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Abstract

The traditional water and fertilizer management of facility agriculture relies on artificial experience
for fertilization and irrigation, which has prominent problems such as low water and fertilizer utiliza-
tion rate, soil salinization and uneven vegetable quality. For a long time, facility vegetables in China
have adopted an extensive cultivation mode with excessive water and fertilizer. Excessive nitrogen,
phosphorus and potassium leach with irrigation, causing a series of ecological and production contra-
dictions such as excessive nitrate in groundwater, secondary soil salinization and aggravated continu-
ous cropping obstacles, restricting the sustainable development of facility agriculture. Taking winter
stubble hard powder tomato in solar greenhouses of Liaoning as the test object, this paper constructs
a closed-loop precision water and fertilizer regulation system integrating multi-parameter soil mois-
ture sensors, NPK nutrient ion detection modules and 4G Internet of Things cloud platform. By dividing
the water and fertilizer demand thresholds of four growth stages of tomato: seedling stage, flowering
and fruit setting stage, fruit expansion stage and harvesting stage, a segmented intelligent water and
fertilizer proportioning mathematical model is established. The irrigation volume and fertilizer con-
centration are dynamically corrected combined with real-time soil nutrient data to realize automatic
matching supply of water and fertilizer on demand. The 5-month field comparative test results show
that compared with the traditional artificial management mode of farmers, the irrigation water under
the intelligent IoT regulation mode is saved by 28.7%, and the application amounts of nitrogen, phos-
phorus and potassium fertilizers are reduced by 22.3%, 19.6% and 21.1% respectively. The yield of
tomato per unit area increased by 12.5%, the soluble solid content of fruits increased by 1.8 percentage
points, and the increase of surface soil conductivity decreased by 47.4%, which effectively inhibited
soil salt accumulation in facilities. The precision water and fertilizer regulation system has low hard-
ware cost and simple operation process, and can simultaneously realize multiple benefits of water sav-
ing, fertilizer reduction, yield increase and soil improvement. It can effectively alleviate water and soil
pollution in facility farmland, promote the green, efficient and standardized development of facility
vegetable industry in Liaoning, and has large-scale popularization and application value.
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Figure 1. Architecture diagram of IoT water and fertilizer regulation system for facility agriculture
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Table 1. Production and water-fertilizer consumption data of different treatment groups
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Table 2. Dynamic changes of surface soil electrical conductivity (EC) throughout the experimental period
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Table 3. Detailed calculation table of annual economic benefits for a single solar greenhouse
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