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ABSTRACT 

Maximization of water use efficiency (WUE) in green fodder production 

in the arid regions is considered critical issue for overcoming the 

limitation of water resources. Therefore, three experiments were     

executed using electric controller system to manage the deficit water 

resources inside hydroponics and soilless green fodder production 

system. Single, double, and triple programs for water management were 

applied in the first, second, and third experiments respectively. Irrigation 

intervals “4, 6, 8, 10, 12, and14h” and irrigation durations “30, 45, and 

60sec.” were used as main variables in these experiments. The consumed 

water, fresh weight of the produced green fodder, dry matter weight, dry 

matter percentage, water use efficiency and germination percentage were 

taken as main indicators. The statistical analysis of the results revealed 

that water use efficiency values for the best treatment in the first, second, 

and third exponent are 49.11, 79.92 and, 109.01 ”gram of dry matter 

/liter of water” respectively. Therefore, applying triple successive 

programs “60 sec. per 6h in the initial period, “45 sec. per 10h in the 

intermediate period” and “30 sec. per 12h in the final period” is 

considered the best management of the deficit water resources inside 

hydroponics and soilless green fodder production systems.   

Keywords: successive programs - deficit water resources – water use 

efficiency - hydroponics and soilless – sprouted green 

fodder - production systems - water management program. 

INTRODUCTION 

ungi growth constitutes main problem affecting quantity and 

quality of the sprouted barley green fodder production. The 

applied irrigation programs are considered the main factor for 

fungi growth and its side effects on the hydroponics green fodder.  
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Due to the hazard effects of fungi growth, a great part of green fodder 

production is excluded for keeping the animal health. As a result, the 

water use efficiency value is very small, Abd-Rbo et al. 2016. Therefore, 

the main objective of this research is searching on efficient irrigation 

programs for maximization of the water use efficiency value of the 

hydroponics sprouted green fodder production. 

Limitation of water resources in the arid and semi-arid regions is 

considered main constraint for the agricultural development projects. 

Applying modern technologies and scheduling leads to more effective 

and rational use of the limited water resources. Using deficit irrigation 

techniques is considered effective solution for improving the irrigation 

management. Deficit irrigation could be defined as the application of 

water below full crop-water requirements (evapotranspiration). It is 

considered an important tool to achieve the goal of reducing irrigation 

water use, Howell, 2001; Shangguan,  et al., 2002; Kijne, et al., 2003; 

Ünlü et al., 2006; Fereres and  Soriano, 2006; Fereres and Soriano, 

2007; Geert et al., 2008; Geerts et al., 2008; Yenesew and Tilahun, 

2009; Batisha 2011.  

The seasonal and annual changes in Nile River stream flow cause water 

shortage problems to people in the basin’s countries. The important 

source of the Nile River Water in Egypt comes from the Ethiopian 

Plateau, which supplies the country with nearly 80% of its needs. 

Reduction in the water share of downstream countries, especially in 

Egypt will be done due to the reservoir filling of Ethiopia dam. This 

leads to reduction of the agricultural lands and scattering millions of 

families, Cabrera and Cobacho, 2002; Batisha, 2011; Elsanabary and 

Gan, 2013 and 2015; Abdelkader and Elsanabary, 2015. 

 

The regulated deficit irrigation, (RDI) and partial root drying, PRD are 

considered two different irrigation strategies for improving water 

resources management. Crop yield and water productivity are clearly 

affected with any change in the irrigation strategies,  Afzala et al., 2016. 

Applying main strategies such as intensifying groundwater extraction, 

deficit irrigation, and reducing short-cycle crops are unsustainable in the 
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mid-long term due to environmental and economic issues, Martínez-

Alvarez et al. 2014. Climate change is expected to intensify the existing 

risks, particularly in regions where water scarcity is already a concern. 

Therefore adaptation strategies for agricultural water management under 

climate change is considered critical issue,  Iglesias and Garrote , 2015. 

The effects of partial root drying (PRD) irrigation, planting method and 

different nitrogen application rates on yield, water and nitrogen use 

efficiencies of safflower at 46 kg N ha−1 are negligible compared with 

more than 46 kg N ha−1,  Shahrokhnia and  Sepaskhah, 2016. Water is 

now considered the most important resource in the Mediterranean region. 

Therefore irrigation and agronomic strategies are expanded fast to 

mitigate environmental stress and to guarantee stable yield and quality, 

Costaa et al., 2016. 

 

Several cases of successful use of deficit irrigation on field crops, 

vegetables crops, and fruit trees for maximizing the water productivity 

rather than the yield. In addition to this advantage, deficit irrigation 

minimizes the risk of some diseases related to high humidity, minimizes 

nutrient loss by leaching of the root zone, and improves control over the 

sowing date and length of the growing period in comparison with full 

irrigation, Ünlü et al., 2006; Fereres and  Soriano, 2006;Geerts et al., 

2008; Yenesew and Tilahun, 2009.  

Water use efficiency (WUE) expressed in kg/m³ ―Equation No. 1‖ is an 

efficiency term, expressing the amount of marketable product (e.g. 

kilograms of grain) in relation to the amount of input needed to produce 

that output (cubic meters of water). The water used for crop production is 

referred to as crop evapotranspiration. This is a combination of water lost 

by evaporation from the soil surface and transpiration by the plant, 

occurring simultaneously, Howell, 2001; Kijne et al., 2003; Yousefi 

and Mohammadi, 2011; Yousefi et al., 2011.  

WUE (kg/ m
3
) = [(Crop yield kg/ha) / (Water used m

3
/ha)]…………. (1) 

 

Grain yield is considered the main production of the barley crop 

cultivated in the open field. Also, green fodder is considered the main 
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production of the hydroponics and soilless green fodder production 

system. Therefore, the comparison process between the open field and 

the closed system is not fair. Alfalfa crop is considered competitive green 

fodder to the sprouted barley green fodder, and approximately similar in 

the chemical composition. Therefore, the comparison process is 

approximately fair. 

 

Total cumulative ET for alfalfa ranges from less than 200 mm in arid 

conditions to over 1000 mm in well watered conditions. The average 

WPT/ET for alfalfa is typically around 1.0–2.6 kg/m3, but has been 

reported as high as 2.9 kg/m
3
. The diversity of climate and soil types 

used to grow alfalfa means reported yields range from less than 1 ton 

DM/ha in rainfed systems, on soils of low water holding capacity 

combined with low annual rainfall (<300mm/year) to over 26 ton DM per 

year at well watered deep silt loam soil in New Zeeland. A similar 

maximum yield has been reported in Africa, with yields of 10 to 20 ton 

DM/ha commonly produced in Europe, China and North America under 

irrigated conditions, Steduto et al., 2012. 

    

Sprouting is a group of process to encourage the dry seeds/grains on 

germination until completing the first leaf. Briefly, germination begins 

when the seed/grains absorbs water and ends with the appearance of the 

radicle. Germination of barley has three stages as follows: (1) Water 

absorption stage starts when the dry grain begins to absorb water to reach 

a moisture content reaches around 35% to 45% of its dry weight to begin 

germination. (2) Activation stage begins when the seed moisture content 

of around 35% to 45%, the embryo produces hormones that stimulate 

enzyme activity to break down starch and protein stored in the seed to 

sugars and amino acids, providing energy to the growing embryo. (3) 

Visible germination stage when the embryo starts to visibly grow. The 

radicle emerges, followed soon after by other primary roots and the 

coleoptile. The enzymes produced in stage no. (2) mobilize sugars and 

amino acids stored in the grain and enable their transfer to the growing 

embryo, Edwards 2010. Therefore, applying unique program for 

irrigation management through the germination growth life does not cope 
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with the germination stages. Searching on successive and variable 

irrigation programs could be suitable for improving the water use 

efficiency.  

Oxygen, dormancy, moisture, and temperature are essential factors 

affecting on the germination rate. Grains absorb oxygen rapidly during 

germination and will die without sufficient oxygen. Barley grains need a 

very short period of dormancy to begin germination process. 

Germination is rapid if the soil is moist, and slow if the soil is dry to near 

the wilting point. The ideal temperature for barley germination is 

between 12°C and 25°C, Edwards 2010. Therefore, irrigation 

management programs are considered urgent technique for executing the 

needed stability between the air as a source of oxygen and the water as a 

source of moisture around the barley grains for maximizing the 

germination rate. In the hydroponic systems, the vegetation growth 

depends upon the composition of nutrient solution, water quantity and 

quality, pH and EC of water, light intensity and CO2, and air temperature 

and humidity. Therefore, using the automated systems in the hydroponic 

systems is considered critical issue, Dominguesa et al., 2012, Hak-

JinKim  et al., 2013, and Netoa et al., 2014. 

MATERIALS AND METHODOS 

Sprouted green fodder production unit was locally designed and 

fabricated with dimensions of 4, 6 and 3 meter for width, length and 

height respectively. This unit contains three stands each of them divided 

into nine rows. Each row is designed to receive 16 trays with dimensions 

of 30, 90 and 3 cm. As a result, the total production capacity of this unit 

is 432 tray per cycle. Automated irrigation system was designed and 

fabricated using high quality materials, equipment, and tools purchased 

from the local market. The utilized irrigation system consist of two main 

parts, the first is the indoor water distribution unit, and the second is the 

outdoor automatic controller unit. The indoor water distribution unit 

consists of polypropylene tube with diameter of 1inch as a water main-

line, polyethylene  tubes with diameter of 16 mm ―as laterals‖  were 

horizontally fixed in top of each raw as a source of irrigation water. Four 

foggers were installed using cross manifold fixed in the PE tube on 

http://www.sciencedirect.com/science/article/pii/S0168169913000264#!
http://www.sciencedirect.com/science/article/pii/S0168169913000264#!
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distance of 60 cm between the cross foggers, Figs. (1) and (2). The 

standard flow rate of the cross foggers is 42 l/h at 4 bars. Poly Ethylene 

sheets were used to separate among the different treatments inside the 

chamber.   Each group of two trays are served with one cross foggers. 

Therefore, each tray is receiving 0.35 liter/minute. The outdoor controller 

unit consists of electric controller system, electric motor, water pump, 

water tanks, pressure regulators, water meter, water filter, and solenoid 

valves, Fig. (3). The irrigation control system consists of electric 

switches, control magnetic relays, contactors, timing relays, pressure 

switches and regulators, water pump with electric motor and solenoid 

valves, Herman 2010. Petruzella 2010, Moeller 2011, Giri 2013.  

Consumed water CW ―l/tray per cycle‖, fresh weight of green fodder FW 

―kg/tray‖, dry matter ―kg/tray‖, dry matter percentage DMP , water use 

efficiency WUE ‖gram of dry matter /liter of water‖, germination 

percentage GP, Ash percentage, crude fiber Cf,  crude protein Cp, ether 

extract EE, and nitrogen free ether NFE were measured and calculated. 

 

Three types of experiments were statistically designed as factorial 

experiments in complete randomize design to determine the best program 

for management of the deficit water resources in the hydroponics 

sprouted barley grains production. Duration of irrigation (sec.), irrigation 

interval (hour), and irrigation schedule (day/program) are considered the 

core area of the program for management of the deficit ware resources. 

Three times of irrigation ―30, 45, and 60 sec‖, three times of irrigation 

interval (4, 6, and 8 hours), and single program for irrigation schedule (9 

day/program) were applied in the first experiment, table (1). Three times 

of irrigation ―30, 45, and 60 sec‖, three times of irrigation interval (8, 10, 

and 12 hours), and two variable programs for irrigation schedule 

(3days/program1 and 6days/program2) were applied in the second 

experiment. The first was applied through the first three days and fixed 

on the best treatment in the first experiment. The second was applied 

through the remainder six days and operated to cover nine treatments, 

table (2).  Three times of irrigation ―30, 45, and 60 sec‖, three times of 

irrigation interval (10, 12, and 14 hours), and three programs for 

irrigation schedule (3 days/program1, 3 days/program2 and 3 
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days/program3) were applied in the third experiment. The first and 

second programs were fixed on the best treatments in the first and second 

experiments respectively. The third was applied through the remainder 

three days and operated to cover nine treatments, table (3). Consumed 

water (CW) ―l/tray per cycle‖, fresh weight of green fodder (FW) 

―kg/tray‖, dry matter weight (DM) ―kg/tray‖, dry matter DMP ―%‖,water 

use efficiency (WUE) ‖gram of dry matter /liter of water‖, and 

germination (GP) ―%‖, Ash percentage, crude fiber Cf,  crude protein Cp, 

ether extract EE, nitrogen free ether NFE, and Infection Inf. were studied 

and analyzed as main variables ―factors‖ in each one of the three 

experiments mentioned above. Also, DMP, GP, Ash, Cp, Cf, EE, NFE, 

and Inf. were statistically analyzed as Arc SIN data.  

 

Germination percentage was used as main criteria in to select the best 

treatment in the first experiment. The remainder factors were used as 

sub-criteria for this selection. Germination percentage, water use 

efficiency, and crude protein percentage were used as main criteria in to 

select the best treatment in the second experiment. Germination 

percentage, water use efficiency, crude protein percentage, and infection 

rate were used as main criteria in to select the best treatment in the third 

experiment. In addition to minimum ratios of infection rate, Ash, crude 

fiber, ether extract, and nitrogen free ether. 

 

The environmental conditions inside the green fodder production unit 

were fixed at 20
o
C

 
for air temperature, 75-85 % for air relative humidity, 

and 1500LUX for light intensity. Copper nutrient solution was utilized 

for fertilization at 1000 ppm through four days only using the installed 

irrigation system. These experiments were statistically designed and 

analyzed as factorial experiments in complete randomized blocks. Life 

cycle duration ―9 days‖ of the sprouted green fodder ―Barley with variety 

of Giza 126‖ was divided into three equal periods. 

 

The consumed water for the sprouted green fodder production could was 

calculated as follows: 
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IWSWSCWWTCW          (2) 

where: TCW is total consumed water (Liter), SCWW is system cleaning 

and grain/seeds washing (Liter), soaking water for grain/seeds, and IW 

irrigation water for sprouted green fodder production (Liter).  

 

Infection of the green fodder production by fungi growth was remarked 

by the naked eyes as light fiber around the sprouts. Fungi color was 

changed from white, to brown or black at the end of the life cycle. The 

sprouts infection ratios were calculated as follows:   

100*)( TTITSIR   

where: SIR is sprouts infection rate, IT is number of infected trays, and 

TT number of total trays of sprouts.  

 

According to the chamber design, three treatments were executed in the 

same time through one production cycle. In addition to one or two weeks 

is needed for sampling and analyzing. Therefore, each experiment takes a 

period from 45 to 60 days in average. The green fodder samples were 

analyzed according to A.O.A.C. 2000, Van Soest et al. 1991.  

 

RESULTS AND DISCUSSION: 

Table (4) shows the mean values of the consumed water (CW) ―l/tray per 

cycle‖, the fresh  weight of green fodder (FW) ―kg/tray‖, the dry matter 

(DM) ―kg/tray‖, the dry matter percentage (DMP) ―%‖, the water use 

efficiency (WUE) ―gram of dry matter /liter of water‖, and germination 

(GP) ―%‖ through the first experiment ―one irrigation program in one 

production cycle‖. Statistically, the differences between values of the 

means in all treatments and their values in the control T1 ―30 second 

duration every 4 hours‖ are significant at (P<0.05). Numerically, the 

values of the all means ―T3 and T8‖ are considered the best two 

treatments in the first experiment. Technically, T3 ―30 second duration 

every 8 hours‖ and T8 ―60 second duration every 6 hours‖ are not 

considered good results in comparison with the found results by, Fazaeli 

et. al. 2012. 
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 Fig. (1): Indoor water distribution unit through side view of the sprouting greed fodder production system. 



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., October 2017                                                            1878 

Fig. (2): The indoor water distribution unit through elevation of the sprouting greed fodder 

production chamber. 
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Fig. (3): Design and technical details of the outdoor water controlling unit 

fabricated outside the sprouting green fodder production chamber. 
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Table (1): Statistical design of the first experiment “One irrigation 

program in one production cycle (9days)”. 

 

Duration 

(Second) 

Irrigation interval (hour) 

4 h 

 (One program) 

6 h  

(One program) 

8 h  

(One program) 

30 T1 T2 T3 

45 T4 T5 T6 

60 T7 T8 T9 

Where: T1 through T9 are treatments; T1 is control for comparing process.  

Table (2): Statistical design of the second experiment “Two irrigation 

programs in one production cycle (3, 6 days)”. 

 

Duration 

(Second) 

Irrigation interval (hour) 

 (Two programs)  (Two programs)  (Two programs) 

x h  

(3days) 

8 h  

(6days) 

x h  

(3days) 

10  h 

(6days)  

x h  

(3days) 

12 h  

(6days) 

30 Tx T10 Tx T11 Tx T12 

45 Tx T13 Tx T14 Tx T15 

60 Tx T16 Tx T17 Tx T18 

Where: Tx will be executed through the first three days as was done in the best 

treatment of the first experiment. T10 through T18 are new treatments. (Tx + T10) 

is control for comparing process.  

Regarding with T3, due to the drought environment around the grains the 

mean value of the germination (GP) ―%‖is very small (62.4
f
). Therefore, 

the cost of the consumed barley grains will be very high and the 

economic efficiency will be under to the level. Regarding the T8, the 

abundant water around the grains the mean value of the germination (GP) 

―%‖is very high (94.3
a
). The mean value of the water use efficiency 

(WUE) in T8 is very small (49.11
de

). Scientifically, improving process of 

the germination percentage under drought is very difficult. But, 

improving process of the water use efficiency (WUE) under the high 

value of the germination percentage is not impossible. As a result, 

development process of the T8 is considered more positive than the T3. 

Biologically, the application of single program for irrigation management 

through the three stages of germination is not in agreement with, 

Edwards, 2010.   
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Table (3): Statistical design of the third experiment “Application of three irrigation programs in one 

production cycle (3, 3 and 3 days)”. 

 

 

Duration 

(Second) 

Irrigation interval  

(hour) 

 (Three programs)  (Three programs)  (Three programs) 

x h  

(3days) 

y h  

(3days) 

10 h  

(3days) 

x h  

(3days) 

y h  

(3days) 

12  h  

(3days) 

x h  

(3dyes) 

y h  

(3dyes) 

14 h 

(3days)  

30 Tx Ty T19 Tx Ty T20 Tx Ty T21 

45 Tx Ty T22 Tx Ty T23 Tx Ty T24 

60 Tx Ty T25 Tx Ty T26 Tx Ty T27 

Where: Tx will be executed through the first three days as was done in the best treatment of the first experiment; Ty 

will be executed through the second three days as was done in the best treatment of the second experiment; T19 

through T27 are new treatments. (Tx + Ty + T19) is control for comparing process.  
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Since, the germination stage needs more water for increasing the grains 

moisture content from 10 to 45 percent. The second stage needs less 

water than the first for keeping the grains moisture content around 45%. 

As a result, giving more water at the second stage leads to scarcity of 

oxygen, decreased germination rate and increased fungi growth rate. 

Therefore, division of the life growth in to three stage ―three days per 

stage‖ is considered the best way for improving the germination rate and 

decreasing the fungi growth rate. Therefore, the T8 ―60 second duration 

every 6 hours through the first three days‖ was used as first program for 

the treatments in the second experiment. This table shows that, at the end 

of this experiment the remarked infection rate by fungi is found between 

59 and 93%. Fig. (4) shows that the remarked infection rate is increasing 

due to the increasing in the applied water. Also, the relationship between 

the two variables is strong. Since, the values of determination coefficient 

(R
2
) correlation coefficient (r) are 0.59 and 0.76 respectively. 

Scientifically, this result is referred to the high rates of moisture around 

the sprouts. Since the high rates of moisture are considered suitable 

environment to fungi growth. This results is in agreement with that was 

mentioned by Popovskis and Celar 2012, Suleiman et al. 2013, Pratiwi 

et al. 2015, Poonam 2015, and Clerck et al. 2016. Therefore, using 

double program with the replacement of the single program to minimize 

the infection rate is considered critical issue.   

Table (5) shows the mean values of the technical criteria through the 

second experiment ―using two irrigation programs in one production 

cycle‖. Statistically, the differences between values of the means in all 

treatments and their values in control T8+T10 are significant at (P<0.05). 

Numerically, according to values of the dry matter (DM), the water use 

efficiency (WUE), and the germination percentage (GP), the (T8+T13) 

―60 second duration every 6 hours through the first three days and 45 

second duration every 8 hours through the second three days‖ is 

considered the best treatment in this experiment. The fresh weight, the 

dray matter, the dry matter percentage, the water use efficiency, and the 

germination rate is improved. The results in this experiment are better 

than that the first experiment. This improvement could be referred to 

growing primary roots constituting a sponge thin layer below the 
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sprouted grains keeping a part of irrigation water available for grains 

absorption. Although this improvement (T8 + T13) the dry matter DMP 

―%‖, is less than other treatments such as T8+T12. Therefore, the 

treatment (T8+T13) is good, but not ideal for managing the deficit water 

resources in the hydroponics sprouted barley grains production. Fig. (5) 

shows that the remarked infection rate is increasing due to the increasing 

in the applied water. Also, the relationship between the two variables is 

strong. Since, the values of determination coefficient (R
2
) correlation 

coefficient (r) are 0.72 and 0.85 respectively. Therefore, triple irrigation 

program experiment using treatment (T8+T13) as base through the first six 

days is needed. This result is in agreement with our assumption dealing 

with using triple irrigation program production cycle. Also, the triple 

program is in argument with the three stages of the sprouting, Edwards, 

2010.  This table shows that, at the end of this experiment the remarked 

infection rate by fungi is found between 30 and 45%. This decreasing in 

the remarked infection rate is referred to the same reasons mentioned 

above.   

Table (6) shows the mean values of the technical criteria through the 

third experiment using three irrigation programs in one production cycle. 

Statistically, the differences between values of the means in all 

treatments and their values in control (T8+T13+T19) are significant at 

(P<0.05). Numerically, depending on the values of the consumed water 

(CW) ―l/tray per cycle‖, the dry matter (DM) ―kg/tray‖, the dry matter 

percentage DMP ―%‖, the water use efficiency (WUE) ‖gram of dry 

matter /liter of water‖, and germination (GP) ―%‖, the treatment 

(T8+T13+T20) ―60 second duration every 6 hours through the first three 

days, 45 second duration every 8 hours through the second three days and 

30 second duration every 12 hours through the second three days‖ is 

considered the best one in this experiment. This improvement is due to 

growing the primary and secondary roots constituting layer of fabric with 

thickness of 2-3cm and growing the first leaf constituting layer of grass 

with long 15-20 cm keeping irrigation water for a period of time. 

Therefore, minimizing the irrigation water is considered type of 

controlling on the Fungi growth rate. Numerically, Table (6) shows the 

mean value of the dray matter percentage in the treatment (T8+T13+T20) 
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is 17.01%. This result is higher than that found by Fazaeli et al. 2012, 

since the chemical analysis shows the highest value of the dray matter 

percentage was 14.3%. The increasing rate in the DMP is due to the great 

management of irrigation and its reflection on the growth rate. This table 

shows that, at the end of this experiment the remarked infection rate by 

fungi is found between 1 and 7%. Fig. (6) shows that the remarked 

infection rate is increasing due to the increasing in the applied water. 

Also, the relationship between the two variables is strong. Since, the 

values of determination coefficient (R
2
) correlation coefficient (r) are 

0.82 and 0.91 respectively. This decreasing in the remarked infection rate 

is considered a clear confirmation on that were mentioned above.   

This table shows the mean value of the fresh weight ―arranged from 5.0 

to 7.8 kg per tray with dimension of ―30x90‖ cm. This weight is 

equivalent of 641 kg fresh matter/m
3
 of water with 17.01% dry matter 

including the consumed water in washing and soacking. Therefore, the 

research result is higher than that found by Ghazi, Al-Karaki and Al-

Hashimi, 2012. Since Ghazi, Al-Karaki and Al-Hashimi, 2012 

mentioned that, the mean value of barely crop produce was ―654 kg fresh 

matter/m
3
 water with 17% dry matter at 8 day‖ excluding the consumed 

water in washing and socking. Also, this table shows the mean value of 

the water use efficiency (WUE) is 109.01”kg of dry matter /m
3
 of water‖ 

including the consumed water in washing and soaking. Therefore, the 

research result is higher than that found by Ghazi, Al-Karaki and Al-

Hashimi, 2012.  Since Ghazi, Al-Karaki and Al-Hashimi, 2012 

mentioned that the mean value of barely crop was 110‖kg of dry matter 

/m
3
 of water excluding the consumed water in washing and soaking. 

Briefly, according to the reported data in the available literature reviews, 

our research results are located at the top comparing with the research.    

Depending on the manifested data in Table (6), the annual value of the 

sprouted yields is [(0.85*16*9*3)(366/8)(10000/24)(1/1000)] = 6999.75 

tons DM/ha,  The maximum yield has been reported in Africa, with 

yields of 10 to 20 tons DM/ha commonly produced in Europe, China and 

North America under irrigated conditions, Steduto, et. al., 2012. 
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Table (4): Effects of using one irrigation program per cycle on the production quality. 

 

 

Treatments 

Variables Means and Its Ranks 

CW FW DM DMP 

(%) 

WUE 

(g/l) 

GP  

(%) 

Ash 

(%) 

Cp 

(%) 

Cf 

(%) 

EE 

(%) 

NFE 

(%) 

Inf. 

(%) 

T1 9.42
e 

3.00
de 

0.42
cd 

14.00
cde 

44.62
e
 74.5

d 
3.7 11.6

 c
 14.7

 b
 4.8

 a
 65.2

 c
 93

 a
 

T2 6.60
b 

2.72
ef 

0.40
cd 

14.87
bc 

61.26
b 

70.5
e 

2.9 12.5
 b
 13.9

 c
 4.7

 a
 66.0

 b
 74

 b
 

T3 5.30
a 2.35

g 
0.38

d 
16.36

a 
72.38

a 62.4
f 

3.2 11.7
 c
 14.1

 b
 3.4

 b
 67.6

 a
 55

 cd
 

T4 13.66
g 

3.27
cd 

0.43
cd 

13.23
e 

31.63
f 

84.5
b 

3.1 12.5
 b
 15.2

 a
 4.1

 a
 65.1

 c
 95

 a
 

T5 9.46
e 

3.01
de 

0.42
cd 

13.93
de 

44.39
e 

74.3
d 

3.6 12.1
b 
 13.4

 c
 3.5

 b
 67.4

 a
 76

 b
 

T6 7.40
c 

2.60
fg 

0.39
cd 

15.10
b 

52.74
cd 

70.3
e 

3.5 13.3
 a
 14.2

 b
 4.1

a
 64.9

 d
 56

 c
 

T7 17.82
h 3.80

b 
0.44

c 
11.50

f 
24.57

g 
82.7

b 
3.7 12.5

 b
 12.2

 d
 3.7

 b
 67.9

 a
 97

a
 

T8     √ 12.25
f 

4.30
a 

0.60
a 14.02

cde 
49.11

de
 94.3

a 3.3 13.8
a
 13.3

 c
 3.9

 a
 65.7

 c
 78

b
 

T9 9.17
d 

3.50
c 

0.51
b 

14.50
bcd 

55.41
c 

79.6
c
 3.5 13.2

 a
 14.3

 b
 4.1

 a
 64.9

d
 59

bc
 

±SE 0.06 0.10 0.02 0.24 1.86 0.69 0.60 0.85 1.22 1.67 0.37 5.41 

Where: a, b, c, d, e, f, g, and h: Means in the same column with different superscripts are significant different 

(P<0.05). Also, ±SE is standard error in average for each mean in the same column. CW is consumed water ―l/tray 

per cycle‖, FW is fresh  of green fodder ―kg/tray‖, DM is dry matter ―kg/tray‖, DMP is dry matter percentage, WUE 

is water use efficiency ‖gram of dry matter /liter of water‖, GP is germination percentage CP, crude protein, EE: ether 

extract, CF: crude fiber, NFE: nitrogen free extract.  
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  Table (5): Effects of using two irrigation programs per cycle on the production quality. 

 

 

Treatments 

Variables Means and Its Ranks 

CW FW DM DMP 

(%) 

WUE 

(g/l) 

GP  

(%) 

Ash 

(%) 

Cp 

(%) 

Cf 

(%) 

EE 

(%) 

NFE 

(%) 

Inf. 

(%) 

T8+T10 7.55
c 

3.50
e 

0.56
c 

16.01
bc 

74.24
abc

 94.6
a 

2.9
 b
 13.1

b
 13.2

 b
 3.6

 ab
 67.2

 a
 45

 ab
 

T8+T11 7.02
b 

2.90
f 

0.50
d 

17.02
ab 

70.78
bcd 

93.7
a 

3.1
 b
 13.3

b
 13.5

 b
 4.2

 a
 65.9

 a
 33

 b
 

T8+T12 6.72
a 2.42

h 
0.43

d 
17.88

a 64.44
d 

94.6
a 

3.5
 a
 13.5

b
 13.1

 b
 3.7

 a
 66.2

 a
 27

 cde
 

T8+T13    √ 9.01
f 

4.77
b 

0.72
a 15.07

cd 
79.92

a 
95.0

a 3.3
 b
 14.7

 a
 14.6

 a
 4.3

 a
 63.1

c
 46

 ab
 

T8+T14 8.21
d 

3.90
d 

0.63
bc 

16.06
bc 

76.19
ab 

93.9
a 

3.8
 a
 14.3

 a
 13.7

 b
 3.9

 a
 64.3

c
 34

 b
 

T8+T15 7.54
c 

3.60
e 

0.61
b 

17.01
ab 

80.96
a 

94.4
a 

4.2
 a
 14.4

 a
 14.5

 a
 4.3

 a
 62.6

c
 29

 cd
 

T8+T16 10.63
h 

5.00
a 0.65

bc 
13.12

e 
63.07

d 
93.6

a 
3.8

 a
 13.5

b
 14.3

 a
 3.9

 a
 64.5

 b
 48

 a
 

Tx+T17 9.32
g 

4.40
c 

0.62
bc 

14.01
de 

66.38
cd

 94.9
a 

3.5
b
 14.1

 a
 13.8

 b
 4.2

 a
 64.4

 b
 35

 b
 

T8+T18 8.48
e 

4.20
c 

0.63
b 

15.01
cd 

74.40
abc 

94.7
a
 4.0

 a
 14.3

 a
 14.5

a
 3.1

 b
 64.1

 b
 30

 cd
 

±SE 0.06 0.08 0.02 0.38 2.65 0.64 0.89 0.76 1.45 1.95 1.27 1.24 

Where: a, b, c, d, e, f, g, and h: Means in the same column with different superscripts are significant different 

(P<0.05). Also, ±SE is standard error in average for each mean in the same column. CW is consumed water ―l/tray 

per cycle‖, FW is fresh  of green fodder ―kg/tray‖, DM is dry matter ―kg/tray‖, DMP is dry matter percentage, WUE 

is water use efficiency ‖gram of dry matter /liter of water‖, GP is germination percentage CP, crude protein, EE: ether 

extract, CF: crude fiber, NFE: nitrogen free extract,.  
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Table (6): Effects of using three irrigation programs per cycle on the production quality. 

 

 

Treatments 

Variables Means and Its Ranks 

CW FW DM DMP 

(%) 

WUE 

(g/l) 

GP 

(%) 

Ash 

(%) 

Cp 

(%) 

Cf 

(%) 

EE 

(%) 

NFE 

(%) 

Inf. 

(%) 

T8+T13+T19 8.03
b 

5.20
bc 

0.78
abc 

15.04
cde 

97.28
b
 94.6

ab 
3.2 14.5

c
 14.4

 a
 4.1

 a
 63.8

 b
 5

 c
 

T8+T13+T20   √ 7.80
a 5.00

cd 
0.85

a 
17.01

ab 
109.01

a 
95.2

a 3.1
 b
 16.3

 a
 13.6

b
 3.6

 ab
 63.4

 b
 2

 cd
 

T8+T13+T21 7.65
a 4.31

e 
0.76

bc 
17.51

a 
98.76

b 
94.2

ab 
3.4

 b
 15.7

 a b
 13.4

b
 3.2

 b
 64.3

 a
 1

 cde
 

T8+T13+T22 8.49
c 

5.49
b 

0.77
abc 

14.01
e 

90.88
b 

94.5
ab 

3.9
 ab

 14.9
c
 14.3

 a
 4.3

 a
 62.6

c
 7

 b
 

T8+T13+T23 8.37
c 

5.20
bc 

0.75
bc 

15.86
de 

90.01
b 

93.6
b 

4.2
 a
 15.1

 a b
 13.5

b
 3.5

 ab
 63.7

 b
 4

 b c
 

T8+T13+T24 8.06
b 

4.50
e 

0.71
c 

14.01
bcd 

88.64
b 

93.8
ab 

3.3
 b
 16.1

 a
 14.0

 a
 3.9

 a
 62.7

c
 3

 cd
 

T8+T13+T25 9.09
e 

5.80
a 0.81

ab 
15.01

e 
89.68

b 
94.0

ab 
3.9

 ab
 15.9

 a b
 14.2

 a
 3.4

 b
 62.6

c
 9

 a
 

T8+T13+T26 8.69
d 

5.50
b 

0.83
ab 

15.01
cde 

95.22
b
 94.4

ab 
4.1

 a
 14.3

c
 13.1

b
 3.8

 ab
 64.7

 a
 6

 b
 

T8+T13+T27 8.44
c 

4.80
d 

0.77
abc 

15.97
bc 

90.98
b
 94.6

ab
 3.3

 b
 15.1

 a b
 14.5

 a
 4.2

 a
 62.9

c
 4

b c
 

±SE 0.06 0.09 0.03 0.36 3.61 0.58 0.45 0.66 1.54 1.54 0.77 0.03 

Where: a, b, c, d, e, f, g, and h: Means in the same column with different superscripts are significant different 

(P<0.05). Also, ±SE is standard error in average for each mean in the same column. CW is consumed water ―l/tray 

per cycle‖, FW is fresh  of green fodder ―kg/tray‖, DM is dry matter ―kg/tray‖, DMP is dry matter percentage, WUE 

is water use efficiency ‖gram of dry matter /liter of water‖, GP is germination percentage CP, crude protein, EE: ether 

extract, CF: crude fiber, NFE: nitrogen free extract.  
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Table (7): The differences among the selected treatments of the single, duple, and triple programs. 

 

 

Treatments 

Variables Means and Its Ranks 

CW FW DM DMP 

(%) 

WUE 

(g/l) 

GP 

(%) 

Ash 

(%) 

Cp 

(%) 

Cf 

(%) 

EE 

(%) 

NFE 

(%) 

Inf. 

(%) 

Single 

program 

* 

12.25
a 

4.30
c 

0.60
c 

14.02
c 

49.11
c
 94.3

b 
3.3

a
 13.8

c
 13.3

 c
 3.9

b
 65.7

 a
 78

a
 

Double 

program 

** 

9.01
b 

4.77
b 

0.72
b 

15.07
b 

79.92
b 

95.0
a 

3.3
 b
 14.7

 b
 14.6

 a
 4.3

 a
 

63.1
b
 

46
 b
 

Triple 

program 

*** 

7.80
c 

5.00
a 

0.85
a 

17.01
a 

109.01
a 

95.2
a 

3.1
 c
 16.3

 a
 13.6

b
 3.6

 c
 

63.4
 b
 

2
c
 

±SE 0.13 0.11 0.025 0.27 2.28 0.57 0.55 0.75 1.54 1.54 0.77 0.03 

Where: a, b, c, d, e, f, g, and h: Means in the same column with different superscripts are significant different 

(P<0.05). Also, ±SE is standard error in average for each mean in the same column. CW is consumed water ―l/tray 

per cycle‖, FW is fresh  of green fodder ―kg/tray‖, DM is dry matter ―kg/tray‖, DMP is dry matter percentage, WUE 

is water use efficiency ‖gram of dry matter /liter of water‖, GP is germination percentage CP, crude protein, EE: ether 

extract, CF: crude fiber, NFE: nitrogen free extract,.  
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This result means that the productivity of one hectare of the sprouted 

green fodder is approximately equal to 350-700 hectare of the open field. 

Since, water consumption, water productivity in the open field are 
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{(10000/4200)(20*270))= 12875 m
3 

per year, and 1.55 kg/ m
3
 of dry 

matter /m
3
 of water per year respectively. Also, the mean value of the 

water use efficiency (WUE) in the sprouting system is 109.01”kg of dry 

matter /m
3
 of water‖.  Therefore, the ratio between value of the water use 

efficiency (WUE) in the open field and the sprouting system is equal 1: 

70. 

Table (7) shows the differences among the selected treatments of the 

single, duple, and triple programs. The high values of fresh weight of 

green fodder FW ―kg/tray‖, dry matter ―kg/tray‖, dry matter percentage 

DMP , water use efficiency WUE ‖gram of dry matter /liter of water‖, 

crude protein Cp, and germination percentage GP are considered positive 

indicator on the green fodder quality. The small values of consumed 

water CW ―l/tray per cycle‖, Ash percentage, crude fiber Cf,, ether 

extract EE, nitrogen free ether NFE, infection rates are considered 

positive indicator on the green fodder quality. Statistically, (a) is more 

significant than (b), and (b) is more significant than (c). Therefore, there 

are significant differences among the treatments in the triple programs in 

comparing with the single and double programs. 

CONCLUSION  

From the above analysis, and results, the research conclusion could be 

summarized as follows: 

1. There is strong correlation between the applied water in irrigation 

and the infection rate with Fungi growth. Therefore, using one 

irrigation program in one production cycle is considered technical 

mistake, since the excessive use of irrigation water leads to Fungi 

growth. Also, deficient use of irrigation water leads to lack of 

production.   

2. There are significant differences among the treatments of the 

single, duple, and triple programs. Therefore, operating the 

irrigation system on three programs ( the first is 60 second every 6 

hours for the first three days‖, the second is 45 second every 8 hour 

for the second three days‖, and the third is 30 second every 12 

hours for the remainder days) for the best engineering management 

for the deficit water resources in the hydroponics sprouted barley 

grains production.   
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 الملخص العربى

 برامح إدارة متتالية للمىارد المائية الشحيحة فى إنتاج الأعلاف الخضراء 

 مائيا بذون تربة

 *خالذ خليل حجاب

حؼخبشغشف الإسخْببث بيئت ٍْبسبت ىَْ٘ اىفطشيبث بأّ٘اػٖب اىَخخيفت. مَب يؤدٙ َّ٘ : لمشكلةا

اىفطشيبث ػيٚ الأػلاف اىَسخْبخت ٍبئيب اىٚ حقييو مَيت الإّخبس ٍغ إّخفبض اىض٘دة. ٗيؼخبش 

بشّبٍش إداسة ٍْظٍ٘ت اىشٙ ٍِ اىؼ٘اٍو اىشئيسيت فٚ إسحفبع ٍؼذه َّ٘ اىفطشيبث ػيٚ الأػلاف 

 ىَسخْبخت ٍبئيب.ا

 جامعة القاهرة –كلية الزراعة  -*قسم الهنذسة الزراعية 

http://dx.doi.org/10.1016/j.agwat.2005.02.004
http://dx.doi.org/10.1016/j.agwat.2005.02.004
http://dx.doi.org/10.1016/j.agwat.2005.02.004
http://www.ajol.info/index.php/ajfand/issue/view/6659
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حيج يؤدٙ إّخفبض ٍؼذلاث اىشٙ اىٚ إّخفبض ّسبت الإّببث ٗصغش حضٌ اىْببحبث.  مَب أُ 

إسحفبع ٍؼذلاث اىشٙ يؤدٙ اىٚ إسحفبع ٍؼذه َّ٘ اىفطشيبث ػيٚ الأػلاف اىَسخْبخت ٍبئيب. 

بث حسخبؼذ الأػلاف اىَصببت ٍِ ػَييبث حغزيت اىحي٘اّبث ىخط٘سة ّٗظشا ىيخأريش اىسبً ىيفطشي

اىٚ الإّسبُ ػْذ اىخغزيت ػيٚ اىيحٌ أٗاىيبِ. ٕٗزا اىخٚ حْخضٖب اىفطشيبث ٗإّخقبه اىَ٘اد اىسبٍت 

 .ٗإضشاس ببىصحت اىؼبٍت يؼخبش إٕذاس لإص٘ه الإّخبس ٗاىَ٘اسد اىَبئيت اىَحذٗدة

ٗحْفيز ٗحقييٌ بشّبٍح لإداسة اىَ٘اسد اىَبئيت يحقق أػيٚ يٖذف ٕزا اىبحذ اىٚ حصَيٌ  الهذف:

ّسبت إّببث ٗأمبش ٍضَ٘ع خصشٙ خبىٚ ٍِ اىفطشيبث ٗأػيٚ ٍ٘اصفبث ىض٘دة الأػلاف دُٗ 

 إسخخذاً أٙ ّ٘ػيت ٍِ اىَبيذاث اىفطشيت. 

ٗىخحقيق ٕزا اىٖذف حٌ إحببع حصَيٌ ٗإصشاء ٗححييو إحصبئٚ ىزلاد حضبسة  : المنهج العلمى

ػبٍييت مبٍيت اىقطبػبث اىؼش٘ائيت. اىخضشبت الأٗىٚ حؼخَذ ػيٚ بشّبٍش سٙ ٗاحذ خلاه دٗسة 

ربّيت،  26، 34، 56الإّخبس. ٗححخ٘ٙ ػيٚ ػذد حسؼت ٍِ اىَؼَلاث، رلاد أصٍْت ىيشٙ َٕٗب 

سبػبث. اىخضشبت اىزبّيت حؼخَذ ػيٚ ػذد إرْيِ ٍِ  8، 5، 3َب  ٗرلاد فخشاث بيِ اىشيبث ٕٗ

بشّبٍش اىشٙ خلاه دٗسة الإّخبس اى٘احذة. ينُ٘ اىبشّبٍش الأٗه ٍطببقب لأفضو ٍؼبٍيت ببىخضشبت 

الأٗىٚ ٗىَذة رلارت أيبً الأٗىٚ ٍِ اىخضشبت.  بيَْب يطبق اىبشّبٍش اىزبّٚ ط٘اه اىسخت أيبً اىخبىيت. 

ربّيت، ٗرلاد  26، 34، 56حسؼت ٍِ اىَؼَلاث، رلاد أصٍْت ىيشٙ َٕٗب  ٗححخ٘ٙ ػيٚ ػذد

سبػت. اىخضشبت اىزبىزت حؼخَذ ػيٚ ػذد رلاد ٍِ بشّبٍش  01، 06، 8فخشاث بيِ اىشيبث َٕٗب  

اىشٙ خلاه دٗسة الإّخبس اى٘احذة. ينُ٘ اىبشّبٍش الأٗه ٍطببقب لأفضو ٍؼبٍيت ببىخضشبت الأٗىٚ 

ٗىٚ ٍِ اىخضشبت، ٗينُ٘ اىبشّبٍش اىزبّٚ ٍطببقب لأفضو ٍؼبٍيت ببىخضشبت ٗىَذة رلارت أيبً الأ

اىزبّيت ٗىَذة رلارت أيبً اىخبىيت ٍِ اىخضشبت. بيَْب يطبق اىبشّبٍش اىزبىذ ط٘اه اىسخت أيبً الأخيشة. 

ربّيت، ٗرلاد  26، 34، 56ٗححخ٘ٙ ػيٚ ػذد حسؼت ٍِ اىَؼَلاث، رلاد أصٍْت ىيشٙ َٕٗب 

سبػت. ٗحٌ قيبس مَيت اىَبء اىَسخٖيل ىخش/ صيْيت،  03، 01، 06بث َٕٗب  فخشاث بيِ اىشي

ٗٗصُ الأػلاف اىخضشاء مضٌ/ صيْيت، ٗٗصُ اىَبدة اىضبفت مضٌ/صيْيت، ّٗسبت اىَبدة اىضبفت، 

ػذد ص٘اّٚ الإّخبس  مَب حٌ حسبةٗمفبئت إسخخذاً اىَيبٓ صٌ ٍبدة صبفت/ىخشٍبء، ّٗسبت الإّببث. 

  ػذد اىص٘اّٚ اىخبىيت ٍِ اىفطشيبث بضَيغ اىخضبسة اىؼَييت. ٗ اىَصببت ببىفطشيبث

ٗقذ أضحج ّخبئش اىخحييو الإحصبئٚ ىيبيبّبث أُ بشّبٍش إداسة اىشٙ اىزلارٚ اىَخخبىٚ  النتائج:

سبػبث خلاه اىزلاد أيبً الأٗىٚ،  5رْبّيت مو  56اىَشاحو "ٗاىزٙ يخٌ فئ إداسة ّظبً اىشٙ ىَذة 

سبػت خلاه اىزلاد  01رْبّيت مو  26سبػبث خلاه اىزلاد أيبً ىزبّيت، ىَذة  8رْبّيت مو  34ىَذة 

ٗرىل ٍِ حيذ مَيت الإّخبس ٍِ الأػلاف اىخضشاء ٗمزك  أيبً الأخيشة" ٕ٘ أفضو اىبشاٍش.

ص٘دة الأػلاف اىْبحضت ٍِ حيذ إحخ٘ائٖب ػيٚ اىؼْبصش اىغزائيت ٗخيٕ٘ب ٍِ اىفطشيبث. 

ىخي٘د ببىفطشيبث يشصغ أسبسب اىٚ س٘ء إداسة اىَببٓ اىَضبفت أٗضحج اىْخبئش أُ إسحفبع امَب

ث ّخبئش اىخحييو أّ ي٘صذ اسحببط ق٘ٙ بيِ مَيت ٗقذ أمذ ىيشٙ أمزش ٍِ اّٖب إضبفت ٍيبٓ ىيشٙ. 

 ٗبيِ ّسبت الإصببت ببىفطشيبث. ٙ اىَيبٓ اىَضبفت ىيش

 


