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Abstract: As the world's largest producer of citrus, citrus has always been one of the 

most important economic crops in my country. my country currently has thousands of 

citrus varieties, and different varieties require different planting environments and 

planting techniques. By constructing a knowledge graph from knowledge sources, 

knowledge acquisition, knowledge fusion and knowledge expression, the article can 

refine and mine the interrelationships of implicit knowledge in citrus planting, integrate 

citrus planting data, and provide knowledge retrieval, recommendation and guidance 

for citrus planting , To provide a scientific basis for the rational layout of the 

development of the citrus industry, thereby enhancing the competitiveness of my 

country's citrus industry. Research is of great significance to the construction and 

development of smart agriculture in my country. 
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1. Introduction 

As the main economic crop in my country, citrus has the characteristics of a wide 

variety of varieties and a wide geographical distribution. Through the efforts of 

agricultural science and technology workers, a large number of new varieties are 

cultivated every year. In this process, a wealth of planting data has been accumulated. 

At present, although the data resources related to citrus cultivation in my country are 

rich in content, they are heterogeneous and loosely structured, and the integration 

and relevance of data resources are poor. It is difficult to provide accurate and 

standardized industry data and achieve rich semantic expression, and it is difficult for 

users to accurately Obtain the required knowledge; at the same time, the planting 

case knowledge accumulated over the years, the experience of breeding experts and 

the structured data collected in real time cannot be effectively used and shared. The 

flat storage form based on relational database cannot visually display the inter-
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planting case The complex hidden relationship makes the collected data unable to be 

effectively used to scientifically guide the cultivation and planting of citrus. 

Therefore, this paper proposes to construct a knowledge map in the field of citrus 

planting, using relevant advanced technologies and theories of knowledge 

management, to explore the complex relationships between cases by transforming 

historical data into valuable knowledge, and to structure the knowledge and 

relationships in the field of citrus. Visibility and visualization can realize the effective 

accumulation and organization of knowledge in the field of citrus planting, assist 

farmers in cultivating new varieties more quickly and efficiently, solve problems in 

planting, and provide good knowledge transmission and sharing for future citrus 

planting health management. 

 

2. Related work and technology 

As an effective tool for describing massive amounts of knowledge, knowledge 

attributes and relationships between knowledge, knowledge graphs have received 

extensive attention from academia and industry since Google successfully applied it to 

search engines in 2012 [1]. The knowledge graph is mainly divided into general fields 

and vertical fields according to the scope of knowledge it contains. The general domain 

knowledge graph is characterized by large amount of data, strong versatility, wide 

range of knowledge, low authority, etc., while the vertical domain knowledge graph 

has relatively small data volume, high quality, high density, knowledge concentration, 

high authority and knowledge. Features of high accuracy [2]. 

At present, the research and application of general knowledge graphs at home and 

abroad are developing rapidly. There are Satori[3], Probase[4], NELL[5], DBPedia[6] 

and Freebase[7] in foreign countries, and Baidu Zhixin and Sogou Zhilifang in China 

And CN-DBPedia[8] etc. The knowledge map of the vertical field abroad involves the 

geographic field GeoNames, the academic field DBLife[9] and the biological field 

UniProtKb[10]. The domestic industry knowledge graph is limited to academic 

research. For example, Ruan Tong et al. [11] proposed a data-driven incremental 

vertical knowledge graph construction method, and constructed a traditional Chinese 

medicine knowledge graph, a marine knowledge graph, and a corporate knowledge 

graph, and verified the method The feasibility of the software; Li Wenpeng et al. [12] 

proposed a software knowledge graph construction method for open source software 

projects, and provided a software knowledge retrieval technology based on the 

software knowledge graph, so that users can easily retrieve knowledge in the software 

reuse process; Ge Bin et al. [13] proposed the construction method and calculation 

framework of military knowledge graph, applied it to the field of military intelligence 

collection and analysis, and proposed a block management framework based on 
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constraints for knowledge storage; Yu Siwei et al. [15] proposed The method of 

constructing medical knowledge graph is applied to semantic analysis, reasoning and 

disease-aided diagnosis system based on medical and knowledge base. 

It has attracted attention and attention in the agricultural field and other vertical 

industries. Liu Jiawei et al. [14] designed the construction of the agricultural 

knowledge map by analyzing and comparing the knowledge map drawing tools. From 

the perspective of construction technology, compared with the earlier knowledge 

extraction based on dictionaries and rules [15], Yang Bo et al. [16] found that 

extraction based on ontology reasoning is more beneficial to mining implicit data 

relationships. Examples for knowledge fusion are more conducive to knowledge fusion 

[17]. Utilizing its great advantages in constructing knowledge networks and displaying 

knowledge associations, it provides a new means of acquiring, storing, organizing, 

managing, updating and displaying knowledge information with complex relationships 

[18], and provides more consistent recognition. The knowledge application method of 

knowing habits. 
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Figure 1 Citrus Knowledge Graph Construction Framework 
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3. Construction method and analysis 

3.1 Integrate basic resources 

Citrus data resources are the basis for constructing a knowledge map, and in-depth 

analysis of data characteristics and source composition is a necessary condition for 

construction. From the perspective of data content, citrus data resources can be 

divided into 8 categories, including production data, seed resource data, breeding data, 

cultivation data, pest data, post-harvest processing data, industrial economic data, 

and basic industrial support data [19] (Scientific research literature, achievement 

patents, field experts and other data that support the development of the industry); 

From the perspective of data structure, data resources include structured, semi-

structured and unstructured data, of which unstructured data is the main category . 

Basic resources provide the foundation for knowledge extraction and are the 

foundation of the architecture. 

3.2 Constructing the knowledge unit layer 

The purpose of citrus data knowledge acquisition is to extract useful knowledge from 

massive basic resources, and to provide a basis for the construction of knowledge 

graphs and the discovery of association relationships. It is a unit layer connecting the 

previous and the next. In order to achieve better knowledge acquisition, the ontology 

framework of Citrus can be used as an organization tool. The knowledge unit layer 

has to solve two problems, one is the construction of citrus ontology; the other is to 

extract knowledge based on the ontology. 

Based on the resource base and professional knowledge of citrus, analyze the 

knowledge structure of citrus, determine the core concept of citrus, and form a 

conceptual system. Through the analysis of citrus categories, attributes and their 

relationships, a category structure diagram can be formed, and finally a citrus 

knowledge logic system is formed, showing a citrus knowledge organization system 

with a tree structure, namely citrus ontology Framework, the ontology of Apple's 

industry is an open and integrated system, which can realize the association, sharing 

and reuse of knowledge from the semantic level in the construction of the knowledge 

graph. 

The basic resources of citrus include three kinds of structure data. In order to realize 

data association, the knowledge unit must be extracted first, and the extracted content 

includes the entities, attributes and relationships in the data. Based on the domain 

ontology architecture of Citrus, a multi-strategy learning method can be used to 

acquire knowledge [20]. The principle is to use the redundant relationship between 

different knowledge to help the information that is not easy to extract through the 

information that is easier to extract. Structured knowledge can be transformed into 

knowledge units in the knowledge graph through D2R mapping; for semi-structured 
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data, it can be extracted through Wrapper (data encapsulator) [21]; in the extraction 

process, the two types of The results of knowledge extraction are added to the seed 

set. For unstructured plain text knowledge, a combination of remote supervision and 

pattern-based incremental iterative extraction can be used [22]. Remote supervision 

is based on the assumption that there is a certain relationship between two entities, 

so any sentence containing the pair of entities is likely to express the same relationship 

[23], using the seed set to automatically annotate the text data, and then 

automatically generate high quality based on the annotation results Pattern. Use these 

patterns to learn new knowledge in the text and add it to the seed set. This process 

continues to iterate until no new knowledge is learned. In this way, the acquisition of 

citrus knowledge units can be completed, and knowledge extraction can be achieved. 

3.3 Building a knowledge organization layer 

3.3.1 Entity alignment 
Through knowledge acquisition, knowledge units extracted from different data sources 

can be obtained, forming an isolated extraction map. In order to form a complete 

citrus knowledge graph, these extracted results need to be integrated and knowledge 

fused. Due to the wide range of data sources and unchecked quality, it is necessary 

to solve the problem of multiple types of data conflicts, including one phrase 

corresponding to multiple entities, inconsistent entity attribute names, missing entity 

attributes, inconsistent entity attribute values, and a pair of entity attribute values 

Multiple mapping etc. Through entity alignment, entities with different identifiers but 

representing the same object in the real world can be found, and these entities can 

be merged into one entity object with a globally unique identifier and added to the 

knowledge graph. At present, entity alignment mainly adopts cluster-based entity 

alignment algorithm to gather similar entities as much as possible, and then perform 

entity alignment . 

3.3.2 Entity Association Construction 
The extracted entities (E1, E2...) all have certain attribute values. For example, the 

attributes of citrus varieties include variety names, parents, breeding institutions, etc. 

As long as any two entities have the same attribute values, they can pass through 

both The behavior description or attribute relationship between the relationship is 

constructed [25], and multiple related entities are aggregated to form a multi-

dimensional data relationship. Due to the diversity and professionalism of citrus 

entities, entity attributes and relationships, some more complex association rules 

require manual inference and other methods to assist in completion in addition to the 

citrus ontology model as an organization tool. In-depth mining of the relationships and 

associations between entities is the key to the construction of knowledge graphs. After 

the association relationship is constructed, data resources will form a knowledge base 

rich in semantic relationships, including basic data, characteristic data, production data, 
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etc., will be associated and integrated together, and various knowledge services can 

be provided according to user needs. 

3.4 Constructing Citrus Knowledge Graph 

Through knowledge fusion, a knowledge base rich in semantic relations can be 

constructed. The relationship between the entities of the Apple industry and their 

attributes will be integrated in the knowledge base to the greatest extent, supporting 

different forms of application exploration. 

3.4.1 Knowledge Search 
As the basic retrieval service of Citrus Knowledge Graph, it can support Citrus term 

query and discovery of the relationship between terms. The retrieval results will be 

presented to users in the form of a visual knowledge map. For example, input "Huyou" 

to search, you can query the resource distribution, literature, breeding information, 

market information of my country's Huyou, etc., which can shorten the time cost for 

users to obtain different types of data from different sources. 

3.4.2 Knowledge Discovery 
After entering the search term, based on the knowledge graph, the knowledge units 

with the same attribute relationship can be linked together in an orderly manner. If 

you enter the name of an expert, you can display a knowledge map centered on the 

expert, which is distributed in a radial pattern. Data such as the papers, co-authors, 

work units, achievements, and patents published by the experts will be displayed and 

discovered. Click the discovery of the co-author of the paper , You can also discover 

a knowledge graph centered on collaborators, and knowledge centered on search 

terms will be discovered, which not only expands the scope of user knowledge retrieval, 

but also explores the potential needs of users. 

3.4.3 Planting instructions 
Based on the construction of citrus knowledge graph, it can also realize the decision-

making and guidance related to industrial development, including citrus layout 

research, production service and guidance, output statistics, market warning, etc. The 

knowledge graph can be recombined with knowledge as a unit to form new knowledge. 

Discover more industry problems. The construction of the knowledge graph can 

associate and unify theories, experimental data, market information, statistical data, 

etc., based on the analysis of intensive data to form a new industrial research 

paradigm, discover and solve the problems in my country's citrus production, and at 

the same time is an important decision Provide scientific basis. 

 

4. Conclusion 

The article designs and studies the construction of my country's citrus knowledge 

graph. Based on the knowledge characteristics of citrus data combined with the 

technical method of knowledge graph construction, it realizes knowledge extraction 
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and knowledge integration, and initially constructs a lightweight citrus knowledge 

graph system architecture. The relevance perspective realizes the relevance and 

exploration of knowledge, and provides a scientific framework and theoretical 

foundation for the organization of citrus knowledge in my country. Citrus's knowledge 

structure is constantly updated and changed with the deepening of scientific research, 

and industry data is constantly updated in real time. Therefore, the ontology structure 

and knowledge base are regularly updated to ensure that it keeps up with the times 

and realizes the iterative update of the knowledge graph. Since the construction of 

the citrus knowledge graph is still a preliminary exploration, this article also has 

shortcomings, because the research goal is to design the overall structure, and the 

research at each level is not in-depth and complete. For example, the construction of 

citrus ontology is only a preliminary list of three levels. The organization and mining 

of structure and semantic associations are not in-depth and detailed enough, and it is 

expected that they will be further in-depth in future research. 

production, market trade and strategic decision-making, and can provide scientific 

knowledge organization tools for enhancing the competitiveness of my country's citrus. 

Through the construction of the citrus knowledge map, the industrial data is integrated 

and reused, and finally citrus knowledge is formed, which provides support for the 

decision-making of citrus in China from the perspective of scientific and technological 

resources. Distribution plays an important role and significance in the adjustment of 

the apple variety structure and production area planning in China; The knowledge 

map can also meet the knowledge needs of scientific researchers from the perspective 

of document retrieval services and paper word frequency analysis, and provide one-

stop knowledge services; For the distribution of apple germplasm resources, 

production guidance, pest control and other industrial issues, the knowledge map can 

also provide knowledge tools to help the development of citrus in China and serve 

farmers and enterprises. The above-mentioned in-depth knowledge analysis and 

industry guidance functions can only be realized based on the construction of the 

knowledge graph. Therefore, the knowledge graph is very necessary to promote the 

healthy development of citrus. The knowledge graph framework constructed in this 

article can also be applied to other industries, such as wheat, corn, etc., but the 

prerequisite is to deeply analyze and mine the personalized correlation characteristics 

of industrial data, and construct a suitable domain ontology. It is hoped that more 

Many scholars pay attention to and strengthen the research of knowledge graph 

construction in different fields. 
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