P.A., Polley,
H.W. and Hatfield, J.L. (2011).
Climate impacts on agriculture:
Implications for forage band range
land production. Agronomy Journal,
103(2),371-381.

Chapman, S.C., Chakraborty, S.,
Dreccer, M.F. and Howden, S.M.
(2012). Plant adaptation to climate
change opportunities and priorities
in breeding. Crop Pasture Science,
63,251-268.

Lobell, D.B. and Field, C.B. (2007).
Global scale climate-crop yield
relationships and the impacts of
recent warming. Environ. Res. Lett.,
2 (2007), https://doi.org/
10.1088/1748-9326/2/1/014002.
Easterling, W.E., Aggrawal, P.K.,
Batima, P., Brander, K., Erda, L.,
Howden, J., Kirilenko, S.M.,
Morton, A., Soussana, J.,
Schmidhuber, J.-F. and Tubiello,
F.N. (2007). Food, fibre and forest
products. Climate Change 2007:
Impacts, adaptation and
vulnerability. Contribution of
Working Group II to the Fourth
Assessment Report of the
Intergovernmental Panel on Climate
Change. Pp, 273-313.

Nardone, A., Ronchi, B., Lacetera,
N., Ranieri, M.S. and Bernabucci,

43.

44,

45.

46.

47.

100

U. (2010). Effects of climate
changes on animal production and
sustainability of livestock systems.
Livest. Sci., 130, 57-69.
Greenpeace (2019). Feeding the
problem: The dangerous
intensification of animal farming in
Europe. Greenpeace European Unit,
Brussels, Belgium.

Opio, C., Gerber, P., Mottet, A.,
Falcucci, A., Tempio, G., MacLeod,
M., Vellinga, T., Henderson, B. and
Steinfeld, H. (2013). Greenhouse
gas emissions from ruminant supply
chains: a global life cycle
assessment. Food and Agricultural
Organization, Rome, Italy.

Bonny, S.P.F., Gardner, G.E.,
Pethick, D.W. and Hocquette, J.F.
(2015). What is artificial meat and
what does it mean for the future of
the meat industry? Journal of
Integrated Agriculture, 14, 255 -
263.

Newell, R., Newman, L., Dickson,
M., Vanderkooi, B., Fernback, T.
and White, C. (2021). Hydroponic
fodder and greenhouse gas
emissions: A potential avenue for
climate mitigation strategy and
policy development. Facets, 6, 161 -
163.

Okoli, I.C., Enyinnia, N.C., Elijah,
A.G., Omede, A.A. and Unamba-
Opara, C.I. (2012). Animal
reproductive management practices
of Fulani pastoralist in the humid
rain forest of Imo state, Nigeria.
Journal of Animal Science



48.

49.

50.

51.

52.

53.

Okoli et al

Advances, 2(2),221-225.

Blanch, R. (2017). Pastoral conflict
and supplying Nigeria with meat:
How can the paradox be solved?
Field Investigations on pastoralists-
farmer crisis Areas.
https://www.academia.edu/334338
78/

Iro, I. (2020). Where modernization
has failed and traditionalism has
thrived: A look at commercial
ranching and Fulani herding system.
https://www.gamji.com/fulani9.htm
Mfon, U.Y. (2023). Climate change
and farmers-pastoralists conflicts in
Nigeria: A development-centered
analysis. In: Singh, P., Ao, B., Yadav,
A. (eds.). Global climate change
and environmental refugees.
Springer, Cham.
https://doi.org/10.1007/978-031-
24833-7 8

Nersesyan, S. (2023). Hydroponic
fodder production: A new startup in
Verishen. People in Need,
Safarikova, Czech Republic.

FAO (2015). Alternative fodder
production approach for
strengthening the resilience of
vulnerable herders in the West Bank.
Resilience Promising Practice, Food
and Agricultural Organization of the
United Nations, Rome.

EMI (2022). Ministry of agriculture
promotes hydroponic fodder
production to alleviate shortage of
animal feed. Public Relations
Division, Eritrea Ministry of
Agriculture, Asmara, Eritrea.

54.

55.

56.

57.

58.

101

Mengesha, M. (2012). The issue of
feed-food competition and chicken
production for the demands of food
of animal origin. 4sian Journal of
Poultry Science, 6(2),31-43.
Shashank, S. and Krishna, T.C.
(2012). Development of a cost-
effective, energy sustainable
hydroponic fodder production
device. Project Report, Indian
Institute of Technology, Kharagpur,
India. http://
suruchiconsultants.com/pageDownl
oads/

Naik, P.K., Dhuri, R.B., Swain, B.K.
and Singh, N.P. (2013). Water
management for green fodder
production as livestock feed in Goa.
In: Abstracts of International
Conference on 'Water Management
for Climate Resilient Agriculture’
held at Jalgaon, Maharashtra, India,
May 28-31.Pp: 126-127.
Kamanga, Y. (2016). YAP proposal
#255: Hydroponic fodder:
Increasing milk production and
income! YAP-Youth Agripreneur
Project. https://
blog.gfar.net/2016/03/09/yap-
proposal- 42- hydroponic-fodder-
increasing-milk-production-
andincome-yvonne-kamanga-
malawi. Updates from the Global
Forum on Agricultural Research.
Tensingh, G.P., Rachel, J.E. and
Muthuramalingam, T. (2016). Low
cost hydroponic device. New
technologies for livestock farmers-
Introduction and release-2016.



59.

60.

61.

62.

63.

Okoli et al

TANUVAS Experiment, Tamil
Nadu Veterinary and Animal
Science University, India.

Adene, D.F., and Oguntade, A.E.
(2006). The structure and
importance of the commercial and
village-based poultry systems in
Nigeria. Food and Agriculture
Organization (FAO), Rome.
Rachel, J.E., Gnanaraj, P.T.,
Muthuramalingam, T., Devi, T,
Babu, M. and Sunharesan, A.
(2015). Hydroponic green fodder
production. TANUVAS
Experiment, Tamil Nadu Veterinary
and Animal Science University,
India.

Gunasekaran, S., Valli, C. and
Bandeswaran, C. (2017). Production
oflow cost hydroponic maize fodder
to mitigate fodder shortage for
livestock during drought conditions.
Available at
https//pashusandesh.com/hydropon
ic-maize.

Elmulthum, N.A., Zeineldin, F.I.,
Al-Kateeb, S.A., Al-Barrak, K.M.,
Mohammed, T.A., Sattar, M.N. and
Mohmand, A.S. (2023). Water use
efficiency and economic evaluation
of the hydroponic versus
conventional cultivation systems for
green fodder production in Saudi
Arabia. Sustainability, 2023, 15(1),
822.

Sala, S.M., Otieno, D.J., Nzuma, J.
and Mureithi, S.M. (2020).
Determinants of pastoralists'
participation in commercial fodder

102

markets for livelihood resilience in
dry lands of northern Kenya: Case of
Isolo. Pastoralist Research, Policy
and Practice,10, 18 (2020)
https://doi.org/10.1186/s13570-
020-00166-1



	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111

