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maintaining the global carbon cycle and regulating climate change. However, with the intensification of human activity and the
growing impacts of climate change, grassland ecosystems are experiencing varying degrees of degradation worldwide, leading to
a decline in grassland soil quality. Although numerous studies have examined changes in grassland soil quality and their
influencing factors across regions and over time, bibliometric analyses exploring the research trajectory and development trends
in this field remain limited. [ Method ] To fill this gap, the present study conducted a bibliometric analysis of 8 089 articles
published between 1990 and 2022 in the Science Citation Index Expanded database of Web of Science. The literature retrieval
was based on the research topic “TSE= (grassland) OR TS= (rangeland) OR TS = (meadow) OR TS = (savanna) OR TS = (steppe)
OR TS = (prairie) OR TS = (pasture) OR TS = (grazing land) AND TS = (soil quality)”, and the retrieval period was set from
January 1, 1990 to December 31, 2022. The analysis was conducted using the Bibliometrix package in R 3.6.3, VOSviewer 1.6.20,
and CiteSpace 5.7.R1 software, focusing on annual publication trends, evolving research themes, international collaboration
networks, core contributing authors, and leading journals. In addition, CiteSpace 5.7.R1 was used to perform co-citation analysis
and thematic clustering on the 8 089 published articles. The results were visualized using ArcGIS 10.6 and Scimago Graphica
1.0.43. [ Result ] The results revealed that: (1) The total number of publications on “grassland soil quality” has steadily increased
from 1990 to 2022, and the development of the field can be divided into three phases, including the initial stage (1990-2005), the
rapid development stage (2006-2010), and the increasing maturity stage (2011-2022); (2) The research hotspots of “grassland soil
quality” have shifted from “the impact of soil carbon on grassland soil quality” to “the effects of human activities on grassland
soil quality”, and the focal research regions have shifted from “areas with sustainable livestock development and relatively high
soil quality” to “areas with severe grassland degradation and poor soil quality”; (3) The grassland soil quality research
predominantly encompasses establishing assessment indicator frameworks, analyzing driving factors or key processes, and
clarifying assessment purposes and ecological significance. Currently, global studies of grassland soil quality have transitioned
from analyzing spatio-temporal patterns to exploring the underlying microscopic mechanisms; (4) The United States and the
People’s Republic of China hold leading positions in this field, with extensive global collaboration; (5) Richard D. Bardgett has
the highest average citation frequency among researchers, Agriculture Ecosystems & Environment has the highest number of
publications, while Soil Biology & Biochemistry is the most frequently cited journal. [ Conclusion ] This study elucidates the
historical development and current status of research on grassland soil quality, which provides data-driven support for advancing
global research on grassland soil quality, enhancing regional grassland management practices, and improving the resilience of
grassland ecosystems.

Key words: Grassland ecosystem; Soil quality assessment; Bibliometrics; Research hotspot; Sustainable development goals
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Table 1 The top 10 authors ranked by the number of publications on the research topic of “grassland soil quality” between 1990 and 2022
Fe = Bl SR FRA
Ordinal Author Institute Number of publications
1 Richard McDowell M EEH L Lincoln Science Centre 62
2 Rattan Lal BINHLR + Fh 3l IV K 2% Mohanlal Sukhadia University 55
3 Marcos Gervasio Pereira  HLZJ# N I A A K 2% Federal Rural University of Rio de Janeiro 32
4 Sukhdev S. Malhi Bl 7K F1 85 K% University of Alberta 31
5 Hong Jie Di M K2 Lincoln University 27
6 Philip Matthew Haygarth 22 R HrRER 2% Lancaster University 27
7 Owen Fenton 2 O BRI B A 52 H 0 Johnstown Castle Environment Research 25
Centre
8 Kristofor R. Brye B[+ {6, K2 University of Arkansas 24
9 Keith C. Cameron M5 K2 Lincoln University 24
10 Leo M. Condron M5 K2 Lincoln University 24

=2 1990—2022 F 8 “EiHIERE” MR EB X ELESIFUAH BRI HRIEE

Table 2 The top 10 authors ranked by the citation frequency of articles on the research topic of “grassland soil quality” between 1990 and 2022

Fe s YE# HLAE SRR R A BB AR
Ordinal Author Institute Number of publications Frequency of citation
1 Rattan Lal BLBUALR 75 R K% Mohanlal Sukhadia 55 5829
University
2 Richard D. Bardgett WMWK The University of Manchester 16 3502
3 Philip Matthew Haygarth = REFF K2 Lancaster University 27 2175
4 David A. Wardle 5§ K2% Umea University 9 1907
5 William J. Parton BB R Z M 37 K% Colorado State University 12 1902
6 Keith C. Cameron ME K Lincoln University 24 1698
7 Patrick Lavelle RIF K2~ Sorbonne University 14 1694
8 Andrew Sharpley B[ 15 €4 K% University of Arkansas 23 1 644
9 Hong Jie Di ME K Lincoln University 27 1478
10 Richard McDowell M ELEH L Lincoln Science Centre 62 1413

FERES R HEZ AT 10 A9 R, 7 S FIgE JCR 2
DXARIER] 73— DX, G 2022 AR 128 4.8
116 (£ 4). LHREIREN, ZEERIPIE R
Bt R LR, 2B T AT A KRR AT

Agriculture , Ecosystems & Environment Fl Soil
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Table 3 The top 10 journals ranked by the number of publications on the research topic of “grassland soil quality” between 1990 and 2022

5 AR RSk JCR 43X 2022 470 B 7
Ordinal Source journal Number of publications JCR quartile ranking Impact factor of 2022
1 Agriculture, Ecosystems & Environment 299 1 6.6
2 Soil Biology & Biochemistry 202 1 9.7
3 Science of the Total Environment 196 1 9.8
4 Journal of Environmental Quality 186 3 2.4
5 Soil & Tillage Research 161 1 6.5
6 Geoderma 148 1 6.1
7 Applied Soil Ecology 136 2 4.8
8 Plant and Soil 130 2 4.9
9 Revista Brasileira de Ciéncia do Solo 113 4 1.7
10 CATENA 108 1 6.2

{E: JCR, BTG IHEH S . TR,

Note: JCR, Journal citation reports. The same below.

Fz4 19902022 F5 “EMTIERE” MREDXESWIBURHZRTHEVEAT

Table 4 The top 10 journals ranked by citation frequency of articles on the research topic of “grassland soil quality” between 1990 and 2022

- %3 BREBK ICR MK
s AU T 2022 4§
Number of Frequency of  JCR quartile
Ordinal Source journal Impact factor of 2022
publications citation ranking
1 Soil Biology & Biochemistry 202 18 121 1 9.7
2 Agriculture, Ecosystems & Environment 299 11 124 1 6.6
3 Journal of Environmental Quality 186 7 465 3 2.4
4 Soil & Tillage Research 161 6 564 1 6.5
5 Science of the Total Environment 196 5934 1 9.8
6 Ecology 37 5788 1 4.8
7 Applied Soil Ecology 136 5725 2 4.8
8 Global Change Biology 63 5607 1 11.6
9 Geoderma 148 5279 1 6.1
10 Soil Science Society of America Journal 98 4954 3 2.9
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Fig. 4 Co-cited references based on the Web of Science for the clustering analysis map (a) and co-citation network maps (b and ¢ )
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Fig. 5 The cumulative number and normalized frequency of important keywords occurrence in published literature during 1990-2022( a )and the

change characteristics of the trend of the use of keywords based on their density (i.e., the relative degree of development ) and centrality ( i.e.,

the relative degree of relevance to the study of grassland soil quality ) (b )
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