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Abstract To understand the research progress and application dynamics in the field of water retaining
agents at domestic and international levels, based on the core databases of China Knowledge Network and

Web of Science, relevant literature in the field of water retaining agents from 2003 to 2022 were searched
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with the subject word “water retaining agents” and the retrieval formula “TS = super absorbent polymer OR
water retaining agent”, respectively. Bibliometrics and content analysis methods were adopted to analyze
the literature obtained from multiple perspectives. The results showed that: 1) The number of English
literature in the field of water retaining agents increased year by year, and the number of Chinese literature
decreased slightly. The types of Chinese and English literature were mainly research papers. 2) China had
an active level of research in this area, while the United States was in an international leading position for
research achievements. Regarding fund support, Chinese foundation projects were more strongly funded
than those of other countries, especially the support from the National Natural Science Foundation of China,
which occupied a prominent position among domestic and foreign-funded projects. 3) Domestic and
foreign research has gradually paid attention to water retention agents. Research mainly involves the
disciplines of agricultural science, materials, chemical industry and environment, and the research units
are mainly concentrated in agriculture and forestry colleges and universities. 4) Domestic research has
mainly focused on the application of water retaining agents and the effects and mechanisms of single-
application and compound-application of water retaining agents in drought-resistant afforestation,
landscaping, soil improvement, construction materials, soil and water conservation on roads and in
industrial and mining areas, and the enhancement of the efficiency of water- and fertiliser-retention, and the
growth of plant nurseries, among other aspects. However, international research has focused on the
synthesis of water retaining agents and the preparation of materials, and has been devoted to the
development of biodegradable water retaining agent materials applied in biomedicine and food
preservation. Currently, with the improvement of environmental awareness and the continuous progress of
technology, the development and preparation of new water retention agents materials and their application

in the field of biomedicine and food preservation have become a research hotspot and future development

2025 4F 45 30 %

trend.
Keywords

content analysis

SRR AR AR TR i N TR Bh B+
YT 5L 0B H 45 28 0, g A< 2 7 R AR AR FR B A ok
THERPEEE . 78R X A 5 5 ) Y 2 A2 o AR K
FUAE Sy — P F 22 0 ok 1R, DL A B BB A T
WA A7 KR K o R S e v R AR L
P4 1R K o R AR B AR VR ) R AR
A A EREE T T A% 3%

T AR, [ P AR K R B 9 A T R
HAE AU R R T . FEEW RK
2 A ARl B L T bR AR R R 4 B RS
T AW 5T 3 38 2 AR PR K R0 Y it A O =R
U3 T R RS R IR T R KB R R R
TR SO KR L R R R R B T ek R X
T, A RO R L B R D) R K R ) 4
BT 51.47% .28.71% F1 54.56% , % B K T
15.72% o AR AR B IE K B, AR 7K TR0 25 0 1 7
VA it FH B 3 5 K SR T T 4. 05%6~11. 94 %,
K RE R G B FRE G P R BE 3 0BG T 77,74 %6 R0
52.79% , E AR ST T 6.04%~17.45% . #/b

soil and water conservation; drought resistance; water retaining agents; bibliometric analysis;

Tl 457 3 0 R Pt AR KR K R G
T1.25% , WEMEAK T 12.38% , Pt AL R T
85.98%~96.96% .

FE] B WIF 9% & 1 3 3 W4 R R A 4 BRI Ak 2
PR, ¥ & K B R A8 g o HL T AR W B A 1 £ 7K )
AR B R R K BORL AR K FRIBIE &, ke ik
S5 R AN NG A B B B R K R RRRE T,
IR HAEAE W BE 2 S Gp R D™, Tian %
T s 1 0 VAT s T Je B R B = 0 H 8 SR RIS
AT HOE R EROE R G B B K TR A
Wy AEZE MK A1 0. 9% 1 NaClis i b Y d5r K 7K R
K3 T 650 g/g 170 g/ g, I RF A HEAR K R gh
ol HAT 3 R EAE . Salemi 8HESE K
L m O R S Y I e s A B R T 4T
ARG A O SR R B @ RE T AN T 1
T AR S BB BH 4R R = TG R A B TR
W TT W A, B 2xd 10 v 18 M+ 15 06 35
J5 LA BORS A BLAY K D A% S A= AT DL 2 AN T
Y e 55 I S A0 A5 1 5 0 SRR R L AR RIS



53 1

AR SCAE - BT SCHR T8 RPN 25 20 A B4 £ K 3R 8 JTTATT 5 ik J 107

T TR M LA (] L9 45 4 Wl 4 7 — o B 52 5 I
B 7], JLAE 0. 920 Eh K TPl /K 5 min, 5 R K H ik
F13. 1 g/g, B KPR A F] 12. 8 MPa,

2R [ PN A X R KR A IE 5T R LR 22 A4
Sy, BT R B2 B R R R AR 2R
Y AR AR 7R AR R 2 AR, R KR
14 W K1 DB K BE A 2R ) B 2 A R R L TR A
1 AP RS P L A BT R R R R TR B2
N T BA I RSN LR KR | vk ORI i 24 A5
E R R E M G B S AR 7/ P R SN A DN
TR JR AN OGS (B B 24 Wi i AR R s R
RREET

JUE R KR TR AR SR AL R A
b T AR Wy s 24 A5 450 I ) RS T — s 1 i
Ji& ABATIAFAE — Z2 90 AR A iff e 1 ) L, 4 7 ] B A 3¢
o AR TS A 2R 2 A M G RE DAL L RG]
A S BT RT RE A A HIE 8h A5 T ] E N B 0 A 85
g G T, £ PR KR 1 K R F SR &5 2 o
K. B, S AT TR P AR KGRI Y i e R
I FHERAR , A BIF 5 $00R FH SOk T i vk Fn ) 258 90 ik
A3 AT 20 A7 K R AF 5% 40 1) Sk, LAY Sk £ 7K 51
FEA B 25 AR W I 24 S5 40 sl 1o P R 5%

1 HERBEESHTE

1.1 EIERIR
A B 9% 16 B 2003—2022 4F {5 7K 31 451 358, 1) 2% AR

600 -

SCHk 3 F o E R (CNKD fil Web of Science
(WOS)2 > KLl 1) K40 g, 20 A5 45 2R A 2 , 591 R
55 0k 5 A AR O B SCHK AP A 3 R 0] () I i B
T8 SCEE B el | 47l S OC B o A SCER o 7E CNKI £
a2 v, DL ) PR K R T R AT R R T Uk A F
5 412 3CHK s £ WOS Hdie e LI R 4TS =
super absorbent polymer OR water retaining agent”
HEAT KR A U e 45 51 5 030 5 SCHK
1.2 SH7TE

SR 1 SCHR T 5 32 0 PN 2 23 A i X SR B9 9 4
At & 2= 45 b JF 17 53 B, R A CiteSpace

VOSviewer 355 0F 58 #4 s 847 AT M4k 43 Ao
2 HEREHW
2.1 X2

2.1.1 FEALE

2003—2022 4F £ 7K 5 45 8 AF B2 e SCH L AT 1
AL AT e S ke S0 R sl TR Hop
2018 4F iy 9 3C A SCHR T 3¢, e i T SCH 2
R B, T UL PR 6 2 AT Y SRR
17 HR S e SCAE 2009 A BT 3 3 T i s S B3l T R
2022 4F fe A% o 3 i X S SCOCHR B9 A AT SR AT, K
B Sk SR BT [ S b B AR A T RO
Tl e SCHEZAF P R A7 563X S R H [ TS N B2 B
AL B 30 TR R, T — 25 [ PN N i A% e A R
I 3l L 3 12 U o SO T 52 e

—A— CNKIZ i CNKI database

500

400

300

200

& /4 Published literature number

100 |

0

—— WOSHHEIE WOS database
——— WOSHHEERE K #4# The growth trend of WOS database
——— CNKIHH 738K #43 The growth trend of CNKI database

y=20.47x-40 942.71

!

MRS

y=—1.54x+3 377.06

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

B4y Year
B1 2003—2022 FRKFIARNBEELLE

Fig.1 Annual publications in water retention agents research field from 2003 to 2022
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Table 1 Top 10 countries of publications in water retention agents research field from 2003 to 2022

LSS v

T BB/

HE4 EPS . R b E /% BB TIIIR /R o H f5 1
Rank Country . Published Percentage Total citation Average citation H-index
literature number frequency

1 P [# China 1436 28.55 35 818 24.94 87

2 % [E America 787 15.65 39 670 50.41 95

3 E[ ¥ India 371 7.38 12 641 34.07 51

4 % [ Germany 220 4.37 58 68 26.67 40

5 H 4% Japan 203 4.04 9263 45.63 40

6 P4 BEF Spain 194 3.86 8 343 43.01 43

7 % [# France 190 3.78 8 207 43.19 39

8 i} [¥] Korea 180 3.58 4 895 27.19 40

9 K Traly 172 3.42 6 130 35.64 39

10 7] Tran 170 3.38 5304 31.20 42
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Table 2 Types of literature in water retention agents research field from 2003 to 2022
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Sk e B 7 LT/ % Sk it/ 7 L/ %
. Published i Published
Type of literature . Percentage Type of literature . Percentage
literature number literature number
%*/ﬁﬁﬂ . 3995 73.82 Article 4423 87.93
Academic journals
AN
B ‘ 883 16. 32 Proceeding paper 341 6.78
Dissertation thesis
JH: Achievement 198 3.66 Review article 223 4.43
] P 238
NS 150 2.77 Meeting abstract 18 0.36
Domestic conferences
48 Newspaper 86 1.50 Early access 14 0.28
-t
rrakm 75 1.39 Editorial material 5 0.10
Featured journal
HAl Others 21 0.39 Correction 2 0.04
oY
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International conference
Fr i Standard 2 0.04 Others 2 0.04
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The color of the circle in the figure represents the clustering of keywords co-occurrence. The size of the circle indicates the frequency of keyword

co-occurrence. The length of the distance and the thickness of the line indicate the strength of the keyword correlation. The same below.
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Fig. 2 Co-occurrence of keywords in water retention agents research field in CNKI database from 2003 to 2022
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Fig. 3 Co-occurrence of keywords in water retention agents research field in WOS database from 2003 to 2022
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Table 3 Top 25 key words emergence map of water retention agents related research in CNKI database

ES it SR JFWRARGY ATHUE 2003— 2022 4F- % BLAF 173

Keyword Strength  Begin year End year Bursts from 2003 to 2022
3ic L1 1 Ak Afforestation 6.53 2019 2020 e e s s s e e e s s e e e s s [ —
¥ 3 Potato 9.11 2019 K20 — ————
i i Quality 4.75 2018 K10 — e
7% 43 Nutrient 5.36 2018 2019 e e e e e e e e S —
H: ¥ % Biochar 6.63 2018 2022 e e e e e e e s s e e e s e
B R New technology 4.97 2017 2020 e e e e e s s e s s s —— —— —
FE B Forestation 8.26 2016 /0 S S — ——— — — e
/NF Wheat 4.76 2015 2017 e e e e e e e —
Ak bR 5.85 2015 2017 e e e e e e e S

Soil and water conservation




%3 AR SCAE - BT SCHR T8 RPN 25 20 A B4 £ K 3R 8 JTTATT 5 ik J 111

3 ()

e i i) WIE FIRIEG ARAE D 2003—2022 45 ¢ B4y

Keyword Strength  Begin year End year Bursts from 2003 to 2022
A Nitrogen fertilizer 4.69 2014 2019 e s e e e e e e e e e N N S N N e e
4 7K Water saving 5.42 2014 2015 e N
# 4 Flue-cured tobacco 5.88 2014 2016 e e e e s e e e e S S S e e s e e
AR Technique 6. 90 2012 2018 ——
R R Application effects 5.12 2011 2015 e e e e e e e e Y Y Y S B e e e e e e e
Wi B & & Desulfurization gypsum 6.10 2010 2012 e e S —
b Mulch film 7.17 2010 2011 e e e e e e e D N e s e e e e e e
J85 4 B2 Humic acid 4.89 2006 2010 S —
5 3 3 H Expressway 5.23 2006 2010 e e e S N S S A e e e P e e P e e
N 1R Acrylic acid 6.35 2006 2007 S
P it Property 8.19 2006 2009 e o e e e e
Wz 7K 2 Water absorption 5.16 2005 2009 S ——
it Mk Afforestation 4.97 2004 2006 B
T8 8% K & Vegetation restoration 6.04 2004 2009 S S —
P Anti-early agent 6.49 2003 2007 S
% % Equipment 8.15 2003 2004 e e e e e e e e e e e e e e e e e e

T« 8 2% 3R S B IR R FF A 1 AR 00y L 200 45 3R ST IR S L AR 0y . R AL
Note: The blue bar indicates the year when the keyword did not begin to appear, and the red bar indicates the year when the keyword began to
burst. The same below.
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Table 4 Top 25 key words emergence map of water retention agents related research in WOS database
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Keyword Strength  Begin year End year Bursts from 2003 to 2022
Cross linking 6. 30 2020 2022 e e s s s s s s s s s s s s e e —
Cellulose 7.63 2020 2022 e e e e e e s s s s s s e e e e —— —
Shrinkage 8. 11 2020 2022 e e e e e e e e e e e e e N N BN
High performance concrete 6.18 2019 2020 e e o e e e e e e e e [ —
Optimization 6.28 2019 2022 e e e e e s e e e e s e e e e i o
Compressive strength 7.24 2019 2022 e e e e e e e e e e e e N N BN B
Superabsorbent polymers 8.46 2019 2022 e e e e e e e N BN B
Silver nanoparticles 7.51 2017 O —— —— — e

Temperature 6.10 2016 2020 NS —




112 OE R R R 2025 4F 55 30 %
Fd (8D
P iiat! [iigEs TR S AR 2003—2022 4F: 58 B AE A
Keyword Strength  Begin year End year Bursts from 2003 to 2022
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Films 7.01 2013 O — e
In vitro 6.59 2011 2014 e e e e e S —
Surface 9.04 2010 2013 e e e e e e ——
Cancer 8. 11 2009 2013 e N
Contrast agents 5.88 2008 2014 A
Solid phase extraction 8.11 2007 2013 e ——
In vivo 10.70 2007 2013 S —
Polymers 6.05 2006 2008 S
Derivatives 6.43 2005 2013 S ——
Agents 9.15 2005 2013 L —
Atomic absorption spectrometry 6.40 2004 2011 S —
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Performance liquid chromatography 15.28 2004 2009 e N N N N N N e e e e e s e e s e s e
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Binding 8.24 2003 2010 S —
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Table 5 Top 10 highly cited papers in water retention agents research field in CNKI database from 2003 to 2022
, T #
— 31 5 VEL R0
eIy A 1 30K 1 RS gy BETH
. W/ Published
Sort Title Source of papers . Download
Citation year
volume
1 BB BT 5 1 MR R BT 5T 455k (A B BT 52 ) 259 1322 2003
2 SR R Y B R H R (b E 3 S50 RD 230 4824 2013
3 PROKGR X U A R R R B AR 0 AR R S R (RO BRI R A 2 4R 201 2176 2007
4 R T AR OKGR AR Al B F 5 BE (Alr TR A=) 189 1801 2007
5 BRAKGAE Al A 77 b B 8 5 R e (F 54t XA BF5E) 185 882 2003
6 PROK IR AE A ll ke 15 K e 2800 B 5 Ok £ R FFHTIE) 179 746 2004
R R Ak BT B L T 5 b bl 223 B BT i AR R R R T ARl R A
7 . Ao 175 1782 2003
it w3
8 R T Ot A A I 4R R A S ) B R €Y b 2 Bt 2 41 164 1016 2009
9 PROKZE /4R AL R B BT 5 (Al TR =R ) 145 1757 2006
10 AR K G T 4 36 /N 22 A TR A IR R A B e S i O T A 22 40 124 1554 2011
R6  2003—2022 F WOS Hi#7 B ROk FI B R GUBAT 10 § #5118
Table 6 Top 10 highly cited papers in water retention agents research field in WOS database from 2003 to 2022
; CEIR RAAEY
He I i e 5291 7 MRV T .
. . . L W /IR . Published
Sort Title Source publication . nt
Citation year
Synthesis and characterization of nitrogen-doped graphene X .
. . Journal of Materials
1 hydrogels by hydrothermal route with urea as reducing- . o 341 o 2013
. Chemistry A
doping agents
A novel carbon nanotubes reinforced superhydrophobic and J 1 of Materials
2 superoleophilic polyurethane sponge for selective oil-water (f):rnc.z‘lq A atertas 331 LRl 2015
separation through a chemical fabrication emiy
Porous lignin based poly Cacrylic acid) /organo-
3 montmorillonite nanocomposites : Swelling behaviors and Polymer 285 el 2017
rapid removal of Pb (II) ions
A new look on factors affecting microbial degradation of International
w S
4 r Mg microbt 8r ! Biodeterioration & 268 Ep 2017
petroleum hydrocarbon pollutants . .
Biodegradation
5 Vf‘:terinary antibiotics in animal Waste , its distribution in S‘ciw‘ic‘e of the Total 260 a5 2016
soil and uptake by plants: A review Environment
Highly compressible ultra-light anisotropic cellulose/ A dte Chemi
re te Chemie—
6  graphene aerogel fabricated by bidirectional freeze drying for nsetvandte - hemte 254 op 2018

selective oil absorption

International Edition
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26 (81)
, B 51 4 K= FA
e 1 ok 154 T S HR o
. . W/ Published
Sort Title Source publication . Country
Citation year
7 Super moisture-absorbent gels for all-weather atmospheric Advanced Materials 249 £ 2019

water harvesting

Controlled synthesis of conjugated microporous polymer A dte Chemi
ngewandte Chemie—

8  films: Versatile platforms for highly sensitive and label- i " » 247 rh 2014

. . International Edition

free chemo- and biosensing

Humic substances developed during organic waste . i
Science of the Total
Environment

207 [ 2019

9  composting : Formation mechanisms, structural properties,

and agronomic functions

Journal of Materials

10 Preparation of cellulose-based hydrogel: A review Research and 165 ;ﬁ 2021
Technology
2.5 FRoMm OI AL TR R T AR KGR) U SR Y 32

2003—2022 4F PRK FI B 78 Uk 1= 29 [ 22 At BHEERR VS L, o il S P AE S R o fEP 3

RT 20032022 FERAFARGEEESRER S

Table 7 The distribution of disciplines involved in research field of water-retaining agents from 2003 to 2022

CNKI %4 /2 CNKI database WOS %# 5 WOS database
R CH /T R CH/

R A Published e Vil Published

Subject distribution literature Subject distribution literature

number number
Molk. Forestry 1039 Chemistry 1659
AeA/EY) Crop 986 Environment science and engineering 709
£~ 3" Plant protection 814 Material science 698
Z Horticulture 766 Polymer science and technology 580
£l Bl 2% Agricultural science 661 Agricultural science 471
¥ 2 Agronomy 626 Biomedicine 402
#8546 T. Materials and chemical engineering 544 Food science and technology 320
FHFFLF 5 TR Architecture science and engineering 317 Biomaterials and technology 294
Tl 5 F Tl Light and handicraft industry 286 Nanometer science and technology 229
R 5 %5 Environmental science and resources 195 Architecture science and technology 226
Ak T2 5 2 5 Agricultural engineering and economy 191 Microbiology and toxicology 120
H 2% i P 5 0 4 Physical geography and measurement 133 Materials and textiles 78
75 1% 5 7K 32 i Road and waterway transport 110 Green development 75
Bk 5 Tl 28 % Mining and industrial economy 88 Geography and earth science 58

HW)2% Biology 51 Agricultural engineering economics 34
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Table 8 Top 10 research institutions in research field of water-retaining agents in CNKI database from 2003 to 2022

e/

HEF B . T i e/ o
Sort Institution . Published Percentage
literature number

1 VAL R AMELE K% Northwest A&F University 161 2.97

2 Jt 5T MOl K 2% Beijing Forestry University 157 2.90

3 N 5 i 4l K 2% Inner Mongolia Agricultural University 109 2.01

4 of [ 5k K 2% (4B 5T China University of Mining & Technology-Beijing 77 1.42

5 il b4k K 2% Hebei Agricultural University 66 1.22

6 o [ k. K 2% China Agricultural University 65 1.20

7 11 % 4k K % Shandong Agricultural University 58 1.07

8 Pk BH A% Ik K 2% Shenyang Agricultural University 49 0.91

9 11 P8 4 b K 2% Shanxi Agricultural University 46 0.85

10 H K K2 Chongging University 44 0.81
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Table 9 Top 10 research institutions in water retention agents research field in WOS database from 2003 to 2022

7 Lt g mx ame SRS EE
Sort Institution literature number Percentage  Country  H-index article

1 Chinese Academy of Sciences 207 4.12 [ 45 5

2 Centre National De La Recherche Scientifique 103 2.05 beES| 30 1

3 Egyptian Knowledge Bank 73 1.45 & 21 0

4 University of Udine 71 1.41 beES| 29 1

5  Hohai University 54 1.07 ] 24 0

6  Indian Institute of Technology 54 1.07 B 27 1

7 University of California 53 1.05 % [ 24 1

8  Council of Scientific and Industrial Research 40 0. 80 B 22 1

9  Islamic Azad University 38 0.76 Emi| 15 0

10 South China University of Technology 36 0.72 e allES| 13 0
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KIL I E A 2, Lok Ca bl

0.97% . [ PrKE e % BT H i 3407 70 2 v B [ 52
IRBR AR g G LA A5 2 AR IR 55 3 R 5 I ] 57 T A
DI L L SN LAg I RTE DAY % ich S N (A ES
JEHIRE [ 58 [ AR B B G e [ N AN B0 H p R R
H 3 e H r TR OR AAGR AL BT S B AR 5 R FH 4
B FIE AL, [R5 . T 5K A AR 2 Rk G TEHE
B BT T K R rp B B A
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Table 10 ToplO funded projects in water retention agents research field from 2003 to 2022

CNKI %t #% 22 CNKI database

WOS %45 22 WOS database

KU/ , KRR
3 T . % ! .
22 E Published J,Ej'] BLty . Published literature
Found project . Funding agencies
literature number number
E &K H KR 2= 4 339 National Natural Science 795
National Natural Science Foundation of China Foundation of China N
R R AR 937 United States Department 152
National Science and Technology Support Program of Health Human Services N
[ R H AR W 9E & R (863 14 . .
. . 165 Nat | Institutes of Health 149
National High-Tech R&.D Program (863 Program) ational nstitutes of Hed
PSRty -] Fundamental Research
National Key Research And Development Program of 95 Funds for the Central 127
China Universities
& 5B e it
2 P S ot Al 42 Spanish Government 99

National Science And Technology Program
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. Published . . Published literature
Found project . Funding agencies
literature number number
BARA M 77 Ml 1 A A R 8 T 4
Special Funds for the Construction of Modern 34 European Union 95
Agricultural Industrial Technology System
7 48 BB O Ministry of Education
Science and Technology Research Plan of Henan 29 Culture Sports Science and 75
Province Technology Japan
% E R AL AT 9 R e LA (973 R Conselho Nacional de
Project Supported by the National Basic Research 22 Desenvolvimento Cientifico 69
Program of China (973 Project) e Tecnologico
w2 e TR B AR I E .
. ) .. Japan Society for the )
Knowledge Innovation Project of Chinese Academy 22 . . 63
. Promotion of Science
of Sciences
ARRLFRB IR AT S China Postdoctoral Science
Agricultural Transformation of Scientific And 19 S o 58

Technological Achievements

Foundation
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