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Abstract 
The objective of this research is to investigate the effect of the introduction of hydroponic barley; produced as 
feed supplement in the ration, on the performance of feedlot calves. This study was performed in the Taroudant 
region (South of Morocco), during a trial period between July and October 2017). A total of 100 calves were 
used in a feeding trial, which were divided into two groups. The calves of the first group received a total mixed 
ration (control), while the calves of the second group received a similar ration with the addition of hydroponic 
barley.Similar growth performance is observed for the two groups, which is easily explained by the equivalent 
rationing. In the finishing phase, however, a higher average daily gain is observed for the group fed with an 
enriched diet in hydroponic green fodder. In fact, the average daily gain for this group amounts to 1.48 Kg/Day 
compared to 1.42 Kg/Day for the control group.The slaughter results confirm those noted in terms of growth 
performance, with a relatively similar carcass yield for the two groups.However, since hydroponic fodder reveals 
a positive impact especially at the level of the finishing phase, it seems judicious to introduce it in the key phases 
of fattening and finishing in order to perfect the weight gain of the species benefiting from this contribution.The 
test results suggest that hydroponic barley based rationing is to deepen, and that it would be desirable to repeat 
the experiment by testing different levels of hydroponic barley intake, adjusting both the type and the level of 
complementation, with a more accurate monitoring of feeding. 
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1- Introduction 
Green fodder is an essential component of the livestock ration, used to improve their production and 
reproduction performance. Therefore, to improve livestock products, quality green fodder should be given more 
often to animals (Dung et al., 2010). This type of forage is considered the backbone of dairy sector in reason of 
its vital role in valorization of dairy farming to profitable business (Kumar et al., 2019).  

In recent years, hydroponics are seen as a promising strategy for growing different crops (Sharma et al. 
2019). However, various constraints are faced by the farmers for the production of green fodder in the Souss 
Massa plain. Factors such as small land holdings, unavailability of land for fodder cultivation, scarcity of water 
or saline water, the semi-arid climate of the region (with more than 3,000 hours of sunshine), the increasingly 
frequent droughts, and the exponential overexploitation of the table water, could hinders the growth of livestock 
and could consequently, this deficit limits any increase in the yield of animals.  

Furthermore, the non-availability of constant quality of fodder during the year aggravates the limitations of 
the sustainable dairy farming. This forces the farmers to use excessively the concentrate which is an expensive 
food. As a result, prices of animal products such as meat and milk are continuously rising, affecting the 
consumers' purchasing power.  

One of the alternatives to meet this increasing demand for green fodder is the use of hydroponic fodder to 
supplement the meager pasture resource. This technique can improve the forage potential including hydroponics, 
and can produce a forage quality, which is appreciated by animals. Hydroponic allows a farmer to grow plants 
more efficiently and productively with less labor and time.  

Today, hydroponics are used in harsh climates such as deserts, areas with poor soil or in urban areas where 
high land costs have driven out traditional agriculture (Bakshi et al., 2017). It was adopted in several countries 
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that have faced this type of problems such as Latin America, Australia, Europe, and recently the Middle East 
where this technique has been a great success.  

Indeed, thanks to the hydroponic culture, we can produce a guaranteed quantity of 100% natural green 
fodder, on a very small surface, and in various climatic conditions. This method of forage production has many 
benefits for the farmer, economy, and environment. Limited research has been conducted to determine the 
nutritional value of hydroponically sprouted kernels (Peer and Lesson, 1985). Hydroponic culture is considered 
as a substitute to concentrates and green fodder and it reduces the cost of production and increases the milk and 
meat production in livestock in drought prone areas and where there is less availability of green fodder (Indira et 
al., 2020). In addition, hydroponic fodder is known for its potential benefits for the health of the herd (Sneath 
and Mcintosh, 2003). 

A wide range of tests to evaluate the performance of livestock on beaks have been conducted globally, and 
these researches has shown an increase in animal performance on hydroponic fodder, which they deposit to a 
grass juice factor. This is supported by Finney (1982), Chavan and Kadam (1989), Sneath and Mclntosh (2003) 
and Shipard (2005) who showed that hydroponic fodders are a good source of chlorophyll, and contain a grass 
juice factor that improves the livestock performance.  

This article follows on from the study conducted by Bari et al. (2020) to determine the effect of introducing 
green hydroponic fodder at 30% of the theoretical forage requirement in the daily ration, on the consumption and 
performance of lambs. This study shows higher growth performance in the test batch. In addition, this study 
reported the effect of hydroponic Barley diet on the productive performance of goats, highlights faster growth 
performance following the consumption of hydroponic barley by males (up to 30%) and females (up to 38%) at 
different ages.  

All data mentioned above clearly shows that hydroponic barley is emerging as an advantageous alternative 
for farmers wishing to increase and boost the performance of their goat livestock and the financial structure and 
performance of a cooperative (Bari et al., 2019).  

In the logical continuation of our previous work mentioned above, our study aims to determine the effect of 
the introduction of hydroponic barley, produced as a food supplement in the ration, on the performance of 
feedlot calves. 
 
2- Materials and Methods  
2-1 Study site 
The test takes place at a feedlot of the Agricultural Cooperative (COPAG) located in Ait Iazza in the province of 
Taroudant (South of Morocco) (Figure 1) and designed according to the model of American "feedlots", with a 
main objective of fattening young bull calves according to economies of scale.  

This feedlot, backed by a slaughterhouse as part of an integrated project, includes fattening workshops, 
slaughterhouse, cutting room, and delicatessen. Its capacity amounts to 12 000 heads of different ages and 
weights, to ensure a continuous supply of the slaughterhouse. 

 
Figure 1: Map showing the location of the Province of Taroudant in the Souss Massa Region 

 
2-2 Hydroponic barley production 
The used Hydroponic Barley (HB) is obtained from malting barley seeds (local variety, with 90% germination 
rate). The used seeds are first cleaned and disinfected with sodium hypochlorite (1 ml/l). After being rinsed with 
potable water, the seeds are soaked in fresh water for 16 to 18 hours, and then drained before being sown for 
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cultivation at a density of 7 Kg / m2. The culture takes place in a closed chamber (Model E-12-TX), with an area 
of 92 m2. Temperature, humidity, and lighting are controlled (18 ± 1.5 ° C, 60-100% H, and 12 hours a day 
(58W fluorescent lamps) respectively). The culture is irrigated by immersion twice a day (2 ± 0.1l/Kg Raw 
Material). The harvest is carried out at the seedling stage at 7 ± 1 day. The generally observed yield is 6.01 ± 
0.10 Kg of green fodder, produced per Kg of dry germinated grain at 12- 13.5% dry matter. 
 
2-3 Performed Analyses  
Samples of the two rations used in our test were collected and dried in an oven at 70 °C for 48 hours, and then 
weighed before being analyzed. We have adopted the analytical methods recommended by AOAC 2000 
(Association of Official Analytical Chemists) and also by FAO). A global analysis of the collected samples was 
performed and the total nitrogen content (TNC) was determined.  

The contents of crude protein, mineral matter (phosphorus and calcium), dry matter (DM), acidic detergent 
fibers (ADF), and neutral detergent fibers (NDF) were also defined both in the control batch and in the batch 
comprising the hydroponic green fodder (Robertson and Van Soest, 1981; Pandey et al., 1991; Van Soest et al., 
1991; Gebremedhin et al., 2015) (Table 1). 
 
2-4 Measurements made on animals 
The test involves a total of 100 bull calves of the Holstein breed. At the start of the test, we see an average 
weight of 296 Kg and an average age of 290 days. This overall sample is divided into two batches of 50 animals 
each, which were kept in free stalls. Each batch was assigned at random to one of the following regimes: Control 
and Test. 

A comparison of these fattening diets made up of wheat straw and corn silage was done. The two batches 
received respectively: i) wheat straw, corn silage and concentrate for cattle, according to the breeder's practices 
for the control batch and ii) wheat straw, corn silage and concentrate for cattle added of 21% of the theoretical 
fodder requirements in the form of hydroponic green barley fodder of 7 ± 1 days, for HB batch. 

It should be noted that wheat straw and corn silage are supplied at will. However, the concentrate is 
rationed according to the usual practices of the breeder, at an equivalent dose for the two batches. Hydroponic 
barley is added in addition to the basic "straw and concentrate" ration, as a feed supplement. 

The description of the foods characteristics and the design of experimental diets meets the technical 
requirements of the slaughterhouse in terms of nutrients, namely: 1700 g/d-1 (Table 1). 

The animals were dewormed at the start of the trial, and also after one month. They were also weighed at 
the entry and exit of the test, as well as once every two months during the experiment period. 

The carried-out tests extend over a period of 175 days, preceded by an adaptation period of 15 days in order 
to accustom the animals to the food rations. The rations delivered at will are divided into two meals per day. 
Also water and sodium chloride blocks were available at will. 

Table 1: Foods characteristics for the control and hydroponic barley rations 

Ingredients/Characteristics 

Dietary groups 
Hydroponic Barely Ration Control Ration 

Incorporation % 
Dry Matter 

(Kg) 
Incorporation % Dry Matter (Kg) 

Wheat straw 4,52 0,66 4,89 0,66 
Corn silage 12,05 0,56 27,69 1,19 
Hydroponic barley 21,08 0,455 0 0 
Flaked corn 13,55 2,025 14,66 2,025 
BPM Fattening 9,94 1.462 10,75 1,462 
BP Beef 5,12 0,752 5,54 0,752 
Bacterial 3,01 0.35 3,26 0,35 
Return Milk 16,57 0,413 17,92 0,423 
Citrus pulp 14,16 0,47 15,31 0,47 
Dry matter (% DM) 43,05 47,7 
Crude Protein (%) 16,06 16,8 
Meat Fodder Unit (UF/Kg DM) 0,95 0,94 
Acid Detergent Fiber (% DM) 13,76 14,32 
Neutral Detergent Fiber (% DM) 26,53 28,44 
Total Nitrogenous Matter (% DM) 16,8 16,06 
Materials Minerals (% DM) 5,05 4,78 
Calcium (g/Kg DM) 5,93 5,08 
Phosphor (g/Kg DM) 3,16 3,09 
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2-5 Statistical analysis 
The data were entered into Excel 5.0 software, which made it possible to express the results as an average ± 
standard deviation. The collected data were subjected to ANOVA analysis of variance, for all the studied 
parameters using the R v 3.2.5 software. 
 
3- Results and Discussion 
Figure 1 highlights the two batches of bull calves having 50 heads each: the control batch and the Hydroponic 
Barley (HB) batch. At the start of the test, a weight difference of 7 Kg was observed between the two batches in 
favor of the HB batch. Over the test period, the HB batch obtained a growth of 239.02 g/d against 251.77 g/d for 
the control batch. 

 
Figure 1: Growth comparison of the control and hydroponic barley batches 

The graph shows two curves and therefore two changes in terms of average weight gain, almost similar for 
the two batches. However, during the finishing phase, i.e. the period covering the months of September and 
October, we noted a higher average daily gain for the batch fed with a diet enriched in HB. In fact, the average 
daily gain for this batch amounts to 1.48 Kg/day compared to 1.42 Kg/Day for the control batch. 

It should also be noted that the gain for the control batch decreases during this same phase, going from 1.52 
to 1.42 Kg/Day, while the other batch benefiting from a diet enriched with HB registers a slight increase in terms 
of weight gain from 1.47 Kg/Day to 1.48 Kg/Day. 

We thus conclude that the introduction of hydroponic barley has a positive impact in the 3rd phase of calves’ 
fattening which corresponds to the finishing phase. 

The final live weights were 500.02 ± 17,6 and 505.77 ± 14,9 Kg, and the total body weight gain during the 
175-day experimental period averaged 1364,08 ± 8,31 and 1422,43 ± 7,42 Kg respectively for the HB and 
Control groups. Therefore, these weights do not turn out to be significantly different for the two groups. 

Furthermore, when the daily live weight gain was calculated from the changes in the body weight per 
month, we did not find any significant monthly difference for the calves receiving both the control and HB diets. 
However, calves fed with the control diet showed numerically higher means of daily gain during the 
experimental period compared to those fed with green fodder (1422.43 vs. 1364.08 g d-1 (p> 0.05). The 
consumption indices, during the test phase, are equivalent: 6.83 and 6.14 Kg DM/Kg OF bright weight 
respectively for the control and the test batches (Table 2). 
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Table 2: Effect of treatments on the animal performance 

At slaughter, the tests on feedlot calves show that the HB batch obtains an average carcass weight of 543.00 
± 45.91 Kg, against 538.85 ± 70.49 Kg for the control batch. There is therefore a difference of 4.15 Kg, which is 
not statistically significant and corresponds to a gain of 0.8% compared to the control batch. The carcass yield of 
the HB batch was 56.28 ± 0.01%, compared to 56.55 ± 0.02% for the control batch. We can legitimately 
conclude that there is no differentiation between the batches in terms of live weight, carcass weight, and carcass 
yield. Due to the lack of a certified pointer, we were unable to assess the quality of the carcasses. 

In addition, the chemical composition of food shows that hydroponic barley has a low dry matter content 
(13%) compared to that of grains (88%). Its composition appears in fact to be highly dependent on the initial 
seed and the cultivation conditions. However, the germination of barley increased the contents of MAT (14.4% 
DM) and NDF (58.3%), without modifying the OM content.  

According to the literature (Morgan et al., 1992; Sneath and McIntosh, 2003), hydroponic barley represents 
a particularly nutritious food for ruminants, and it is very rich in vitamins which could activate certain enzymes 
(during germination) and transform starch, proteins, and lipids to simpler forms, thus influencing the animals’ 
performance (Mayer and Poljakoff-Mayber, 1975; Kruglyakov, 1989). Feeding of hydroponics fodder increases 
also the digestibility of the nutrients of the ration which could contribute towards increase in milk production 
(Naik et al., 2015). 

Live weight gain depends on several factors such as breed characteristics, age, initial bodyweight, nutrition, 
and management practices (Baker et al., 2002; Restle et al., 2003; Berry et al., 2003; Berry et al. al., 2004). 

In our study, these factors were controlled in a similar way for the two groups of animals. Therefore, the 
introduction of hydroponic green fodder reveals an advantage in terms of daily weight gain for calves in the 3rd 
fattening phase which corresponds to the finishing phase.  

Our results differ somewhat from those observed by Miralles-Bruneau et al., (2015) who carried out a test 
on two batches of 6 young crossbred cattle, over a fattening period of 203 days in order to evaluate the effects of 
the hydroponic barley introduction. In the finishing phase, a better pH stability of the Hydroponic barley batch 
was observed, following a sudden change in base forage. Miralles-Bruneau et al., (2015) observed similar 
growth performance for the two batches, which can easily be explained by equivalent rationing. The slaughter 
results differ somewhat, with a slightly higher carcass yield in favor of the control batch (+ 2%), a trend that can 
be found in the other trials, and a conformation of the carcasses turns out to be a third of a class better. 

In a comprehensive review of hydroponic fodder versus beef cattle, several research works were conducted 
to assess the nutritional value of sprouted grain. The researchers found that beef cattle fed with hydroponic green 
fodder obtained an average daily gain of 200 g compared to those fed with a control corn diet (Leitch, 1939). 
Same results where described by Rajkumar et al. (2018) which indicates a body weight gain of crossbred calves 
after substitution of feeding of hydroponics maize fodder of calf starter. 

The literature also highlights improvements in performance when the supplement provides the major 
limiting nutrient (s) or improves the efficiency of food use. In this regard, we can cite the work of Tudor et al. 
(2003) who performed the steers experiment on protein-deficient hay. They highlighted an improvement in the 
efficiency of use of low-protein hay, with a greater growth than that expected in fattening young bull calves, 
given the ingested energy and protein intake. Tudor et al. (2004) have also tested a ration based on hay and 
hydroponic barley of 6-7 days (20-37% of the ration), on 20 young fattened calves during a 70 day period. They 
observed a higher average weight gain than expected given the nutritional contribution provided by this ration. 
They found that steers fed a restricted hay diet with 1.8 Kg of MS barley germ over 48 days, gained 1 
Kg/Head/Day of live weight. The same cattle fed an additional 22 days, receiving 1.5 Kg DM of barley sprouts 
and hay at will, gained 0.41 Kg/Head/Day. The authors explain these performances by a better efficiency of the 
ration use by the animal, due to the contribution of soluble nutrients by the hydroponic barley, which are quickly 
assimilated and come from an enzyme complex 

Hydroponic green fodder also makes it possible to offset the negative effects (weight loss, drop in milk 
production) linked to a sudden change in the quality of fodder or meadows by providing a quality base constant 

Animal performance 
Dietary groups 

Hydroponic Barley Control p-value 
Initial Weight (Kg) 261±16.80 254±13.16 0,9724 
Final weight (Kg) 500.02 ± 17,60 505.77 ± 14,90 0,8890 
Average daily gain (g/Day) 1364,08± 8,31 1422,43± 7,42 0,4120 
Feed conversion ratio (Dry matter intake (Kg)/Kg of live 
weight gain) 

6,14±0,02 6,83±0,03 0,5264 

Slaughter live weight (Kg) 543,00±45,91 538,85±70,49 0,7312 
Carcass weight (Kg) 305.78±28,64 305.52±47,97 0,9741 
Carcass yield (%) 56,28±0,01 56,55±0,02 0,4785 
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(Rodrigues-Muela et al., 2005). 
Espinoza et al. (2004) also observed a higher and more constant average daily gain on a batch of bull calves 

fed with 30% of hydroponic green fodder, whose basic ration consisted of cut grass low in protein and with a 
varied composition every week. 

According to Bari et al. (2020) study on the effect of hydroponic barley feeding on the productive 
performance of goats, there is a faster growth performance when consuming hydroponic barley by males (up to 
30%) and females (up to 38%) at different ages. These results clearly underline that hydroponic barley represents 
an advantageous alternative for farmers wishing to increase and boost the performance of their goat livestock 
and thus show an improvement in growth performance thanks to the use of hydroponic green fodder for lambs’ 
feeding. Therefore, local farmers are recommended to use hydroponic barley as an alternative fodder for lambs 
and other livestock to improve their growth performance and during the fattening period (Ata, 2016). 

Research carried out by Bari et al. (2019) also emphasizes that innovation has a negative influence on the 
financial structure but it has no influence on the financial performance. These data can be explained by the short 
duration of the project (only 2 years of experience). This is indeed a period during which companies often have 
high financial needs. It is important to note, however, that the cooperative shows an encouraging financial and 
commercial profitability, despite the unfavorable economic conditions. 

According to Farghaly et al. (2019), hydroponically sprouted fodder are rich in nutrient content which have 
better digestibility, ruminal enzyme activities as well as fermentation. Moreover, the use of sprouted barley in 
sheep diets could result in better digestibility and fermentation results than the clover. Thus, it can be 
recommended to feed the hydroponic barley sprouts with the concentrate to obtain an optimal DM intake as well 
as a high animal performance  

In order to be as complete as possible, we need to qualify our statements. Indeed, the experiments carried 
out by Sneath and McIntosh (2003), reveal that hydroponic barley probably does not have a higher 
bioavailability of nutrients for calves’ fattening. The authors report that "most trials of livestock performance 
using hydroponic sprouts show no benefit from including them in the diet, especially when they replace highly 
nutritious foods such as grain." 

In a trial carried out by Fazaeli et al. (2011), focusing on the performance of male calves in a feedlot fed 
with hydroponic green fodder and having obtained a body weight gain of 200 g/day, the authors do not find any 
significant difference in the weight gain or the feed conversion efficiency between a fodder diet and a control 
diet, consisting of barley grains. They conclude that, given the costs associated with grain germination and DM 
losses, it is not recommended to feed the hydroponic barley calf with feedlot calves. 

Farlin et al. (1970) found no difference in cattle fed with sprouted or non-germinated seeds; the daily 
weight gain in the T0 treatment was actually a loss of -1.17 g/Day due to a low content of protein and a reduced 
appetite with millet straw. 
 
4- Conclusion 
We note from all the afore mentioned works, that hydroponic green fodder is of no interest when the animal has 
at its disposal either qualitatively or quantitatively sufficient natural fodder. On the other hand, when the fodder 
does not appear to be available in sufficient quantity and / or quality (in particular protein content), hydroponic 
green fodder is of certain interest due to the consistency of its quality, thus ensuring regular growth for the 
livestock. 

Given the current cost of this fodder, it does not also necessarily seem appropriate to give it throughout the 
fattening; it should be focused on key phases. This is indeed a fodder which a priori could be interesting in 
fattening/finishing, thanks to its balanced PDIE/PDIN value, despite a somewhat low UF value. It could be 
added to the growth ration, from 450-500 Kg live weight. It remains to be defined how high it can be added to 
the ration and with what supplement, with the aim of achieving a fair technical and economic balance. 

The results of our study suggest that hydroponic barley based rationing remains to be investigated, in 
particular for its effects on rumen functioning and on the efficiency of ration use. It would be desirable to repeat 
the experiment by testing different levels of hydroponic barley intake, adjusting the type and level of 
supplementation, with more precise monitoring of the diet. It also seems interesting to repeat the test with other 
types of fodder. 
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