
Visual analysis of Chinese and international green manure research based on bibliometrics.

Ciência Rural, v.54, n.5, 2024.

1

Visual analysis of Chinese and international green 
manure research based on bibliometrics

Análise  visual  da  pesquisa  chinesa  e  internacional  
de  adubo  verde  com  base  na  bibliometria

Xueting  Ma1,2    Jiean  Liao1,2*    Jinfei  Zhao1,2 

ISSNe 1678-4596
Ciência Rural, Santa Maria, v.54:05, e20220438, 2024                                                        

Received 08.03.22      Approved 06.20.23      Returned by the author 11.21.23
CR-2022-0438.R2

Editors:  Leandro Souza da Silva      Anderson Luis Nunes 

 http://doi.org/10.1590/0103-8478cr20220438

INTRODUCTION

Green manure is a form of organic 
fertilizer that is both environmentally friendly and 
effective. It serves as a microbial soil amendment 
that helps to enhance crop quality and yield (MA et 
al., 2021; PINTO et al., 2017). Green manure can 
be categorized into two types: leguminous and non-
leguminous. Leguminous green manure consists 
of purple clover, alfalfa and camelina, while non-
leguminous green manure includes rape and ryegrass 
(ASGHAR & KATAOKA, 2022; SALGAdO et 

al., 2022; dA SILVA et al., 2022; HWANG et al., 
2015). The common practice in agriculture is to 
plant green manure crops before planting subsequent 
cash crops. Once the green manure plants mature, 
they are turned in situ, allowing for decomposition 
in the soil. This process results in the formation of 
a nutrient-rich organic fertilizer (MASILIONYTE 
et al., 2021; CHERR et al., 2006). As it contains a 
variety of essential nutrients required by crops, it can 
be effectively utilized as a base fertilizer for planting 
crops. This helps in fertilizing the soil, improving its 
physicochemical properties, and supplying necessary 
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ABSTRACT: To investigate the development and dynamics of green manure research, we collected 802 and 4588 papers on green manure 
research from China national knowledge infrastructure (CNKI) and Web of Science (WoS) between 1992 and 2021, respectively, and conducted 
quantitative and visual analyses based on bibliometric methods on the annual number of publications, authors and institutions, keywords, and 
emergent words. The main research hotspots in the field of green manure are discussed and summarized based on the results of the visualization 
analysis and the important publications explored by the results of the visualization analysis. The results showed that: the overall number of 
publications on green manure research exhibits an increasing trend, and research in this field is receiving more and more attention; the United 
States is the core country in this research field, with a great influence; although, the number of Chinese publications is large, the intermediary 
centrality value is small and the level of scientific research needs to be improved; the research characteristics in the field of green manure research 
mainly focus on green manure cultivation technology, the effects on soil and crops, and the effects on pests and diseases. The study was conducted 
based on CiteSpace, a visualization tool of bibliometrics, with comprehensive literature information and intuitive results, providing important 
references for relevant researchers to understand the extent of research in this field, academic communication, and grasp research dynamics.
Key words: green manure, CiteSpace, visual analysis, bibliometrics.

RESUMO: Para investigar o desenvolvimento e a dinâmica da pesquisa de adubo verde, coletamos 802 e 4.588 artigos sobre pesquisa de 
adubo verde da infraestrutura nacional de conhecimento da China (CNKI) e da Web of Science (WoS) entre 1992 e 2021, respectivamente, 
e realizamos estudos quantitativos e visuais. Análises baseadas em métodos bibliométricos sobre o número anual de publicações, autores e 
instituições, palavras-chave e palavras emergentes. Os principais focos de pesquisa na área de adubação verde são discutidos e resumidos 
com base nos resultados da análise de visualização e nas importantes publicações exploradas pelos resultados da análise de visualização. Os 
resultados mostram que: o número total de publicações sobre a pesquisa de adubação verde apresenta uma tendência crescente, e as pesquisas 
nessa área estão recebendo cada vez mais atenção; os Estados Unidos são o país central neste campo de pesquisa, com grande influência, 
embora o número de publicações chinesas seja grande, o valor de centralidade intermediária seja pequeno e o nível de pesquisa científica 
precise ser melhorado; as características da pesquisa no campo da pesquisa de adubo verde concentram-se principalmente na tecnologia 
de cultivo de adubo verde, nos efeitos sobre o solo e as culturas e os efeitos sobre pragas e doenças. O estudo foi realizado com base 
no CiteSpace, ferramenta de visualização da bibliometria, com informações bibliográficas abrangentes e resultados intuitivos, fornecendo 
referências importantes para pesquisadores relevantes compreenderem a extensão da pesquisa neste campo, a comunicação acadêmica e a 
compreensão da dinâmica da pesquisa.
Palavras-chave: adubação verde, CiteSpace, análise visual, bibliometria.
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nutrients for crop growth. Additionally, it also 
promotes the prompt development of crop roots.

After years of development, research on 
green manure has continued to advance, resulting in 
the maturation of certain theories and technologies. 
Therefore, it is imperative to review the relevant 
accomplishments in the field of green manure. Previous 
reviews on green manure research were mainly based 
on summarizing relevant literature, sorting out research 
results, and the research direction was relatively single, 
only macroscopically describing qualitatively and 
revealing certain laws and conclusions. For example, 
some scholars focused on the effects of green manure 
on the growth environment of a certain cash crop 
(WANG et al., 2021a), some scholars focused on the 
effects of green manure on soil-borne diseases (WEI 
et al., 2021), and some scholars focused on the weed 
suppression effects of green manure crops (OSIPITAN 
et al., 2019). While the existing reviews offer valuable 
insights into the research on green manure, they 
primarily rely on qualitative methods and cover a 
limited number of topics. As a result, they do not 
provide a comprehensive or objective overview of the 
field and its development.

As a research method in the fields of 
scientometrics and informetrics, CiteSpace-based 
bibliometrics can reveal the sources of knowledge, 
development patterns, and research characteristics of 
specific research fields, and it can be quantitatively 
analyzed in a visual form, which is more intuitive and 
reliable (ZHONG et al., 2020). Therefore, more and 
more researchers use this method to study the current 
situation and development trend of specific fields. 
WANG et al. (2020) used the CiteSpace software to 
analyze the development of urban metabolism research 
and its current status from multiple perspectives, with 
the goal of revealing research hotspots and predicting 
future trends. The results showed that urban metabolism 
has gradually developed from a concentrated ecological 
or environmental discipline to a multidisciplinary one 
with three key knowledge bases: characteristics of 
urban ecosystems, development of urban metabolism 
theory, and methodological frameworks. In addition, the 
research focus has gradually shifted from quantifying 
environmental impacts to analyzing the internal 
processes of urban systems. ZONG et al. (2022) analyzed 
1820 Web-of-Science-indexed articles from 1991 to 
2021 by CiteSpace. The results showed that the research 
hotspots of industrial glucoamylase were glucoamylase 
strain directional improvement, Aspergillus niger 
glucoamylase, glucoamylase immobilization, 
application of glucoamylase in ethanol production, 
and “customized production” of porous starch. As we 

all know, CNKI is a database that Chinese researchers 
contribute more, and most of the green manure-related 
manuscripts submitted are based on Chinese orchards.  
The WoS database has a rich collection of literature from 
all regions of the world, and is the preferred database for 
bibliometric methods. In this study, we visualized and 
analyzed the collected green manure research literature 
using CNKI database and WoS database based on 
CiteSpace, and then make an objective overview and 
evaluation of the development lineage and research 
status of green manure, and provide some reference for 
researchers on the dynamics and trends of green manure 
research. Specifically, we aimed to answer the following 
seven questions:
RQ1: What was the annual trend of green manure 
publications?
RQ2: What were the most prolific countries/regions, 
and authors?
RQ3: What were the collaborative relations among 
prolific countries/regions and authors?
RQ4: What were the major research topics?
RQ5: How did these topics evolve?

DATA SOURCE   AND   METHODOLOGY

Data source
In this study, CNKI database and Web of 

Science (WoS) database were used as data sources. 
Among them, CNKI selected “core journals”, 
and entered “green manure” under subject search 
settings. The publication time range was from 1992 
to 2021. We excluded publications that did not meet 
the requirements such as cover introduction, journal 
message, seminars and conferences, and finally 
obtained 802 valid publications. All downloaded 
publications were exported in “RefWorks” format, and 
the WoS database search was conducted by selecting 
“WoS core collection search” and setting the theme 
as “green manure”. The search results were further 
filtered by language (English) and literature type 
(review and dissertation), and 4588 publications were 
obtained with the help of CiteSpace data de-duplication 
function. (The data in this research came from public 
databases, so it did not involve ethical approval.)

2.2 Methodology
Excel was used to analyze the publication 

trend. The polynomial model f (x) = ax3 + bx2 + cx + d 
was applied to forecast the growth of publications in 
the following year. Variable x stands for the publication 
year and f (x) stands for the number of publications.

We utilized bibliometric data to gather 
metrics based on the CiteSpace software, such as 
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the number of publications per year, total number 
of publications, citations, and average citations per 
publication per journal, distribution of publications, 
co-authors, institutional and international 
collaborations (YAO et al., 2020). 

To ensure a close correlation between 
the analysis of the article and green manure, we 
conducted manual screening to ensure that the main 
content pertained to research conducted with green 
manure as the research object (CHEN et al., 2023). 
This study utilized CiteSpace to cluster publications 
and keywords based on correlation and similarity 
strength (LI et al., 2020). The cluster analysis can 
uncover current research topics and trends in this 
field, providing valuable insights for researchers and 
practitioners alike.

RESULTS

Characteristics of publication outputs
The number of publications is a crucial 

metric for assessing the progress and advancement 
of a particular field. A higher number of publications 
signifies greater attention and research efforts 
dedicated to the field (LI et al., 2020). The number 
of publications in the field of green manure research 
based on CiteSpace statistics was plotted as a line 
graph and analyzed (Figure 1).

The temporal distribution of publications 
from both CNKI and WoS showed an overall 
increasing trend. The number of publications from 
CNKI exhibited a relatively volatile change, with a 
slow growth phase before 2007, a steady growth phase 
from 2008 to 2017, and a significant growth phase from 
2018 to 2021. During the significant growth phase, 
the number of publications issued in a mere 4 years 
accounted for 36.04% of the total, with 2021 seeing 
the highest number of publications at 361. These trends 
in publication numbers indicated a phased change in 
green manure research in China, with the overall 
performance showing an increasing focus on this field 
of study. In recent years, various regions in China 
have been promoting the green manure industry and 
implementing green manure planting subsidy policies. 
This has resulted in the rapid development of green 
manure research. The number of publications from 
WoS has shown a consistent increase, suggesting a rise 
in global investment towards green manure research 
over the years.

Analysis of nation cooperation network
The number of publications included in 

the WoS database reflects the scientific strength of 

a country in a certain research field to some extent. 
Based on the CiteSpace country collaboration 
analysis function, 4588 search results were analyzed 
for the number of publications published by different 
countries, and their node size, inter-node linkage and 
linkage width represent the number of publications 
published by each country, the collaboration 
relationship and the intensity of collaboration between 
the publishing countries, respectively (Figure 2). In 
the visualization mapping, the intermediary centrality 
value characterizes the influence size, and the outer 
edges of nodes with intermediary centrality values 
higher than 0.1 show purple color (CHEN et al., 2020). 
It should be noted that the sum of the total number of 
publications shown in each country was greater than 
the total number of publications retrieved because the 
authors of a single publication may be involved in more 
than one country. The cooperation of the publishing 
countries was analyzed based on CiteSpace (Figure 2, 
Table 1, Figure 3). In the cooperation network, N = 
221, E = 789, density = 0.0325, and the cooperation 
between countries in the field of green manure research 
was relatively close. Especially, the United States had 
established collaborations with numerous countries in 
this field, including China, Japan, and Germany with 
relatively close ties. It is noteworthy that the United 
States had the largest node, indicating the highest 
number of publications. In addition, the edge of its 
node was purple. Combining with table 1, among 
all countries, the betweenness centrality value of the 
United States was the largest (0.48), indicating that the 
level of scientific research was high and the influence 
of communication was large. The research was paid 
more attention and a lot of work had been done, 
making great contributions in the international arena. 
Table 1 showed that the United States, India, China, 
Brazil, Canada and other countries were the primary 
publishing countries with 794, 635, 520, 281, and 226 
published publications, respectively. The percentages 
of published publications were 13.96%, 11.17%, 
9.19%, 4.95%, and 3.87%, respectively. The countries 
with betweenness centrality values greater than 0.1 
were the United States, the United Kingdom, Australia, 
and Canada, in descending order. The respective 
values were 0.48, 0.17, 0.16, and 0.11, respectively. 
The results revealed that the scientific research level 
of these nations was comparatively high, with good 
quality publications and significant contributions and 
influence of in the field communication. China had a 
relatively high number of publications in this field; 
however, its betweenness centrality value was only 
0.05. This suggested that China needed to improve its 
research depth and publication quality. The table also 
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revealed that most countries with high publication 
numbers and intermediary centrality were developed 
nations, indicating a close relationship between 
scientific research and national economic strength. 

Analysis of author cooperation network
The study utilized CiteSpace’s author 

analysis function to obtain the cooperation 
network of authors in the field of green manure 
research, which reflects the core authors and their 
collaborations (Figure 4). The node size, connection 
between nodes, and width in the network represent 
the number of published publications, cooperation 
relationships, and relationship strength between 
authors. In the CNKI database, 792 authors and 1362 
cooperative connections were identified, resulting 

in a low density of only 0.0043. The network was 
characterized by scattered points, thin lines and 
unevenness. The top 5 published publications were 
authored by Weidong Cao, Songjuan Gao, Xingguo 
Bao, Jianwei Lu, and Yajun Gao. Weidong Cao 
from the Institute of Agricultural Resources and 
Agricultural Zoning of the Chinese Academy of 
Agricultural Sciences was the scholar who published 
the most papers in this research field. He formed a 
research group with himself as the core. Looking at 
the entire map, except for Weidong Cao’s large node, 
other nodes were too small, indicating that China 
had few core members in the field of green manure 
research, and the cooperation between groups was 
not close, which was not conducive to the output of 
research results.

Figure 1 - Statistics of publications issued. (a) Number of publications from CNKI (China National 
Knowledge Infrastructure); (b) Number of publications from WoS (Web of Science).
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According to the WoS database, there were 
a total of 1142 authors and 1378 collaboration links, 
with a density of 0.0021. The research groups were 
also sparsely connected, resulting in multiple research 
groups of varying sizes. This indicated that the green 
manure research author groups worldwide had not been 
cooperating closely, which might hinder the horizontal 
and vertical development of research content. Among 
them, Weidong Cao from the Chinese Academy of 
Agricultural Sciences was the first in the number of 
published papers in WoS, which was consistent with 
the CNKI database, he had cooperative relations with 
several other large scientific research teams (Table 2).

Characteristics of major journals
Among the journals containing publications 

in the field of green manure research (Table 3), Northern 

Horticulture and Chinese Journal of Soil Science in the 
CNKI database were listed as the journals with the largest 
number of publications in this field, both of which 
were 14, accounting for 2.61% of the total number of 
publications, followed by Soil and Fertilizer Sciences 
in China and Journal of Plant Nutrition and Fertilizers, 
with 13 and 12 publications, accounting for 2.43% and 
2.24%, respectively. Indian Journal of Agricultural 
Sciences, Agronomy Journal and Plant and Soil in the 
WoS database were listed as the journals with the largest 
number of publications in this field, all three of which 
were 40, accounting for 1.46% of the total, followed 
by Biology and Fertility of Soils and Soil Biology & 
Biochemistry, with 32 and 31, accounting for 1.17% 
and 1.13%, respectively. Research on green manure had 
a low representation in both Chinese and international 
journals, indicating a lack of focus on this topic.

Figure 2 - National cooperative relationship network. The same as for figure 1.

Table 1 - Top 10 high-yield countries in green manure 
research (1992-2021). 

 

Rank Country Centrality Count Proportion 

1 USA 0.48 794 13.96% 
2 India 0.09 635 11.17% 
3 China 0.05 520 9.19% 
4 Brazil 0.08 281 4.95% 
5 Canada 0.11 226 3.87% 
6 Italy 0.06 210 3.71% 
7 Australia 0.16 188 3.30% 
8 Germany 0.3 184 3.22% 
9 Japan 0.09 148 2.60% 
10 England 0.17 125 2.21% 

 

Figure 3 - Top 10 national cooperation networks.
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Research hotspots
Keywords co-occurrence

Keywords are the condensation of 
the content of the publications, and keyword co-

occurrence is to analyze the degree of connection of 
keywords in several publications to obtain research 
hotspots and evolution trends in the research field 
(YANG et al., 2020b). Based on CiteSpace, the 

Figure 4 - Author cooperation network map.

 

Table 2 - Analysis of core authors of spectra in CNKI and WoS databases in the field of fruit. 
 

------------------------------CNKI database--------------------------- ----------------------------------WoS database-------------------------------- 

Author Institution Count Year Author Institution Count Year 

WEIdONG Cao Chinese Acad Agr Sci 133 1999 Weidong Cao Chinese Acad Agr Sci 39 2015 

Songjuan Gao Nanjing Agr Univ 19 2013 Jk Ladha Int Rice Res Inst 26 1992 

Xingguo Bao Gansu Acad Agr Sci 18 1993 Pil Joo Kim Gyeongsang National Univ 17 2012 

Jianwei Lu Huazhong Agr Univ 16 2009 Francisco 
Bezerra Neto 

Universidade Federal Rural 
do Semi-Árido 17 2016 

Yajun Gao Northwest A&F Univ 15 2011 Stefano Canali Ist Sperimentale Nutr Piante 13 2013 
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CNKI and WoS keyword co-occurrence networks 
were obtained respectively (Figure 5), and the 
related information of the top 20 keywords in CNKI 
and WoS was counted (Table 4 and Table 5). Each 

node in the network represented a keyword. The size 
of the node font, the size of the node annual ring, 
and the connection between nodes represented the 
frequency of the keyword, the number of citations of 

Figure 5 - Keyword co-occurrence network.

 

Table 3 - Statistics of main journals from CNKI (China National Knowledge Infrastructure) and WoS (Web of Science).  
 

------------------------------CNKI database---------------------------- ----------------------------------WoS database------------------------------- 

Journal Number Proportion Journal Number Proportion 

Northern Horticulture 14 2.61% Indian Journal of Agricultural 
Sciences 40 1.46% 

Chinese Journal of Soil Science 14 2.61% Agronomy Journal 40 1.46% 
Soil and Fertilizer Sciences in China 13 2.43% Plant and Soil 40 1.46% 
Journal of Plant Nutrition and 
Fertilizers 12 2.24% Biology and Fertility of Soils 32 1.17% 

Pratacultural Science 11 2.05% Soil Biology & Biochemistry 31 1.13% 
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the publications with the keyword and the degree of 
connection between the keywords.

According to figure 5 and table 4, the CNKI 
database’s network graph consisted of 672 network 
nodes and 1268 network connections, resulting in a 
network density of 0.0056.

In the keyword frequency statistics, except 
for the keyword “green manure”, “green manure 
crop” had the highest frequency of occurrence, with 
a total of 194 occurrences, and the betweenness 
centrality was 0.68, indicating that the communication 
influence was large. Followed by “soil fertility”, with 
103 occurrences and a mediated centrality value of 
0.17, “yield” (101 times), “tobacco” (28 times), and 
“rice” (26 times). From table 4, we could preliminary 
conclude that the research in the field of green 
manure in CNKI mainly focused on the effects of 
green manure on yield and quality of cash crops and 
the effects of green manure on soil, etc. The network 

map of the WoS database had 230 network nodes, 
986 network connections, and a network density of 
0.045. The keywords were closely related. Among 
them, except for the keyword “green manure”, “soil” 
had the highest frequency of occurrence, with a total 
of 683 occurrences, and the betweenness centrality 
value was 0.21, indicating that the communication 
influence was large; the frequency of occurrence of 
“management” ranked second, with 543 occurrences. 
Keywords such as “nitrogen” (515), “yield” (486), 
and “cover crop” (413) followed closely. Based on 
the analysis of high-frequency keywords, it could be 
inferred that the research on green manure in WoS 
primarily concentrated on investigating the impact 
of green manure on soil, exploring various planting 
and management techniques of green manure, and 
examining the correlation between green manure 
and crop yield. These research areas aligned with the 
current research trends observed in the CNKI database.

 

Table 4 - Top 20 high-frequency keywords in CNKI (China National Knowledge Infrastructure) database. 
 

No. Keyword Count Centrality Year No. Keyword Count Centrality Year 

1 Green manure 263 0.54 1995 11 Fertilizer 12 0.01 1996 

2 Green manure 
crops 194 0.68 1992 12 decomposition 11 0.01 2015 

3 Soil fertility 103 0.17 1993 13 Soil moisture 10 0.03 1993 
4 Yield 101 0.21 1993 14 Soil 10 0.03 2008 
5 Soil nutrients 35 0.06 1993 15 Wheat 10 0.01 1993 
6 Roasted tobacco 28 0.03 2007 16 Green manure return 9 0.01 2006 
7 Rice 26 0.08 1992 17 Nutrient uptake 8 0.02 2011 
8 Corn 19 0.04 2000 18 Winter wheat 8 0.01 2010 

9 Quality 19 0.02 2007 19 Photosynthetic 
characteristics 8 0.01 2008 

10 Intercropping 14 0.02 2006 20 double-season rice 8 0 2003 

 

 

Table 5 - Top 20 high-frequency keywords in WoS (Web of Science) database. 
 

No. Keyword Count Centrality Year No. Keyword Count Centrality Year 

1 green manure 1166 0.11 1992 11 carbon 285 0.11 1992 
2 soil 683 0.21 1992 12 quality 242 0.09 1992 
3 management 543 0.04 1992 13 cropping system 240 0.09 1994 
4 nitrogen 515 0.08 1992 14 tillage 213 0.04 1993 
5 yield 486 0.09 1992 15 fertilizer 210 0.08 1992 
6 cover crop 413 0.13 1994 16 dynamics 186 0.1 1992 
7 growth 396 0.07 1992 17 residue 182 0.1 1994 
8 manure 346 0.08 2002 18 decomposition 163 0.03 1992 
9 organic matter 306 0.17 1992 19 crop 156 0.08 1992 
10 system 289 0.06 1995 20 microbial bioma 149 0.05 1992 
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Burst keywords analysis
Keyword emergence refers to a sharp 

increase in the frequency of keyword citations within a 
short period, and the research content of the field attracts 
the close attention of related scholars, which can reflect 
the changing dynamics of research topics in the 
related field (Zhai et al., 2020). Based on CiteSpace, 
we obtained the keywords of CNKI database and WoS 
database respectively, as well as their emergence intensity 
and starting and ending years. The CNKI database 
revealed that research topics in the field of green manure 
had evolved over time, as evidenced by the emergence 
of new keywords. Initially, research focused on the 
cultivation and selection of green manure crops. Later, 
attention shifted towards exploring the impact of 
green manure on soil. Recently, there was a growing 
interest in applying green manure in the cultivation 
of certain economic crops (Figure 6). Compared with 
the CNKI database, the WoS database was richer in 
keywords (Figure 7), and research on the application 
of green manure in fields had been conducted since 
the beginning of 1992, especially on the nitrogen 
sequestration capacity of leguminous green manure, 
and then on the application of green manure in 
various environments (ponds, orchards, fields, etc.), 
and the research was more in-depth and detailed.

Analysis of co-citation reference clusters
The keyword clustering network can 

further detect the closeness relationship between high-
frequency keywords, mine the hidden information, and 
present the hot field of green manure research (DAI et 
al., 2020). To draw the research hotspots more clearly, 
a K-means clustering analysis was performed on the 

keywords through CiteSpace. The results showed that 
the Q value of the cluster map was 0.5551 and the S 
value was 0.8097. When the Q value is greater than 
0.3, it means that the clustering structure is significant. 
When the S value is greater than 0.7, the clustering is 
highly efficient and convincing, so the results here 
were acceptable. The research used the LLR algorithm 
to generate cluster labels based on the naming method 
of keywords. For the publications in the CNKI 
database, six main categories of research topics 
(green manure, yield, nutrient content, rice, tobacco, 
and soil fertilization) were formed through clustering 
(Table 6). For the publications in the WoS database, 
five main categories of research topics (green manure, 
sesbania rostrata, cropping system, N mineralization, 
and soil) were formed through clustering (Table 7). At 
the same time, the cluster names were modified twice 
by tracing back and reading the original publications. 
Combined with the comprehensive analysis of table 6 
and table 7, it could be seen that in the field of green 
manure research, the research contents of green manure 
planting technology, the effects of green manure on 
crops, the effects of green manure on soil, the effects 
of green manure on pests and diseases were the 
current research hotspots.

DISCUSSION

Through CNKI and WoS clustering results, it 
could be seen that green manure research mainly focused 
on green manure planting technology, the effects on soil 
and crops, and the effects on pests and diseases. Combined 
with the clustering results and related publications, the 
above research contents were summarized.

Figure 6 - Keyword emergence in CNKI (China National Knowledge Infrastructure).
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Research on green manure planting management 
technology

Green manure can improve soil structure 
and the environment, provide nutrients for crop 
growth, and is receiving more and more attention 
from scholars and farmers. In recent years, with the 
in-depth study of green manure planting technology, 
a variety of green manure planting methods have 
gradually emerged, specifically the following.

(1) Single-crop green manure 
That is, only one green manure crop is 

planted on the same cultivated land, for example, 
a wasteland is selected and then the wasteland is 
reclaimed and first planted with green manure plants 
for one season or one year to increase soil fertility and 
promote the growth of subsequent crops (LIU et al., 
2018; BOGUZAS et al., 2022).

(2) Intercropping green manure 
Green manure crops are planted 

interspersed with other crops on the same plot and 
within the same season (ZHOU et al., 2018; SU et 
al., 2021), such as melilotus officinalis is planted 
between tobacco rows (ZHAO et al., 2019), and 
soybean is planted between tea tree rows (WANG et 
al., 2022). Interplanting green manure can make full 
use of the land power, to use the land to nourish the 
land and reduce weeds and diseases. Interplanting green 
manure can fully improve the utilization of soil fertility, 
reduce the damage of weeds and pests, and contribute to 
crop growth. If the green manure planted is leguminous, 
it can also improve the nitrogen uptake and increase 
the nitrogen nutrition of the main crop (LI et al., 2019; 
LIANG et al., 2021; CHEN et al., 2021). ZHAO, et al 
(ZHAO et al., 2019) showed that intercropping green 
manure can enhance the ability of soil microorganisms 

Figure 7 - Keyword emergence in WoS (Web of Science).
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of utilizing carbon sources and improve the diversity 
of soil microbial community structure and community 
function in tobacco-growing soils.

(3) Interplanting green manure
Green manure was sown between the rows 

of the main crop before harvest (SONG et al., 2016). 
For example, purple yew or broad beans are sown in 
the late-maturing stage of rice, and grass miscanthus 
is planted in wheat fields (ZHANG et al., 2021b). In 
addition to the role of intercropping, interplanting green 
manure enables green manure to make full use of the 

growing season, prolong the growing time, and increase 
the yield of green manure (WANG et al., 2017).

(4) Mixed green manure cropping
In the same plot, more than two green 

manure crops are mixed and sown at the same time 
(LIU et al., 2018). These two green manure crops 
are preferably able to be different species, such as 
leguminous green manure mixed with non-leguminous 
green manure (ZHU et al., 2020), and specialized 
green manure mixed with native plants (REIS et al., 
2019), which can regulate nutrients between each 

Table 6 - Results of keyword cluster analysis (CNKI). 
 

ClusterId Size Silhouette Keyword Cluster labels (LLR) Manual naming 

0 49 0.934 

green manure, quality, legume 
green manure, spring wheat 

intercropping, corn, soil 
fertility, green manure crops, 
chemical fertilizer reduction 

green manure Planting technology of 
green manure crops 

1 15 0.896 
yield, straw, cotton, soil 

improvement, Vicia villosa 
var., glabresens 

yield Effects of green manure on 
crops 

2 10 0.866 
nutrient content, rubber 

plantation, nutrient release, 
cover green manure 

nutrient content 
Mechanism of green 

manure on orchard and 
field 

3 10 0.769 rice, mucuna pruriens, straw 
returning, rice growth rice Effects of green manure on 

rice growth 

4 6 0.88 
tobacco, soil moisture, 

photosynthetic characteristics, 
economic traits, overturning 

tobacco Effects of green manure on 
tobacco planting 

5 3 0.989 
soil fertilization, return amount, 

mulching return, degradation 
characteristics 

soil fertilization 
Mechanism of green 

manure crop’s effects on 
soil 

 

 

Table 7 - Results of keyword cluster analysis (WoS). 
 

ClusterId Size Silhouette Keyword Cluster labels (LLR) Manual naming 

0 44 0.737 
green manure, microbial 
biomass, carbon, system, 

composting 
green manure 

Effects of green 
manure crops on soil 

ecology 

1 33 0.761 
sesbania rostrate, green 

manuring, cyanobacteria, 
nitrogen fixation, Azolla 

sesbania rostrata 
Nitrogen sequestration 
ability of green manure 

crops 

2 31 0.713 

cropping system, Triticum 
aestivum, fertilizer, dryland 
cropping system, cropping 

systems 

cropping system 
Management methods 

of green manure 
planting 

3 16 0.85 
n mineralization, quality, 

nutrient release, plant residue, 
litter 

N mineralization Effect of green manure 
on nitrogen in soil 

4 16 0.784 
Soil, lupin, plant parasitic 
nematode, plant extract, 

Columbia root-knot nematode 
soil Effect of green manure 

on soil nematodes 
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other. Mixed green manure cropping produces higher 
yields and improves the soil more effectively, but may 
present management difficulties.

(5) Green manure rotation 
Green manure plants can be rotated with 

cash crops, i.e., after the cash crops are harvested in 
autumn, green manure crops are planted in the winter 
fallow period to increase the ground cover of winter 
farmland. This can effectively reduce the ground 
exposure of the soil during the fallow period and help 
to reduce the impact of wind and water erosion on 
soil quality (LEE et al., 2020; HUANG et al., 2016). 
Campanella et al (CAMPANELLA et al., 2020) 
showed that Brassica crop rotations can reduce the 
occurrence of wheat root rot.

Effects of green manure on soil
Effect of green manure on soil physical properties

The scope of effects on soil physical 
properties mainly includes the effects on soil 
moisture, temperature, and soil structure. Please 
avoid paragraphs with just one phrase.

Green manure can change soil water content 
by slowing down the erosion of rainwater on the ground 
and reducing ground evaporation. The effect of green 
manure on soil moisture is related to seasons and 
rainfall. In the dry season, green manure crops such 
as white clover, ryegrass, and alfalfa compete with fruit 
trees for water, which reduces the water content of the soil 
layer in the range of 0-60 cm. There was no significant 
difference in soil water content between green manure 
treatments and clean tillage treatments (MIKO et al., 
2008; MOOLEKI et al., 2016; GYURICZA et al., 2009; 
YANG et al., 2012). There are mainly 3 reasons about 
green manure’ effectively improving soil aggregate 
structure and improving soil fertility. First, the 
growth of green manure’s root system makes the soil 
looser and more porous, reducing soil compactness 
and thus reducing soil capacity (NASCIMENTO et 
al., 2021; ORTIZ-SALGAdO et al., 2021). Second, 
root decay and decomposition of organic matter by 
microorganisms leave space for the original root 
system to grow, thus increasing soil porosity and 
facilitating the exchange of soil air and atmosphere 
(dONG et al., 2021). Third, green manure is 
overburdened and roots decomposed, the organic 
matter content in the soil increases, the smaller 
particles in the soil are cemented into large water-
stable aggregates, the soil structure is improved, and 
the permeability is increased (GAO et al., 2020).

In addition, green manure can impact the 
exposure of the ground to solar radiation, which can 

buffer changes in ground temperature. The presence 
of green manure crops slows down the efficiency of 
temperature transfer when the temperature rises or 
falls, resulting in slower surface temperature changes 
that can be beneficial for the growth of fruit trees 
(YANG et al., 2020a; GUO et al., 2021).

Effect of green manure on soil chemical properties
Soil organic matter is an important 

component of the soil solid phase, which is of great 
significance to soil formation, soil microbial activity, 
and crop growth, and is an important indicator to 
measure soil fertility (MACIAS-BENITEZ et al., 
2020). After planting green manure crops, a large 
number of residual roots, fallen leaves, dead stems 
and fresh grass become an important source of organic 
matter. GAO et al. (2018) showed that planting 
rapeseed and vetch in red soil can significantly 
increase soil organic matter content, thereby improving 
soil fertility and sustainability. Green manure itself 
contains a lot of active and moderately active organic 
phosphorus, and some organic acids generated after 
being applied to the soil can have a complex reaction 
with the metal ions of insoluble phosphate in the soil 
to release the phosphorus in it. Long-term application 
of green manure Other organic fertilizers can increase 
the content of soil available phosphorus, inorganic 
phosphorus and organic phosphorus to varying degrees 
(KRAVTSOVA et al., 2021; HONG et al., 2019).

In addition, rhizobia in leguminous green 
manure can fix free nitrogen in the air and increase 
the available nitrogen content of soil (TAUTGES 
et al., 2018), which is an important source of soil 
nitrogen. Moreover, the cultivation of green manure 
increased soil microbial biomass, especially during 
the decomposition of green manure, the activity of 
soil microorganisms was enhanced, which helped 
to promote soil nitrogen mineralization and crop 
absorption (ZHOU et al., 2020).

Effect of green manure on soil microorganisms
Soil microorganisms are important 

decomposers in farmland or orchard ecosystems. 
The advantages of green manure crops are highly 
dependent on the decomposition of cover crop 
residues by soil microorganisms, and the nutrient of 
cover crop residues is also crucial for the growth of 
microorganisms (WANG et al., 2021b). After green 
manure crops are planted and returned to the field, 
under the action of improving soil Physicochemical 
properties, the number and diversity of fungi, bacteria 
and other microorganisms have increased, and 
the diversity of fungal species has increased more 
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significantly (LONGA et al., 2017; ALAGOZ et al., 
2020). BOROZAN et al. 2015) showed that mixed 
green manure of legumes and annual grasses can 
increase the diversity and quantity of actinomycetes 
and bacteria. ZHANG et al. (2021a) showed that the 
application of green manure of wild rockets could 
increase the number and abundance of Ascomycota 
near cucumber roots.

Effect of green manure on main crops
Returning green manure crops to the 

field can improve the root activity of main crops and 
promote root growth (ZHULANOVA et al., 2020). This 
is because the improvement of soil physicochemical 
properties and the improvement of soil fertility have 
laid a good foundation for crops growth after planting 
and returning green manure. This is mainly attributable 
to the following three aspects. First, the growth and 
return of green manure bring organic matter into 
the soil, which can improve the aggregate structure 
of the soil, and the ability of soil to retain water and 
moisture, thus promoting the extension of the root 
system of crops (SAYGI, 2021). Second, green manure 
has changed the quantity and microbial community 
structure of bacteria, fungi and actinomycetes in the 
soil. At the same time, different microorganisms 
may produce hormones such as gibberellin, auxin, 
cytokinin, etc., which can improve the root system 
of crops.  Physiological functions and activities 
(MARSHALL & LYNCH, 2018; FERNANdES et 
al., 2020). Third, the planting of green manure crops 
alleviates the temperature difference, reduces soil 
erosion, and provides a good soil and water environment 
for the growth of main crops (OZTURK & OZER, 2019). 
Zhulanova et al (ZHULANOVA et al., 2020) showed 
that the application of green manure was 1.3-1.6 times 
more biologically active and increased soil fertility by 
6-19% compared to complete fallow, which increased 
wheat crop yield. Also, green manure can be used with 
farmyard manure or chemical fertilizers to good effect. 
SAYGI et al. (2021) showed that the mixed use of green 
manure and chicken manure could improve soil fertility, 
thereby increasing the yield and quality of strawberries.

Effects of green manure on soil-borne diseases
Most of the studies on the effects of green 

manure on soil-borne diseases of crops are mainly 
fungal and nematode diseases, and there are few 
studies on the diseases caused by other pathogenic 
microorganisms. This is consistent with the fact that 
more than 80% of plant diseases reported so far are 
caused by fungi, and it is also related to the more 
complex environmental conditions and relatively 

weak infectivity of bacteria, actinomycetes, viruses, 
etc. (MEHTA et al., 2014).

Fungi dominate the soil-borne plant 
pathogens, and Verticillium dahliae, Rhizoctonia 
solani, Fusarium oxysporum, etc. are typical soil-
borne pathogenic fungi (FRANCIOLI et al., 2020; 
PENG et al., 2019). The planting of green manure 
crops can improve the biodiversity of field and orchard 
environments, enhance their natural regulation 
ability, reduce the incidence and degree of damage of 
sudden pests and diseases, and at the same time have 
a good biological control effect (BAYSAL-GUREL 
et al., 2019). Especially it has a good inhibitory effect 
on soil-borne fungal diseases after green manure 
returning (dING et al., 2021). LAZZERI et al. 
(2003) showed that some green manure crops have 
biocidal properties, and this green manure can be 
used for the control of pests and diseases, and proved 
the inhibitory effect of Brassica green manure on soil-
borne plant pathogenic fungi through experiments 
(LAZZERI et al., 2000).

Plant-parasitic nematodes are another 
major pathogen that causes soil-borne diseases of 
crops and is also an important factor affecting crop 
production (CHANGKWIAN et al., 2019). Root-
knot nematodes are the most studied and most 
damaging plant parasitic nematodes in the world 
(RASHIdIFARd et al., 2021; LIN et al., 2016). 
Various root-knot nematodes can damage plant roots, 
cause secondary infection by fungi and bacteria, 
directly or indirectly lead to delayed crop maturity 
and lodging, reduce crop yield and quality, increase 
production costs, and reduce economic income 
(COSTA et al., 2020; PAPOLU et al., 2016; JONES 
et al., 2014). The effect of green manure on root-knot 
nematodes is affected by factors such as the amount 
of overburden, soil characteristics, initial nematode 
population, and treatment time. The inhibitory effect 
is obvious under the condition of relatively high green 
manure turning amount, reasonable turning time, 
and low initial nematode population (NAZ et al., 
2015; TSEKE & MASHELA, 2017; RIGA, 2011). 
The inhibitory effect of green manure on root-knot 
nematodes was the best in sandy loam soil and the 
worst in cohesive soil, and gradually weakened with 
time going on (DJIAN-CAPORALINO et al., 2019).

Limitations
This paper utilized bibliometrics to conduct 

a comprehensive study on the current research status 
of green manure and presented several conclusions. 
In the current retrieval process, errors may occur due 
to the manual quick decision based on the title. To 
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improve accuracy and efficiency in future research, it is 
recommended to use machine learning to classify and 
identify downloaded literature data and exclude weakly 
relevant literature in batches (CHEN et al., 2023).

CONCLUSION

In this paper, we analyzed the progress of 
green manure research based on CiteSpace in terms 
of annual publication volume, journals, authors, 
national cooperation, and research hotspots, using 
CNKI database and WoS database as data sources. The 
key research fields of green manure were discussed 
in depth according to the keyword clustering results 
and related important literature, indicating that: (1) 
Research on green manure has been developing 
globally; however, in China, it had shown fluctuation, 
with a significant development. (2) Close cooperation 
among countries in this field was prevalent, with the 
United States serving as a central research hub and 
establishing partnerships with numerous nations. (3) 
Although, China had a large of publications, proportion 
of institutions and authors with more publications 
coming from China, the intermediary centrality values 
were generally low, indicating that the influence in the 
field of green manure research was not strong. (4) After 
analyzing keyword clustering in both CNKI and WoS 
databases, it was determined that the primary research 
focus in the field of green manure was on cultivation 
technology, its impact on soil and crops, and its effects 
on pests and diseases.
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