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1. Introduction

The world is generally facing coexisting problems
of overcapacity, undersupply of food and degradation
of arable land, which directly threaten the sustainable
development of human beings "', In the past decades,
human beings have adopted a large number of
monoculture or continuous cropping patterns in
agricultural fields, which led to problems such as sloppy
agricultural inputs, depletion of soil nutrient production

*Corresponding Author:
Guogqin Huang,

Based on the "Web of Science Core Collection" (SCIE database), this
article used the visualization software CiteSpace to visualize and analyze
the crop rotation fallow patterns in the past five years. It analyzed the
countries, institutions, keywords and hot topics of related literature to
explore their research characteristics and development, and to provide
reference for crop rotation fallow research and practice. The research
shows that: 1) developed countries are the main research force in the field
of crop rotation and fallowing, and the connection between the research of
each country and each institution is not close; 2) research hotspots can be
mainly summarized as: crop growth and yield, greenhouse gas emissions
and soil health analysis, and the research in this field is constantly refined,
combining macro and micro; 3) In recent years, there is a big gap between
China and foreign countries in the field of crop rotation and fallow research.
It is necessary to strengthen the cooperation with research institutions in
developed countries in Europe and the United States, and to carry out cross-
regional and interdisciplinary research cooperation to improve the quality
of papers and scientific research level.

231 promotion of pathogenic microorganisms and reduced
biodiversity 7, ultimately affecting crop production
and the sustainability of the soil environment. Current
domestic and foreign research indicates that crop rotation
fallow programs are an important means to conserve land
resources, improve soil fertility and protect farmland ),
which can not only effectively alleviate crop succession
barriers, but also reduce agricultural costs, protect

the ecological environment and ensure crop yields "’
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Therefore, crop rotation fallow policies are commonly
implemented not only in China but also in many countries
and regions such as the United States '), Canada "),
Germany "'*, Nigeria "*', Japan "%, and Australia "\

The agricultural models of major countries in the world
can be divided into the European and American models
represented by Europe, the United States, Australia and
Canada, etc. The European and American models are
mainly characterized by large-scale, mechanized, high-
tech professional farms, with medium and small family
farms as auxiliaries. The East Asian model, represented by
Japan and South Korea, is mainly characterized by small-
scale, small mechanized, high-tech part-time farmers,
supported by professional farmers !'*. The United States
adopted a fallow land conservation reserve program
authorized by the Food Security Act as early as 1985,
with the aim of restoring soil quality on agricultural lands
and improving the ecological environment """, The EU
(European Union) first proposed a five-year voluntary
fallow program in 1988 to address the problem of
declining farmer incomes and surplus agricultural products
U1 Japan implemented the Rice paddy-aside program in
1970. In 1993, Japan first included fallowing as a list of
targets to protect the ecological environment of farmland,
and there are three main types of farmland fallowing,
divided into rotational fallowing, management fallowing
and permanent fallowing, of which the total fallowing
area accounts for 64.6% of the total farmland area .
Both the European and American models and the East
Asian model are shaped by economic and geographical
conditions. However, in China's vast territory, the climatic
and terrain conditions are complex, making the cultivation
structure and agricultural patterns diverse. Crop rotation
and fallowing were recorded in China as early as 2000
years ago in the Book of Songs and Rites of the Zhou, but
most of the crop rotation and fallowing in the historical
period belonged to spontaneous and scattered individual
farmers' behavior ***".. However, China in 2014 for the
first time proposed "agricultural resources restoration
pilot" work. The crop rotation fallow was first established
as a farming system in 2015. In July 2016, the Ministry
of Agriculture, together with the Central Agricultural
Office, jointly issued the "Pilot Program for Exploring
the Implementation of Cultivated Land Rotation and
Fallowing System", officially implementing a pilot
program of cultivated land rotation and fallowing in some
areas. The pilot areas of crop rotation fallow in China
from 2016 to 2020 are 41.07 million ha, 80 million ha,
160 million ha, 166.67 million ha and 333.33 million
ha ¥* which shows that the pilot areas of crop rotation
fallow in China keep increasing year by year and take the

road of intensive agriculture.

We study the research hotspots and frontiers of crop
rotation fallow at home and abroad, which is helpful to
grasp the latest research progress of crop rotation fallow
and provide literature reference for future research in
related aspects. This paper uses the scient metric method
CiteSpace to visualize the scientific knowledge map, and
analyze the current development and research frontiers in
the field of crop rotation and fallowing models at home
and abroad in the past five years, using "crop rotation and
fallowing" as the theme word. We present information
about the main studies at the level of the number of
articles published in the study countries, research
institutions, and keywords, and read the literature for an
in-depth analysis of research hotspots.

2. Data Sources and Analysis Methods

In this article, data in the field of crop rotation fallow
were obtained from the web of science database, Analysis
of international trends and research hotspots in the field
of crop rotation fallow research in the WoS database,
using the topic "crop rotation fallow" and the time frame
"last five years ", with the search formula: topic= ("crop
rotation fallow"). Type of document is "Article", after
searching and screening conference proceedings, book
chapters, etc., 621 valid documents were obtained (search
date of November 19, 2021). Based on the information
of countries, institutions and keywords in different years,
we derived visual analysis mapping, and organized and
elaborated the data in Excel to analyze the development
trend of international and domestic crop rotation fallow
models in terms of the number of papers and research
topics.

3. Results

3.1 Analysis of Major International Research
Countries

We obtained a web-based mapping of the number of
articles published on crop rotation fallow in each country
between 2017 and 2021 through a literature search in
Citespace software (Figure 1 and Table 1). The circle size
and font size indicate the number of articles published
by each country in the field of crop rotation and fallow,
and the larger the circle and font size indicate which
country published the most. According to the statistics,
72 countries have published articles on "crop rotation",
and the countries with the largest number of articles are
USA and China, with 212 and 102 articles. The top ten
countries in terms of number of articles published are
USA, China, Australia, Brazil, Canada, Russia, France,

17



Research in Ecology | Volume 03 | Issue 04 | December 2021

Spain, India and Germany. The results of the data show
that the countries with a high number of published
articles are those with predominantly tropical, temperate
and subtropical climates and more economically
developed countries, so that climatic conditions and
national economic development have some influence
on crop rotation fallow systems. Secondly, except for
China, Brazil, Russia and India, all other countries are
developed countries, indicating that the research strength
of developed countries in the field of crop rotation and
fallow is obviously stronger than that of developing
countries, and the number of papers in the United States is
the first in the world, indicating that the United States is in
the leading position in this research field.

3.2 Analysis of Research Institutions

Based on citespace software, we obtained a
collaborative mapping of institutions publishing in the
field of "crop rotation fallow" from 2017-2021 (Figure
2). The size of the circles and the font size indicate the
number of articles published by each research institution
in the field of crop rotation, with larger circles and
fonts indicating which institution has published the
most articles. The top ten institutions in this field are
USDA ARS (United States Department of Agriculture
Agricultural Research Service), Aar & Agri Food Canada
(Agriculture and Agri-Food Canada), Washington State
University, Chinese Acad Sci (Chinese Academy of

Table 1. Number of published articles and climate zones in the top ten countries studied

Countries Longitude and Latitude Main climate zone types Number of articles published
USA NL25° ~ 49° WL70° ~ 130° temperate and subtropical climate 212
China NL3° ~ 53° EL73° ~135° temperate and subtropical climate 102

Australia SL10° ~43° EL112°~ 154° tropical climate 48
Brazil NL5° ~SL34°  WL35° ~75° tropical climate 47

Canada NL41° ~83° WL52° ~ 141° temperate climate 41
Russia NL41° ~ 82° EL26° ~ 170° temperate climate 35
France NL43° ~51° WL5° ~ EL9° temperate climate 31
Spain NL36° ~43° WL9° ~ EL3° etesian climate 25
India NL8° ~ 37° EL68°~ 97° tropical climate 21
Germany NL47° ~55° EL5°~ 15° temperate climate 19

CiteSpace, v. 5.8.R2 (64-bit)
November 19, 2021 at 9:56:50 AM CST
WoS: C:iweb of scienceldata
Timespan: 2017-2021 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, L/IN=10, LBY=5, e=1.0
Network: N=93, E=202 (Density=0.0472)

Largest CC: 89’ (95%)
Nodes Labeled: 1.0%
Pruning: Pathfinder

BURKINA FASO.

PORTUGAL. IRAR Lesmon

MADAGASGAR.

CHILE.POLAND. srusuay.senecs

LITHUANIA.

SWITZERLAND.

CZECH REPUBLIC.

BENIN_HUNGARY.

SCOTLAND. cusa

ZIMBABWE.

pENMARK. ENGLAND. NETHERLANDS.

UGANDA. ITALY F RAN C E = NEW ZEALAND.
wern e O PAIN/BRAZIL . ARGENTINA.

TUNISIA.

HERMANY. U SA

wooovs RUSSIA.

Mﬂ:fﬂPAN ®" GREECE.

e(ﬁ?NADA

BANGLADESH.

:L‘,"’::L’*WALEs PEOPhEsz CHINA.
PHILIPPINES- INDIA. AUSTRALIA.OMAN_

KAZAKHSTAN.

comnen SUWWEDEN. SOUTH AFRICA. m;:é::m

e MBRKISTAN. TURKEY. =
SAUDI ARABIA.

SLOVAKIA. FINLAND. waiavsia

EGYPT.

PERU.

ROMANIA.

COTE VOIRE.

coLOMEIA

TANZANIA.

Figure 1. Co-presentation map of major research countries in the past five years
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Sciences), Northwest A&F Univ (Northwest Agriculture
and Forestry University of Science and Technology),
Kansas State University, ARS (Agricultural Research
Service), Colorado State University, Montana State
Univ, and Oregon State Univ. The institution with the
highest number of publications is USDA ARS, with 67
publications, this indicates that there are many researches
in the field of crop rotation fallow. Moreover, we found
that the literature in the field of "crop rotation" is mainly
published in foreign institutions compared to other
countries. Moreover, we also found that the literature
on "crop rotation fallowing" is mainly published in
foreign institutions. In addition, according to the network
mapping of cooperative institutions in this field (Figure 2),
it is known that there are 208 nodes with 219 connections
and a density of 0.0102, which indicates that the
institutions are not closely connected with each other in
the field of crop rotation and fallowing, and it is necessary
to strengthen the cooperation between institutions to
promote the development of crop rotation and fallowing.
The analysis of the results shows that the institution with
the largest number of publications in the field of "crop
rotation and fallowing" is USDA ARS; compared with
foreign countries, the number of publications in the field
of "crop rotation and fallowing" by relevant institutions
in China is low; the cooperation among institutions in the
field of "crop rotation and fallowing" is not close enough.
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3.3 Keyword Analysis

We used Citespace to build two maps in the field of
"crop rotation and fallowing", which are keyword co-
occurrence mapping study and keyword timeline co-
occurrence clustering map. From the keyword co-
occurrence mapping (Figure 3). The size of the circle and
the font size indicate the frequency of keywords in the
field of crop rotation and fallow. The larger the circle and
font, the more frequent the keyword research. The top
ten keywords appearing in this research area were yield,
system, soil, tillage, rotation, nitrogen, wheat, no till,
organic matter, and carbon in the order of 97, 83, 83, 74,
71, 67, 55, 49, 49 and 46. We can see after the keyword
Timeline co-occurrence clustering profile (Figure 4) that
the clustering module value (Q value) is 0.4793, which
is greater than 0.3, indicating that this clustering result is
significant, and the Mean Silhouette: clustering average
profile value (S value) is 0.7554, which is greater than
0.7, implying that this clustering has credibility. This
clustering resulted in nine keyword clustering research
hotspots, namely #0 Cultivation, #1 Dryland wheat, #2
Conservation agriculture, #3 Yield, #4 N,O emission, #5
Rice, #6 Availability, #7 Grain sorghum, #8 Particulate
organic, and #9 Soil Indicators. The results show that
yield, system, soil and gas emissions are the key topics
that have been constant and continuously studied in crop
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Figure 2. Institutional co-occurrence mapping of major studies in the last five years
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rotation fallow. The clusters were organized and analyzed,
and the clusters were formed into three major research hot
topics, research on crop yield and crop growth from crop
rotation fallowing, research on greenhouse gas emissions
from crop rotation fallowing, and research on soil health
from crop rotation fallowing.

4. Discussion

Hot Topic 1: Research on crop yield and crop growth
from crop rotation fallow. This category of hot topics in
the figure (Figure 4) includes #0 Cultivation, #1 Dryland
wheat, cluster #3 Yield, cluster #5 Rice, etc. The main
keywords are yield, grain yield, cropping system, growth,
etc. We found that a large number of studies have now
shown that crop rotation fallow can not only promote crop
growth but also increase crop yield . Xuan, Wang and
Linh et al. ** found that rice field crop rotation could
induce a significant increase in dry matter accumulation
in the aboveground part of rice and promote soil nutrient
uptake by rice roots in the belowground part, thus
increasing rice yield and improvement in soil health.

CiteSpace, v. 5.8.R2 (64-bit)
November 19, 2021 at 3:38:32 PM CST
WoS: C:\web of scienceldata
Timespan: 2017-2021 (Slice Length=1)

Selection Criteria: g-index (k=25), LRF=3.0, L/IN=10, LBY=5, e=1.0
Network: N=270, E=830 (Density=0.0229)
Largest CC: 270 (100%)

Nodes Labeled: 1.0%

Pruning: Pathfinder

gormination

Wang et al. * showed that all rice yields showed some

degree of improvement when the single-season rice
pattern was changed to a crop rotation pattern. Li et al.
I found an increase of 23.64% to 55.49% in rice yield
under the rotational crop cultivation model compared
to the single-season rice model. Therefore, in summary,
the study showed that the crop rotation system made
to increase the accumulation of dry matter in the above
ground part of the crop, thus promoting the crop yield.
Hot Topic 2: Study of crop rotation fallow on
greenhouse gas emissions. This category of hot topics in
the figure (Figure 4) includes clusters #4 N,O emission
derived from the keywords N,O emission, CO, emission,
nitrous oxide emission, emission and nitrous oxide.
Tillage patterns have been used in many countries to
influence the issue of greenhouse gas emissions from
large fields, and Linquist et al. ** found that CH, mainly
originated from paddy systems, while N,O mainly came
from dryland systems and rice baking periods, and the
conversion of wet and dry in rotational systems from
paddy to dryland can significantly reduce methane
emissions ®??, but the alternation of wet and dry soils

fod whoat rogion

windbioun dust

north china plain water productivity

hydraulic property

atemaive crop rotation

consumption
croppingsystem

crop yield

component

challenge '\ ' oumbia plateau
com production '0@$s plateau  precipitation -
clay loam

ot avatabity

evaporation climate Y i jel
grain sorghum

irogen dymaics okl

performance infiltration

crop management 3GriCUltural soil ;=== N

(corn\ 3

evapotranspiration « water, use effi C/ency. =2

I

nltrogen fertlllzatron
vosicn wateruse | el fluxe

- green manure
conservationtillage groundwater

catch crop Y conserve
manure, 'resldue

scale cotton
nitrous oxide |
« climate change

mxrisk

puse o Jand use change’

ecosystem service
-

emission ™ accumuiation lmpact pattern

arbuscular mycorrhizal fungi | ecosystem

life cycle assessment
“" colonization simulation . cultivation

biosnergy
exchange indicator %
framework 7
response
molecular diversity | sequence
maturity index

monoculture
canadian prai

legume green manure dposiion

‘ammonia 0opulation

o lant growth
plant parasitc nomatod degradation . Plant g

herbicide

food web pool e

fractionation

nitrous oxide emission i,

n2o emlssmnﬁ grain Y ’9/d
c i
no tlllage orlwater sokorgamc carbon

2
055
fallow penod irrigation~ management practice l

arainage y wrnler wheat -

g
g pea; greenhouse gas emission nutriont iy
& agnculture RS Mo amendment
so:/ great p/a/nn m‘ community.
N
cro ) ﬁn\peralure

/egume rotation
carbon dioxide I€SidUE management Iand use N
A

quality,

depletion =
melha”eeurape spring wheat enzyme actlwty‘fa//ow
crop rotation
A maize | e Gt
o1 femllzat/on
rn/nera//zatron

rh/zosphere microbial bioma
“carbon sequestration
®

northern great plain  sgicuu

plant aversity

nutrient uptake

sustainable intensification

aggrogation

rain infilration  gurum wheat

niication

co2 emission B oroak crop

cropplng sys m/ intensity denitrification
o

organic carbon | phosphorus nrlrate maize yield """
VQroth physical p,-openy decline establishment

biO COVer papuaion donsiy
lillage system xaton

dryland wheat - stabilization
soproperty

roductivit
fmartey &l Ypwater .o al great plain -

gra/n /egume femllzer conservation tlllage

qsequestranon compaction  weeessen

Cy’ I””"’ge” | soil organic matter

conventional tillage

“use effu:/en

mosturo ,‘Iong “term tillag€agsregare stavity =t
)

fallow rotation | carbon organic carbon sequestration

iillage g plant e dynamics’| farming SYSIem  stability reducod i1og0 e o

mZg,;;:-, j;lm;ilvers!ty chemical property ocipitation use
» availability o bligma efficiency e | N
- ’ organic!maﬂer conservation agriculture efeRpety
o % piodiversity. food production

\COVer.CTOP "management system

N
# bacterial  sbundance filage practice sorghum
mechanism

agroecosystem Ioam oakeaf soil

chiin

on ) decomposition

e Intensification 2 -

= manganese

microbial community

congo gra commntysvears
communitycomposition

Figure 3. Co-occurrence mapping of crop rotation fallow keywords in the past 5 years

20



Research in Ecology | Volume 03 | Issue 04 | December 2021

CiteSpace, v. 5.8.R2 (64-bit)

November 19, 2021 at 9:50:03 PM CST
WosS: C:\web of science\data

Timespan: 2017-2021 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, L/IN=10, LBY=5, e=1.0
Network: N=270, E=830 (Density=0.0229)
Largest CC: 270 (100%) .4,

Nodes Labeled: 1.0%

Pruning: Pathfinder

Modularity Q=0.4793

Weighted Mean Silhouette S=0.7554
Harmonic Mean(Q, S)=0.5865

2019 2021

e S #0 Cultivation ——
N N pacific northwest S~ N
tillage: erosion - S5
| manageme/rt’ replacing fallow agricultural intensification nit@en ﬁxaritN
Lk ~. S
& e e e —e R
\ “north china plain - ir i fon——— stabilization #1 Dryland Wheat
wheat fallow rotatlan ph groundwater lic;
| ~_soil water water evapotranspiration balanc:
g i i @B e —— _— — #2 Conservation agriculture
Iemllzatmn g = Iarmmg system —— dry matrer allelopathy
oitill conservation agriculture: breakcrop community structure sorghum
/manic ma/tter’ maize <hutrient eastern cape reduced til
B ] R T S . #3 Yield
gas iSsic amendment water productivity
matter nitrogen mineralization disease photosynthesis’
il piysical‘property nitrogen fertilization manure pathogen aggregat
G e IR T E e VIR ANV SN\ Y NaS S . #4 N20 emission

fixation methane emission

commumtycomposmor

i Ire climate nitrogen dynamics resilience
| organic carbon— legume nutrient availability winter cover crop sequent #5 R
sidue ©o2 emission drainage
" corn | china weed dryland soil
sofl temperature evaporation rain infiltration 1st 12 ye . ™
- Z #6 Availability
L — e Celseie— RSN AR\ \ — .
decomposition iron cereal
Ifrous oxide | availability flux soil quality strategy
m%ﬂon bioma arbuscular mycorrhizal fungi root efficienc #7 Grain sorghum
.)h? fed wheat reglon stability
system windblown dust canola
yield grain legume grain sorghum soil organic matter mixture #8 P . | .
Y ® @ L e - y N\t - articulate organic
no tillage™" accumulation .
quality crop yield

carbon
= ~><,
indicator
framework
emission

residue management

risk
maturity index

precipitation irrigation

loess plateau A
response \

Josse
adaptation
improvement

#9 Soil Indicators

footprint

Figure 4. Research keyword Timeline co-occurrence clustering mapping

causes alternating smog and aeration states in the soil,
which can accelerate nitrification and denitrification
processes in the soil, thus increasing N,O emissions .
Zhong et al. * concluded that water-drought rotation
significantly increased N,O emissions and decreased CH,
emissions through different cropping patterns. Yang et
al. ®* found that bean-grass rotation significantly altered
soil nitrifying and denitrifying microbial populations.
In summary, researchers have improved the nitrogen
cycle through agricultural management practices that
allow microbially driven denitrification processes to
influence changes in soil nitrogen and greenhouse
gas emissions from agricultural fields, which can also
influence important factors in CH, and N,O emissions
from rice fields. At present, there are many researches on
greenhouse gas emissions in different crop systems, but
there are few studies on the internal connection of crops,
greenhouse gases and soil microorganisms.

Hot Topic 3: Rotational fallow on soil health research.
This category of hot topics in the figure (Figure 4)
includes cluster #9 Soil Indicators and cluster #6
Auvailability, with keywords such as fertilization, bacterial,
carbon sequestration, and soil. It has now been shown
that the alternating wet and dry soil environment in
crop rotation fallow can improve soil physicochemical
properties, eliminate the adverse effects of long-term
flooding on soil structure, make the structure and aeration

of the soil improved, increase the agglomeration structure
of the soil, and effectively prevent soil acidification and
soil secondary gleization "**”. For example, Murugan
et al. ®¥ showed that microbial populations were
significantly higher in soybean-rice rotation fields than
in rice monocultures and that the nitrogen activity of
soybean rhizobia could reduce nitrogen fertilizer inputs
and thus improve nitrogen fertilizer utilization. Chang
et al. ™' found that soil bulk weight decreased in all
three water-dry rotation patterns, but total soil porosity,
capillary porosity and non-capillary porosity increased to
some extent, and rice rotation also increased soil pH by
2.48% to 11.46%, which was beneficial to the prevention
and control of soil acidification. Bandyopadhyay et al.
% concluded that the best way to enhance the soil to
nourish the land is the long-term fallow model. In terms
of soil microorganisms, different crop rotations make crop
root secretions and rotational crop residues decompose
in the soil, which can affect the availability of nutrients
to soil microorganisms, and the amount and type of root
secretions vary from crop to crop, with implications for
microbial metabolism, growth and development, and
diversity ", Fenghua et al. "’ found that the changes
in soil properties under their rotational cropping pattern
led to significant changes in microbial community
structure, which was mainly influenced by soil pH and
organic matter, through a 20-year long-term crop rotation
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experiment. Xuan et al. *¥ crop rotation resulted in

an increase in soil bacterial community composition,
abundance and diversity. In summary, the alternation
of wet and dry in the rice field crop rotation fallow
produces anaerobic oxygen and aerobic state, as well as
the interaction of inter-root secretions of different crops
and the residues of different crops, which accelerates
the cycle of soil carbon and nitrogen and affects the
diversity, abundance and community composition of soil
microorganisms, which directly and indirectly affects soil
fertility and soil health.

5. Conclusions and Prospect

We used bibliometric methods to analyze the research
progress in the field of crop rotation and fallow in the past
five years based on the Web of Science (WoS) search of
English literature in the field of "crop rotation and fallow",
and mainly analyzed their development characteristics,
trends and research hotspots. The research results show
that: (1) developed countries are the main research force
in the field of "crop rotation and fallow", and the US and
USDA ARS research institutions have more results and
stronger influence. In addition, we found that most of the
countries in the field of crop rotation and fallow research
belong to the countries with better climatic conditions
and more developed economies. In terms of network
connectivity, there are weak links between countries and
between institutions, and the density of cooperation is
poor. (2) From the perspective of research keywords and
hotspots, the research perspectives of articles on "crop
rotation and fallowing" are diverse. From the analysis of
key words and the overall changes of research hotspots
in each period, we can see that the research hotspots in
the field of "crop rotation and fallowing" are constantly
refined and deepened, and the current research hotspots in
the field of "crop rotation and fallowing" have the trend of
sustainable development and high-quality development.
(3) Analysis from research hotspot themes. A total of
nine keyword clustering research hotspots were formed
through data analysis, namely Cultivation, Dryland wheat,
Conservation agriculture, Yield, N,O emission, Rice,
Availability, Grain sorghum, Particulate organic, and Soil
Indicators. We found that the overall research hotspots are
changing from time to time, but research on crop yield
and growth, greenhouse gas emissions, and soil health are
constant topics.

Land ecological problems are becoming increasingly
serious, and the conflict between food production and
soil health is becoming more prominent. In the context
of threats to ecological sustainability, it is crucial to
objectively evaluate crop rotation fallow models in favor
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of healthy and sustainable soil development. Using
Citespaces software combined with visual analysis of
research in the field of "crop rotation fallow", we propose
two research perspectives: (1) Developed countries in
Europe and the United States occupy a leading position in
the field of research on "crop rotation fallowing", although
China is a leading country in the field of crop rotation and
fallowing, but there is still a gap with developed countries,
the quality of papers needs to be improved, international
cooperation needs to be strengthened, and at the same
time, strengthen the development of cross-regional
interdisciplinary research cooperation. (2) Strengthen
the research on the linkage of various indicators of crop
rotation and fallowing. The research content is becoming
more and more detailed in terms of key words, but there
is a lack of research on the linkage of each indicator, and
there is less research on how the crop rotation fallow
system affects the inner linkage between crop growth,
greenhouse gas emissions and soil health, and there is a
need to dig deeper into the inner linkage.
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