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ABSTRACT
Background and Objective: Because of the lack of feed in Iraq, this article studied the effect of the
cultivation method and different concentrations of gibberellin for getting quick feed with a high green
yield of barley over the year. Materials and Methods: Two technology experiments were conducted
during the autumn season of 2019-2020 in the laboratories and experimental field of the College of
Agriculture, Al-Qasim Green University. This study included two factors: The first is the cultivation method
(A1: Hydroponics, A2: Cultivation in the field as a comparative treatment) and the second included three
concentrations of gibberellin (C0: 0 ppm, C1: 50 ppm, C2: 100 ppm), the study traits were: Number of
leaves per plant, leaf area, chlorophyll content, green fodder yield, dry fodder yield and protein contents.
A Randomized Complete Block Design was used with three replications, a factorial experiment was used
as an arrangement of the experiment within the Randomized Block Design with three replications. The
plants were cut after 8 days after planting. Results: The hydroponic treatment was superior in leaf area,
chlorophyll content, green fodder yield, dry fodder yield and protein content, the 100 ppm concentration
of GA was superior in leaf area, green fodder yield, dry fodder yield and protein content, the interaction
between the hydroponic system and 100 ppm concentration of GA was given higher leaf area, green
fodder yield, dry fodder yield and protein content. Conclusion: The use of the hydroponics system as a
cultivation  method  of  barley  gave  a significant superiority compart to field cultivation with gibberellin
100 ppm.
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INTRODUCTION
Barley is considered as a cereal fodder crop that occupies the third place of importance in the world and
Iraq.  In addition to the use of grains in feed animals, the vegetative part is a source of carbohydrate
fodder for livestock, especially in fodder mixtures1. So, it has comprised a fodder mass with clover in the
feed of animals for contenting of nutritional value2. Recently, there are many major problems appeared
in many countries in food security on the lack of fodder, which has led to a shortage of  animal  products
with a significant increase in their prices. In addition, the lack of green fodder has led to a decline in the
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quantity and quality of animal products and the appearance of many health problems in animal herds.
This case pushes many countries to search for new sources of fodder and apply new biological
technologies to obtain the highest possible productivity of fodders with less than a unit area. The
biological germinating of green fodder without soil to obtain green fodder of high nutritional value and
meet the nutritional needs of the animal throughout the year, from the establishment of units or rooms
for germinating have controlled environmental conditions and calculated according to the needs of the
seeds, it also works to save in the cost of feeding at a rate of up to 50%3.

The green fodder yield is the outcome that feeds producers seek and the increasing feed is the basis of
scientific research in this field. The fodder of barley effect by several factors such as the method of
cultivation, so it is to obtain fast feed with high productivity by going towards the hydroponic technique
because of its advantages compared to the field method throw the amount of fodder obtained during a
very simple period of time and the cultivation in all year. The results of Gebremedhin et al.4 on the
nutritional assessment of hydroponics for fodder barley showed that the production of green fodder
during a period of 8 days from planting to harvest was about 8-9 kg of feed barley from 1 kg of seeds
barley and these results agreed on with Elmulthum et al.5 who used one kilogram of grains and produced
6-10 kg of green fodder by germinating technique. To get fast fodder with high productivity, it is
preferable to use germinating technology from the hydroponic method because of its advantages
compared to the field method and it is the most important from the amount of fodder obtained during
a very short period6.

The addition of gibberellin to barley is important for increasing the growth of the plant which has led to
an increase in the green yield, so there is a direct relationship between the increase and speed of
vegetative growth and the increase in the concentration of plant hormones7. Abdel-Hamid and Mohamed8

found that the addition of gibberellin in different concentrations has given increased green fodder yield
by about 29% and the protein content by 15%. In another study, the 100 mg LG1 GA treatment has given
a  green  weight  of  0.75   g/plant   compared  to  the  control  treatment  which  has given a weight of
0.59 g per plant9. The addition of GA in the early stage leads to an increase and the speed of absorption
and transfer from the roots to the leaf, which resulted in a great benefit of increasing vital activities and
causes a good way to increase growth10. Spraying gibberellin with perfect concentration plays an
important role in increasing vegetative growth with the largest amount of fodder in the shortest period.

Therefore, this study was conducted to obtain quick fodder by hydroponics system and compare it with
field cultivation, to determine the best gibberellin concentration to increase vegetative growth and
increasing green yield.

MATERIALS AND METHODS
This study was conducted during the autumn season of 2019-2020 in the laboratories and experimental
field of the College of Agriculture, Al-Qasim Green University to study the effect of the cultivation method
and different concentrations of gibberellin for getting quick feed with a high green yield of barley, the
study included two factors: The first is the cultivation method (A1: Hydroponics, A2: Cultivation in the field
as  a  comparative  treatment)  and  the  second  is concentrations of gibberellin (C0: 0 ppm, C1: 50 ppm,
C2: 100 ppm), the seed was soaked in GA before planting. The factorial experiment was used as an
arrangement of the experiment within the randomized block design with three replications. The plants
were cut after 8 days after planting.

Field experiment: The experimental field was plowed using the inverted plow, then it was blessed using
the disc harrows and leveled by the leveling machine (Bejing company is the manufacturer of all  machines
used in field experiments, China), after that the land was divided according  to  the  experimental  design
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Fig. 1: Explanation of the field cultivation method of barley

Fig. 2: Explanation of the hydroponic system as a cultivation method of barley

used. The experimental unit was (1×3 m) with space (25 cm)  between  the  experimental  units  (Fig.  1).
The planting process was carried out manually on 15 November, 2019 in lines with a seed quantity of 140
kg haG1.

Laboratory experiment: A laboratory experiment was conducted on 15 November, 2019 in the laboratory
of the Department of Field Crops Sciences of the College of Agriculture, Al-Qasim Green University at
room temperature (25-23°C) equipped with natural lighting and artificial lighting by 9 electric lamps (HAIR
company for electrical devices in Shandong City, China) distributed by 3 lamps for each iron shelf. The
dimensions of the shelves were 30×60 cm, (27 experimental units), a dish was perforated and plastic was
placed under each experimental unit to filter excess water to prevent infection by mold, fungal, or insect,
the barley seeds were placed after soaking and washed well with sodium hypochlorite at a concentration
of 2% for a period of 3 min to prevent contamination and washed by distilled water, the plastic dishes
were soaking and washed well with sodium hypochlorite at a concentration of 5% for a period of 3 min11,
then 7 kg of the barley seeds were soaked for (6 hrs) in water and placed at an average weight of 250 g
per plastic dish (Fig. 2).

Statistical analysis: The data were analyzed statistically using the Genstat statistical program (software
version: 12 edition) and the arithmetic means were compared using the Least Significant Difference (LSD)
at the level of 0.05.

RESULTS AND DISCUSSION
Cultivation methods: The results in Table 1 showed a significant difference between the experiments in
the  studied  traits,  the  hydroponic  treatment  was superior in leaf area (4.6 cm2), chlorophyll content
(40.1 SPAD), green fodder yield (1.19 kg mG2), dry fodder yield (0.271 kg mG2) and protein content (14%), 
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Table 1: Effect of cultivation method on study traits 
Cultivation No. of leaves Leaf area Chlorophyll content Green fodder Dry fodder Protein content 
method per plant (cm2) (SPAD) yield (kg m2) yield (kg m2) (%)
Hydroponic 3.7 4.6 40.1 1.19 0.271 14
Field 3.51 3.9 34.7 1.09 0.205 12.3
LSD0.05 NS 0.3 1.03 0.018 0.007 0.8
LSD: Least significant difference

Table 2: Effect of gibberellin concentrations in study traits 
GA No. of leaves Leaf area Chlorophyll content Green fodder Dry fodder Protein content 
Concentration (ppm) per plant (cm2) (SPAD) yield (kg m2) yield (kg m2) (%)
0 3.45 3 36.5 1.09 0.216 12.3
50 3.55 4.55 37.3 1.135 0.222 13.2
100 3.8 5.35 38.5 1.2 0.230 14
LSD0.05 NS 0.34 NS 0.02 0.008 0.9
LSD: Least significant difference and NS: Not significant

compared  to  the  field  experiment  which  gave  the  lowest  leaf  area  (3.9 cm2), chlorophyll content
(34.7 SPAD), green fodder yield (1.09 kg mG2), dry fodder yield (0.205 kg mG2) and protein content (12.3%),
these results agreed with Al-Karaki and Momani12, who indicated that cultivation under hydroponic
conditions gave leaf area more than 3.5 per plant. The cultivation method and cultivation conditions play
a direct role in effect on increasing the vegetative growth of the plant and chlorophyll content, this was
in agreement with Tavakkoli et al.13, those who found that cultivation under the controlled conditions
system gave a higher  fodder  yield  than  cultivation  in  the  uncontrolled  conditions  with  increase more
than 20%. It was also found that the hydroponic system gave fodder yield and protein content more than
field cultivation14.

GA addition: When using different concentrations of gibberellin. The 100 ppm concentration was superior
in leaf area, green fodder yield, dry fodder yield and protein content, it gave a higher mean of leaf area
(5.35 cm2), green fodder yield (1.2 kg mG2), dry forage yield (0.230 kg mG2) and protein content (14%),
while the control treatment gave the lowest mean of leaf area (3 cm2), green fodder yield (1.09 kg mG2),
dry forage yield (0.216 kg mG2) and protein content (12.3%), the gibberellin plays an important role in
increasing the size of leaves through its direct effect by widening cells and stimulating division which leads
to increase of leaf tissue size8-10, so the increase of the gibberellin concentrations causes a numerical
increase in the leaf area up to more than 30%, which is reflected in the increase in the plant yield and total
yield15 as shown in Table 2.

Interaction: The results in the figures showed that there is a significant difference in the binary interaction
between cultivation methods and gibberellin concentrations in the studied traits except for the number
of leaves per plant. The leaf area increased with an increase of GA concentrations with different cultivation
methods, The interaction between the hydroponic system and 100 ppm concentration gave a higher leaf
area of about 6 cm2 (Fig. 3)  and the data showed an increase in the chlorophyll content with an increase
in the concentration of gibberellin for both cultivation methods with great variation for hydroponics
system ,  the hydroponics method was superior with 100 ppm concentration in giving higher chlorophyll
content above 40 SPAD (Fig. 4). The previous results affected in increasing the green fodder yield, it
appeared significantly at a concentration of 100 ppm×hydroponics system which gave a green fodder
yield of about 1.25 kg mG2 (Fig. 5). There was also a difference in the dry fodder yield with an increase in
the concentration of gibberellin for both experiments, with no difference between the concentrations of
50 and 100 for the hydroponics system (Fig. 6). The protein content affected by an increase  in  gibberellin
concentration in both methods,  the  interaction  between  hydroponics  system×100 ppm concentrations
was superior with no significant difference with 50 ppm concentration (Fig. 7).
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Fig. 3: Effect of interaction in leaf area

Fig. 4: Effect of interaction in chlorophyll content

Fig. 5: Effect of interaction in green fodder
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Fig. 6: Effect of interaction in dry fodder

Fig. 7: Effect of interaction in protein content

The  results  of  the  study  included  great  importance  in  the  possibility  of  obtaining  fodder  quickly
and  in  large  quantities  and  this  study  can  be  applied  in  different  places  and  does  not  need
agricultural lands or large crop service operations, so the study recommends the possibility of working
aquatic farms to produce fodder throughout the year and in different places without obstacles
environmental.

This type of project does not have any major obstacles, but it needs land, greenhouses and the purchase
of equipment that remains stable throughout the year and requires only maintenance.

CONCLUSION AND RECOMMENDATIONS
The use of hydroponics system is one of the modern methods that were used in the preparation of rapid
fodder, but the degree of its comparison with the field method is required to know which of the methods
is the most efficient and through this study, we suggest using the hydroponics method in providing fodder
for the faster growth of plants and the largest amount of fodder in addition to the possibility of obtaining
fodder throughout the year (not limited to a growing season) and to ensure increased  vegetative  growth,
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it is preferable to spray gibberellin at a concentration of 100 ppm due to its importance in increasing
vegetative growth and thus increasing the fodder mass. The use of the hydroponics system as a cultivation
method of barley gave a significant superiority compart to field cultivation in all the qualitative
characteristics and provides fodder in large quantities at a quick time throughout the year with easy
control and low costs of cultivation if it is used yearly, so the difference between hydroponics and field
cultivation is up to 100 gm mG2, as the increase is up to 100 kg hecG1 to the hydroponics system. The
necessity of spraying gibberellin on barley seedlings is because of its role in increasing vegetative growth,
which reflects in the fodder yield.

SIGNIFICANCE STATEMENT
This study contributes to enhancing the productivity of livestock and not fearing the lack of fodder due
to various conditions, the most important of which is the lack of irrigation water, which greatly affected
the areas cultivated with fodder. The purpose of the work is to identify an alternative or complementary
method for the production of fodder, especially in the period when the provision of fodder is lacking
during the livestock breeding season. The key findings showed the possibility of providing large quantities
of feed in short times under controlled conditions with ease of work management and they matter
important because many countries suffer from a shortage of feed due to environmental changes affecting
productivity.
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