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Abstract

Objective: To achieve the digitalization and intelligent irrigation management of agriculture in Xinjiang, this
experiment selected the drip-irrigated Junzao (a type of jujube) in southern Xinjiang as the research object.
During the cultivation of Junzao, the efficient utilization of water resources is crucial for the growth of jujube
trees and the sustainable development of agriculture. Due to the scarce rainfall and intense evaporation in the
region where Junzao grows, the contradiction between water supply and demand is prominent. Therefore,
scientific and reasonable irrigation management becomes the key to improving the efficiency of jujube tree
cultivation. Traditional irrigation methods have problems such as water waste and insufficient monitoring of
soil moisture. The research needs to build a farm perception layer to achieve real-time monitoring of field
data. Based on the historical data of soil moisture conditions in the test area, a high-precision soil moisture
prediction model is constructed to improve the accuracy of predicting soil moisture for jujube trees. This is
integrated with a web management system to achieve the goals of digital management and intelligent
irrigation.

Methods: This research, based on Internet of Things (IoT) and wireless communication technologies, has
established a real-time monitoring system covering soil moisture conditions, meteorological environment
and irrigation water volume of jujube trees. A low-power transmission network was set up by adopting the
RS485 + 4G communication mode to achieve remote collection and analysis of field data. To improve the
accuracy of soil moisture prediction for Junzao jujube trees, this study uses hourly datasets of soil moisture,
meteorological data, and irrigation volume from 2021 and 2022. A Long Short-Term Memory (LSTM) neural
network model is employed to perform multi-step predictions of soil moisture at different soil depths.
Additionally, the Sparrow Search Algorithm (SSA) is used to optimize the model's hyperparameters,
establishing an efficient prediction framework. A multi-head LSTM model was designed to capture the
dynamic changes of soil moisture at different time spans, and the weighted average method was used to
integrate multiple prediction results to improve the stability and generalization ability of the model. The
Junzao jujube irrigation management system was developed using technologies such as Vue. js and Spring
Boot, integrating sensor layer data with algorithmic models.

Results: (1) The variation in soil moisture conditions of Junzao jujube trees in southern Xinjiang is mainly
constrained by human irrigation volume. The degree of influence of environmental factors, from highest to
lowest, is as follows: air temperature, light intensity, wind speed, and rainfall. (2) The research divides the
mean data set of soil moisture conditions in 4 soil layers into 4 time dimensions. This division method enables
the model to fully explore the hidden features of the data, providing a new idea for improving the prediction
accuracy of the model and expanding the prediction range. (3) Compared with the LSTM-1 model trained
only with hourly data, the multi-head LSTM model has increased the R? by 2.42%, 5.71%, and 12.26%
respectively for the predictions of 12, 24, and 48 hours ahead. This model can predict the soil moisture



conditions in each soil layer of the Junczao root system in southern Xinjiang more stably and accurately. (4)
A Web system is designed based on the B/S architecture to build an agricultural information management
platform. The system enables real-time reception and storage of sensor layer data and completes core
functional modules such as meteorological monitoring, soil moisture analysis, irrigation management, and
system management.

Conclusion: The farmland perception layer monitoring system constructed in this study has achieved remote,
continuous, stable and accurate monitoring of soil moisture, meteorological conditions and irrigation volume
in jujube orchards. The multi-head LSTM proposed in the study has significantly improved the accuracy of
soil moisture prediction for jujube trees. The Web irrigation management system, by integrating perception
layer data and algorithm models, has realized digital management and intelligent irrigation. The research
results can provide references for agricultural water resource management, optimization of smart agricultural
systems and promotion of water-saving irrigation models, and offer theoretical and technical support for the
sustainable development of agriculture in southern Xinjiang and similar arid and semi-arid regions.

Key words: Farmland environmental monitoring; Prediction of soil moisture; Multi-head LSTM; Irrigation

management; Southern Xinjiang drip irrigation jujube
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