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Fig.1 Design chart of stainless steel frame
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Fig.2 Design chart of stainless steel water pond
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Fig.3 Water (nutrient solution) cycle system
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Table 2 Main parameters of water (nutrient solution) cycle system

ZHY Parameters HE Values
XTI RS R Sensitivity of humidity sensing probe/% 0.1
R il A0 22 1% Rated power of humidity control switch/kW 4
195 FE/KFE T2 Rated power of high pressure water pump/kW 3
i HHKAE TAEH ) Working pressure of water supply pipe/kPa 100
PVC [FIKEE S Standard specification of backwater pipe/mm 32
S5k e ) Working pressure of atomizing nozzle/kPa 3
FEZAEIE L L Flow rate of atomizing nozzle/L* min 0.497
IR LA Volume of nutrient solution tank/m3 0.6

2.3 #MEERSE
SRR Y A KRR REZ —. T RE

Table 1 ~ Main parameters of stainless steel frame and water pond WACEE s A e SR E T R G RE L B R T IR
ZH Parameters Blfi Values N 6 500 K Y T8 LED —MALAT A, 32 23— LKA, I
BT AR HE Thickness of stainless steel tube/mm 3 EJE A s @R, B R B AN . #ME RS
AT Standard specification of stainless steel tube/mm — 30x30 ST ILE 4 # 3,
NG A I Thickness of stainless steel plate/mm 1
BT ALEE Height of bracket of nursery site/mm 10 R3 AARGEESH
HEZKFLEZ Diameter of drainage hole/mm 32 Table 3 Main parameters of fill system

22 KERRS

IKCEFFRONEAR RGO T oA = 3 & i o6
AL, WA HUK RE A EDK RE (K 3). KRG HiE
PN RN AR Sk PR FE A OC B B, A il

Z) Parameters U Values
1 Bl B AT E T |
Rated power of automatic timing switch/kW
T8 LED %I 1 Rated power of T8 LED tube/W 18
T8 LED T4 M Ilumination of T8 LED tube/lx 150~200
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Table 4 Main parameters of heating system

Z L Parameters HH Values
W EEER Sk AU Sensitivity of temperature sensing probe/°C 0.1
T ) DG A2 D12 Rated power of temperature control 6
switch/kW
FELLAME A% Rated power of far infrared ceramic 05

heating plate/kW
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BRSO 12 B R TR 13, R ORI 14 2T SRR EE AR 1538
B GREEREHITR 16, ASEMTF 172 0FK 18 IREAk AR

1.Stainless steel frame 2.Bcakwater pipe 3.Nursery site 4.Drainage hole 5.
Water supply pipe 6. T8 LED tube 7.High pressure atomizing nozzle 8.
Temperature sensing probe 9.Humidity sensing probe 10.Stainless steel water
pond 11.Bracket of nursery site 12.Nutrient solution tank 13.High pressure
water pump 14.Far infrared ceramic heating plate 15.Temperature and
humidity control switch 16. Automatic timing switch 17.Air switch 18.

Electromagnetic relay
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Fig.6 Installation effect diagram of equipment
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Table 5 Daily measures of forage grass height with different seed

quantity(cm)
H#A KEFE Treatment
Date T300 T350 T400 T450 T500
01-11 4.66+0.01  4.77+0.02  4.69+£0.02 4.57+0.01 4.37+0.02
01-12 8.81+0.02 8.33+0.02 8.58+0.02 7.93+0.02  7.96+0.02

01-13 11.35+0.03 11.63+0.01 11.57+0.02 11.13+0.02 11.27+0.02
01-14 15.17+0.01 15.22+0.04 15.09+0.03 14.96+0.01 14.87+0.01
01-15 18.74+0.04 18.5+£0.05 18.8+0.03 18.05+0.02 18.67+0.04
01-16 21.03+0.03 20.82+0.03 20.93+0.04 20.05+0.04 20.04+0.03
01-17 23.35+0.03 22.66+0.02 22.88+0.04 21.5+0.03 21.89+0.03
01-18 25.83+0.05 25.41+0.05 25.34£0.02 24.96+0.05 25.03+0.02

Fo WEI LEFRBEINER

Table 6 Main results of forage grass factory producing experiment

Ak HIE  HIE Daily  HUEHL P IRAS Prime
Treatment Daily gain/g  heighten/cm  Rootshoot ration  cost/yuan kg™

T300 172.78 2.87 3.26 0.66

T350 174.78 2.82 2.66 0.64

T400 181.44 2.81 2.52 0.56

T450 201.11 2.77 3.61 0.40

T500 195.33 2.78 3.52 0.44

T O AR T B KRB AL I 2.0 S0/ T 5E 5 /K 3R 1L 2.5 Jo/ml
T BAEHL B AR T A A
Note: Corn seed cost 2yuan per kilogram, while water cost 2.5yuan per ton in

the cost calculation. Forage grass factory costs do not include electric charge.
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Design and experiment of forage grass factory producing installation in
alpine region

Shan Huajia, Wang Yulong*, Ma Jinbao
(Wuwei Institute of Animal Husbandry and Veterinary, Wuwei 733000, China)

Abstract: Forage grass is an important material basis and security guarantee for the development of livestock industry.
Forage grass with high quality not only provides adequate nutrition for livestock, but also has important impact on the
quality of livestock products. Alpine areas are not suitable for planting corn, alfalfa, and other conventional forage grass
because of the insufficient accumulated temperature and transient frost-free season. However, the forage grass requirement
of herbivorous livestock is large, for example, one sheep requires 657 kg hay per year, and it is very inelastic. In this case,
shortage of forage grass has become a key limiting factor of herbivorous animal husbandry development and grassland
ecological construction due to the dual pressures of the natural grassland degradation and the grazing blocked by fencing in
alpine region. Plant factory is a new agricultural model which can achieve the purpose of efficient crop production by high-
precision environmental control in facility. Though research and practice of plant factory in China have achieved the
gratifying results in recent years, applying this technology to the forage grass production is still blank. For the energy-saving
production of fresh forage grass in poor environment such as the alpine region, a container-type plant factory was designed
and tested. To maximize space usage of the production departments, a six-level hydroponic cultivation system(1.5 mx0.55 mx
2.3 m)(lengthxwidthxheight) was installed. Semi-automatic control of artificial lighting lamps, automatic water circulation,
and automatic heating facilities were used to optimize temperature, humidity, light, nutrient solution, and other
environmental factors on forage grass production. In a plant factory, the optimal control for obtaining higher yield and better
quality of plants was essential. Optimal regulators with temperature sensing probe and humidity sensing probe were used to
control the water status and growth temperature of forage grass, and the nutrient solution was supplied by bottom watering.
Light emitting diode (LED) fluorescent lamp was controlled by an automatic timing switch. All installation and debugging of
facilities and equipments had been completed in a farming cooperatives of Tianzhu County, Gansu Province. Four batches of
forage grass production experiments were carried out in January 2015 in order to test the operation and production capacity
of equipment. The ordinary merchandise maize(Jinkai 3) bought from Jin Lvyuan Farming Technology Company was used as
the experimental material. Maize after harvest was dried to a moisture content that was below 13% and then threshed for
later use. The thousand kernel weight of experimental maize after the screening of impurities and broken grains was 330 ¢
while the germination rate was higher than 85%. Temperature of the forage grass factory under natural conditions was
between =21 and -4 “C. According to the dimension of seedling tray used in this experiment(54 cmx27 cmx6 cm), we set up
5 treatments with different seed quantity of 300, 350, 400, 450 and 500 g) and each had 5 replicates. The upper and lower
limit of the forage grass factory temperature were set to 30 and 26 °C, respectively, and those of relative humidity were set to
85% and 65%, respectively. Supplementary illumination time was from 7:00 to 18:00. The effects of different planting
densities on height, growth, root-shoot ratio and other indicators of forage grass were detected under the same conditions.
And then the optimum seeding rate and productivity of the system were determined. The first batch of test material was
sowed on January 5, 2015. Nine days after planting, the hydroponic forage grass with the seed quantity of 450 g showed the
best production performance. The average height and yield were reached 24.96 ¢cm and 1 891.5 g respectively, while the
cost reduced to 0.4 yuan producing 1 kg fresh grass. On this calculation, this container-type plant factory could produce
16.33 ton fresh forage grass. Test results show that this factory production installation can meet the needs of pasture plant
production in alpine region.
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