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3 Clarivate

2025 Research
Fronts Report

Annual report identifies 110 hot and 18
emerging Research Fronts

Complete the form to download the report.

Clarivate and the Chinese Academy of Sciences (CAS)

released the 2025 Research Fronts, an annual report

that identifies key areas of research to watch. This First Name*

report marks the 12th annual collaboration between

the two organizations and was launched at a ceremony

held in Beijing.
https://discover.clarivate.com/Research_Fronts_2025 EN
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DECEMBER 8, 2025

New Clarivate Report Reveals
Mainland China as Emerging

Global Biopharma Innovation

Leader

Out-Licensing Deals Reach $50 Billion as Chinese Biopharma Innovators Drive Breakthrough Science

LONDON, U.K. December 8, 2025 Clarivate Plc (NYSE: CLVT), a leading global provider of transformative intelligence, in partnership with Healthcare
Executive (E ZJ22T8 A), one of the most influential information and resources platforms of the Chinese pharmaceutical industry, today released its latest report,

Mainland China Biopharma Innovation 2.0: from rapid growth to quality driven development. The report reveals Mainland China has reached a historic milestone

in global pharmaceutical innovation, emerging as the world’s second-largest market for first launches of new molecular entities (NMEs), capturing an 18% share in
2024. Now in its seventh year, the report highlights a fundamental transformation of Mainland China’s biopharmaceutical sector, from the Innovation 1.0 Great

Leap Forward era of rapid expansion to an Innovation 2.0 phase defined by sustainable, quality-focused growth and global recognition.

https://clarivate.com/news/new-clarivate-report-reveals-mainland-china-as-emerging-global-biopharma-innovation-leader/



A landmark insight from Clarivate.

Mainland China is now the second-largest market for new drug launches, driving global biopharma
transformation. Our latest report, China Biopharma Innovation 2.0, reveals how supportive policies,

cutting-edge technologies, and strategic partnerships are shaping the future of healthcare.

@ 18% 450%
of global first launches of growth in patents since

NMEs 2020

508 [y 38%
S ! ]

in out-licensing deals N
publications



nature index = Tables Feature and comment Nature Index 2025 Research Leaders: United States losing ground ¢ in X

Leading Institutions

The 2025 Research Leaders are based on Nature

Index data from 1 January 2024 to 31 December
2253.62 2776.90 9445 2024.

Share

2024

g * Chinese Academy of
Sciences (CAS), China

View table

Harvard University,_
2 United States of 1206.87 1155.19 3915
America (USA)

University of Science
3 * and Technology of 651.48 850.60 2609
China (USTC), China

Zhejiang_University_

“X  @u.china 598.53 o e e !
Country/territory rankings
5 * Eil?:;q CLUCEERE 622.03 (D Time frame: 1 September 2024 - 31 August 2025

___ Using the drop-down menus, choose the region of interest, and filter by subject area or journal group.

Region Subject or journal group
Showing = 50 V' from 1 to 50 of 192 results I, Export table
Position Country/territory Count Share
1 * China 43370 37986.66
2 United States of America (USA) 32455 22202.39
3 Germany 10838 5015.05

United Kingdom (UK) 9852 3995.15

4
https://www.nature.com/nature-insdex/

Japan 5973 3399.18




Nature Research Intelligence Topics

(i) Time frame: 1 September 2024 - 31 August 2025

The Nature Research Intelligence Topics are created from networks of articles that cite each other, or articles that are very similar to each other, and we have over 30,000 topics

at the most granular level, grouped into a 4-level hierarchy. On the Nature Index we show topics from the 2nd level of the hierarchy that have enough articles to provide

insights on the topic.

“ ‘ Applied sciences ‘ ‘ Biological sciences ‘ ‘ Chemistry ‘ ‘ Earth & environmental sciences ‘ ‘ Health sciences ‘ ‘ Physical sciences ‘ ‘ Social sciences

Bar Bubble

@ Applied sciences @ Biological sciences Chemistry @ Health sciences @ Physical sciences

5-year topic growth

Position % increase

1 * Organic Chemistry +138% +3271
2 * Physical Chemistry +41% +2138
3 * Chemical Engineering +97% +2092
4 Quantum Physics +102% +1792
5 Clinical Sciences +50% +1742
6 * Electrical Engineering +2607% +1434
7 Bioinformatics and Computational Biology +195% +1425
8 Immunology +269% +1003
9 Y Macromolecular and Materials Chemistry +18% +952

10 * Pharmacology and Pharmaceutical Sciences +158% +927
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Leading institutionsin

Share Share
e o L]
2023 2024 biological sciences
iversi i The 2025 Research Leaders are basedan Natur:
1 Harva.rd University, United States of 530.01 530.58 1672 1
America (USA) Index data from 1 January 2024 to 31 December
2024.
Chinese Academy of Sciences
2 307.69 376.55 1449
* (CAS), China View table
3 Max Planck Society, Germany 24515 284.97 1018

i Insti f Heal
4 Na'tlonal nstitutes o .ea th (NIH),_ 278.37 976,88 _—
United States of America (USA)

Stanford Uni ity, United Stat
5 anior: : niversity, nite: ates 188.37 299 57 752
of America (USA)

View full table >

nature index = Tables Feature and comment Nature Index 2025 Research Leaders: United States losing ground as China’s in X

Leading institutions in

L]
Earth & environmental
* Chinese Academy of Sciences SCiences
1 e 420.35 529.57 1729
(CAS), China The 2025 Research Leaders are based on
2 Nanjing University (NJU), China 128.55 150.91 479 Natufe index data frofn;1 January 2024.t0 31

December 2024.

Helmholtz Association of German
3 123.56 14115 502 View table
Research Centres, Germany

University of Chinese Academy of
4 92.01 130.38 682
Sciences (UCAS), China

5 Peking University (PKU), China 107.56 128.34 512

View full table >




RENEWABLE ENERGY

1000 2000
2863

1985

40000
30000
20000
10000

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

From Scinapse.io L scina pse

gramm



T w2

hiiE2X%

Nanjing Agricultural University NAMJING UNIVERSITY OF SCIENCE & TECHNOLOGY

[ oaii CvHoHr / README_EN.md 1 BepuwmHa
aunbl

MpeaBapuTeNbHbI NPOCMOTP Koa O6BUHATL Copoii (0 & 2 ~ =
¥ ocHoBHoOIW v (®)

BepTtukanbHaa KpynHomaciutabHas Mozenb ANns obLiero ceibckoxXo3ancTBEHHOro cekTopa
Q Mepeiitu k dariny

> BB uzobpaxeHns
[ README.md

[ README_EN.md

C6op AaHHbIX N 0byueHne moaenu

Tun gaHHbIX Ob6bem
Onmpaﬂcn: Ha AuCUMNANHapHbIe ocobeHHOCTU HaHKMHCKOro ¢
nF\IIIMl")I—ILIﬂ NAHHKIA MN KOHKNATHRIM MAANIACTTIANNIAHANM TAKIAN KHMFM 8863 TOMa

[ okymeHTbI 243 897 cratein

https://github-com/njaUZZX/Sinong/tree/main MoAUTUKW, CTaHAAPTLI, NaTeHTEI U T. 4. 196 748 AOKYMEHTOB







China National Knowledge Infrastructure (CNKI) wn(lf@#" 4

Culbiltlune ¢

KntouyeBon NpoeKT HAaUMOHAbHON MHGOPMALMOHHOM CTPYKTYPbI KuTas

Beayliee HauMoHabHOE HayYHO-UCCnea0BaTebCcKoe U MHPOPMALMOHHO-
n3aaTenibckoe yupexkaeHmne Kntas

B 1995 r. npoeKT uHmumnmposaH YHusepcmutetom LimHxya u LUnHxya TyHdaH
XonguHr Fpynn

Noppeprkuaetca npasutenbctsom KHP, LIK KIMNK, MyuHuctepctsom
obpa3oBaHumA, MuHuctepctsom Hayku n TexHonoruu, MasHbIm
ynpaB/ieHNeM no neyatm n nybankaumam n HaumoHanbHbIM ynpaBieHnem
NO aBTOPCKOMY NpaBsy.

MpoasuKeHmne KpynHomacwTabHom oumdpoBKM 3HAHUM KnTasa m
co34aHuMe pecypcoB 1 naatpopmbl a4nA rn1obanbHOro pacnpocTpaHeHus
KOHTEHTa U AONO/IHNTE/NIbHbIX CEPBUCOB

Kutanckune undposbie 6MbaANOTEUHbIE TEXHONOTUM COBCTBEHHOM
pa3paboTKM 1 oHNanH-NNaTdopma obmeHa pecypcamm CNKI Ha
nepegoBoOM MeXAyHAapOoAHOM YpPOBHE



dsontoumna CNKI

LUndposoe nspgatensctso China Academic
Journals (CD-ROM). Pesontouusa B

nspatenbckom otpacam KHP

China Journal Net — opuumanbHbIM 3anycK
nepsoro pecypca u3 npoekta China National

Knowledge Infrastructure (CNKI)

CoTpyaHn4ecTBO € [OHKOHICKMM
YHUBEPCUTETOM, NOCNYXKUBLLUEE HAYA/IOM
MEXAYHAPOAHOM SKCNAHCUM:
npeacTaBuTeNnbCTBa B [epmaHmun, AnoHun,

HOxkHOM Kopee n Ha TanBaHe.

Penuns Academic Misconduct Literature
Check System — cuctembl obHapyKeHuA

HapYLIEHUN B aKaAeMUYECKOM nnuTepaType

FNGTIE K

bonee 1000 napTHepoOB NO BCEMY MUPY,
3aBepueHmne pabotbl Hag World
Knowledge Big Data Platform. Konnuyectso
MeTaZaHHbIX HA MHOCTPAHHBbIX A3bIKax

pocturno 100 MMNNNOHOB 3anucen.

3anyueHa MHoroa3blkoBas naaTpopma
CNKI International Platform,
NOAAEPKMBAOLW,AA KUTANCKUN,
AHTIMNCKUINA, ANOHCKMIN, KOPEMCKUN,

PYCCKUI 1 apabCcKni A3bIKK.

Penuns Huazhi Large Language Model n
CNKI Al

MNpeactaBneHbl PeBOAKOLMOHHbIE peLleHun
MHTErPUPOBAHHbIX MHPOPMALMOHHbIX U
cepsucos 'Al for Library,' 'Al for Knowledge’,

'"ThesisWize.'



Lndposblie pecypcbl CNKI: noKanbHble U meXayHapoaHble

7

ZUU

CrpaH

MesxayHapoaHble
CepBUCHI

CNKI Al, AIGC Detection, Al Data, Al Pat+......

Huazhi LLM, MaaS Platform, Al KBase...

NG T8 %5

39 ThbiC. 19U MiNH. .5 M\NpD/. TUVS
OpraHusauunit Monb3oBaTenen 3arpy3ok Mo Tpadpuky
100% oxsaT Hay4HO- eXxerogHo nonb3oBaTenen

nccnepoBaTeNbCKUX
opraHusauuii B KHP

Uundposeble pecypcbi: World Knowledge Big Data, Ultra-large-
scale Cross-industry LLM Corpus...

Cambliii nonHbIN nctouHMK: OxBaTbiBaeT bonee 95%
aKagemmyeckux nybankaumii KHP

BbicOKMe akagemuuyeckume ctaHaapTbl: PaspabotaHo ana

YHUBEPCUTETOB, LULMPOKO UCNOJIb3YETCA B NpouecCCax

v 8 O @®

aKaZleMMYeCcKon UHTerpaymu.
Iny6okas cBA3b co 3HaHMem: OT NOUCKa MTepaTypbl 40

HOBbIX OTKPbITUIA.



CNKI aMcumnamnHbl N KoAnekumm 'n(l‘f@] fo 4

e.nllns t

- EcTecTBeHHble, TEXHUYECKMNE HAYKU, MeaAULMHA CouManbHble U TYMaHUTApPHbIE HAYKH

Architec
Math i . . . Li L El i
athemati Chemistry/ ture/ Medicin iteratur Politics/ : ectronic ‘
cs/ Energy/ e/ e Education | Technology | Economics
10 . Metallurgy/ . e & . Military .
. Physics/ Traffic/ . History/ : & Social &
Series . / Public . Affairs/ . .
Mechanics . Electrom Philosoph Sciences Informatio | Management
Mine Industry . Health Law :
/ echanlcs, y n Science
Astronomy
(Subdlsmplm)
@ Journals @ Dissertations Q Books
¢ 64 million+ Full-text Articles * 500+ Doctoral & 780+ Master Degree- * 18,486 Volumes Books
* 8,630+ Academic Journals granting Units * 5,400+ Types of Yearbooks
* 3,700+ Titles Back to Founding Years * 7.5M+ Dissertations & Theses * 12,000+ Reference Works
Proceedings Newspapers IP Patents
* 45,000+ Domestic Conferences and * 709 Major Newspapers * 57.4 million+ Chinese patent records
International Conferences e 17.85 million+ Articles  since 1985
¢ 3 million+ Articles
@ Standards lﬁ% Achievements @Statistics
* 610,000+ Standards + 1.2 million+ Achievements * 2918 Types

¢ 34660 Volumes of Statistical Data
e 1251076 Indicators



Mouemy CNKI?

BbicOKMe noKasaTtenu UMTUPOBaAHUA — NPU3HAHUE

13% Hay4HbIX paboT Kutaa BxogaT B uncno 10% cambix ULUTUPYEMbBIX B MUPE, YTO
conocTaBMmo ¢ noKasaTenamu CLLUA v EBponeiickoro coto3a. Mo gone B 1%
CaMblIX UMTMpPYeMbIX cTaTelt Kutait 3aHMMaeT nepBoe mecTo B mupe- (Digest of

Japanese Science and Technology Indicators 2022, NISTEP)

Volume of papers in the top 10% and top 1%: China, USA, Canada, Australia and EU-15.
Proportion of Top 10% Highly Cited Papers by Country

73.0 49.0 6.8 0.8 8.0 1.1 60.8
9.8 China The US Canada Australia EU-15
82.8k 56.2k 7.6k 9.1k 68.2k
7.4
7.2

13% 12% 10% 13% 11%

GNGTE# K

KauectBo nybaukaumiit HUXA KHP

7 KUTaMCKUX MCCNeaoBaTeNIbCKMX MHCTUTYTOB BXOAAT B AECATKY JyULINX B MUPE

no obbemy HayuHbIx pabor. (Nature Index 2024 Research Leaders)

CTpeMUTeNbHbIN POCT KOIMYECTBA BbICOKOLUTUPYEMbIX aBTOPOB

B 2024 roay B Kutae
HacuuTbiBanocb 1405

BbICOKOUUNTUPYEMDbIX

. TOP1
nuccnepoBaTenei, yTo coctaBnsert
20,4% oT obLero yncna B mupe. ‘
(Clarivate 2024 Highly Cited 20.4%
TOP2
Researchers)
B USA B UK I Australia
B China M Germany M Other
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i
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NN

Tema | Q @ Al
Mowmck Mybnukaumin  PacwupenHbin Mouck

KypHansb! Oucceprayum Knuru

Akagemuyeckue XypHansl Kutaa [okTopckve [ucceptauuun Kutasa ExerogHukn Kutaa

Moxorpadguyeckue CepuanbHole M3ganua CnpaBoyHble Viapanua Kutasa

Kutan

Maructepckue Teaucsl Kutan

OnekTpoHHble KHurn CNKI

FaseTbl
MaTtepuanbl koHdepeHuUwi 3akoHbl u MpaBuna
OcHoBHble [a3eTbl Kutasa
KoudepeHuuu Kutasa tOpnanyeckue 3Hanna Kutaa
Me:xayHapoable KordepeHuun MateHTbl M CTaHaapThbl

Al MCprMeHT@

MatenTsl Kutan !

Cratuctuka
Cranaaptsl CNKI CNKI Al
3KoHomuyeckan u CounansHaa i Al DATA
st I WU36paHHbie Ba3bl JaHHbIX Al Pat+CuncTeMa naTeHTHOro noucka
HauuonaneHas Mepenucs Hacenenns
Kutas BocTouHbI COOpHMK

Cnyx6a TecTupoBaHus
[paBuTtenscTBeHHble [a3eTsl Kutaa

AHrnosasbiyHble Pecypcbl CnyxGa 3Hanwii TCM BuinBnenue AIGC Al

) [MpoBepka Ha Hapywenue Akagemudyeckon
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Academic Reference

Your gateway to China's latest research developments

Search within title, abstract, keywords Q

Advanced Search
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Abstracts English Journals
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Translated Journals < English Books

Resources

15,227,623 articles 703,181 articles 4,683,813 articles 1,400,151 articles
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IV Academic Reference

Search within title, abstract, keywords Q
Advanced Search
O Subscribed 2,003,099 results
Agriculture
AVAILABILITY Journal article Abstract Only
1. Harm of Environmental Pollution to Plant Leaves
O Abstract only
D Crﬂp Chemical Education Issug02 2007
O Full text XIA Zhiging LI Hui(College of Chemistry and Environmental Science Henan Narmal University Xinxiang Henan Province 453007)
b Abstract 4_“, Full text (in Chinese)

Forestry

Animal Husbandry and Veterinary Subscribed 123,049 results Orderby  Relevance

AVAILABILITY Journ icle Full text access

Plant Protection

1. Prokaryotic expression of vp3 gene of Muscovy duck parvovirus,and its antiserum preparation for detection of virus multiplication

0O 0 000000 ao

Abstract only
Chinese Journal of Biotechnology ,Issue01,2015
. . Full text Yu Huang;Yumin Zhu: Shijuan Dong;Ruisong Yu;Yuanshu Zhang;Zhen Li
Fundamental Science of Agriculture b Aostac () Por () Bingua
T —
Agronomy
Aquaculture and Fishery O Subscribed 1,881,800 results
T T T Journal articl Abstract Only
Agricultural Engineering AVAILABILITY e e
1. Harm of Environmental Pollution to Plant Leaves
Abstract only
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p Abstract 4_"" Full text (in Chinese)
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Journal article Full text aceess

1. Investigation on the action mechanisms of taurine on rumen microbial crude protein synthesis and nitrogen metabolism in beef steers using sodil
B (EN) Issue03,2025

Manman Fan;Jinming Hu:Cheng Liu;Shuo Zhang;Yufeng Liu;Guangyong Zhao State Key Laboratory of Animal Nutrition and Feeding, College of Animal Science and T...

b Abstract

Journal article Full text aceess

2. Vitamin E inhibits inflammation and improves immune response of mud crabs(Scylla paramamosain) by activating an antioxidant enzyme systen
B (EN) Issue03,2025
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b Abstract PDF

Journal article Full text aceess

3. B-Alanine decreases plasma taurine but improves nitrogen utilization efficiency in beef steers
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b Abstract PDF
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1. Study on the Correlation between the Activities of Key Enzymes Involved in Anthocyanin Synthesis and the Content of Important Polyphenals in
Journal of Tea Science ,Issue06,2020

CAO Bingbing;WANG Qiushuang:QIN Dandan;FU Donghe;FANG Kaixing;JIANG XiaohuiL| Hongjian:WANG Qing:PAN Chendong;LI Bo;WU Hualing

b Abstract PDF Bilingual

Journal article Full text aceess

2. Research Progress of Tea Rhizosphere Microorganisms
Joumnal of Tea Science | Issue06,2020

HUANG Fangfang;LI Qin;HUANG Jian'an

b Abstract PDF Bilingual

Journal article Full text aceess

3. Quality Analysis of Tencha Made from Different Tea Cultivars
Journal of Tea Science | Issue06,2020
MAO Yalin WANG Fang;YIN Junfeng;XU Yongquan

b Abstract PDF Bilingual



HLNEEH
English-Chinese Veterinary D...
BFREN (X&)

hERW SRR

2005

TN ERGRE
SREANT (£8)
PERW ARG
2006

@Ncitars

CNK I-eBooks

(PRLAFRI=MR®)

B o) i B
RAK A S

English Books

R R EERT
%R NFDBF ( =% )
hERW E R
2003

FERAKEEREELS
Photographic Guide to Fresh...
HE  BEH » SEF - ...
S BERERAR LR

2017

HXBEFEC
English-Chinese Dictionary o...
KEXEES (XHEER)
Ber AR L AR%E

1989

FERHSHRETERK. ..
Advances in Science and Te...
FIBIR - AEE BHS £R
Yunnan University Press

2017
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@ Abstract

Common wheat(Triticum aestivum L.)is one of the most widely consumed cereal crops globally,serving as a fundamental component of the daily diet for billions of
people As a staple food wheat plays a pivotal role in global food security providing a significant portion of the worlds caloric intake and serving as a primary source of
protein, vitamins,and minerals Beyond its nutritional value wheat is a cornerstone of agricultural economies,contributing substantially to both domestic consumption
and international trade However the productivity and sustainability of wheat cultivation are increasingly threatened by abiotic stresses,with drought being one of the
most detimental Drought stress severely impacts wheat growth and development leading to reductions in grain yield plant height,and biomass production.These
losses not only affect food supply but also have cascading effects on livestock feed production and agricultural economies.As global climate change exacerbates the
frequency,intensity and duration of drought conditions, understanding the molecular and genetic mechanisms underlying drought tolerance in wheat has become a
critical priority for ensuring food security and agricultural resilience. (1)To address the challenges of drought stress in wheat this study conducted a systematic review
and meta-analysis of research published between 2000 and 2020, identifying 759quantitative frait loci(QTL)from 68 studies. These QTL were statistically integrated
into 75meta-QTL(MQTL),revealing genomic regions with consistent effects on drought tolerance.A consensus genetic and physical map was constructed to pinpoint
markers associated with these MQTL providing a valuable resource for marker-assisted breeding Additionally, 113previously characterized drought-responsive genes
were mapped elucidating their allelic variations and potential roles in drought resilience By consolidating fragmented genetic data this study establishes a robust
framework for molecular breeding,offering insights into the genetic architecture of drought tolerance in wheat These findings not only advance the development of
drought-resistant cultivars but also contribute to sustainable agricultural strategies under water-limited conditions These MQTL collectively provide a comprehensive
genetic map of drought tolerance hotspots in the wheat genome. (2)Among the candidate genes mapped to these regions,the Sn RK2 gene family emerged as a key
player in drought stress signaling and response.Specifically, TaSnRK2.1-2D a member of this gene family was found fo be strongly associated with drought tolerance

through transcriptional profiling, under drought stress and functional validation studies Further expression analysis of TaSnRK2 1-2D in 30 wheat accessions drought-
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ABSTRACT

ABSTRACT
Common wheat (Triticum aestivin L.) is one of the most widely consumed cereal crops
globally, serving as a fundamental component of the daily diet for billions of people. As a
staple food, wheat plays a pivotal role in global food security, providing a significant portion
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(1) To address the challenges of drought stress in wheat, this study conducted a systematic
review and meta-analysis of research published between 2000 and 2020, identifying 759
quantitative trait loci (QTL) from 68 studies. These QTL were statistically integrated into 75
meta-QTL (MQTL), revealing genomic regions with consistent effects on drought tolerance.
A consensus genetic and physical map was constructed to pinpoint markers associated with
these MQTL, providing a valuable resource for marker-assisted breeding. Additionally, 113
previously characterized drought-responsive genes were mapped, elucidating their allelic
variations and potential roles in drought resilience. By consolidating fragmented genetic data,
this study establishes a robust framework for molecular breeding, offering insights into the
genetic architecture of drought tolerance in wheat. These findings not only advance the
development of drought-resistant cultivars but also contribute to sustainable agricultural
strategies under water-limited conditions. These MQTL collectively provide a comprehensive
genetic map of drought tolerance hotspots in the wheat genome.

(2) Among the candidate genes mapped to these regions, the SnRK2 gene family emerged
as a key player in drought stress signaling and response. Specifically, TaSnRK2.1-2D, a
member of this gene family, was found to be strongly associated with drought tolerance
through transcriptional profiling, under drought stress and functional validation studies.
Further expression analysis of TaSnRK2.1-2D in 30 wheat accessions drought-tolerant and
drought-sensitive varieties, TaSnRK2./-20 demonstrated significantly improve drought
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signaling, reactive oxygen species (ROS), nitric oxide (NO)-mediated regulation, and
microRNA-related mechanisms. The insights presented herein offer valuable resources for
improving global wheat production and agricultural sustainability through molecular breeding

strategies. Provide references.
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Figure 1-1. The past, present, and future of global climate, agriculture, and food security are
of paramount concern. (A) Most projections indicate an increase in water scarcity in the
forthcoming years. As the global population continues to expand, it is imperative that crop
production also rises to meet the fundamental needs of society. To achieve this, plants must
be optimized for greater water efficiency. (B) The estimated global population for the period
1990-2050 is depicted, with an arrow indicating the projected number of individuals
residing in regions experiencing water scarcity. (C) The availability of global arable land for
agriculture during the 1990-2050 period is illustrated, with an arrow denoting the anticipated
demand for arable land necessary to ensure food security, given the current crop production
rates per hectare. (D) The global demand for freshwater in agriculture for the 1990-2050
period is presented, with an arrow indicating the predicted reduction in freshwater
availability for agricultural purposes, considering the prevailing trends in climate change and
precipitation (Gupta et al., 2020).

1. 1 Effect of drought stress on common wheat ( Triticum aestivam L.)

Dirought stress is detrimental to wheat plant growth and development, with major effects
including reduced plant size, leaf area, grain number, tiller number, and plant biomass, as well
as early maturity, limited leaf extension, reduced photosynthesis, deactivation of
photosynthetic enzymes, and diminished quality of protein, vitamins (notably B vitamins),
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lateral root formation, improving root water absorption capacity and drought resistance in

wheat (Figure 1-2).

ABA in the Shoot

Stomatal Closure in seed plants
Reduction of leaf hydraulic conductance
Reduction of leaf mesophyll conductance
Control of leaf expansion

Induction of cuticular wax formation
Induction of leaf senescence

Inhibition of shoot growth

Responding genes to stomatal
closure TaASR2D, TaSNACS-64,
TaFBAI, TaCIPK23, TaASR2D,
TaGF14b, TaNAC2D improved
water efficiency, participate in
growth improvement

under drought stress

TaEXO7043
ABA in the root
Induction of root elongation
Inhibition of lateral root formati
ic conductivi

Figure 1-2. Schematic overview of the current understanding of how ABA content in wheat
leaves and roots regulates stomatal movement, influencing plant form and function during
drought. Root architecture, including structure and depth, can be modulated by TaEXO7043
and PIN4 independently of canonical auxin signaling, enhancing soil water uptake and
drought tolerance (Bhanbhro et al., 2023).

1.2.2 Physiological response for drought stress

Developing drought-resistant wheat varieties is a critical objective in modern agriculture,
particularly in the face of increasing water scarcity due to climate change. A key step in
achieving this goal is the identification of orthologs of plant drought-resistant genes, which

can serve as genetic resources for improving drought tolerance (Cheuk et al., 2020). Advances
4
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Adaptive Large Neighborhood Search Algorithm for Smart Farm
Picking and Distribution Integration Problem

Yiran Pan', Zhonghua Miao', Nan Li'*

1. Shanghai University, Shanghai 200444, China
*Corresponding author . E-mail: linan2019@shu.edu.cn

Abstract: This paper addresses an integration decision of the robot task scheduling in a picking process and the vehicle routing
in a distribution process to improve the production efficiency in the context of farm-to-door mode. To address the integrated
problem, an adaptive large neighborhood search (ALNS) algorithm is proposed with the objectives of minimizing the total cost
occurred in the two processes. Based on the characteristics of the problem and our previous study, we employ an integer-based
solution representation and generate a high-quality initial solution by using the nearest neighbor heuristic algorithm. The remove
and repair operators are introduced to allow the algorithm to explore different regions of the solution space. The purpose of the
simulated annealing acceptance criterion is to enhance global search capabilities by permitting the acceptance of worse solutions.
Additionally, the selection probabilities of the operators are adjusted based on their performance, ensuring that more effective
operators are used more frequently during the search, thereby improving both the search efficiency and the quality of the solutions.

1 Introduction

In the integrated scheduling problem of picking robots
and distribution vehicles in smart farms, both the robot
scheduling problem!'?l and the vehicle scheduling
problem®l are categorized as NP-hard problems. To find
sufficiently good solutions within a reasonable time frame,
heuristic and metaheuristic algorithms are typically
employed to address NP-hard problems.

Liu et al.l¥ designed an improved simulated annealing
(SA) algorithm to solve a multi-traveling salesman problem
(MTSP). Hari et al.’ proposed an approximation algorithm
to solve a task allocation, sequencing, and scheduling

problem (TASSP) for human operators and robot
PN § N L 1 = NN, P R, e PN

I
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Experimental results demonstrate that the ALNS is a new state-of-the-art algorithm for the problem under consideration.
Key Words: Smart farm; Agricultural robot; Vehicle route planning; Adaptive large neighborhood search algorithm

operations, aiming to improve production efficiency while
meeting multiple constraints and requirements. Wu et al.l']
proposed a multi-objective differential evolution (MODE)
algorithm for solving the robot cell scheduling problem with
batch-processing machines (RCSP-BMs). Zhou et al.['¥]
introduced a novel algorithm that combines Levy flight with
multi-objective grey wolf optimization (MOGWO), named
the Levy flight and weighted distance update multi-objective
grey wolf (LWMOGWO) algorithm. Xu et al.['s] developed
a dynamic algorithm based on simulation methods and
multi-objective optimization to solve the flexible job shop
scheduling problem (FJSP) with transportation distribution.
Li et al.l'® proposed a discrete artificial bee colony (DABC)
algorithm to solve the stochastic vehicle scheduling problem
(SVSP) Fontes et al [!7] develoned a hvbrid particle swarm
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Abstract: [Objective]To study application effect of new type of fertilizer in head cabbage.[Method] The plant traits,yield and economic
benefit were compared after application of different fertilizer and fertilizer ratio( N-P-K),and the effects of fertilizer reducing
and efficiency increasing in head cabbage cultivation was studied. [Result]Fertilization of 300 kg/hm2 Shengmingyuan
fulvic acid chelate( 10-10-10) +150 kg/hm2 Xiashilande soil conditioner + 375 kg/hm2 Shikefeng stable fertilizer( 16-8-18)

ha... More
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HS1 Enhances Rice Heat Tolerance Through Maintenance of Chloroplast Function and Reactive Oxygen Species Homeostasis
An Wang;Zhengji Shao;Ying Liu;Guangheng Zhang;Li Zhu;Jiang Hu;Qian Qian;Deyong Ren

Rice Science Volume 32, Issue 6, 2025, PP 751-755

Journa

0sLAC12, a Laccase-Encoding Gene, Contributes to Rice Heat Tolerance Through Regulation of Antioxidant Defense and
Secondary Metabolism.

Shuangcheng Ding;Zihui Gao;Yuhang ChenJiaxin Liu;Yuxin Xue;Yulu Teng;Simin Qin;Xiachai Tian;Hongwei Wang

Plants (Basel, Switzerland) Volume 14, Issue 18, 2025, PP 2846-2846

1% Heat stress (HT) exerts significant negative impacts on plant growth, development, and productivity. In this study, we identified OsLAC12, a heat-
induced laccase-encoding gene, as a key regulator of heat tolerance in rice. Functional validation confirmed that OsLAC12 encodes an active laccase, with
supporting evidence showing that roots of OsLAC12 overexpression lines exhibited ~1.5-fold higher laccase activity and nearly three times the lignin

content compared to the wild type (WT). Under HT, o..

2481T: ROS:heat stress;laccase activity;lignin biosynthesis;thermotolerance

Joumna
Rice NADP-dependent malate dehydrogenase gene OsMDH8.2 is involved in heat tolerance
Min Jiang;Zhang Chen;Ebenezer Ottopah Ansah;Wangmenghan Peng;Lifeng Huang;Fei Xiong;Peng Li;Gynheung An;Wenfei Wang;Y...

Fundamental Research Volume 5, Issue 5, 2025, PP 2037-2044

8% Convergent and divergent evolution lead to plants with stronger adaptability to higher temperatures, thus averting crop biomass yield reductions.

NADP-dependent malate dehydrogenase (NADP-MDH) is a redox-regulated enzyme that catalyzes the reversible reduction of oxaloacetate to malate. The
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Hew snepsbie 060CHOBLIBALTCH BAXHOCTD
dunocodun 8 axoHOMUNECKOM OBPa3OBAHMM,
SKOHMOMMKA KaK QUCUMNNUHE, BOIHUKLIAR Ha OCHOBE
dunocodum, He moxert bes neé obonTuce. Moaromy
Edward Elgar s3snuce 3a 3ToT yanexarensHoii
NPOeKT, 06 BEAUHNS YCHNUA C MHOMOYMCNEHHDIMY
YHEHBIMK CO BCErO MUPA, KOTOPbIE ABNRIOTCA
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Cnacubo 3a BHUMaHue!

JluneHckuli A. B.
3Kcnepm no 31eKMpPoOHHbIM pecypcam
000 «Jamazpamm»

lipenskiya@dtgrm.com
%) +7 (495)-744-65-21
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