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ABSTRACT: The objectives of the present study were to construct and evaluate the performance 
of a hydroponic unit for intensive barley green fodder production. The constructed hydroponic system 
included lighting unit to provide plants with its lighting requirement, cooling and air conditioning unit 
to conserve the appropriate microclimate conditions to propagate a healthy plants and aeration and 
CO2 proportioning unit to enhance the root-zone media with its air balance to achieve the plant stress. 
The performance of the constructed hydroponic unit was studied under some different technical 
parameters (growing period, aeration rate, with and without nutrient solution addition and with and 
without CO2 injection). The performance of the constructed hydroponic unit was evaluated in terms of 
total yield, yield quality, water use efficiency, energy requirements, operational cost and net profit. 
The experimental results reveal that total yield (4646.4 kg/period), plant moisture content (92.13%), 
water use efficiency (156.028 g/l) and net profit  (8256 LE/period) were in the optimum region under 
conditions of 8.0 days growing period, 2 hr./day aeration rate, with both nutrient solution addition and 
CO2 injection. While the protein percentage (18.29%) was optimum under conditions of 5.0 days 
growing period, 1 hr./day aeration rate, with both nutrient solution addition and CO2 injection. 
Meanwhile dry matter (21.12%) was optimum under conditions of 5.0 days growing period, 2 hr./day 
aeration rate, without neither nutrient solution addition nor CO2 injection. 
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INTRODUCTION 

Animal production and its industrial 
investment are overwhelmed with various 
problems due to the insufficient animal feeding 
requirements and the competition with the 
human crop requirements. Therefore, about third 
of the total cultivated area of the world covered 
with the animal feeding crops. In this regard, 
efforts have to be carried out to develop new 
techniques to face this competition such as 
hydroponics fodder productions. 

Availability of appropriate feed prices and 
one of the main reasons for the increase in 
animal production in recent years, tasked senior 
and junior educators to lack of fodder and high 
cost. For this it was necessary to search for 

alternatives to traditional feed and as a result of 
research experts to reach the production of feed 
barley cultivar that does not need soil or 
fertilizer or labor-intensive. At the same time 
characterized by high productivity and high 
nutritional value. Hydroponic Fodder (HF) can 
overcome this problem where the plants grow in 
the nutrient solution without using any growing 
media. It did not need any disinfection as well as 
it had an enormous latent potential for fodder 
production under conditions of arid and semi-
arid areas to reduce the water consumption of 
fodder plants to very low levels. In addition, HF 
had a great potential for fodder production in 
areas where soil has a pest and disease 
problems. Barley fodder systems are the focus 
of the present analysis. 
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Seymour (1993) stated that Nutrient Film 
Technique (NFT) consists of a flat-bottomed 
channel or gully in which a thin film of nutrient 
is re-circulated through the bare roots of the 
plant. He also noticed that the important aspect 
of NFT is to ensure that sufficient oxygen is 
available to the plant. This may require either 
agitating of the nutrient within the tank or 
allowing air to reach the nutrient solution within 
the channels. He also found that production 
advantages are achievable under NFT systems 
but require vigilant management along with high 
quality equipment and good system design. 
Jensen (1999) reported that a hydroponics or 
soilless culture is the production of crops 
isolated from the soil, either with or without a 
medium, with their total water and nutrient 
requirements supplied by the system. Cader 
(2002) stated that hydroponic fodder is 
essentially the germination of a seed (such as 
malt barley or oats) and sprouted into a high 
quality, highly nutritious, disease free animal 
food. This process takes place in a very versatile 
and intensive hydroponic growing unit where 
only water and nutrients are used to produce a 
grass and root combination that is very lush and 
high in nutrients. This green fodder is extremely 
high in protein and metabolisable energy, which 
is highly digestible by most animals. Wang et al. 
(2002) stated that several strategies have been 
suggested to improve the productivity of water, 
among which is better management of the water 
resource. Hydroponics growing techniques 
improve water use efficiency by restricting 
water loss. Morgan et al. (2002) used 
hydroponic fodder technique and found that  the 
increases in protein are “due partly to the 
absorption of nitrogen from the nutrients 
solution and to the concentration of nitrogenous 
compounds in a reduced mass of dry matter. 
Rotar (2004) found that hydroponic fodder 
technique can be used to produce fodder in very 
short periods (7-10 days) and it has been proven 
efficient both financially and environmentally . 

A range of cereals can be utilized for fodder 
production, including barley, oats, wheat and 
maize. The most commonly used cereal grain is 
barley. 

Therefore, the aims of the present study were to:  

- Construct a hydroponic unit for green fodder 
production. 

- Improve the performance of the hydroponic 
unit by studying some technical parameters 
affecting its efficiency (growing period, 
aeration rate, nutrient solution addition and 
CO2 injection). 

- Evaluate the constructed hydroponic unit 
economically. 

MATERIALS AND METHODS 

The main experiments were carried out in 
Bahtat Village, Abu Hammed, Sharkia 
Governorate, Egypt to construct and evaluate the 
performance of hydroponic barley unit for 
animal fodder production. 

Experimental layouts and procedures 
mechanisms had been described in Fig. 1 the 
experimental layouts included lighting system to 
provide the growing plants with its lighting 
requirements, cooling and air conditioning 
system to conserve the appropriate microclimate 
conditional to propagate a healthy plants, CO2 
injection system, aeration system to enhance the 
root-zone media with its air balance and 
requirements to avoid the plant stress. 

Materials 

The Constructed Hydroponic System 

The constructed hydroponic unit consisted of 
the following parts: frame, growth trays and 
aeration, lighting, cooling, irrigation, 
supernatant collection and control units, as 
presented in Fig. 2. 

Frame 

The frame was constructed of sandwich 
panel, which consists of two sheets of 
galvanized electrostatic steel plates, including 
insulating material (foam) with 5.0 cm 
thickness, 4.0 m width, 4.0 m length and 3.5 m 
height. 

Plant growth unit 

The plant growth unit consisted of trays. 
Each tray was made of white polypropylene 
material with dimensions of 30 × 70 × 4 cm. 
The bottom of trays was perforated with 3 mm- 
holes diameter and spacing of 70 × 40 mm. 
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Fig. 1. Schematic diagram of the suggested hydroponic system 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The constructed hydroponic barley fodder unit 
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Stands  

Stands were created to carry the trays inside 
the unit. Each stand is made of a set of alumetal 
bars with thickness of 4 × 4 cm. The dimensions 
of each stand is   100 × 100 × 341 cm, where 
each stand composed of 11 roles, height of each 
role is 30 cm. 

Aeration unit 

An aeration unit was installed to provide 
oxygen to the system for plants growth. The 
process of aeration in the hydroponic barley 
fodder unit is important to maintain the 
proportion of oxygen gas and proportion of 
carbon dioxide inside the unit and to maintain 
the relative humidity of the air inside the unit so 
as not to cause any appearance of decay. The 
aeration unit consists of cooling fan of about 
2400 rpm with 25 cm diameter connected with 
control unit. The aeration unit delivers 5.2 
m3/min of a fresh air to the chamber. The 
operating time of the aeration unit is controlled 
by timer controller with a capacity of 24 hours. 
It was placed on the top of the door of the unit at 
a height of 2.5 meters from the ground unit. 

Lighting unit 

The indoor lighting operating hours is 
conducted in the hydroponic system to conserve 
the fodder crop with lighting requirements. 
However, the lighting operating hours under the 
lighting intensity of 2000 lux were 16 hours/day. 
 The lighting unit was designed to provide 
approximately 2000 lux meter of illumination 
per tray. This was achieved by 24 white 
fluorescent lamps (120 cm in length). The lambs 
have been installed on both sides of the unit, and 
controlled in operating time by controller timer 
with a capacity of 24 hours and accuracy of 30 
minutes. 

Cooling unit  

A cooling unit was designed to continuously 
balance the air temperature, which produced by 
the lamps to avoid heating stresses of growing 
plants. The cooling unit is an air-conditioner 
with a capacity of 2.5 kW (3 hp). It was placed 
on the opposite side of the door of the unit at a 
height of 3 meters from the ground. 

Supplementary irrigation unit  

Water was added to each compartment as 
required to compensate water losses due to 
evaporation and water requirements for plants to 
complete its vital operations. The irrigation 
period under the same discharge for mist sprayer 
was 1 min/ 2hours. However, the mist sprayer 
discharge was 47 l/hr.  

The water application unit consisted of the 
following parts: 

• Water storage tank 1 m3 in size, for storing the 
water and nutrient solution. 

• A pump with a power of 1.5 kW (2 hp) was 
placed beside the storage tank, with about 
4800 l/hr., flow rate at 3.6 bar operating 
pressure, to convey the water from the storage 
tank to the supplementary irrigation system. 
The pump was connected to the irrigation 
system using Polyethylene pipes of 32 mm 
outside diameter. 

 • A filter with 2.54 cm disc was put after the 
pump to purify water and prevent the entry of 
any impurities stuck in the water to sprinklers 
for preserving them and make sure that there is 
no blockage.  

 • Four PVC electric valves to control the 
amount of water fed to 396 mist sprayer and, 
for applying the water into the plant 
supporting trays. The timing and duration of 
opening/closing of the valves were controlled 
by an electronic circuit based on the 
investigated irrigation period. 

• Irrigation control: ESP-4m, 4-station outdoor 
model controller with Features:(Three 
independent programs with 4 start times each 
for a total of 12 daily start times, Station run 
time: 0 minutes to 6 hours for all stations, 365-
day calendar with leap year intelligence means 
that it can be set an “Odd” or “Even” day 
watering schedule and not to be worry about 
changing the date on leap years and 5-year 
lithium battery maintains time and date during 
a power outage). Its electrical specifications 
input: 120 VAC ± 10%, 60 Hz Transformer - 
output: 25.5 VAC 1A, with dimensions: 
Width: 27.2 cm, Height: 19.5cm and Depth: 
11.2cm. 
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 • 396 mist sprayer with black nozzle, with 47 
l/hr., discharge at 3 bar operating pressure, and 
2 m covered radius attached to 16 mm tubes at 
50×70 cm spacing.  Its uniformity coefficient 
is 94%.  

CO2 injection unit 

The CO2 injection unit was used with a 
concentration of 10 min /2hours to supply the 
seeds of their own needs in order to raise value 
of the final product. The CO2 injection unit 
consists of feeding bottle from CaCO3 and bottle 
from HCl to produce CO2 through 32 mm pipe 
diameter inside the growth room. 

Drainage unit 

The drainage unit is 3 slots placed in the 
right side of the hydroponic unit and connected 
with 4 inches polyethylene tube to collect the 
drainage water and deliver it to the external 
tank. 

Micro-climate and agro-biotechnology 
control system 

Micro-climate and agro-biotechnology 
system consists of two main units: 

The temperature unit 

The hydroponic barley fodder temperature 
system has a significant impact on the process of 
breeding that showing its impact on product 
quantity and quality. Therefore, one temperature 
of 20 oC was tested as the barley is grown in the 
winter and needs to be at low temperature to 
conserve the appropriate micro-climate 
environment of the cultivated barley under the 
hydroponic system. It consists of gauge capacity 
of about 40 ºC, with an accuracy of about 2 ºC 
and sensor electrode to measure the temperature 
inside the growth room. 

The nutrient solution unit  

Nutrient solution was used with a 
concentration of 1cm3/l to supply the seeds of 
their own needs of nutrients in order to raise the 
nutritional value of the final product. Inorganic 
nutrient solution (control) developed by (El-
Behairy, 1994) was used . However, it consists 
of: N 259.6, P 35, K 300, Ca 160.2, Mg 50, S 
221, Fe 5, Mn 1, B 0.3, Cu 0.1, Mo 0.1, and Zn 
0.1 as ppm. The electrical conductivity (EC) of 
the nutrient solution was maintained between 

0.31-0.33 mmhos cm-1 and the pH was 
maintained in a range of about 7.0-7.2 by using 
citric acid for all-organic solutions. On the other 
hand, the nutrient solution volume was adjusted 
once a day by adding tap water up to recognized 
mark level in the tank. The amount of water was 
measured and recorded for calculation of water 
consumptive use. The nutrient solutions were 
completely refreshed every day. 

The used crop 

Barley seeds (Giza, 127), was used in this 
study. The seeds were sown on 24 hours and 
transplanted on prototype to determine the 
percentage of germination. Pre-soaking is 
important as there is a rapid uptake of water 
which facilitates the metabolism of reserve 
material and the utilization of these reserves for 
growth and development. Because of that, the 
seeds had been soaked for 12 hours before the 
introduction of the unit.  Seed density of 1050 
grams per unit area of about (30×70 cm) had 
been evaluated.  

Methods  

Experimental Procedure and Treatments 

To evaluate the constructed hydroponic unit, 
the following technical parameters and its 
associated treatments had been considered: 

- Four aeration rates of 1, 2, 3 and 4 hr./day. 

- Four growing periods of 5, 6, 7 and 8 days 

- Two conditions of with and without nutrient 
solution addition. 

- Two conditions of with and without CO2 
injection 

Measurements and determinations 

The performance of the hydroponic unit was 
evaluated taking into consideration the 
following indicators: 

Plant measurements 

Total barley yield as well as yield quality 
were measured for the final product at the end of 
the growing period. 

Total yield 

Total yield (kg/period) was measured as 
follows: 
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Total yield = fresh growth yield + fresh root 
yield ……… (1) 

Yield quality 

Yield quality was measured in terms of 
moisture content, dry matter and protein ratio as 
follows: 

Moisture content (M.C) 

MC (%) =100 (Fresh mass – Dry mass)/ Fresh 
mass …… (2) 

Dry matter (DM) 

DM (%) = 100 (Dry mass / Fresh mass)……. (3) 

Protein percentage (%) 

Protein can be calculated by the following 
equation: Adapted and modified by Merrill and 
Watt (1973): 

Protein (%) =N (%) × 5.83 ……. (4) 

Water use efficiency 

Water use efficiency was calculated 
according to Jensen (1983) as follows: 

)5....(
)(l/cm water irrigation applied ofAmount 

)(g/cm yieldBarley 
  (gm/l) WUE

2

2

=

Energy requirements 

Energy requirements can be calculated by the 
following equation:  

)6(....
)(kg/period yield Total

(kW)power  Required
  period/kg) (kW. tsrequiremenEnergy =

 

Required power was determined as follows: 

P = I × V × cos θ…………….(7) 

Where 

P– required power, kW, 

I – current strength, ampere, 

V – Voltage, volt, being equal to 220 V 

cos θ – power factor , being equal to 0.66  

Economic evaluation  

The net profit of barley yield was calculated 
by using the following formula (Younis et al., 
1991): 

P = (Yt × d) – Ct……(8) 

Where:     

P - Net profit, LE/period  

Yt - Total barley yield, kg/period 

d - Yield price, LE/Kg 

Ct - Total period cost, LE/period  

Period cost was determined as follows:  

Period cost (LE/period) = Hourly cost (LE/hr.) × 
Period (hr./period)…....(9)  

Hourly cost was determined using 
conventional method of estimating both fixed 
and variable costs.  

RESULTS AND DISCUSSION 

The discussion will cover the obtained results 
under the following heads: 

Effect of Some Parameters on Barley 
Yield and Yield Quality  

Aeration rate as well as growing period, CO2 
injection and nutrient solution addition has a 
great effect on barley yield and yield quality 
(Figs. 3, 4 and 5). 

Effect of aeration rate 

Representative total yield, protein percentage, 
dry matter percentage and moisture content 
versus aeration rate are given through various 
growing periods under conditions of CO2 
injection and nutrient solution addition in Fig. 3.  

Concerning the effect of aeration rate on total 
yield, results show that increasing aeration rate 
from 1.0 to 2.0 hr./day, increased  total yield 
from 2316.6 to 2379.3, from 2985.84 to 3029.4, 
from 3670.59 to 3770.3 and from 4572.48 to 
4626.4 kg/ period for growing periods of 5, 6, 7 
and 8 days, respectively. Any further increase in 
aeration rate from 2.0 up to 4.0 hr./day, 
decreased total yield from 2379.3 to 2102.1, 
from 3029.4 to 2680.92, from 3770.3 to 3312.54 
and from 4626.4 to 3991.68 Kg/period under the 
same mentioned conditions. The decrease of 
total yield by increasing aeration rate from 2.0 to 
4.0 hr./day is attributed to the instability of the 
temperature, which leads to rotting of the roots.  

Relating to the effect of aeration rate on 
protein percentage, the obtained results show 
that  increasing  aeration rate from 1.0 to 4.0 
hr./day, decreased protein percentage from 
18.29 to 16.91, from 17.93 to 16.57, from 17.54 
to 16.22 and from 17.21 to 15.93% for growing 
periods of 5, 6, 7 and 8 days. 
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Fig. 3: Effect of aeration rate on total yield and yield quality   

 

The increase in protein percentage by 
decreasing aeration rate is due to the decrease in 
dry weight, particularly carbohydrates, through 
respiration during germination. Higher 
germination temperature and longer sprouting 
time means greater losses in dry weight and 
increases in protein content. These findings are 
in agreement with those indicated by Chavan 
and Kadam (1989) 

Considering the effect of aeration rate on dry 
matter, results show that increasing aeration rate 
from 1.0 to 4.0 hr./day, increased dry matter 
percentage  from 13.79 to 17.05, from 11.6 to 
15.26, from 9.86 to 13.46 and from 8.47 to 
11.48%  for growing periods of 5, 6, 7 and 8 
days. 

The increase in dry matter percentage by 
increasing aeration rate is attributed to that the 
photosynthesis is not important for the 

metabolism of the seedling until, when the 
chloroplasts are activated, and this may be 
reflected into dry matter losses due to respiration 
and the negligible amount of photosynthesis by  
young seedling at the low growing days. The 
above-mentioned results are in agreement with 
those had been observed by Chavan and Kadam 
(1989). 

As to the effect of aeration rate on moisture 
content, results showed that increasing aeration 
rate from 1.0 to 2.0 hr./day,  increased moisture 
content  from 86.21 to 86.87, from 88.4 to 
88.79, from 90.14 to 90.65 and from 91.53 to 
92.13% for growing periods of 5, 6, 7 and 8 
days. Any further increase in aeration rate from 
2.0 up to 4.0 hr./day, decreased moisture content 
from 86.87 to 82.95, from 88.79 to 84.74, from 
90.65 to 86.54 and from 92.13 to 88.52% under 
the same mentioned growing periods. 
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The decrease of total yield by increasing 
aeration rate from 2.0 to 4.0 hr./day is attributed 
to low dry matter resulting in high moisture 
content. 

Effect of CO2 injection 

Representative total yield, protein percentage, 
dry matter percentage and moisture content 
versus CO2 injection are given through various 
growing periods under conditions of 2hr/day 
aeration rate and nutrient solution addition in 
Fig. 4.   

Concerning the effect of CO2 injection on 
total yield, results show CO2 injection increased 
total yield from 2049.3 to 2316.6, from 2646.07 
to 2985.84, from 3355.04 to 3670.59, and from 
4213.44 to 4572.48 kg/period for growing periods 
of 5, 6, 7 and 8 days, respectively compared to 
without CO2 injection. The increase of total 
yield in case of with CO2 injection may be 
attributed to that the amount of carbon dioxide 
has increased from an ambient level of 300 PPM 
to a high level of 2000 PPM, the amount which 
a plant can process if in full sunlight. So CO2 
injection into the fodder shed cuts the growing 
time of malt barley from 7 days to 4 days 
therefore increasing the shed production output 
by 75%. 

Relating to the effect of CO2 injection on 
protein percentage, the obtained results show. 
That  CO2 injection increased protein percentage 
from 15.67 to 18.29, from 15.23 to 17.93, from 
14.85 to 17.54 and from 14.48  to 17.21% for 
growing periods of 5, 6, 7 and 8 days compared 
to without CO2 injection. 

Considering the effect of CO2 injection on 
dry matter percentage, results showed that CO2 
injection increased dry matter percentage from 
13.79 to 17.7, from 11.6 to 15.57, from 9.86 to 
13.1 and from 8.47 to 9.88% for growing 
periods of 5, 6, 7 and 8 days, respectively 
compared to without CO2 injection. This 
attributed to that all plant dry matter is about 
90% carbon, hydrogen and oxygen. All the 
carbon has to come from the carbon dioxide 
(CO2) in the air. The mentioned results are in 
agreement with that had been observed by 
Reinders (1996). 

As to the effect of CO2 injection on moisture 
content, results showed that CO2 injection 
increased moisture content  from 82.3 to 86.21, 

from 84.43 to 88.4, from 86.9  to 90.14 and from 
90.12  to 91.53%  for growing periods of 5, 6, 7  
and 8 days, respectively compared to without 
CO2 injection. 

Effect of nutrient solution addition  

Representative total yield, protein percentage, 
dry matter percentage and moisture content 
versus nutrient solution addition are given 
through various growing periods under 
conditions of 2 hr./day aeration rate and CO2 
injection solution addition in Fig. 5.  

Concerning the effect of nutrient solution 
addition on total yield, results showed that 
nutrient solution addition increased  total yield 
from 2065.8 to 2316.6, from 2657.16 to 
2985.84, from 3291.75 to 3670.59 and from 
3949.44 to 4572.48 kg/period for growing 
periods of 5, 6, 7 and 8 days, respectively 
compared to without nutrient solution addition. 
The decrease of total yield in case of without 
nutrient solution addition is attributed to that the 
plants require 17 essential elements for their 
growth and development. Without these 
nutrients, plants cannot complete their life 
cycles and growth cannot be replaced by any 
other elements. 

Relating to the effect of nutrient solution 
addition on protein percentage, the obtained 
results showed that nutrient solution addition 
increased protein percentage from 14.36 to 
18.29, from 14.03 to 17.93, from 13.81  to 17.54 
and from 13.52  to 17.21% for growing periods 
of 5, 6, 7 and 8 days, respectively compared to 
without nutrient solution addition. 

Considering the effect of nutrient solution 
addition on dry matter percentage, results 
showed that nutrient solution addition increased 
dry matter percentage from 13.79 to 17.35, from 
11.6 to 15.47, from 9.86 to 13.67 and from 8.47 
to 11.88%  for growing periods of 5, 6, 7 and 8 
days, respectively compared to without nutrient 
solution addition. 

As to the effect of nutrient solution addition 
on moisture content, results showed that nutrient 
solution addition decreased moisture content 
from 86.21  to 82.65, from 88.4 to 84.53, from 
90.14 to 86.33 and from 91.53 to 88.12%  for 
growing periods of 5, 6, 7 and 8 days, 
respectively compared to without nutrient 
solution addition. 



 
Zagazig J. Agric. Res., Vol. 44 No. (3) 2017 

 

1127

1700

2200

2700

3200

3700

4200

4700

with CO2 without CO2

To
ta

l 
Y

ie
ld

 (
kg

/p
e

ri
o

d
)

CO2 injection

Growing period 5       l 6     l 7      l 8 days

 

10

11

12

13

14

15

16

17

18

19

with CO2 without CO2

P
ro

te
in

 (
%

)

CO2 injection

Growing period
5     l 6     l 7     l 8 days

 

6

8

10

12

14

16

18

20

22

with CO2 withoutCO2

D
ry

 M
at

te
r 

(%
) 
 

CO2 injection

Growing period 5     l 6      l 7       l 8 days

  

78

80

82

84

86

88

90

92

94

with CO2 without CO2

M
o

is
tu

re
 c

o
n

te
n

t 
(%

)

CO2 injection 

Growing period 5        l 6        l 7        l 8 days

 
Fig. 4: Effect of CO2 injection on total yield and yield quality 
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Fig. 5. Effect of nutrient solution addition on total yield and yield quality  
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Effect of Some Parameters on Water Use 
Efficiency 

Aeration rate as well as CO2 injection and 
nutrient solution addition affected water use 
efficiency (WUE) as shown in Fig. 6. 

Effect of aeration rate 

Results showed that increasing aeration rate 
from 1.0 to 2.0 hr./day, increased WUE  from 
124.468 to 127.836, from 133.687 to135.634, 
from 140.868 to 144.858 and from 153.546 to 
156.028 g/l for growing periods of 5, 6, 7 and 8 
days, respectively. Any further increase in 
aeration rate from 2.0 up to 4.0 hr./day, 
decreased WUE from 127.836 to 112.943, from 
135.634 to 120.035, from 144.858 to127.127 
and from 156.028 to 134.042 g/l under the same 
mentioned conditions. The decrease of WUE by 
increasing aeration rate from 2.0 to 4.0 hr./day is 
attributed to the decrease of the yield.  

Effect of CO2 injection 

Results showed that CO2 injection increased 
WUE  from 110.106 to 124.468, from 118.475 
to 133.687, from 128.758 to 140.868 and from 
141.486 to 153.546 g/l for growing periods of 5, 
6, 7 and 8 days, respectively compared to 
without CO2 injection.   

Effect of nutrient solution addition   

Results showed that nutrient solution 
addition increased WUE from110.992 to 
124.468, from 118.971 to 133.687, from 
126.329 to 140.868, and from 132.624 to 
153.546 g/l for growing periods of 5, 6, 7 and 8 
days, respectively compared to without nutrient 
solution addition. This attributed to the direct 
relationship between the total yield and the 
WUE, without nutrient solution addition, lower 
total yield is obtained that reduced WUE, as 
shown in Fig. 6. 

Effect of Aeration Rate on Energy 
Requirements 

Increasing aeration rate increased the 
required power resulting in an increase in the 
energy requirements as shown in Fig. 7. 

Results showed that increasing aeration rate 
from 1.0 to 4.0 hr./day, increased energy 
requirements from 180.15 to 181, from 216.18 
to 217.1, from 252.12 to 253 and from 288.24 to 

289.03  kW- Period/kg for growing periods of 5, 
6, 7 and 8 days, respectively. The increase in 
energy requirements by increasing both aeration 
rate and growing period is attributed to the more 
power required for operating the cooling fan. 

Period Cost and Net Profit 

Aeration rate as well as CO2 injection and 
nutrient solution addition affected both period 
cost and net profit as shown in Fig. 8. 

Effect of aeration rate 

Considering the effect of aeration rate on 
period cost, results showed that increasing 
aeration rate from 1.0 to 4.0 hr./day, increased  
period cost from 2092.5 to 2115.0,  from 2511.0 
to 2538.0, from 2929.5 to 2961.0 and from 
3348.0 to 3384.0 LE/period for growing periods 
of 5, 6, 7 and 8 days, respectively. The increase 
of period cost by increasing aeration rate is 
attributed to the more power required for 
operating the unit. 

Relating to the effect of aeration rate on net 
profit, results show that increasing aeration rate 
from 1.0 to 4.0 hr./day, decreased  net profit 
from 3699 to 3140.25, from 4953.6 to  4164.3, 
from 6247 to 5320.35 and from 8083.20 to 
6595.20 LE/period for growing periods of 5, 6, 7 
and 8 days respectively. The decrease of net 
profit by increasing aeration rate is attributed to 
the low obtained total yield. 

Effect of CO2 injection 

With regard to the effect of CO2 injection on 
period cost, results showed that CO2 injection 
increased  period cost from  1990.0 to 2100.0,  
from 2488.0 to 2520.0,  from 2786.0  to 2940.0  
and from 3184.0 to 3360.0 LE/period for 
growing periods of 5, 6, 7 and 8 days 
respectively compared to without CO2 injection. 

As to the effect of CO2 injection on net 
profit, results showed that CO2 injection 
increased  net profit from 3442.63 to 3848.25, 
from 4397.45 to 5053.5, from 5772.55 to 
6496.35 and from 7455.20 to 8256 LE/period 
for growing periods of 5, 6, 7 and 8 days, 
respectively compared to without CO2 injection. 

Effect of nutrient solution addition   

Regarding the effect of nutrient solution 
addition on  period cost, results showed that 
nutrient solution addition increased period cost 
from 2002.5 to 2100.0, from 2475.0  to 2520.0, 
from 2887.5.0 to 2940.0 and from 3300.0 to 
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Fig. 6. Effect of some technical parameters on water use efficiency 

 

 
 

Fig. 7. Effect of aeration rate on energy requirements 
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Fig. 8. Effect of different parameters on period cost and net profit 

 

3360.0 LE/period for growing periods of 5, 6, 7 
and 8 days, respectively compared to without 
nutrient solution addition.  

Referring to the effect of nutrient solution 
addition on  net profit, results showed that 
nutrient solution addition increased net profit 
from 3285.75 to 3848.25,  from 4296.6 to 
5053.5,  from 5463.15 to 6496.35  and from 
6784.8 to 8256 LE/period  for growing periods 
of 5, 6, 7 and 8 days, respectively compared to 
without nutrient solution addition. 

Conclusion 

The experimental results reveal that total 
yield (4646.4 kg/period), plant moisture content 
(2.13%), water use efficiency (56.028 g/l) and 
net profit (8256 LE/period) were in the optimum 
region under conditions of 8 days growing 
period, 2 hr./day aeration rate, with both nutrient 

solution addition and CO2 injection. While the 
optimum region of protein percentage (18.29%) 
was optimum under conditions of 5.0 days 
growing period, 1 hr./day aeration rate, with 
both nutrient solution addition and CO2 
injection. Meanwhile the optimum region of dry 
matter (21.12%) was optimum under conditions 
of 5 days growing period, 2 hr./day aeration rate, 
without neither both nutrient solution addition 
nor CO2 injection. 
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 الخضراءالشعير وحدة زراعة مائية [نتاج أعYف إنشاء وتقييم أداء 

 ٢ محمد محمد مراد حسن- ١ياسر صYح محمد عبد الرحمن

   ٢ود عبد العزيزـــمنى محم - ١نى الحنفىـــــام حســــــعص

  مصر- الزقازيق جامعة - التكنولوجيا والتنميةكلية  - قسم الھندسة الزراعية -١

  مصر- الزقازيق جامعة -كلية الزراعة  - الھندسة الزراعية  قسم-٢

م�ع الحي�وان حي�ث يتن�افس تغذي�ة النقص متطلب�ات ة مشكلمجموعة من المشاكل يأتى على رأسھا  الحيوانى ا|نتاج واجهي
لعالم تستخدم ة على مستوى االمزروعالمساحة  ثلث لرغم من أن حوالىاھذا ب، ة بالمحاصيلالمزروععلى المساحة  ا|نسان

لت�وفير المتطلب�ات  الخضراء ا�ع�فنتاج |ذلك كان ¡ بد من القيام بعمل تطوير لتقنيات جديدة ل ،ع�ف الحيوانيةلتوفير ا�
 وح��ده زراع��ه مائي��ة ¡نت��اج إنش��اء :ك��ا¨تى الدراس��ة هل��ذلك كان��ت أھ��داف ھ��ذ. س��تخدام الزراع��ات المائي��ةاب الغذائي��ة للحي��وان

فترات النم�و (وحدة الزراعة المائية المقترحة دراسة العوامل المختلفة التى تؤثر على كفاءة ، ن الشعير مع�ف الخضراءا�
|نت��اج تقي��يم أداء وح��دة الزراع��ة المائي��ة ، ) وحق��ن ث�انى أكس��يد الكرب��ونةلمغذي��س��تخدام المحالي��ل اا وةالمختلف�ة وفت��رة التھوي��

¡س�تنبات بوحم�اد محافظ�ه الش�رقية أ بحط�يط مرك�ز ة بقري�راع�ة مائي�ةز وح�دة إنش�اءلذلك تم ، ا�ع�ف الخضراء اقتصاديا
 عط�اء النبات�ات إحتياجاتھ�ا م�ن الض�وء، نظ�ام تبري�د للمحافظ�ة عل�ى درج�اتض�اءة |نظ�ام ا| مث�ل  عدة نظمالشعير تتضمن

 النم�و  لتحس�ين وس�ط ث�انى أكس�يد الكرب�ونض�افةام |ظن نظام تھوية ونبات،ل³ فى حدود المسموح بھا وحدةحرارة داخل الال
فت�رات  :المختلف�ة مث�لم�ل اوالعق�د ت�م تقي�يم أداء ھ�ذه الوح�دة م�ن خ��ل دراس�ة ت�أثير بع�ض و، وع�دم ح�دوث إجھ�اد للنبات�ات

ع��دم حق��ن ث��انى ب  مقارن��ة الكرب��ونأكس��يدحق��ن ث��انى ، )أي��ام  ٨، ٥،٦،٧(فت��رات النم��و ، )ي��وم/س��اعة ٤ ، ٣  ،٢ ، ١(التھوي�ة 
تقي�يم ا�داء م�ن خ��ل ع�دة مؤش�رات مث�ل وت�م ،  محل�ول مغ�ذىإض�افةع�دم  مقارن�ة بل�ول مغ�ذى محإض�افة، كس�يد الكرب�ونأ

اس�تھ�ك كف�اءة اس�تخدام المي�اه و و)نس�بة الب�روتين، المحت�وى الرط�وبى، ونس�بة الم�ادة الجاف�ة(نتاج الكل�ى وج�ودة المن�تج ا|
 ٤٦٤٦٫٤(وق��د أظھ��رت النت��ائج التجريبي��ة أن الق��يم المثل��ى لك��ل م��ن ا|نت��اج الكل��ى  ، وال��ربح الص��افى الطاق��ة والتك��اليف

 ٨٢٥٦(وال��ربح الص��افى ) لت��ر/ ج��رام١٥٦٫٠٢٨(وكف��اءة اس��تخدام المي��اه ) %٩٢٫١٣(ونس��بة رطوب��ة المن��تج ) فت��ره/كج��م
 أكس�يدث�انى حق�ن ، ت�رة التھوي�ة في�وم/ س�اعة٢،  أيام لفترة النم�و٨: ةتيتم الحصول عليھا عند ظروف التشغيل ا¨) فترة/جنيه

ل عليھ�ا عن�د ظ�روف التش�غيل ت�م الحص�و%) ١٨٫٢٩(م المثلى لنسبه الب�روتين والقي، استخدام المحلول المغذى  معالكربون
والق�يم المثل�ى ،  اس�تخدام المحل�ول المغ�ذى،حق�ن ث�انى أكس�يد الكرب�ون، وم فت�رة التھوي�ةي/ ساعة١ ، أيام لفتره النمو٥: ةتيا¨

، ي�وم فت�رة التھوي�ة/ س�اعة ٢ ، أي�ام لفت�ره النم�و٥ :ةتي�تم الحصول عليھا عند ظ�روف التش�غيل ا¨%) ٢١٫١٢ (الجافةللمادة 
 .استخدام المحلول المغذىعدم   معحقن ثانى أكسيد الكربونعدم 

 ــــــــــــــــــــــــ
 :المحكمون 
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