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ABSTRACT
Fifteen Awassi male lambs were randomly distributed to five groups and fed ad libitum roughages:
hydroponics barley and/or green alfalfa with different levels, 0: 100, 25: 75, 50: 50, 75: 25 and 100: 0%
as roughage experimental diets Ty, Ty, Ts, T4, Ts to study in-vitro and apparent digestibility, rumen
fermentations and total rumen bacteria using completely randomized design. Initial weight of
replicates were 21.73 kg + 4.17 kg and 3-4 months old. Concentrate fed at 3% of live body weight
based on dry matter basis. Results showed: No differences for in-vitro digestibility, while there were
significant increases (p<0.05) for total digestible nutrients (TDN) 88.24%, apparent digestibility for
dry matter (DM) 87.13%, organic matter (OM) 87.94%, crude protein (CP) 95.87%, nitrogen free
extract (NFE) 87.88% and metabolisable energy (Me) 88.78% with feeding 100% hydroponic barley
(Ts). Rumen fermentations: pH, Ammonia and volatile fatty acids didn't differ between treatments in
the end of experiment. Total count of rumen bacteria did not differ in the beginning and middle of
experiment, while, significant decreased in treatments T, and Ts 2.600 and 1.733 cfu\ ml x 10’ in
contrast with T, (control) 4.566 cfu\ ml x 10" because of increasing dilution and flow rate of rumen
liquor. In conclusion, there is a possibility using hydroponic fodder technology in arid and semi-arid
areas, where green feeds are difficult to provide.

Key words: Hydroponics, Barley, Fodder, Digestibility, Rumen fermentations.

QA 3ds 645-639:(4)49: 2018- &) ) dse) 3 a glall Alsa
dougad) o Slaall (5 <Y uﬁ,&ﬁ\ Qpiiag aagdl Jalra Ao juadd) Cutla 4380 Pty
"5ea g2l 4 ? 8LE daaa L) s gagan plasd Towa paflaesls 1 Eas gl s Jlaa
e daly e e &aly M 3 lwa Al
zaydiragi@yahoo.com drjamalani@yahoo.com

Gl ol daaly (Ao )3l 48 ¢ lgald) g V) and!
G 2tk daaly (i) cada A0S Al aglal) g 2

aliioal)
i) cal) o faa el Cufias e JSd GdA Gile Cuiy Clogans guad o 8D Ll S Lde Awad Lilde ooy
pagl) Jalaa Al Ts Ty (T3 Ty ¢ Ty & A jad Ldd Udlels 70 :100 <25 :75 <50 :50 (75 :25 100 :0 :4dkida cilygioa
4.17 £ 58 21.73 AN 05sY Jara . Jalsl) lpdial) asasail) aladioady LAl A amlly (il A el clpiia o ially g il
Jalea b ClBIA) s9ag ase milidll cypelil Ablad) Salad) Gulad o Al acadl (159 (e 73 daady JS5al cilal) adh L el 4-3 jas pis
alall (g alal) aagll Jalaag %88.24 Lagagall Luihll yalial) poara B (P<0.05) Augina 3L dla CilS cpa B ((guidal) aagl)
Laylia) dlally %87.88 Caagilll ¢ JAd aliiually %95.87 il cbgnlly %87.94 Lsand) saldlly %87.13 ddlall
al Bldal) Liaal) (alealy Liga¥) cdlagantd) dajs 1Sl & jaddl) cpiia o Ts ) %100 Loy pdd) cufices 435 2ic %88.78
Ligine cacadil cpa A cdopatll Jaagy Ay B GBS LSl S sasd) GRA, aly Ayl Algd B Lyl die cdlalaall (hy Lsina Cilid
415 4.566 45jaal) ddales pe )80 107 * Ja Vipartons Bang 408 1.733 52.600 cuils cun duwalilly daylyl) Adalaall b (p<0.05)
A8 Gy Gua Al Audy Adlad) 3hliall B ) Culics Laslei€ aladin) oSay A1) Aabal) 038 (e it (107 X Ja \8janiosa Bany
Lshpadll cideY)
RS A il cfpiia canagl) Jalaa (DoY) ¢ il Ala) Ae )3 tAaliia cilals

*Received:4/12/2017, Accepted:4/3/2018

639


mailto:drjamalani@yahoo.com
mailto:zaydiraqi@yahoo.com
mailto:zaydiraqi@yahoo.com
mailto:zaydiraqi@yahoo.com
mailto:drjamalani@yahoo.com
mailto:drjamalani@yahoo.com

Iragi Journal of Agricultural Sciences —2018:49(4):639- 645

Tawfeeq & etal.

INTRODUCTION

The expansion of cities, growth population
and increase in the demand of meat
accompanied low rainfall, decreasing feeds
and higher costs of productions. To meet all
these challenges, the adoption of a hydroponic
systems is one of the solution to provide
green fodders protected from natural weather
changes (8) within a short period (26). It’s a
viable technology in low rangeland or rare
water (14; 21) to produce green fresh fodder
throughout the year and reduce the costs of
feeding (4). Decreasing water during the past
two decades have led to need of conserving
water stocks. Hydroponics need 1.5 — 2L of
water to produce 1 kg of green feed compared
with 73L of water to produce green fodder of
barley or alfalfa in nature (5) which about 2-
3% of water used under field conditions to
produce the same amount of fodder, need
large areas of lands, a long season and many
labor, while, hydroponic green fodder needs
short  period, continuous  production
throughout the year, as well as ability to
control of plants environment and produce
products free of pollution with high
nutritional value (27). Barley is one of the
most important crops and the third largest
crop after wheat and rice production (12). In
Irag, the production of green fodder deserves
attention and study, It's palatable without
wastage. The current study was designed to
evaluate the effects of feeding hydroponic
barley on digestibility of nutrients and rumen
fermentations in Awassi lambs.

MATERIALS AND METHODS
Production of hydroponics barley fodder:
Hydroponics barley fodder was produced in a
hydroponics chamber measuring about 20ft x
15ft x 15ft with automatic sprayer irrigation
of tap water and daily production 20-25kg
fresh hydroponics barley. Seeds of barley
were soaked in tap water for 24h. then
distributed in the greenhouse trays 30x70cm
with a high of seeds 1.5 cm, sprayed with tap
water three times a day for three minutes each
one, 19 to 22°% and 30-35 % humidity, 24
hours of lighting (4). Inside green house, the
plants are allowed to grow for 7 days and then
on eighth day, they are harvested with height
20-27cm and fed to lambs.
Experimental animals
Fifteen Awassi male lambs (Avg. BW 21.73+
4.17kg; aged 3- 4 months) were divided
randomly into five groups with ad libitum
roughage individual feeding to evaluate the
substitution of hydroponic barley with green
alfalfa at 0, 25, 50, 75, 100% as roughages.
Concentrated ration were feeding at 3% of
body weight as DM basis consisted of 10%
soybeans, 38% barley, 15% corn, 35% wheat
bran, 2% minerals and vitamins. All feeds
analyzed as A.O.A.C. (1) (Table 1).
Digestion trial

At the end of adaptation period (15 days), a
digestion trial was conducted on all
experimental animals for 7days. Each day,
after 24h. of morning feeding, faeces were
collected, weight it and took 10% as a
sampled then throw the residues. Recorded
the residues of roughages and concentrate
feeds for each lamb to determine daily intake.
In-vitro  digestibility was determined
according to Tilley and Terry (29).

Table 1. Chemical composition of roughages treatment and concentrated ration on DM basis (%0).

Treat DM Ash CF CP EE oM NFE *ME (MJ/Kgas DM)
T, 23.36 8.38 20.76 18.19 2.59 91.62 50.08 11.03
T, 26.69 8.26 21.37 18.3 3.16 91.74 48.89 11.08
Ts 26.16 6.59 21.61 18.31 4.67 93.4 48.8 11.55
T, 25.62 5.03 22.2 18.88 2.31 94.97 51.57 11.31
Ts 22.94 3.36 23.24 19.15 3.81 96.64 50.44 11.70
Concentrate  93.01 5.1 6.48 16.95 2.32 94.9 69.15 12.75

*(MJ / Kg of dry matter) = 0.012 x CP + 0.031 x EE + 0.005 x CF + 0.014 x NFE... (20)
T,=100% green alfalfa, T,=75% green alfalfa and 25% hydroponic barley, Ts=50% green alfalfa and
50% hydroponic barley, T,= 25% green alfalfa and 75% hydroponic barley, Ts=100% hydroponic

barley.
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Rumen fermentations

Rumen liquor was withdrawn from all
experimental animals at beginning, middle and
end of experiment, before morning feeding by
inserting a stomach tube (rubber tube) gently
through the mouth into animal's rumen, then
the rumen liquor is pulled by a plastic syringe
from the other end, ruminal pH was measured
immediately using pH meter, then filter with
cheese cloth and kept in sterilized plastic
tubes, take a sample to estimate total bacteria
count as Nickerson and Sinskey (22), then add
0.5ml of HCL (1M) to stop fermentation,
labeled and kept in deep freeze until use to
determine NH3-N as AOAC (1) and total
volatile fatty acids (TVFA’s) according to
Warner (30). After collection process,
provides feed to animals.

Statistical analysis

All data were analyzed statistically by
completely randomized design (CRD) using
ANOVA procedure of SAS (25). Duncan’s
multiple range tests was used to determine the
significance of differences between treatments
means (9).

RESULTS AND DISCUSSION

In-vitro Digestibility: In-vitro digestibility for
substituting hydroponic barley with green
alfalfa was shown in Table 2, dry matter and
organic matter digestibility between treatments
were no differences. Dry matter digestibility
was 90.73, 91.2, 92.6, 93.53, 95.13%, while
organic matter digestibility was 91.3, 92.13,
94.2, 94.23, 96.2% for Ty, T,, T3, T4 and Ts
respectively. Increasing nitrogen free extract%
(NFE), organic matter % and decreasing ash in
hydroponic barley lead to high digestibility
(17). Abdullah (2) refers to 80 -100 %
digestibility of dry matter for hydroponic.
Although in-vitro digestibility is an indicator

of apparent digestion, but it is very different
in controlled conditions, rumen area, amount
and availability of nutrients, accumulation of
metabolic products, counts of bacteria and
nutrients flow rate, which leads to lower
results of field digestion laboratory, Fazaeli et
al. (14) reported an increase in their content of
free amino acids and non-protein nitrogen,
which led to a high in-vitro digestibility.

In vivo digestibility

In vivo digestibility (%) of total daily intake
for various rations observed in table (3),
significant increasing (p <0.05) in TDN
88.24%, apparent digestibility for dry matter
87.13%, OM 87.94%, CP 95.87%, NFE
87.88% and Me 88.78% with feeding 100%
hydroponic barley (Ts) in contrasted with
100% green alfalfa (T,): TDN 76.48 %,
apparent digestibility for dry matter 80.05%,
OM 81.78%, CP 92.75%, NFE 81.47% and
Me 82.71%. Hydroponic barley contains
tenderness plants with higher digestibility,
highly non structured carbohydrates or
nitrogen free extract (NFE) and low proportion
of ash lead to increase digestibility of nutrients
with  increasing hydroponic barley in
treatments. The digestibility of hydroponic
barley fodder was 98% (2), because of
extremely high in protein and metabolisable
energy, which is highly digestible for fattening
lambs (13), Fazeeli et al. (14) and Graze (16)
reported to same results in increased the dry
matter digestibility of hydroponic barley in
contrasted with barley grains. Fysken (15)
obtained 80% in digestibility of hydroponic
barley, while Hafla et al. (18) referred to an
increase in apparent and true dry matter
digestibility of roughages feeding with
hydroponic barley in contrasted without
hydroponic. Dung et al. (10) referred to no
significant differences between barley grain
and hydroponic barley in Merino sheep.

Table 2. Effect of substituting hydroponic barley with green alfalfa on in-vitro
dry matter and organic matter digestibility (%) + SE

In-vitro Digestibility %

Treat. Dry matter Organic matter
T, 90.73+1.35 91.30 £0.47
T, 91.20 £1.47 92.13 £1.12
T3 92.60+2.21 94.20 £1.47
T, 93.53 £0.28 94.23 £1.58
TS 95.13+1.15 96.20 £1.09

Sign. NS NS
NS= Non signi, T;=100% green alfalfa, T,=75% green alfalfa and 25% hydroponic
barley, T;= 50% green alfalfa and 50% hydroponic barley, T,= 25% green alfalfa
and 75% hydroponic barley, Ts= 100% hydroponic barley.
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Table 3. Effect of substituting hydroponic barley with green alfalfa on TDN%,
apparent digestibility (%) of dry matter, nutrients and energy for total daily feed

intake + SE.
Apparent Digestibility (%0)

Treat. TDN % DM oM CP EE CF NFE ME
T 76.48 80.05 81.78 92.75 80.64 68.52 81.47 82.71

! +0.106c  £0.326d +0.370c +0.501b +3.066a +1.833a +0.652b  +0.634c
T 77.58 81.95 83.05 94.83 82.51 61.44 84.45 84.88

2 +1.727¢  +1.085dc £1.178bc 10.307 a +3.387a +8.836a +0.39ba +0.315bc
T 83.18 84.37 85.73 94.95 84.54 67.20 87.215 87.26

3 +0.881b  +0.457bc +0.636ba +0.175 a +1.552a +5.793a +2.058a +1.02lba
T 83.22 84.96 86.46 95.16 82.91 71.40 87.324 87.59

4 +1.28b +0.706 ba £0.807a +0.495 a +3.262a +2.462a =0.72la +0.536a
T 88.24 87.139 87.94 95.87 87.03 77.58 87.88 88.78

+1.960a +1.224a +1.183a +0.900a +2.063a +2.986a *1.344a  +1.135a

Sign. * * * * NS. NS. * *

Means in the same column with different letter are significantly at 0.05. NS= Non signi., TDN=
total digestible nutrients, DM= dry matter, OM= organic matter, CP= crude protein, EE= ether
extract, CF= crude fiber, NFE= nitrogen free extract, ME= metabolizable energy. T;=100% green
alfalfa, T,=75% green alfalfa and 25% hydroponic barley, Ts= 50% green alfalfa and 50%
hydroponic barley, T,= 25% green alfalfa and 75% hydroponic barley, Ts= 100% hydroponic
barley.

% TDN = % digested crude protein + % digested crude fiber + % digested nitrogen-free extract +
(2.25% % digested ether extract), % digested ingredient = % digestibility of ingredient x ratio
ingredient in food x 100

Rumen fermentations

Rumen Ph: The effect of substituted
hydroponic barley with green alfalfa on rumen
pH was shown in table (4). In the beginning of
experiment, pH value of rumen liquor
decreased significantly (p<0.05) for treatments
T3 (6.376) and T4 (6.670) in contrast T4 (7.170)
and T, (7.293). While, treatments in the middle
of experiment differed significantly (p<0.05):
7.47, 7.61, 8.02, 7.80 and 6.34 for Ty, Ty, Ts,
T4, Ts respectively. In the end of experiment,
there were no significant differences between
the pH values of rumen liquor. The decrease of
pH rumen liquor may be due to the hydroponic
barley roots layer which contains barley grains
consisted of 55-75% starch (23), that leads to
increase fermented carbohydrates to short
chain fatty acids and decreased the rumen pH
(24). The adaptation of rumen environment to
hydroponic fodder and increasing saliva
production as a result of roughages chewing,

there were no significant differences for rumen
pH between treatments of after 77 days of
consumption. Green fodder and roughage
feeds maintain rumen pH normally or tend to
increase ruminal pH, low production of short
chain fatty acids, as well as increase saliva
production (28). American Agriculturalist (6)
referred to neutral or moderation of rumen pH
with hydroponic feeding compared with barley
grain. Hydroponic barley reduction the
fermentation of starches in barley grains and
controlling the pH rumen liquor (16), Hafla et
al. (18) confirmed higher pH of rumen liquor
with hydroponic fodder compared to feed
barley grain and roughages. Low acidity of
rumen to pH 5 for more than 2 - 6 hours as a
result of eating large amounts of grains with
highly fermentable carbohydrate led to rumen
acidosis (19).

Table 4. Effect of substituted hydroponic barley with green alfalfa on rumen pH + SE.

rumen pH value

End of

Treat. Beginning of Experiment Middle of Experiment Experiment
T 7.170+0.320 a 7.476+0.178 b 7.090+0.277
T, 7.293+0.328 a 7.616+0.109 ba 7.286+0.199
Ts 6.376+0.274 b 8.020+0.116 a 7.040+0.146
Ta 6.670+0.138 b 7.800+0.051 ba 6.936+0.118
Ts 7.070+0.151 ab 6.340+0.130 ¢ 7.306+0.268
Sign. % * NS.

Means in the same column with different letter are significantly at 0.05, NS= Non signi., T;=100% green alfalfa, T,=75%
green alfalfa and 25% hydroponic barley, T;=50% green alfalfa and 50% hydroponic barley, T,=25% green alfalfa
and 75% hydroponic barley, Ts= 100% hydroponic barley.
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Ammonia rumen liquor

substituted hydroponic fodder with green
alfalfa on  ammonia-nitrogen  (NH3-N)
concentrations didn't differ significantly all
over the period of experiment (table 5)
although the digestibility was higher. The
same results found (2) that ad libitum feeding
of hydroponic barley resulted to 98%
digestibility and low levels of rumen
ammonia-nitrogen, Al-Kinani (3) refereed to
low ammonia concentration with high
consuming of digestible energy, or starch-rich
diets (11), 80% of rumen microbial protein
used rumen ammonia synchronized with VFA
for reproduction and growth (7).

Total VFA concentrations:  The values of
short chain fatty acids or volatile fatty acids

(VFA's) reported in table 6, showed
significant increase (p<0.05) in the beginning
of experiment with using 50% hydroponic
barley (T3) (1.416 mg/100ml) in contrast with
100% green alfalfa (T;) or control (0.833
mg/100ml), with no differences later in the
middle and end of the experiment. The values
of VFA reported in this study were similar to
those of Abdullah (2) when used ad- libitum
feeding for hydroponic barley with 98%
digestibility and did not produce high levels of
volatile fatty acids, that indicating the rapid
utilization of VFA for maintenance and
production. Hafla et al. (18) showed a low
concentration of rumen volatile fatty acids in
ruminants fed hydroponic barley in contrast
with intake the barley grain and roughages.

Table 5. Effect of substituted hydroponic barley with green alfalfa on rumen
ammonia- N concentrations (mg /100ml) + SE.

rumen ammonia- N concentrations (mg /100ml)

Beginning of End of
Treat. Experiment Middle of Experiment Experiment
T, 14.0+0.00 11.666+1.1667 12.833+1.166
T, 11.666+1.1666 12.833+1.166 12.833+1.166
T, 12.833+1.1666 14.000+2.020 12.833+1.166
T, 12.833+1.1666 10.500+0.00 12.833+1.166
T 11.666+1.1666 12.833+1.166 12.833+1.166
Sign. NS. NS. NS.
Means in the same column with different letter are significantly at 0.05, NS= Non signi., T;=100%
green alfalfa, T,=75% green alfalfa and 25% hydroponic barley, T;=50% green alfalfa and 50%
hydroponic barley, T,= 25% green alfalfa and 75% hydroponic barley, Ts= 100% hydroponic
barley.

Table 6. Effect of substituted hydroponic barley with green alfalfa on total rumen
VFA concentrations (mg /100ml) + SE.

Total rumen VFA concentrations (mg /100ml)

Beginning of End_ of

Treat. Experiment Middle of Experiment Experiment
T, 0.833+0.083 b 1.083+0.083 1.00+0.144
T, 1.083+0.1666 ba 1.00 + 0.144 1.333+0.220
T, 1.416+0.083 a 1.416+0.083 1.333+0.083
T, 1.00+£0.144 b 1.166+0.220 1.083+0.220
TS 0.833+0.083 b 1.083+0.083 1.083+0.083
Sign. * NS. NS.

Means in the same column with different letter are significantly at 0.05, NS= Non signi., T;=100%
green alfalfa, T,=75% green alfalfa and 25% hydroponic barley, T;=50% green alfalfa and 50%
hydroponic barley, T,= 25% green alfalfa and 75% hydroponic barley, Ts= 100% hydroponic
barley.

Total count of rumen bacteria

The total count of rumen bacteria did not
differ as a result of given hydroponic barley
comparing with green alfalfa in the beginning
and middle of experiment (table 7). While,
significant decreased in treatments T4 and Ts

643

2.600 and 1.733 cfu \ ml x 10" respectively in
contrast with Ty (control) 4.566 cfu \ ml x
10’. The decrease in number of bacteria with
increasing proportion of hydroponic barley
may be to reduction of hydroponic dry matter
content (14) which increase dilution of rumen
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liquor and the rate of feed pass then reduce
number of bacteria, While, Hafla et al. (18)
reported that addition of hydroponic barley to
ruminants led to higher digestibility due to
increase in numbers of rumen bacteria and
efficiency of digestibility.
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Table 7. Effect of substituted hydroponic barley with green alfalfa on total count of
rumen bacteria + SE.

Total count of rumen bacteria
Beginning of End of
Experiment Middle of Experiment Experiment
Treat. (cfu/ ml * 10°) (cfu/ ml*107) (cfu/ ml*107)
T, 2.033+1.125 2.233+0.0835 4.566+0.635 a
T, 2.466+0.290 3.433+ 0.581 3.700+0.351 ba
T, 6.733+2.781 2.966+0.371 3.033+0.819 cba
T, 4.533+2.258 2.733+0.290 2.600 £0.305 bc
TS 4.366+2.302 3.166+0.088 1.733+0.484 ¢
Sign. NS. NS. *
Means in the same column with different letter are significantly at 0.05, NS= Non signi., T;=100%
green alfalfa, T,=75% green alfalfa and 25% hydroponic barley, Ts=50% green alfalfa and 50%
hydroponic barley, T,=25% green alfalfa and 75% hydroponic barley, Ts= 100% hydroponic
barley.
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