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Abstract: [ Objective ] Soil constraints, including salinization, acidification, and erosion, have evolved into pressing global
environmental crises. Salinization, triggered by improper irrigation and inadequate drainage, causes salt accumulation in the soil,
rendering it inhospitable for most crops. Acidification, mainly attributed to excessive use of chemical fertilizers and acid rain,
disrupts the soil's pH balance, impeding plants' nutrient absorption. Erosion, aggravated by deforestation and climate change,
strips away the fertile topsoil, significantly reducing soil productivity. These issues not only severely threaten food security by
limiting crop yields but also degrade soil health, undermining the long - term sustainability of agriculture. Consequently,

mitigating soil constraints has become a central concern for the agriculture, environmental science, and policy - making sectors.
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[ Method ] This study conducted a quantitative analysis of 3 996 global patents related to soil constraint mitigation
technologies(as of 2024)using the authoritative IncoPat patent database. Patents sourced from various regions and periods were
meticulously selected. The analysis delved into aspects such as patent filing dates, applicant locations, technological
classifications, and types of innovation entities, with the aim of uncovering research and development trends, technological
distributions, and the characteristics of different innovators in this field. [ Result ] The findings revealed that global patent
applications exhibit a "three - phase growth pattern". Since 2015, China has taken the lead in innovation activities. Technological
advancements are characterized by a "triple - core - driven" structure, with soil salinization reduction technology at its core.
Specialized soil conditioners for constrained land, accounting for 42.8% of the total patents, and upgrades to mechanized
equipment have emerged as major research hotspots. Enterprises and universities serve as the primary innovation entities, with
enterprises focusing on practical applications and commercialization, while universities contribute to fundamental research and
technological breakthroughs. To address future challenges, it is essential to enhance research and development in bioremediation
technologies, promote interdisciplinary collaboration, establish an integrated "monitoring-governance-evaluation" technical
framework, and develop tailored full-chain mitigation models for different soil constraints. Additionally, continuous efforts in the
development of novel technologies, materials, and products are vital for safeguarding soil health and ensuring agricultural
sustainability. [ Conclusion ] This study offers a comprehensive overview of the global landscape of soil constraint mitigation
technologies through patent analysis. It underscores the urgent need for collective action to address soil constraints, given their
far-reaching impact on food security and agriculture. The identified trends and hotspots provide valuable insights for researchers,
enterprises, and policymakers to strategically allocate resources. As the global population continues to grow, future research
should prioritize sustainable and innovative solutions. By leveraging the strengths of different innovation entities and promoting
international collaboration, significant progress will be made in safeguarding soil health and ensuring the long-term viability of
agricultural systems.

Key words: Alleviation of soil barriers; Soil salinization; Soil acidification; Soil erosion; Research trends

P 1R iT E H ORI R P I — R3] TR R AR SO L L SRR o A
DyRetEREts, AAEEAR T R . Ehoid . & ZSREE, BRSPS H N BT ik
R, AHURNEE. FRORMEAE, JREMA LR EEIEPR SR A S PR B

AR TS A SRS DIRe i K . P, 4Bk
2y 40%p Bk E IR ER AL b, o, FRERI A
X R AL 7 B R 22.7%, A AT
Wi, 2050 AP SR A B E Y IR, 4Bk 13.81
f¢ hm?® FhEA A PR E S ek 8.3%%, B4t
- AR R MR 2 A I S 2 W] Rk R SR Y
Pk —, BE s, 2023 4E4 K 2 AT
4ERE 262.76 J7 km® BIEAL, T LL EAR A
35%071 it AT UL, 3 B 3983 Ak T 43 iR
L H AT LUNE T #E T L, R REURR
o R it i LA

Sk T R X - SRR A BT R Bk K, P Ak
W oE # PRl 28 R L™ | SRAR AL VRN 4 445 11012
FHEIFRET Tz s, BN T —H e )
(g b ), TREE (s EHER ). iR
( Qi SRAE P 05 ) 45 R RO A I R AR AR . SC

TIAETT A RS MR R L . SR, B BT 2 R
f T B S A XCURUEE, BE TR AL Y &R
GV BE = o e RN BOR BT Y E 2 2
7, RERMEAER 90%LA ERDE R R, EALAER
YRR R B S T B G R R B S SR s A, b
REFB R AR AL AR A SO AT SRy R 7 A2 SR 14,
UTAFAE, R PR Ak I Dol AR AU DAy Al A 5 Tk
A — A, B A R R R I A
BUFT = b, H i R B T8 R B A B R 45
KI5 =k se 4 i R &

Zr b, ARG X A S A T DR 1 R S
BRIEATIRA T, SR B A i JA - BT J2 4K -
DRI =4 AT e, E RURUE LR P [
(DA R - R AT I D AR & J B4 B B A 15 38 2 R
H, QO ETERRMEE | sk R . R iH5E
IR ERTE S Ty, PR S R T 9

http://pedologica.issas.ac.cn



166 + b1

=

63 %

AR AR R T7 1], DA 0 ] - 3 o 5 3 i AR
U AR AT B AL BB T A T5 18] SR
AT R SR S, RIS Gl A B ]
SE RO AME RLI) DA Ml BOR B DR SEAR i

1 RS

1.1 BEKR

A SCR R IR R R RIS, SR AR
T A . Rk . IR AR OCHE S AR IR Sk
FOCHE A A Al G PR R R A A R, e T
AR ERHEAARARF LR incoPat BHEAIFME
¥4 (http://www.incopat.com/ ) YE MR, BT
MR Rz “TI= (( 3 OR #ih OR fH
OR EHi OR 3g#h OR /KM OR Hih OR R
OR 3Z[E OR MM OR soil OR cultivated land OR

farmland OR grassland OR orchard OR paddy OR
dryland OR vegetable plot OR vegetable garden OR
vegetable field OR woodland ) AND ( g4k, OR MR

OR #h# OR #h#wi OR Rk OR /Kt OR
+ ¥R or K EAREEF OR acidic OR acidification

OR saline alkali OR salt OR salinized OR erosion OR
soil loss ) AND ( BH#E OR #ii OR #fil OR ¢

E OR Hl| W OR control OR remediat* OR

conditioner OR improvement OR inhibit* OR
suppress* OR depress* ))”, & HHIh 2025 4 3

H7H, BEGITaRkEE 2024 45 12 H 31 HIY%
FIHIETEOL . FX Rk RIS B 45, i E R
S N TR MR, KBRS AR 3 A OGP AR S A
BRAVEE s X EE RN HIES T AR, T iREdRE
ME—PE; B, FFRARG] TAE, MR A T2
FE LA . B ARG B FISCHER 3 996 11
1.2 SWAHE

ABEFEAE B incoPat BHE 21 L R 34715, 45
4 Excel 2016, Origin 2023 F1 VoSViewer 23 #r 4xf4:
Xof - 98 i Ak T DB AR U A O L RV B R AT T
St SR, BEHCE R HRIE R . HIIE AL
XA SRy . BRI E R FRE SRR N S T dE bR, B
TEHG Y48 7~ 58 I - U A 45 3 1% & 0 4 A B
AR, T AT S A B R PR i e ) 3 e S A, Al
BB 2 EHOREHE, JRREEAZ R 58 A DL R T
W Rk Fea s, SRz sl i ik — 2 5T f Pl % R

B R 2 0 R0 S 5 R R DR
2 4 R

2.1 EIKTEEBEHBEATUNEN BIFHEE
AT R FE b A 35 o A el AR ek, X
%2024 4F 12 A 31 HEY 3 996 4% FH 5 B IF
S3HT, $E N ARk IR IR AR AT A (B 1)
HARLEEWEEN = BARE: (1) BERZEW
(1936—1980 4 ): AEXJHITERAE 1 1, FZ4EH
TERE., HAMEESERERE; (2) Z1EHK
(1981—2010 4F): LHIHIFLIFEY 8.0% HARiH
B, HAMRRRROR G AT 5 (3) md R R (2011
—2024 4 ): LHRIHIFERE KL 16.3%, 2024
ARG A D (400 4. Jr, FRERY LR
TR 4 A 40U & 1) R I R 2009 AR 2RI 22 T
2008 4 T B H AS B 42 BR 5 — . 2022—2024 4FiF
AHARRER], AR & 9.6%, (A fRF4
BREFHAL (A7 HE 95.7% o

500 -
— "[& China
| = HZ Japan
400 == FE[E USA nOB
= i[5 South Korea
[ = 7%[E Germany
300 ™ OKFE Australia
w2 7 Russia i
r mmm PYHET Spain
200 == EfJE India
= )%k Canada

Tl

L] Hif i Numberofpatentapplications

2004
2007
2010
2013
2016
2019
2022
2025 F

BT e RReRT I D AR U e ] i AR Al
Fig. 1 Variations in the number of patent applications in the field of
technologies for alleviating cultivated land soil obstacles
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Table 1 Technical flow of major countries in the field of soil obstacle reduction technologies

H #5 [E Destination country

R it
Gl eS| H 7 | 22 I SN N mk i
Source country Sum
China USA Japan South Korea  Russia Australia  South Africa  Germany
Gl 4192 14 0 0 0 2 12 1 4273
HA® 9 3 67 6 0 5 0 0 120
S 0 40 1 0 0 3 0 0 67
i 1 0 0 32 0 0 0 0 34
o 0 0 1 0 0 0 0 6 17
WA 0 3 0 0 0 9 0 0 14
R 0 0 0 0 11 0 0 0 11
PHPE 0 0 0 0 0 0 0 1 8
EpE? 0 0 0 0 0 0 0 0 7

He AREPHERBER MR EGIEHFIE S L FEGE. Note: The patent numbers in this table refer to the count of patents without
merging application numbers. (DChina, @Japan, @USA, @South Korea, &Germany, @®Australia, @Russia, @Spain, @India.
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Table 2 Classification of patent technologies in the field of soil obstacle reduction technology

AL Y TR
%05 Number
Primary technical sub - branch ( items ) Secondary technical sub-branch (items )
Wi ik - L R R ERR AR IR (1 711) BRI Soil ameliorant 345
Specialized soil conditioners and 45 Biochar 147
high-efficiency fertilizers for obstacle soil ( 1 HHLAL Organic fertilizer 83
711 items ) + 1R Soil conditioner 276
i R E: B Improve saline-alkali land 163
[ + 1€ Acidic soil 97
R LkR Polymaleic acid 50
2 FEHUIE Amino substituent 5
BRI £k Ferrous sulfate 72
4> JE % Magnesium metal 185
7 F i B Molecular sieve adsorption 87
B4 2428 Fused heterocycle 2
Hi A ZFHIAT B Bacillus licheniformis 48
FiR P £ ek ) Acidic soil ameliorant 151
Rt S B TR R (583) + ek K Soil improvement 131
Engineering technologies for obstacle soil )2 13 Topsoil 47
remediation ( 583 items ) JK 3K Water and soil loss 85
J5 4R % Molten salt pump 4
Lo B Saline-alkali land improvement 87
EL W3 H Saline-alkali land 221
i€ JZ Filter layer 3
i S4K Gas transportation 5
HE R TR BT IR (256) F K ZEFRFT H Bacillus megaterium 119
Application of biotechnology in obstacle soil ZFAFF I Bacillus 45
(256 items ) S 71 Cloisonné 2
LW Saline-alkali land 35
FRE 3Rk R R AR B =R A (528) 2t [ 2R b Improve saline-alkali land 256
Technical model development for obstacle soil % 255 Mimosa 3
improvement ( 528 items ) i K57 Ameliorant 2
+ 3 R 5 Soil ameliorant 267
R S I A S A (138) 7K L AR+F Soil and water conservation 41
Dynamic monitoring methods and platforms for ¥4 B Control chip 6
eroded soil ( 138 items ) 3%k K Soil improvemen 52
A2 AL Soil erosion modulus 39
it 3R [ LA b R A5 s (566) LB B Saline-alkali land improvement 279
Mechanized equipment upgrades for obstacle FeMAL B} Flexible material 2
soil improvement ( 566 items ) K K 2% 45 Improvement equipment 164
KA RIAEE Water and soil loss control 121
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Fig. 5

Technical efficacy matrix for sub-fields of soil obstacle reduction ( a. soil acidification prevention and control; b. soil salinization and

alkalization reduction; c. soil erosion prevention and control )
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Fig. 6 Development trends of soil obstacle reduction technologies (a) and different patent technologies (b) during 1936-2024
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