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Fig.2 Ecological-intelligent substrate temperature control system
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Fig.4 Variation curve of indoor and outdoor temperature and matrix temperature in typical weathers

| LPRa s W x4 B ) ik
Sunny day Sunny day Cloudy day
experimental group ~ control group experimental group
]I B W A8 AL [ oo
Cloudy day Rain day Rain day
control group experimental group  control group
40
AB
BC

35} T A

30F

201

i Temperature/ 'C

AR /ME e
Maximum value Minimum value Diurnal range
i % 24 Temperature type

E: ARTRFROR S AR 25 E (P<0.05) .

Note: Different letters indicate significant different among groups at 0.05 level.
A5 AARARRESEZ (D8A) HAE. FHMEAARE
Fig.5 Maximum, minimum, average and diurnal range of
temperature in the root core zone (D) of typical weathers

T

Average value

1 BEXSIERZT SN 0 RS
Table 1 Reduced temperature of each measurement point at
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2018-07-18 16:00 8.83 -0.20
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2018-06-30 20:00 11.66 0.28
2018-07-01 20:00 17.85 0.37
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Table 2 Water content of different part of plants under different
root temperature treatments

R Root 2 Stem M Leaf
gy BERTE TR SRR SRR TR KSR SRR TR KR
Group Fresh Dry Water Fresh Dry Water Fresh Dry Water

weight weight content weight weight content weight weight content
/g /g /% /g /g /% /g /g /%
E 235 054 77.02 2281 229 8996 2843 5.12 81.99
C 046 0.14 6957 1.69 1.04 3846 286 234 18.18

I E ARG C xtifdl.

Note: E represents experimental grou; C represents control group.
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Cooling performance for tomato root zone with intelligent ecological
planting matrix temperature control system driven by photovoltaic in
greenhouse

Zhang Yong, Ni Xinyu, Zhang Kexin, Xu Yingjie
(College of Horticulture, Northwest A&F University, Key Laboratory of Protected Horticultural Engineering in Northwest of Ministry of
Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: Short-term or continuous high-temperature conditions usually occur during summer greenhouse production.
However, the existing cooling measures either fail to achieve effective cooling effects or consume excessive energy. In order
to better realize the annual output of the greenhouse, this study used an ecological intelligent planting matrix temperature
control system to cool more efficiently in the summer. The system combined control strategies with ecological intelligence to
study the safe production of tomato under high temperature conditions. It was driven by photovoltaics, and the excess power
was stored in the battery to maintain the system's operation under adverse weather. The system controlled the temperature of
the plant root zone not over 33 °C during the day and around 22 °C at night. When the system needed to cool down, the DC water
pump in the water tank was turned on to drive the water to cool the root zone of the plant through the pipes in the thermal
planting groove of the experimental group, and at the same time, the heat exchange with the phase change material was
realized by the heat exchanger in the water tank. The matrix temperature at different depths of the substrate in experimental
group and control group was compared to evaluate cooling performance of the system. The results showed that it was
necessary to cool down twice to reach the appropriate temperature, and it took one hour each time on sunny day in the summer.
It took only one time to cool down on cloudy or rainy day. Compared with the control group under the experimental conditions,
the average matrix temperatures of experimental group were reduced by 8.65, 11.38, 11.47 C respectively on sunny
(2018-07-18), cloudy (2018-06-30) and rainy (2018-07-01) days. The data of the average temperature of the three weathers
were calculated by taking the data of sunny, cloudy and rainy days for three consecutive days. The average maximum
temperatures at the D8 of the experimental group were 31.26, 29.92, and 27.89 °C, respectively, which were 6.51, 5.76, and
6.0 'C lower than the control group. The root zone temperature of tomato in experimental group was always lower than the
highest tolerance temperature (33 C) of tomato root during the day, and kept the optimum temperature (20-23 C) throughout
the night. All tomato plants in the control group died on the 17th day of the experiment, while plants in the experimental group
still grew well and after that they even blossomed and bore fruit. Under this test condition, it took 4.41x10° J energy to run the
system at a time, and the cooling power per unit area of the thermal planting groove was 510.42 W/m’, as the average matrix
temperature was reduced by 9.03 °C. It was far less than the energy consumption required for cooling the entire greenhouse air,
and it could meet the high demand for precise temperature control of greenhouses in humid and high-temperature
environments. In conclusion, in the case of ultra-low energy consumption, the temperature control method of the ecological
intelligent planting matrix temperature control system could be used to solve the problems of high temperature tolerance and
safe production of greenhouse tomato planting.

Keywords: photovoltaic; greenhouse; ecological intelligence; root temperature; phase change materials (PCM); summer



