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Abstract
With the development of the digital economy, agricultural information resources have gradually become the third largest rural strategic resource, beyond materials and energy. With the in-depth integration and development of the Internet, the level of informatization has become an important indicator of agricultural modernization. Modern agriculture is popularly considered to be smart agriculture with informatization. Currently, the development of agricultural informatization reflects in the e-agriculture and smart agricultural fields, and it has attracted much attention from government, industry, and academia. In this study, papers published in recent years that relate to agricultural informatization are selected and examined. This paper presents an overview of the scope of agricultural informatization, as well as features, strategies, application scenarios, and future directions provided by agriculture informatization. 
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I. Introduction
Agricultural informatization refers to the process of fully and effectively developing and implementing information resources to promote agricultural economic development and social progress through the extensive use of communication technology and information technology as the main content of human agricultural production activities and social practices. Agricultural informatization continues throughout the agricultural process. 
Agricultural informatization mainly includes the informatization of infrastructure, management decision-making, science and technology, consumption, resources, and environment. Agricultural informatization is highly integrated and highly complex system engineering. Agricultural information services are a series of agricultural information service entities that use various information technology methods and services to provide information support for the agricultural production, operation, management, and decision-making by the government, by institutions, and by enterprises.
Agricultural informatization is an important driving force for improving agricultural quality, efficiency, and competitiveness, and for realizing both agricultural and rural modernization. An agricultural information service system is conducive to optimizing resource allocation, improving production efficiency, and optimizing supply and demand structure, as well as production structure. The application of advanced information technologies, such as the Internet of Things, cloud computing, blockchain, and remote sensing technology in agricultural production is conducive to improving the utilization of agricultural production factors and labor productivity, improving the quality of agricultural products, and expanding the sales channels of agricultural products.
This paper constructs a comprehensive survey and proposes a description of the definitions and features, the development of agricultural informatization among countries, the cloud-based agricultural informatization system, implementing strategies, a real case of a modern agricultural park, and the potential development directions of agricultural informatization, by examining extant popular literature. 
The rest of the paper is structured as follows: the background, the foundational conditions, and the main features of agricultural informatization are addressed in Section II. Section III describes the current development of agricultural informatization across countries. A practical hybrid cloud-based agricultural informatization system is introduced in Section IV. Section V illustrates applicable strategies for developing agricultural informatization. Potential future trends of agriculture informatization are depicted in Section VI. Section VII summarizes the paper.
II. What isAgriculture Informatization
Agriculture informatization is a dynamic development process and model innovation. Through modern information technology and agricultural production, operation and management, it serves the entire industrial chain and the entire value chain as well as agricultural management organizations, ecological integration of farmers and genetic reorganization of lifestyles. The goal of agriculture informatization is industrialization innovation. It will promote the formation of industrial integration and development and rural development.
Agriculture informatization consists of precise governance, improvement of agricultural quality, inclusiveness and convenient services. The development of agriculture informatization is not limited to the integration of the agricultural industry chain but includes the integration of the modern agricultural industry system, production system and management system. It is a digital procedure and function formed with high technologies, such as the Internet of Things, artificial intelligence, blockchain, cloud computing, 6G, etc.
1. Conditions of Agriculture Informatization
Agriculture informatization is the requirement of green and efficient agricultural production. Although the level of agricultural production and the degree of agricultural marketization continue to increase, the overall competitiveness of the agricultural product market needs to be improved. There is an urgent need to rely on information technology to carry out digital design, precise control, intelligent decision-making, and scientific management of agricultural production in order to promote the development of agriculture, from increasing production to improving quality. This is a necessary condition of agriculture informatization.
Informatization will integrate the development of both agricultural intensification and industrialization.Modern agriculture has features of individualization, precision and intelligence. The traditional agricultural marketing model is out of touch with the modern industrial marketing model. The old agricultural business model and industrial organization system are far from meeting the development requirements of modern agricultural business. There is an urgent need for new business concepts and business methods toagricultureinformatization’s development.
Agriculture informatization is the sustainable development of high-quality agriculture. The increase in agricultural pollution, the decline of cultivated land quality, and the shortage of agricultural resources all are restricting the improvement of the ecological environment and the sustainable development of agriculture. In addition, affected by factors such as the strong seasonality of agricultural products, perishables, multiple circulation links, low efficiency, and convenient rural transportation, agricultural chain logistics has always been a major problem in the development of agriculture informatization.
[bookmark: _Hlk65905024]The following table (Table 1) addresses conditions of agriculture informatization.
Table 1. Conditions of Agricultural Informatization
	Condition
	Explanation

	Green and Efficient Agricultural Production
	Green and efficient agriculture is integrated with high technologies, advanced facilities and equipment, and modern producing mode.

	Integrated Development of Agricultural Intensification and Industrialization
	Agricultural intensification and informatization represent agriculture will achieve a high level of informatization, automation, and intelligence.

	Sustainable Development of High-Quality Agriculture
	Sustainable agriculture is a kind of agriculture that can continuously meet the needs of contemporary humans for the quantity and quality of agricultural products through the management, protection and continuous use of natural resources, adjustment of farming systems and technologies, without harming the interests of future generations.



2. Main Features of Agriculture Informatization
The application of information in the agricultural field is mainly manifested in the digitization of information perception, the information of agricultural machinery and equipment, the accuracy of agricultural production, online post-production management, and personalized agricultural technical services. The objective is to realize the perception of agricultural information, to perform quantitative analysis, intelligent control, precise development, and gradually, to constitute an intelligent agricultural production mechanism.
Digitization of information perception. The core of agriculture informatization is the accurate acquisition, stable transmission, and large-scale processing of agricultural information. Using various modern transmission channels such as wireless sensor networks, the Internet and the Internet of Things, it is now possible that agricultural information obtained based on electrochemical induction, light induction, electric induction, and remote sensing technologies can be stably input into intelligent control facilities. This will help in the construction of a large number of agricultural objects, relationships, and behavioral information processing, and it will provide digital support for the precise production and intelligent decision-making needed for smart agricultural production.
Intelligent agricultural machinery and equipment. The most prominent applications of agriculture informatization is the development of agriculture based on the concept of industrialization, as well as the comprehensive and in-depth integration of agricultural machinery, agronomy, and information. Through AI and IoT technology, agricultural sensors, communication systems, and intelligent control systems have been extended into intelligent network systems. This will help to realize the fully automatic field transfer operations of agricultural machinery equipment hangars and real-time comprehensive monitoring of crop production processes. Potentially, a farm could be completely automatic to all agricultural production processes and activities.
Accurate agricultural production. The application of agriculture informatization in the production process is mainly manifested in the accuracy and the quantification of production inputs. Based on the agricultural quantitative decision-making model, agricultural operators can quantitatively adjust various management decision-making measures according to the specific conditions of each step of the entire agricultural production process, optimizing the allocation of resources at each step. Production management systems are aimed at reducing investment, saving resources and improving the environment, and achieving agricultural savings and efficiency.
Online post-production management. The application of modern agriculture in post-production links is mainly reflected in the realization of online post-production management. Agriculture informatization combines intelligent hardware, blockchain, big data, e-commerce, and other methods and technologies in order to realize the systematic perception and risk of each step in the transportation, storage, packaging, distribution, and sales of agricultural products. Logistics, monitoring, quality traceability, online sales, and other functions are carried out throughout the management and control process. The post-production management system has the potential to improve the transparency of agricultural product logistics and the traceability of agricultural product quality and safety, to maintain the quality and safety of agricultural products throughout the production process and the supply chain, and to promote both the quality and the value of agricultural products.
Personalized agricultural technical services. Agriculture informatization can realize the individualization of agricultural technical services, including agricultural management, pests and diseases, species selection, and soil fertilizer. By using information channels and agricultural big data platforms and by applying intelligent analysis algorithms (such as association rules, information summary extraction, and sentiment analysis) to farmer and personal related information networks, farmers can monitor, modify, and control the entire production process. A variety of technical service information will be pushed to farmers in a timely manner, and then, through remote training and real-time online questions and answers, farmers will improve their production skills in agricultural production, thereby achieving personalized agricultural technical services in the production field. 
III. The Development of Agriculture Informatization among Countries
The deep integration of agriculture and the Internet is an important force that is driving change. It solves the multiple constraints of "population, resources, environment, and market" in agricultural development, it reshapes the pattern of agricultural development, and it enhances the capacity of rural development. Agricultural robots are used for agricultural production such as planting, spraying, and harvesting; in farm management, farmers can use the mobile Internet to understand the soil structure of the farm, growth progress, irrigation and fertilization, cultivation logs, pests and diseases, and environmental weather information including rainfall, sunlight temperature records, and heat accumulation. This greatly improves the intelligent management level of the farm. The United States, Germany, Japan, Australia, and India have combined technology, industry, and applications with agriculture informatization as important means to improve their agricultural competitiveness, and they have put forward a national modernization development agenda. Countries around the world have made great progress in applying emerging technologies to agriculture for integration and innovation.
“Large farms” in the United States have become the main force in the application of agricultural informatization. Based on the developing agricultural network system, more and more farms in the US are using sensors to collect data and to carry out agricultural-related commercial activities. In October 2013, Monsanto of the United States acquired Climate Corporation for US$930 million; in May 2014, DuPont Pioneer and AGCO Group (AGCO) cooperated to integrate its own farm decision service platform with data and farms in AGCO equipment. Information is seamlessly connected through mining and through the accurate promotion of big data management. This helps farmers increase the output and profit of their agricultural products. In September 2017, the American John Deere Agricultural Machinery Company acquired the labor force of the intelligent start-up Blue River for US$305 million. This shows that the giants in the agricultural machinery industry attach great importance to artificial intelligence.
In 2016, German agricultural machinery and agricultural vehicle manufacturer CLAAS partnered with Deutsche Telekom AG. They adopted sensor technology to enhance communication between machines, integrating the fourth-generation mobile communication technology, cloud security technology, and data analytics in order to achieve automation and informatization of the harvesting process.
Japan develops precision agriculture on medium-sized farms. In order to solve the limitations of land and space, Japan is actively developing moderately large-scale and refined agricultural production,by using portable intelligent agricultural machinery and by employing drones to remotely sense crop yieldsin order to promote the application of precision agriculture technology. At present, more than half of the farmers in Japan have used agricultural IoT technology for agricultural production. In terms of agricultural machinery and drones, during 2015, Yamaha’s self-driving drones were used more than 2500 times in Japan. The rice fields sprayed by Yamaha’s drones account for about 35%-40% of the local fields. Yamaha entered the US market and became the first company with US government approval to sell agricultural spray drones. 
Australia has proposed an efficient ecological agriculture broadband network based on high-speed Internet. On the basis of building a high-speed broadband network, Australia has integrated Internet technology into rural economic and social development to develop ecological agriculture. The National Institute of Information and Communication Technology (NICTA) of Australia employs a network platform to develop various smart applications that are easy for farmers to use for free. The Australian Bureau of Agricultural and Resource Economics and Sciences has established a comprehensive agricultural information service platform that includes surveillance information systems, forecasting systems, and agricultural product information systems. Information on the platform can be freely disclosed and shared among multiple participants.
Based on the development of information technology, the government of India actively promotes the development of electronic agriculture. It has established many professional agricultural information database systems and has used the Internet platform to provide farmers with comprehensive information services. Its agricultural product e-commerce sales accounted for 60% of the total national e-commerce transactions. The online trading platform for Indian agricultural products covers 36,000 villages across nine states in India. About 3.5 million Indian farmers use online trading platforms to sell their agricultural products. The agricultural product market information system and the price prediction system have become the information service systems most widely used in India. Economic models are employed to predict the market price of agricultural products and to mitigate the risk of price changes.
IV. A Hybrid Cloud-based Agricultural Informatization System
Cloud computing can be of great benefit, when used in agriculture. (1) In the cloud, users are fully commissioned to operate activities and processes; (2) A hybrid cloud architecture can provide flexible and low-cost IT resources and services to users; and (3) The cloud platform can satisfy users’ core business and security requirements. The following figure describes a hybrid cloud architecture for agricultural informatization. According to mainstream cloud computing architecture, cloud computing can be divided into three layers in the vertical direction: infrastructure as a service (IaaS), platform as a service (PaaS), and software as a service (SaaS). In this section, we introduce a hybrid cloud-based framework of agriculture informatization system (Figure 1). 
[image: ]
1. IaaS
The IaaS layer is the foundation of the entire architecture. IaaS provides an infrastructure and an operating platform for upper layer applications. It is also responsible for accessing raw data collected by various sensors. The IaaS layer mainly includes basic IT resources such as computing, storage, and networking. These basic resources have functions such as resource monitoring and security protection. The hybrid cloud architecture can not only reduce investment in basic IT resources, reduce configuration difficulties, and promote data access, but it can also allow flexible IT configuration of basic resources. For instance, in traditional IT architecture, agricultural sensor information needs to be connected to a local server through wired or wireless network facilities set by the user, while the hybrid cloud architecture can directly use a GSM network to upload data to a local server.
2. PaaS
According to the requirements of agricultural informatization, the PaaS layer provides functions such as database management, data processing and mining, account management and authentication, the logging and auditing procedure, and portal websites for the system. The PaaS layer obtains the data resources through the data access interface and supports the construction of application layer through the service interface. In hybrid cloud architecture, based on the sensitivity of the information of the user account, sales, and customer, data is stored and processed in different clouds. Data collected by sensors is processed by tools, such as Hadoop and Spark, on the public cloud. Through account services between different clouds, a user can seamlessly access data resources and data services on any cloud. In order to control costs, a private cloud will provide as complete service functions as possible, while the public cloud will reduce the number of services. These constantly adjusting service levels and numbers will be based on changes in demand.
3. SaaS
The layer of SaaS is the application layer that provides different applications for user needs and practical scenarios. According to user needs, various applications, such as exchange mail applications, MS Office tools, CRM, Share Point, etc., can be deployed in different clouds.  For example, business intelligence tools can be deployed on public clouds, and agricultural data resources distributed on different clouds can be directly accessed for data analysis and visualization, and public cloud SaaS applications can be used flexibly, according to users and usage time. Sensitive customer data and sales information can be managed through CRM services deployed on the private cloud. Since the basic layer and the service layer have realized the intercommunication between network and authentication, each application can directly use the data and services of the platform layer to realize a seamless connection between cloud applications. Unlike deploying applications and purchasing licenses in private clouds, public cloud applications can be billed according to usage, in order to better control overhead and in order to reduce user expenditures on licenses. Hybrid cloud technology can be used to solve the following issues of data and resources.
Data Collection
The effective communication distance of agricultural sensors based on WiFi and Bluetooth technology is only 100 m, while the effective communication distance of Zigbee sensors is only 10 m. In actual production, it is difficult to apply these approaches for collecting data to a single land area as small as a few hundred acres or to state-owned farms comprising tens of thousands of acres. In the case of large-span geographic space, the use of a private cloud as a carrier to deploy traditional IT architecture and IoT nodes to collect data not only requires a lot of investment, but requires a long construction period. In addition, the communication quality cannot be guaranteed. Through hybrid cloud deployment, a public cloud portal for agricultural data collection has been built. The communication facilities are constructed locally without adding new networks. All agricultural data can be directly transmitted to the public through existing basic communication facilities, such as GSM network and broadband Internet. The hybrid cloud architecture simplifies local communication architecture and deployment, improves utilization of the existing public communication infrastructure, and reduces both local redundancy construction and IT investment costs.
Data Processing
In the traditional agricultural information platform architecture, users need to plan their own applications and maintain data storage, such as SQL and Blob. Data processing and analysis tools such as Hadoop, image recognition, and CRM also require users to design and to operate by themselves. Throughout the hybrid cloud architecture, users do not need to deploy and maintain various databases and platforms by themselves. In the public cloud of service providers, the various storage, data analysis, and mining tools can be used immediately, thereby eliminating tedious manual deployment and configuration. Meanwhile, original data services and storage can be seamlessly migrated between public clouds and private clouds, thereby maintaining the integrity of users' services.
Resource elasticity
Agricultural production is restricted by the natural environment and geographical conditions, including seasonal and periodic restrictions. For example, during crop growth, the critical period of soil moisture collection, text and meteorology, and other ecological data requires more computing, database, and network resources to collect and organize big data. After the harvest period comes the storage and transportation of agricultural products. During this period, CRM, trading platforms, warehouse management, logistics, and other subsystems require more IT resources. Using hybrid cloud architecture, computing resources are divided into two parts: basic resources and elastic resources. The basic computing resources that are used to provide basic services are retained in the user's private cloud platform. The elastic computing resources with large changes in demand are placed in the public cloud. Computing resources are deployed, and payment is made, according to changes in usage.
V. Implementation Strategies of Agricultural Informatization
1. An IntegratedInformation System
Based on the frontiers of information technology development and the status quo of domestic agricultural development, the decision of how to integrate application of modern information technology and services, such as the Internet of Things, cloud computing, blockchain and artificial intelligence, is critical. A well-designed and in-depth integration of information technology, with agricultural production and agricultural product circulation and management services, has the potential to optimize resource allocation and to promote industrial upgrading and development.
2. An Effective Data-relevant Process
Data is critical to industrial production. Practitioners attempt to establish various databases, such as agricultural biological databases, agricultural environmental databases, agricultural economic databases and the entire industrial chain database at all levels. Based on the analysis and decision from databases,participants canbuild intelligent model analysis system and a visualized agricultural production platform,make precise managementdecision-making, forecast production and sound early warning, and guide the agriculture market.
3. ASustainable Agricultural Development System
Agricultural high-tech talents and a talent training system are the basic requirements of agricultural informatization. Sustainable development is the basic goal of agricultural modernization, and it requires the use of advanced technology and innovative forces in the process of agricultural production. Agricultural high-tech talents and a talent training system can provide more possibilities for all aspects of agricultural production and can help achieve sustainable development.
4.An Agricultural IoT and Cloud Platform
Agriculture informatization is both a symbol of agricultural modernization and an advanced stage of agricultural production. The embeddedness of the Internet of Things and the Cloud into agriculture can give full play to the supporting role of big data in agricultural production and can help improve agricultural production efficiency. The platform is based on a weather environment information detection system, soil moisture monitoring and remote irrigation control, and a visual monitoring system. The platform can break the geographical and time constraints of agricultural production and markets, and it can effectively solve the problem of agricultural information asymmetry.
The following table (Table 2) addresses strategies of agriculture informatization.
Table 2. Strategies of Agricultural Informatization
	Strategy
	Explanation

	An Integrated Information System
	The accomplishment of agriculture informatization is integrated with high technologies, such as the Internet of Things, cloud computing, blockchain, artificial intelligence, etc..

	An Effective Data-relevant Process
	Agricultural big data retains the large-scale volume, variety, value, velocity, veracity and complexity. Agricultural big data is the practice of the concept, technology and method of agricultural big data. Agricultural big data is cross-industry, cross-professional, cross-business data analysis, mining and data visualization.

	A Sustainable Agricultural Development System
	Sustainable agriculture is an agricultural system that adopts a certain method of rational use and maintenance of natural resources and carries out technological changes and institutional reforms to ensure the sustainable demand for agricultural products of present and future generations.

	An Agricultural IoT and Cloud Platform
	The intelligent agricultural cloud platform is a platform for intelligent and standardized agricultural production. It combines the Internet of Things, mobile Internet, cloud computing and other high technologies with traditional agricultural production..



VI. Future Development
With the development of high technology and the integration of new technologies into agriculture, agriculture informatization will usher in profound changes in the future and will engender the following trends.
Agriculture and rural network infrastructure construction will be improved. The application of emerging technologies in rural areas will be further popularized. Rural broadband infrastructure has already been further improved, and rural household broadband has been basically covered. 4G networks have accelerated and reduced costs, and mobile terminals such as smart phones and wireless devices have been widely used in rural areas. In the future, 5G technology and network applications will continue to mature, and virtual networks and mobile devices will be integrated with artificial intelligence and autonomous driving. In the near future, with the development of Internet technology, mobile Internet will become the mainstream of rural network infrastructure. It will provide fast, high-quality, low-cost, and easy-to-use services for the creation of agriculture informatization.
New technological revolutions such as bioinformatics, artificial intelligence, and drone plant protection will take over traditional agricultural approaches. With the rapid development of high-throughput plant phenotyping technology, artificial intelligence, and sensors, information technology will be further integrated with genomics, bioinformatics, big data, and controlling technology. Agricultural remote sensing, data modeling, omics analysis, and other new technologies can deeply analyze the relationship between crop genotypes and environmental phenotypes, can systematically reveal the rules of crop phenotype formation and the regulation mechanism of genes and the environment, and can establish efficient agriculture methods. Precise molecular design and breeding systems can provide sufficient and effective supplies to ensure the safety of agricultural products. In the future, agricultural intelligent robots, small portable intelligent agricultural machinery, intelligent voice recognition systems, and other equipment and products with independent intellectual property rights will be widely used in the entire agricultural industry chain and will improve labor productivity and resource utilization. The UAV plant protection system will effectively combine control, navigation, communication, and other technologies to form an automated operation technology system. It will realize the intelligent operation mode and intelligent management of the UAV plant protection process, which can greatly save labor and provide better protection of agriculture industry.
The trend of network sales of agricultural products will be more popular. With further popularization of Internet technology, the degree of internalization of agricultural product sales will further increase, showing trends such as omni-channel integration, cross-border e-commerce, and industrial ecological integration. The innovative model, with new agricultural commercial entities and e-commerce as the mainstream form, will become an important entry point for the development of agriculture informatization.
Agricultural informatization will provide personalized online agriculture customization and accurate information services for online agriculture. The application of agricultural big data will continue to expand in depth and breadth. Using big data technology mining systems and machine learning, natural language processing, and other intelligent information processing tools, users can automatically discover, mine, and predict user interests or preferences and can realize the association and recommendation of personalized information content. According to the types of farmers (planting, breeding, agricultural enterprises, agricultural products circulation distributors,) and the basic conditions of farmers (geographical location, season of agricultural activities), accurate information services will be provided to farmers to meet their needs through the intelligent system of agriculture informatization.
VII.. Conclusion
With the development of information technologies, agricultural information resources have gradually become the third largest rural strategic resource, beyond material and energy. How to transform huge agricultural information resources into effective agricultural productivity is not only a new problem faced by local department and farmers, but it is the intelligent way to realize agriculture informatization. Agriculture informatization can optimize the allocation of agricultural resources, and it can improve the efficiency of agricultural resource utilization, accelerate technological progress, and improve agricultural production efficiency.
The study presents an overview of the informatization of agriculture that focuses on its foundational conditions and its features, prospects and development, core techniques, managerial strategies, and developing trends, as the authors present a relatively comprehensive picture of what informatization can do to improve agriculture.
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Figure 1. A Hybrid Cloud Agriculture Informatization Framework


