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Introduction

Yulin is a major animal husbandry city, and the changes in 
animal husbandry pro-duction have a decisive impact on the 
agricultural sector and regional economic production in Yulin 
[1-3]. In recent years, with the continuous improvement of 
people’s living standards, the diet structure of Chinese residents 
has undergone tremendous changes. At present, the demand for 
livestock products (meat, eggs, milk) has increased significantly, 
making the market’s requirements for the development level 
of local animal husbandry increase year by year [4-6]. As an 
important source of nutrient intake, green feed plays a vital 
role in livestock feed [4]. However, under the macro policy of 
returning farmland to forests in Yulin area, closing mountains and 
prohibiting grazing, and the realistic pressure of the local winter 
is long and cold and cannot be planted for green feeding, the  

 
problem of herbivorous livestock falling out of winter has become 
a long and difficult problem, restricting the rapid development of 
local animal husbandry [2,7]. 

In this context, an efficient and economical way of cultivating 
green feed needs to be developed urgently. Considering that the 
traditional greenhouse soil culture can only be used on the upper 
part of the land and the relatively long growth cycle, the use of 
hydroponic methods to achieve forage factory production has 
higher application value. Wheat hydroponics is a relatively mature 
new planting method, the principle of which is based on the rapid 
growth of seeds based on clean water or nutrient solution in 
specific utensils and specific environments [8,9]. Wheat source 
green feed hydroponics can be planted and harvested throughout 
the year because it is not affected by the climate and environmental 
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influences; Forage is rich in protein, calcium, vitamins, improves 
meat quality and milk production [10].

In addition, when people consider the use of green feed as 
alternative feed, the improvement of livestock product quality 
itself is not the main goal, but to reduce the cost of feed required 
per unit of production. Because for aquaculture enterprises, any 
slight re-duction in feed used will significantly increase production 
margins and profits, of which feed costs account for about 75% of 
the total production costs [11-14]. In this study, wheat hydroponic 
forage can be eaten with roots, which improves the utilization 
rate of forage and the digestibility of forage in livestock by 50% 
[15]; Significant reduction of digestive diseases in livestock; Avoid 
planting forage that occupies a lot of arable land; The unique 
advantages of low energy consumption, easy operation, easy 
maintenance and low operating cost have played an exemplary 
and leading role in the development of animal husbandry in arid 
areas [16].

Although there have been many studies to study the 
feasibility of hydroponic feed from multiple aspects [11], there 
is no specific study that comprehensively shows the de-tails of 
facilities such as light, heat management, water and fertilizer 

management in the mass production of hydroponic feed. 
Therefore, this paper conducts a detailed evaluation and study 
from wheat soaking to green feed harvesting, and systematically 
compares with traditional cultivation methods, which is of great 
practical significance for producing high-quality forage, changing 
traditional animal husbandry methods, realizing techno-logical 
innovation in animal husbandry, improving the development level 
of animal husbandry, and protecting the ecological environment.

Materials and Methods

Facilities and equipment configuration

A general layout diagram of a multilayer stereo hydroponic 
system located in the experimental greenhouse (Figure 1). 
The greenhouses are located at the edge of Mu Us Desert in the 
suburbs of Yulin city (39°54′39.0′′ N, 109°47′6.80′′E，Yulin City 
Yuyang Haomiao Agricultural Facilities Co., LTD，Shaanxi，China), 
The size of the greenhouse is 12m×8m，There is an independent 
control room in the shed, which can uniformly control the 
lighting, temperature, ventilation, water supply and drainage and 
automatic micro-spraying system in the shed. A single greenhouse 
is provided with 7 groups of multi-layer three-dimensional 
hydroponic frame (400cm×160cm×200cm, Figure 2).

Figure 1: The overall layout of greenhouse schematic diagram.

Automatic light filling system

Multi-layer stereo hydroponic system chooses red and blue 
LED filling light trip with stable light intensity and reasonable 
price (Type: BY-ZWT8-P2-0112，Flux: 3960 lm) Replenish light 
for hydroponic plants. The distance between the system’s internal 
supplementary light belt and the plant has passed a series of tests 
(20cm,30cm,40cm,50cm,60cm). Finally, when the height of the 

lamp belt is 40cm, the light filling effect is the best. At the same 
time, the number of single-layer patch strips in the hydroponic 
system was also tested. After testing, the width of the single-layer 
hydroponic frame is 80cm, it is necessary to lay 3 supplementary 
light strips. The start and closing of the fill light strip all adopt the 
centralized intelligent control of the control room (Figure 3), in the 
early stage of planting, according to the different plants cultivated, 
set the opening and closing time of each hydroponic frame fill light 
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strip in advance, if the single layer of each hydroponic frame needs 
different light filling operations, it can be adjusted by the single 
layer controller of the light strip next to the hydroponic shelf of 

the light belt, minimizing human interference, and accurately and 
efficiently filling the light operation of the plant.

Figure 2: Multilayer stereo hydroponic system.

Figure 3: Intelligent lighting system.

Temperature control system, intelligent ventilation 
system

Greenhouse integration by the control room unified 
scheduling of the intelligent temperature control system (Figure 
4), the control principle of the temperature control system is as 
follows: First of all, the water is heated, hot water is sent to the hot 
air blower through the pipeline (each shed is equipped with four 
high-power industrial hot air blowers) and then the hot air blower 
is used to uniformly disperse the heating to the hydroponic room, 
and the start and close of each hot air blower is automatically 
adjusted by the temperature measured by the temperature sensor 

to ensure that the temperature in the hydroponic room is within 
a certain range. In addition, a ventilation device is installed in the 
hydroponic room to adjust the air freshness in the hydroponic 
room.

Water supply, drainage and automatic micro spray 
system

The indoor water supply is completed by external water 
storage tanks and supporting pressure vessels, and the water 
supply, drainage and automatic micro-spraying system in the 
greenhouse (Figure 5). Specifically: tap water is added to the water 
storage tank by the water level controller, and then the water is 
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injected into the pressure tank by the action of the booster pump, 
and it reaches each hydroponic shelf through the transportation of 
the pipeline. The spray device is installed on the hydroponic shelf, 
6-10 spray nozzles are installed on each floor, and the opening 
and closing of the spray device is adjusted at one time by the 
controller in the central control room to achieve full automation. 
After the water quality monitoring of the wastewater generated in 

the greenhouse, it was found that the wastewater contained more 
nitrogen, phosphorus, potassium, zinc, magnesium and other 
nutrients, and there were rich organic matter suspensions, so 
the wastewater could be used to irrigate farmland, save fertilizer, 
reduce costs, and continuously improve soil fertility. Therefore, 
the wastewater is collected uniformly and then irrigated to the 
farmland crops (Figure 6).

Figure 4: Intelligent temperature control system.

Figure 5: Water supply, drainage and automatic micro spray system.
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Figure 6: Schematic diagram of wastewater collection and treatment.

Hydroponic wheat pasture cultivation method

The seeds used in hydroponic forage are selected from the 
high-quality plump wheat seeds produced in the current year. 
Before hydroponics, the selected seeds are immersed in 2 times the 
volume of clean water to remove the debris floating on the surface 
of the water, and the disinfectant is added to the disinfectant for 
soaking (soak for 6 hours in summer, soak for 12 hours in winter, 
soak until the seeds are full of water). After soaking the seeds, 
spread evenly on the hydroponic rack, the thickness is 1cm, and 
the 1m2 is about 4kg. The water used for spraying is reduced to 
a weak alkaline nature by adding baking soda. The process of 
water, light filling and disinfection within one week after sowing 
of wheat is as follows (Figure 7 & 8):

i. Day 1，Do not spray water for bud protection from light.

ii. Day 2，Seeds began to germinate, continue to protect 
from light to bud, spray water every 4 hours for 35 seconds.

iii. Day 3，Shoot about 1cm long, continue to hide from light 
treatment, water every 3 hours for 35 seconds.

iv. Day 4，When the shoots grow to about 2cm, they turn 
yellow and green, and start to fill the light for 12 hours. Then spray 
disinfectant for disinfection, and spray water for 35 seconds every 
2 hours.

v. Day 5，The shoots grew to about 6cm and were emerald 
green. The light was filled for 16 hours and the water was sprayed 
for 45 seconds every 2 hours.

vi. Day 6，The shoots grew to about 12cm, and the light was 
added for 18 hours, and the nutrient solution was sprayed once 

every 3 hours for 45 seconds.

vii. Day 7，Light filling 18 hours, water spraying 45 seconds 
every 3 hours, sprout length to 18-20cm, can be harvested.

78

Results and Discussion

Hydroponic herbage yields hydroponic and nutritional value

The hydroponic growth cycle of wheatgrass is a seven-day 
cycle and a year-round cycle of 54 cycles. In order to ensure that 
it can be sown every day and harvested every day, 7 groups of 
hydroponic racks are set up in the 120m2 greenhouse, and each 
group of hydroponic racks is composed of 4 hydroponic racks with 
a length of 2m, a width of 0.8m, and a height of 1.8m divided into 
five layers. The planting area of each group of hydroponic racks is 
32m2, 4 kg per square meter of sowing, 7kg of fresh grass per kg 
of seed, 1000kg of fresh grass per day, and 360,000kg of pasture 
grass per year, which can be eaten by 400 sheep at the same time 
[17,18].

The preliminary study showed through the systematic 
determination of the nutritional status of wheat seedlings at 
each stage from germination to growth that wheat seedlings 
were incubated for about 6 days, and the seedlings contained a 
large number of vitamins, minerals, proteins and other nutrients 
necessary for humans and animals. After germination, the wheat 
continues to grow, when the leaves grow to about 10cm when 
the wheat seedlings are verdant and dazzling, with a special 
wheat fragrance, the milky white whisker roots at the bottom of 
the wheat seedling block not only make the young seedling grass 
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form a lump and facilitate logistics operations, but also have 
high nutrition itself. After the malt continues to grow into wheat 
seedlings, the original main energy ingredient starch is converted 
into nutrients necessary for humans and animals, including rich 
vitamins (B1, B2, B6, B12) and easily digestible fiber, carotene, 
chlorophyll, amino acids and a large number of biological 

enzymes, pantothenic acid and folic acid, protein, and the mineral 
elements potassium, calcium, iron, phosphorus, magnesium, etc. 
[5,11]. Among them, cellulose, which is very easily digested by 
fibrinase and is not coated with lignin, is one of the most important 
characteristics of wheat seedlings. After absolute drying, the dry 
matter reaches 16% [7].

Figure 7: Growth dynamics of wheat six days before incubation.

Figure 8: Wheat harvest chart of the seventh day of growth.

Cost accounting of hydroponic forage

The cost of production

Based on the production of 1000 kg pasture per day, the 
estimated daily operating costs are as follows (Currency: RMB): 
Wheat seeds: the average cost is 3 RMB per kilogram, 140 
kilograms per day is required, and the cost is 420 RMB; Water: The 

production of each kilogram of pasture requires 2-3 liters of water, 
a total of 3× 1000 = 3000 liters, the cost is about 15 RMB; Power 
consumption: 13 RMB/ day for fill lights; The power consumption 
of the pump is about 30 kW / h, and the cost is 15 RMB / day; 
The electricity consumption for heat preservation and cooling is 
120 kW / hour, and the cost is 60 RMB / day; Subtotal: 88 RMB / 
day; Employment: average salary of 200 RMB per day; The above 
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total: 723 RMB, based on the above data, the production cost per 
kilogram of forage is about 0.73 RMB.

Cost comparison of hydroponic pasture with traditional 
feeding

Traditional feeding of 1 goat, the average daily need for corn 
straw 1kg grass, 0.2kg concentrate, need to grow 18 months out of 
the pen, need hay 18 months × 30 days× 1kg = 540kg, corn stalks 
1000kg / 850 RMB, 540×0.85 = 459 RMB; Concentrate × 30 days 
in August× 0.2kg = 108kg, concentrate 1kg / 3 RMB, 108×3 = 324 
RMB, 1 goat with corn straw as the forage needs to spend 459 
RMB + 324 RMB = 783 RMB [19,20].

Feeding 1 goat with hydroponic wheatgrass requires an 
average of 2kg of fresh wheat grass per day, 0.1kg of concentrate, 
needs to grow for 12 months, needs grass to × 30 days in 
December×2kg =720kg, the cost of hydroponic wheatgrass is 
1kg/0.73 RMB, 720×0.73=525.6 RMB; Concentrate × 30 days in 
December× 0.1kg = 36kg, concentrate 1kg / 3 RMB, 36×3 = 108 
RMB, a sheep based on hydroponic wheatgrass feeding methods 
cost 525.6 RMB + 108 RMB = 633.6 RMB.

Raising a goat based on hydroponic wheatgrass saves 783-
633.6 RMB compared with the feeding method based on corn 
straw; The feeding cycle can be shortened by 6 months, saving 72 
RMB of artificial labor; The total of the two items is 221.4 RMB.

Conclusion

The system is located in a completely controllable independent 
environment, not affected by external climatic conditions, can 
ensure that the annual output of forage is stable and balanced, and 
the production speed is fast, the production cost is low, and the 
problem of fresh grass used by farmers can be solved for a long 
time to meet the needs of large-scale breeding. In addition, after 
the seed raw materials are transformed through cultivation, many 
proteins and starches that are usually difficult to absorb or have 
low absorption efficiency can be converted into easily absorbed 
amino acids and glucose, and in the process of hydrolysis synthesis 
and photosynthesis, a large amount of vitamin nutrients can be 
synthesized, which greatly improves the bioconversion rate of 
feed (digestibility reaches more than 70%, hay is only 30%) [11], 
which helps to avoid diseases such as gastrointestinal colic; The 
harvested forage can be eaten with roots, clean and hygienic, 
good taste, and reduce the risk of respiratory diseases in animals; 
The forage produced is very rich in nutrients which is the most 
effective way to prevent animals from falling off the scale in the 
northern region in winter, protecting the interests of farmers.
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