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Abstract

The feasibility of using hydroponically-grown (HGF) barley and oats forage as a supplement to natural pasture hay (PH)
for sheep-feeding was investigated. Twenty-five intact Washera male lambs were used in both a 90 day feeding trial and a
10 day digestibility study. The treatments compared were: 100% PH (control, = T1); PH + a concentrate mix (CM) (= T2);
PH + HGF barley (= T3); PH + HGF oats (= T4); and PH + 50% CM and 50% HGF mixture of barley and oats (= T5).
Chemical composition of diets and refusals, feed intake and digestibility of DM and nutrients were recorded. The average
HGF fresh biomass yields from 1 kg grain were 5.21 and 6.32 kg for barley and oats, respectively. The CP, NDF, ADF and
ADL concentrations in HGF were 13.2, 45.6, 34.8 and 6.7% for barley and 13.7, 46.8, 36.6 and 7.6% for oats. All
supplemented treatments had higher total DM intakes (12-21%) than the control (P<0.05) and all supplements produced
marked substitution effects for PH (35-51%). Animals on the PH diet lost weight (17 g/d), while all supplemented groups
gained weight (58—65 g/d). Partial budget analysis showed that the highest net return was for T5 followed by T2, T4 and
T3. Hydroponically-grown oats forage could have potential to replace a commercial concentrate for supplementing sheep
on native pastures, but both HGF and concentrates are probably unaffordable for the majority of smallholder farmers
engaged in sheep production. Establishment of farmer cooperative hydroponic facilities could spread the overhead costs of
the capital infrastructure and this approach should be investigated.

Keywords: Biomass yield, chemical composition, economics, substitution effects.
Resumen

En Bahir Dar, Etiopia, se investig6 la viabilidad del uso de forraje de cebada y avena cultivadas hidropénicamente (HGF)
como suplemento de heno de pasto nativo (PH) para la alimentacion de ovejas. Se usaron 25 corderos Washera enteros
en un ensayo de alimentacion de 90 dias y un estudio de digestibilidad de 10 dias. Los tratamientos fueron: 100% PH
(control, = T1); PH + una mezcla de concentrados (CM) (= T2); PH + HGF de cebada (= T3); PH + HGF de cebada (=
T4); y PH + 50% CM y 50% mezcla de HGF de cebada y avena (= T5). Se evaluaron la composicion quimica de las
dietas y del forraje rechazado, el consumo del forraje y la digestibilidad de la MS y de los nutrientes. Los rendimientos
promedio de biomasa fresca de HGF de 1 kg de grano fueron 5.21 y 6.32 kg para cebada y avena, respectivamente. Las
concentraciones de CP, NDF, ADF y ADL en HGF fueron 13.2, 45.6, 34.8 y 6.7% para cebada 'y 13.7, 46.8, 36.6 y 7.6%
para avena. El consumo total de MS fue para todos los tratamientos suplementados (T2-T5) mas alto (12-21%) que para
el control (P<0.05) y todos los suplementos mostraron marcados efectos de sustitucion para PH (35-51%). Los animales
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con la dieta PH perdieron peso (17 g/dia), mientras que los de los grupos suplementados aumentaron de peso (58—65
g/dia). El anélisis del presupuesto parcial mostrd que el mayor rendimiento neto fue para T5 seguido de T2, T4y T3.
HGF de avena podria tener el potencial de reemplazar un concentrado comercial como suplemento para ovejas en
pasturas nativas, pero tanto el HGF como los concentrados probablemente no sean asequibles para la mayoria de los
pequefios agricultores dedicados a la produccidn de ovejas en Etiopia. El establecimiento de instalaciones hidropoénicas
en cooperativas de agricultores podria considerarse como mecanismo para dispersar los costos de capital necesario y

este enfoque deberia investigarse.

Palabras clave: Analisis econémico, composicion quimica, economia, efecto substitutivo, produccion de forraje.

Introduction

Ethiopia has the largest livestock population in Africa,
with an estimated 59.9 million cattle, 30.7 million sheep,
30.2 million goats, 56.5 million poultry and 1.23 million
camels (CSA 2018). The livestock sector contributes
significantly to the economy of the country, producing
about 47% of agricultural gross domestic product
(Behnke 2010). Livestock products and by-products in the
form of meat, milk, honey, eggs, cheese and butter
provide animal protein for the local human population. In
addition, other items, such as live animals, meat, hides
and skins, are exported to earn foreign exchange for the
country and play a significant role in the social and
cultural values of society (Tegeane et al. 2010).

However, livestock productivity in Ethiopia is still far
below its potential, as animals are mostly left to graze on
degraded pasture land and crop residues, which do not
supply the nutrient requirements for maintenance of
animals (Gebremedhin et al. 2009). As a consequence,
livestock productivity in Ethiopia is one of the lowest in
the world, with average carcass weights of 108, 10, 8.5
and 0.8 kg/head for cattle, sheep, goats and chickens,
respectively (Negassa et al. 2011). In addition, Hagos and
Melaku (2009) reported that the steady increase in the
human population has resulted in grazing and browsing
areas being converted to arable farming areas for food
crop production, which further aggravates the scarcity of
feed resources. Even the existing natural grazing land is
characterized as overgrazed, poor in botanical
composition, low in biomass yield (1.5-2 t DM/ha/yr) and
of poor nutritive value. These grazing lands produce
biomass only during the rainy season (July—October) and
there is no green fodder in the remaining 8 months.
Irrigation development for forage production is not
widely exploited. Utilization of concentrate feeds in
developing countries like Ethiopia is largely impractical
as they are very expensive and not easily accessible by
smallholder farmers.

Alternative fodder sources are needed if production

levels are to increase. Green fodder production through
hydroponic technology is one possible solution.
Hydroponic fodder production is simple and easy (Uddin
and Dhar 2018) and could be economically feasible in
Ethiopia as the seed, construction of the plantation
structure and management costs could be relatively
inexpensive compared with costs of concentrates. The
required materials for the construction and raw materials
for growing fodder are available at the smallholder
farmer’s level. As climatic conditions in the country are
suitable for fodder production through hydroponic
technology, this production system should not incur
significant costs (Bakshi et al. 2017). The materials used
for hydroponic technology could also be varied based on
the producer’s investment capability.

Therefore, the majority of smallholder farmers could
possibly establish this system using local materials, while
urban and peri-urban dwellers could focus on a ‘high tech’
setup. Hydroponic fodder is targeted at supplementation
of mainly highly-productive animals, not as the basal diet.
However, information on possible production levels and
utilization as a supplement for animals is quite limited.

This study was designed to assess the production of
hydroponically-grown barley (Hordeum vulgare) and
oats (Avena sativa) forage and the benefits from feeding
this material as a supplement to sheep fed a basal diet of
natural pasture hay.

Materials and Methods
Description of the experimental area

The study was conducted at the Zenzelema Campus of the
College of Agriculture and Environmental Sciences of
Bahir Dar University (11°37' N, 37°27' E; 1,900 masl),
near Lake Tana, Ethiopia. Zenzelema is located at about
573 km northwest of Addis Ababa and 8 km north of
Bahir Dar town. The average daily minimum and
maximum temperatures are 7 °C and 29 °C, respectively,
and mean annual rainfall is 1,445 mm.
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Seed preparation before planting

Barley and oats grains were purchased from the local
market and screened to remove debris and other foreign
materials. The grains were washed using tap water and
lemon juice soap at least 3 times and soaked in tap water
for 4-6 hours. Seeds were then sterilized by soaking for
30 minutes in a 20% sodium hypochlorite solution with
tap water to control the formation of mold growth. Before
planting, soaked grains were stored in a gunny bag in a
dark room for 24 hours until a root mat emerged.

Seed planting and watering

Sprouted seeds were spread on hydroponic trays which
had a volume of 3,500 cm?® (35x25x4 c¢m) with holes at
the bottom to allow drainage of excess water from
irrigation. The seeding rates used in this experiment were
about 330-350 g barley and oats grain per tray (about 1—
2 cm depth) layer. Tap water containing the nutrient
solution was used to irrigate plants twice a day (early
morning and late afternoon) throughout the growing
period at a fixed rate of 500 mL/tray/day.

Hydroponically-grown green fodder biomass yield
estimation

Seven days from planting, total green fodder yields were
recorded and production per kg of grain sown was
calculated. Representative fresh fodder samples (about
100-200 g) were selected at random and oven-dried at
70 °C for 24 hours to determine dry matter yields and for
laboratory analysis.

Purchasing and management of experimental animals

Twenty-five yearling intact Washera sheep with average
body weight of 15.2+1.18 kg (mean+SD) were purchased
from Sekela local market and quarantined for 3 weeks to
allow them to adapt to their new environment and to
confirm that they were healthy. The sheep were de-
wormed, treated for external parasite control and placed
in individual well-ventilated pens. After the adaptation
period they were weighed after overnight fasting and
allocated by stratified randomization on the basis of initial
body weight into 5 groups of 5 animals. Sheep were fed
individually throughout the feeding trial.

Experimental design and treatments
The experimental design was a randomized complete block

design (RCBD) with 5 treatments and 5 replications. The 5
groups of sheep were randomly assigned to the following
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treatments: T1 (control group) = 100% natural pasture hay
(PH) ad libitum; T2 = PH ad libitum + 300 g concentrate
mix (wheat bran and noug seed cake, 1:1 w/w); T3 =PH +
1 kg hydroponic barley (50% DM); T4 = PH + 948 ¢
hydroponic oats; and T5 = PH + 150 g concentrate mix +
250 g hydroponic barley + 237 g hydroponic oats forage.
These quantities of hydroponic oats and barley provided
similar amounts of nitrogen.

Feeds and feeding management

Natural pasture hay was purchased and chopped to a length
of approximately 4-5 cm to minimize preferential selection
and wastage, weighed and offered to individual sheep ad
libitum as a basal diet. Wheat bran and noug seed (Guizotia
abyssinica) cake were purchased and mixed in the
proportion of 1:1 (w/w) and offered to individual lambs.
Barley and oats forage was harvested after 7 days growth
and air-dried to 50% DM before feeding the following day.
The daily rations of natural pasture hay, hydroponically-
grown barley and oats and concentrate mixture were
offered in separate troughs. The basal hay ration was fed ad
libitum with 10% refusal adjustment every week in the
morning and supplements were fed in 2 equal portions in
the morning and afternoon. The lambs had free access to
clean and fresh water and common salt at all times.

Feed and nutrient intakes

Daily mean basal feed intakes were measured as
differences between feed offered and refusals. Natural
pasture hay and hydroponic forage refusal samples were
taken daily for each animal during both feeding and
digestion studies, pooled on a treatment basis, and sub-
sampled at the end of the experiment for chemical analysis.
Dry matter intake (DMI) was estimated from voluntary
feed intake (VFI) x percentage of DM. Intake values for
crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL)
were calculated by multiplying feed intake by the
corresponding percentages for each proximate component.

Bodyweight change and feed conversion efficiency

Animals were weighed at the beginning of the trial and
then every 10 days during the 90 days of the feeding trial
in the morning after overnight fasting, using a suspended
weighing scale with a sensitivity of 100 g. Average daily
bodyweight gains were calculated as the difference
between final and initial weights divided by the number
of feeding days. The feed conversion efficiency (FCE) of
experimental animals was calculated as the daily feed
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consumption divided by average daily bodyweight gain,
i.e. g feed to produce a g of bodyweight gain.

Digestibility trial

For the digestibility trial prior to commencement of the
feeding study, each sheep was fitted (harnessed) with a
fecal collection bag for 3 days as an acclimatization
period prior to total collection of feces for 10 consecutive
days. Feeding and animal management during the
digestibility trial were similar to those in the feeding trial.
Feces voided were weighed and recorded every morning,
thoroughly mixed and representative samples (20% of
feces) were taken, frozen at -20 °C and pooled over the
collection period for each animal. At the end of the
collection period, daily samples for individual animals
were mixed and dried to calculate DM intakes and
digestibility and were used for chemical analysis. The
apparent digestibility values for DM, CP, NDF and ADF
were determined using the following equations:

Apparent DM digestibility coefficient
— DMI — fecal DM output
DMI
Apparent nutrient digestibility coefficient
— nutrient intake — fecal nutrient output
nutrient intake

where:
DMI = dry matter intake.

Chemical analyses of experimental feeds

Experimental feeds were sub-sampled to determine DM
concentration and ground to pass a 1 mm mesh sieve for
chemical analyses. NDF, ADF and ADL were determined
according to Van Soest and Robertson (1985), while CP
concentration was estimated by the micro-Kjeldahl
method (AOAC 1990).

Economic analysis

All input costs were recorded and the economic
feasibility of the various treatments was determined
through a partial budget analysis using the procedure of
Upton (1979). The partial budget analysis involved the
calculation of variable costs and benefits. The same
purchase price was applied to sheep in all treatments
initially regardless of differences in mean weights of
groups. At the end of the study all sheep were sold within
various treatments and values recorded. Differences in
the values of sheep in each treatment before and after
feeding were considered as gross returns (GR) in the
analysis. For the calculation of variable costs,

expenditures incurred on various feedstuffs were taken
into consideration. Feed costs were computed by
multiplying the actual feed intake for the whole feeding
period by the prevailing market price, including the
transportation costs incurred in moving the feeds to the
experimental site. Total variable costs (TVC) included
the costs of all inputs for the various treatments and net
return (NR) was calculated as GR — TVC. The change in
net return (ANR) was calculated by the difference
between the change in gross return (AGR) and the
change in total variable cost (ATVC), which is to be used
as a reference criterion for decision on the adoption of a
new technology, i.e. ANR = AGR — ATVC. The marginal
rate of return (MRR) measures the increase in net
income (ANR) associated with each additional unit of
expenditure (ATVC). This is expressed in percentage as:
MRR = (ANR/ATVC).

Statistical analysis

Performance data from the feeding trial including DMI,
nutrient intake, digestibility, bodyweight change and feed
conversion efficiency were analyzed using GLM
procedure of SAS 9.1.3 based on the critical P value of
0.05. Differences among treatment means were tested
using Duncan’s multiple range test. The statistical model
used in the study was:
Yij = u+Ti+pj+eij

where:

Yij = the general observation;

| = the general mean;

Ti = the effect of the ith treatment;

Bj = the jth block; and

eij = the standard error.

Results

Biomass yields of hydroponically-grown barley and oats
forage

The average green fodder biomass yields (50% DM) at
7 days after sprouting were 5.21 (2.61 kg DM) and 6.32
(3.16 kg DM) kg barley and oats per 1 kg barley and oats
grain, respectively.

Chemical composition of treatment feeds

The chemical composition of the experimental diets is
presented in Table 1. Hydroponic fodders had higher CP
concentrations of 13.2 and 13.7% than the grains used to
produce them (11.8 and 8.1% for barley and oats,
respectively). Natural pasture hay contained 6.4% CP.
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Table 1. Chemical composition of experimental feeds and
refusals.

Item Chemical composition (% DM)
Ash CP NDF ADF ADL

Feeds
Barley grain 215 118 232 186 332
Barley forage 326 132 456 348 6.68
Oats grain 322 81 478  38.7 7.57
Oats forage 215 137 46.8 36.6 7.57
Wheat bran 319 144 156 106 224
Noug seed cake 744 301 412 298 558
PH 760 64 587 478 13.0

PH refusals
T1 860 5.2 76.7 733 189
T2 760 48 714 587 159
T3 7.44 5.4 66.7 55.3 14.5
T4 967 50 888 76.6 20.0
T5 967 60 714 602 17.6

ADF = acid detergent fiber; ADL = acid detergent lignin; CP =
crude protein; DM = dry matter; NDF = neutral detergent fiber;
PH = natural pasture hay.

T1 = natural pasture hay only; T2 = PH + concentrate mix; T3
= PH + hydroponic barley forage; T4 = PH + hydroponic oats
forage; T5 = PH + concentrate mix + hydroponic forage (barley
and oats).

Daily intakes of dry matter and nutrients

The daily intakes of DM and nutrients in the various
treatments are presented in Table 2. All supplements
resulted in an increase (P<0.05) in total DM intake but
there was no significant difference (P>0.05) in total DM
intake between the 4 supplemented treatments (T2, T3, T4
and T5). Significant differences (P<0.001) were observed
in intakes of almost all nutrients.

Table 2. Daily intakes (g/hd/d) of dry matter and nutrients by
Washera sheep fed a basal diet of natural pasture hay +
supplements of concentrate mix and hydroponically-grown forage.

Component T1 T2 T3 T4 T5 s.em.
Basal DM 453a 293a 221c 245c 225¢ 9.07
Suppl. DM - 282c 310b 308b 341a 1.20
Total DM 453b 575a 531a 553a 566a 10.6
CP 33.5d 78.0a 61.6b 58.4c 77.8a 3.25
NDF 204d 214dc 331a 279 239c 10.7
ADF 128d 164c 253a 216b 180c 9.59
ADL 37.5b 40.7b 52.9a 44.0b 39.0b 1.60

Means followed by different letters within rows are
significantly different (P<0.05). ADF = acid detergent fiber;
ADL = acid detergent lignin; CP = crude protein; DMI = dry
matter intake; NDF = neutral detergent fiber.

T1 = natural pasture hay; T2 = hay + concentrate mix; T3 = hay
+ hydroponic barley forage; T4 = hay + hydroponic oats forage;
T5 = hay + concentrate mix +hydroponic forage (barley + oats).
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Apparent digestibility of dry matter and nutrients

Apparent digestibility coefficients for dry matter and
nutrients are presented in Table 3. Apparent digestibilities
of CP, NDF and ADF for supplemented treatments were
generally higher (P<0.05) than those for the control
treatment. However, only the treatment fed both
concentrate and hydroponically-grown forage produced
higher (P<0.05) DM digestibility than the control.

Table 3. Apparent digestibility of dry matter and nutrients (%)
by Washera sheep fed a basal diet of natural pasture hay +
supplements of concentrate mix, hydroponically-grown forage
(barley and oats) and their mixtures.

Nutrient T1 T2 T3 T4 T5 s.e.m.
DM 49.7b 61.0ab 59.6ab 57.3b 71.1a 2.00
CP 478c 723ab 61.1b 555c 76.9a 2.66
NDF 43.0c 50.6b 51.7b 493b 57.1a 145
ADF 41.6b 50.0a 504a 47.2a 54.1a 1.10

Means within rows followed by different letters are
significantly different (P<0.05). ADF = acid detergent fiber; CP
= crude protein; NDF = neutral detergent fiber.

T1 = natural pasture hay; T2 = hay + concentrate mix; T3 = hay
+ hydroponic barley forage; T4 = hay + hydroponic oats forage;
T5 = hay + concentrate mix +hydroponic forage (barley + oats).

Bodyweight change and feed conversion efficiency

Data on body weights and bodyweight changes are pre-
sented in Table 4. All supplemented treatments produced
better (P<0.05) bodyweight gains and feed conversion
efficiencies than the control.

Table 4. Bodyweight parameters and feed conversion
efficiencies of Washera sheep fed a basal diet of natural pasture
hay + supplements of concentrate mix and hydroponically-
grown forage (barley and oats).

Parameter T1 T2 T3 T4 5 s.em.

IBW (kg) 15.60a 14.60a 15.60a 14.50a 15.70a 0.35
FBW (kg) 14.10b 19.80a 20.78a 19.60a 21.56a 0.7
ADG (g/d) -16.7b 57.8a 57.6a 56.7a 65.1a 6.02

FCE 27.1b 9.95a 9.23a 9.76a 8.69a 0.01

Means within rows followed by different letters are
significantly different (P<0.05). ADG = average daily gain;
FBW = final body weight; FCE = feed conversion efficiency
(g feed/g bodyweight gain); IBW = initial body weight.

T1 = natural pasture hay; T2 = hay + concentrate mix; T3 =
hay + hydroponic barley forage; T4 = hay + hydroponic oats
forage; T5 = hay + concentrates + hydroponic forage (barley
+ oats).
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Partial budget analysis

Results of the partial budget analysis of performance of
the various groups of sheep is presented in Table 5.
Animals in the control treatment lost weight, resulting in
a substantial negative outcome financially. All supple-
mented rations resulted in positive financial outcomes
with the highest net returns for the hay + concentrate +
HGF treatment and the worst for the barley forage
supplemented group.

Table 1. Partial budget analysis of Washera sheep fed a basal
diet of natural pasture hay + supplements of concentrate and
hydroponically-grown forage (barley and oats).

Parameter T1 T2 T3 T4 T5

Purchase price of 914 914 914 914 914

sheep (ETB/hd)

Basal diet intake 408 264 199 221 203
(kg/hd)

Concentrate intake - 27.0 - - 13.5
(kg/hd)

Barley forage - - 55.8 - 14.0
intake (as fed,

kg/hd)

Oats forage intake - - - 55.4 139
(as fed, kg/hd)

Cost of basal diet  20.4  13.2 9.95 11  10.13
(ETB/hd)

Cost of concentrate - 148.5 - - 74.25
(ETB/hd)

Cost of barley - - 220.2 - 55

forage (ETB/hd)

Cost of oats forage - - - 1376 344
(ETB/hd)

Labor cost 150 180 1842 1842 182.1
(ETB/hd)

Total variable cost 170.4 341.7 414.35 332.8 355.88
(ETB/hd)

Selling price of 850 1,469 1450 1435 1,510
sheep (ETB/hd)

Gross return -64 555 536 521 596

(ETB/hd)

Net return -234.4 2133 121.65 188.2 240.12
(ETB/hd)

ANR 447.7 356.05 422.6 474.52
ATVC 171.3 24395 162.4 185.48

MRR (ratio) 2.61 1.46 2.6 2.56
ETB = Ethiopian Birr; MRR = marginal rate of return; ANR =
change in net return; ATVC = change in total variable cost.

T1 = natural pasture hay; T2 = hay + concentrate mix; T3 = hay
+ hydroponically-grown barley forage; T4 = hay + hydro-
ponically-grown oats forage; T5 = hay + concentrate mix +
hydroponically-grown forage (barley + oats).

Discussion

The forage production per kg of seed in the present study is
lower than the 8 kg of hydroponic forage from 1 kg barley
seed reported by Badran et al. (2017). Yields are also lower
than earlier reports (Al-Karaki and Al-Hashimi 2012; Naik
and Singh 2013; Kantale et al. 2017). The ranges of seedling
heights of the shoots were 11-17 cm and 10-15 cm for
barley and oats forage, respectively. These figures are lower
than 18-20 cm for hydroponic barley forage (Al-Hashmi
2008), which was harvested at 8 and 9 days after sprouting.
The differences in the biomass yield and length may be
attributed to size of the seed, varieties of the grains and the
environment where hydroponically grown.

The CP concentration in the natural pasture hay in the
current study was lower than the 9.9% CP reported by
Arefaine and Melaku (2017), and was below maintenance
requirements for ruminants (Van Soest 1994) as evidenced
by the weight loss recorded in sheep fed only hay.

In contrast, CP concentrations in the barley grain and
barley forage in this study were 11.8 and 13.2%,
respectively, values lower than the 19.7 and 19.8%
reported by Fazaeli et al. (2012). The NDF and ADF
concentrations in the barley forage (45.6 and 34.8%,
respectively) were higher than the NDF and ADF
concentrations of 31.6 and 14.6% reported by Helal
(2015). While the oats grain contained only 8.1% CP,
which was considerably lower than that of barley grain,
the oats forage contained 13.7% CP, which was similar to
that of the barley forage.

The increase in total DMI when supplements were fed
was not surprising as the basal diet of native pasture hay
contained only 6.4% CP, while diets where supplements
were fed contained either concentrates or forage with CP
concentrations of 13—22% and higher digestibility than the
basal roughage. The increased N available to the rumen
microorganisms would have increased rate of digestion and
rate of passage of the basal diet resulting in increased
appetite (Van Soest 1994). While all supplements
increased total DMI, all produced a substantial substitution
effect on hay intake with supplements containing forage
resulting in a higher substitution effect (46—52%) than the
concentrate (35%).

With the increased DMI recorded in supplemented
groups, coupled with higher digestibility of the ration
consumed, the improved bodyweight changes in these
treatments were to be expected. Feeding supplements
converted a weight loss of 17 g/d to gains of 57-65 g/d.
However, the feed conversion efficiency values obtained
were disappointing with intake of 10 kg DM needed to
obtain a kg of bodyweight gain. The highest average daily
gain (65.1 g/d) in T5 for the current study was similar to
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the 64.6 g/d average daily weight gain for Arsi-bale sheep
fed diets of different varieties of faba bean (Vicia faba)
straw mixed with concentrate (Wegi et al. 2018) and 64.4
g/d for Washera sheep fed natural pasture hay plus 350 g/d
concentrate mixture (hulls, wheat bran and noug seed cake)
(Mesganaw 2014). Results from this study support the
concept of Naik et al. (2014) that hydroponic sprouts can
be a rich source of bioactive enzymes and may contain
ingredients that improve the performance of livestock.
While this confirms the biological feasibility of the
process, assessment of the costs and returns is needed to
confirm whether or not the procedure is financially viable.

The partial budget analysis of data from this study
indicates that feeding any of the supplements produced a
positive financial outcome and there were relatively small
differences between feeding a concentrate supplement,
oats forage and concentrate mixed with barley-oats
forage. However, returns from barley forage as a
supplement produced a much worse economic outcome
than the other supplemented diets. The 21% higher
biomass production of oats relative to barley per unit
weight of grain under hydroponic conditions combined
with a lower unit price of oats grain meant that the returns
for the oats forage were more favorable than for barley.
This suggests that hydroponic options could be adopted
by farmers as hydroponic fodder production and
utilization could be a possible option for boosting small-
ruminant production by smallholder farmers. We consider
it is possible to use low-cost techniques which are easy to
operate and maintain and require simple infrastructure
and low operational costs. For this intensive forage
production strategy to be effectively used in the country,
an option could be the production of hydroponic green
forage by larger livestock producers as well as farmer-led
commercial cooperatives. More studies are needed to
confirm that the relative production levels of forage from
barley and oats seeds are as found in this exercise.

Conclusions

The results of this study suggest that hydroponic green
forage could be grown and fed as a replacement for
conventional commercial concentrate mixtures for sheep
during the dry season in Ethiopia. However, based on the
costs and returns from this study plus the ease of feeding,
the net benefits would still favor the concentrate
supplements. In any case, unless simple low-cost methods
for growing the forage can be developed, for this strategy
to be effectively introduced in Ethiopia, hydroponic green
forage may need to be produced in farmer-led commercial
cooperatives to spread the capital cost.

Hydroponically-grown barley and oats as hay complements 525

Acknowledgments

The first author thanks Bahir Dar University for funding
this research and Debre Berhan Agricultural Research
Center Animal Nutrition Laboratory for assisting with
analysis of sample feeds, refusals and feces.

References
(Note of the editors: All hyperlinks were verified 8 November 2019.)

Al-Hashmi M. 2008. Hydroponic green fodder production in
the Arabian gulf region. M.Sc. Thesis. Arabian Gulf
University, Manama, Bahrain.

Al-Karaki GN; Al-Hashimi M. 2012. Green fodder production
and water use efficiency of some forage crops under
hydroponic conditions. ISRN Agronomy 2012:924672. doi:
10.5402/2012/924672

AOAC (Association of Official Analytical Chemists). 1990.
Official methods of analysis. 15" Edn. AOAC Inc.,
Arlington, VA, USA.

Arefaine H; Melaku S. 2017. Supplementation of Adilo sheep
with sole or mixtures of Moringa stenopetala leaf meal and
wheat bran on feed intake, body weight gain and
digestibility. Journal of Agricultural Sciences — Sri Lanka
12:222-233. doi: 10.4038/jas.v12i3.8268

Badran E; Abo Omar J; Qaisy A; Abu Amsha R; Al Jammal M;
Qadri M. 2017. Milk yield and quality and performance of
Awassi ewes fed two levels of hydroponic barley. Journal of
New Sciences, Agriculture and Biotechnology 39:2136-
2143. bit.ly/2qlw5Dx

Bakshi MPS; Wadhwa M; Makkar HPS. 2017. Hydroponic
fodder production: A critical assessment. Broadening
Horizons #48. Feedipedia, a programme by INRA, CIRAD,
AFZ and FAO. bit.ly/2Ctowml

Behnke RH. 2010. The contribution of livestock to the
economies of IGAD member states. IGAD LPI Working
Paper No. 02-10. IGAD Livestock Policy Initiative, Addis
Ababa, Ethiopia. hdl.handle.net/10568/24968

CSA (Central Statistical Authority). 2018. Agricultural sample
survey, Volume II: Report on livestock and livestock
characteristics. Statistical Bulletin 587. CSA, Addis Ababa,
Ethiopia. bit.ly/330kamx

Fazaeli H; Golmohammadi HA; Tabatabayee SN; Asghari-
Tabrizi M. 2012. Productivity and nutritive value of barley
green fodder yield in hydroponic system. World Applied
Sciences Journal 16:531-539. bit.ly/2CBTfOM

Gebremedhin B; Hirpa A; Berhe K. 2009. Feed marketing in
Ethiopia: Results of rapid market appraisal. IPMS Working
Paper 15. ILRI (International Livestock Research Institute),
Nairobi, Kenya. hdl.handle.net/10568/11

Hagos T; Melaku S. 2009. Feed intake, digestibility, body
weight gain and carcass parameters of Afar rams fed tef
(Eragrostis tef) straw supplemented with graded levels of
concentrate mix. Tropical Animal Health and Production
41:599-606. doi: 10.1007/s11250-008-9230-6

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)



http://www.tropicalgrasslands.info/
http://dx.doi.org/10.5402/2012/924672
http://doi.org/10.4038/jas.v12i3.8268
http://bit.ly/2qIw5Dx
http://bit.ly/2CtowmI
https://hdl.handle.net/10568/24968
http://bit.ly/33Okamx
http://bit.ly/2CBTfOM
https://hdl.handle.net/10568/11
https://doi.org/10.1007/s11250-008-9230-6

526 E. Mekonnen, Y. Mekuriaw, F. Tegegne and B. Asmare

Helal HG. 2015. Sprouted barley grains on olive cake and
barley straw mixture as goat diets in Sinai. Advances in
Environmental Biology 9(22):91-102. bit.ly/32DhZkb

Kantale RA; Halburge MA; Deshmukh AD; Dhok AP;
Raghuwanshi DS; Lende SR. 2017. Nutrient changes with
the growth of hydroponics wheat fodder. International
Journal of Science, Environment and Technology 6:1800—
1803. bit.ly/2KclL27Y

Mesganaw A. 2014. Effect of different proportions of field pea
(Pisum sativum L.) hull and concentrate mixture
supplementation on feed intake, digestibility, body weight
change and carcass parameters of Washera sheep fed a basal
diet of grass hay. M.Sc. Thesis. Haramaya University, Dire
Dawa, Ethiopia.

Naik PK; Dhuri RB; Karunakaran M; Swain BK; Singh NP.
2014. Effect of feeding hydroponics maize fodder on
digestibility of nutrients and milk production in lactating
cows. Indian Journal of Animal Sciences 84:880-883.
bit.ly/2X9HQ2a

Naik PK; Singh NP. 2013. Hydroponics 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
changes. Adugodi Bengaluru, India, November 18-25,
2013. p. 70-75.

Negassa A; Rashid S; Gebremedhin B. 2011. Livestock
production and marketing. ESSPII Working Paper 26.

IFPRI (International Food Policy Research Institute),
Washington, DC, USA. hdl.handle.net/10568/16383

Tegegne A; Gebremedhin B; Hoekstra D. 2010. Livestock input
supply and service provision in Ethiopia: Challenges and
opportunities for market oriented development. IPMS
Working Paper 20. ILRI (International Livestock Research
Institute), Nairobi, Kenya. hdl.handle.net/10568/1988

Uddin MT; Dhar AR. 2018. Socioeconomic analysis of
hydroponic fodder production in selected areas of
Bangladesh: Prospects and challenges. SAARC Journal of
Agriculture 16:233-247. doi: 10.3329/sja.v16i1.37438

Upton M. 1979. Farm management in Africa: The principle of
production and planning. Oxford University Press, Oxford,
UK. p. 282-298.

Van Soest PJ. 1994. Nutritional ecology of the ruminant. 2nd
Edn. Cornell University Press, New York, USA.
trove.nla.gov.au/version/13770830

Van Soest PJ; Robertson JB. 1985. Analysis of forages and
fibrous foods. A Laboratory Manual for Animal Science.
Cornell University, Ithaca, NY, USA.

Wegi T; Tolera A; Wamatu J; Animut G; Rischkowsky B.
2018. Effects of feeding different varieties of faba bean
(Vicia faba L.) straws with concentrate supplement on feed
intake, digestibility, body weight gain and carcass
characteristics of Arsi-Bale sheep. Asian-Australasian
Journal of Animal Sciences (AJAS) 31:1221-1229. doi:
10.5713/ajas.17.0736

(Received for publication 1 July 2019; accepted 23 October 2019; published 30 November 2019)

© 2019

(MO

Tropical Grasslands-Forrajes Tropicales is an open-access journal published by International Center for Tropical
Agriculture (CIAT), in association with Chinese Academy of Tropical Agricultural Sciences (CATAS). This work is
licensed under the Creative Commons Attribution 4.0 International (CC BY 4.0) license.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)



http://www.tropicalgrasslands.info/
http://bit.ly/32DhZkb
http://bit.ly/2KcL27Y
http://bit.ly/2X9HQ2a
https://hdl.handle.net/10568/16383
https://hdl.handle.net/10568/1988
https://doi.org/10.3329/sja.v16i1.37438
https://trove.nla.gov.au/version/13770830
https://www.ajas.info/articles/search_result.php?term=author&f_name=Teklu&l_name=Wegi
https://www.ajas.info/articles/search_result.php?term=author&f_name=Adugna&l_name=Tolera
https://www.ajas.info/articles/search_result.php?term=author&f_name=Jane&l_name=Wamatu
https://www.ajas.info/articles/search_result.php?term=author&f_name=Getachew&l_name=Animut
https://www.ajas.info/articles/search_result.php?term=author&f_name=Barbara&l_name=Rischkowsky
https://doi.org/10.5713/ajas.17.0736
https://creativecommons.org/licenses/by/4.0/

