Botanical Research 1HYJ%HF 4L, 2024, 13(2), 206-222 Hans )0
Published Online March 2024 in Hans. https://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2024.132022

E-T CiteSpaceii —+FHE¥IH Bk BB R INE
5&% 9

A %
SRR F(EWNE 4 SRl & e ot o P R N i

Wk H . 20234F12H25H; SR HEM: 20244F3H15H; &4 H#: 2024/F3H28H

R

MEKEERE Y B BEMRARREIThEE, FTHRK S AERSE AR LR R R YIS T
Horp Bk S HE R RN R K HEROR G, BETT BB AR M KOG AR . ABFFUR A SRR B
FIrik, FEYIMIKE EARSORKERREEET T BT BHIRSGRER T HEYM IS ERT IR
EASRIFE. B HEMAEEZRANE. AN, HR T 2R RRRIEE . A5 ICR
THEZEI A A IKE AT T EU ETEIHT. AR EE PR A R AR
FHE. FREELBNBIBAARGIERESE

X in

H ik %, CiteSpace, THEHFE, HAIUIR, HFRHAS

Research and Trend Analysis of Plant Leaf
Vein Density in the Past Two Decades based
on CiteSpace

Wei Zhou

College of Life Sciences, Zhejiang Normal University, Jinhua Zhejiang

Received: Dec. 25", 2023; accepted: Mar. 15", 2024; published: Mar. 28", 2024

Abstract

Leaf veins play a crucial role in plant foliage by facilitating material transport, including water
supply, nutrient and sugar transport, and providing biomechanical support. The structure of leaf
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veins directly affects the water supply of leaves, thereby impacting plant photosynthesis. In this
study, a bibliometric approach was employed to quantitatively analyze the publication trends of
plant leaf vein density research. The study revealed the fundamental characteristics, major intel-
lectual foundations, and key research contributors in the field of plant leaf vein density. Addition-
ally, it identified research hotspots and trends. This research provides an objective and compre-
hensive analysis of plant leaf vein density from a bibliometric perspective. It serves as a reference
for scholars in related fields to refine their research directions, address specific scientific ques-
tions, and seek collaborative opportunities in their areas of interest.
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1. T4

MK EE A AR K, ISR TR LR SR (AR AR ), 3 AT S5 R (R A ), TR IROR (R IR 28546 (N 22 B R
T B 1 AR R - PAT &5 8, FERIVF 208 TR 1 B 2R ARG o RS A S ) RUE A
LA, BIINTEKEE A Z AR5, HIEEM 107°~10°K[2] [3]. FA #2318 R BE 2 SR ks
FAAE — 7 0 BBl A BRARFAIE, 451 v Jk B B T R B ik 242

HIKESH T Re 5 2 Fh D) ReA O5[4], B BIE SR T DU KRR BE M4 s SR RIS Fr 8% . PUBiR e 7). L
PR L, B D SRR A . B S A AT, MK SO AR RIS A G, BRURTE R ZH)
B, BB T PSS R S R AR K — 84 (5], A HAMA R A R B, g
R R[6]. N T AT, 0K R 25 0 Hh R B B A AE [ 7] 7T LAB7 IR R /K 35 R BRI H 2 5 | S ) A
FE[8]e BEAL, I I ik I 265 5 AL B PR B AR R AR AL S P eT DU E XS & RS i — 2B Bt [9], BRRE
B2 RS Z I A998 o7 DK I A G B HAAE 5 7 A b Bt i HARER 2o X T AL R
FE, M BKEEAE AT AR — AN SCPE R 4R, A R AR U R EF BLSE, DM SRR G EF[10]. BA AR T
5, HHAMEWHLSM, — 8BS R A TR A H SR AR S [11] [12], 17 R AT aeHUR o Bl s
EAERTIRE I T I AR . BRI, TRN T AR I Kk 45 44 AT DA S B S8 AN [R] T e 2 (B FR R 2R o

XL RE 1A (A FLIC &R, ] Re G BT it bk 4 A8 26 1 A I 2 B RUFE S BB R A Th RE13] [14]. A
W, AN[R] 2 A RUFE B 25 A R AE ] g2 0t D Re A AN RIS ok a0, 4abkont F - AD&7E FH B BTk 38K,
REAE AT R BRI, 10 B 7K 1B A IS AR B EL B[ 1510 5 2 M, IR AN i A8 ) o & 43 Fic [ 161
T AL AU FE[ 171 DTRREE R o AEAL [ A BE SR, I Tk 225 ) %) S 077 T mT g b At J T 58
AREE o BRI K AT BEAE KRR RS R B ARSF[18]: BN BRI LT R, JF B kK &9
P[19].

H 2008 LK, AATRIL T V52 6 TAEP ik B2 Sk, BdE — S R LRk S, BAIIHE
58 77 A R AN FE A R AR T B A E A [20]0 SR FH SRRV 55 5 0 SCHRIEAT 20 A [21], W] DATE ATt 1
FERE I ik 2 B2 BRI SR 1A TR R Je i . CiteSpace [22]2& P T TR, H T /it
—REE WIS R SR TR (RS B K 2 MG R R U R FRUEAR (23], WEE2E24]. #L
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SA[25]. AEASEE[26] [27]. ABFFCRHISCRTT &S J51%, 454 CiteSpace X SCRRZEAT Bt +2 48 AT HLAL 7
s ARk BT S BIRAN I R 5 AR A T A SE A TR 7, AR S AT ) 27 2
SERTTUIT A AL R S5 R .

2. MMERHE
2.1. BRI

SCHRBE K B Web of Science Core Collection [28] (WOSCC), SCI-E & SCHik 8 220 70 v i i %L
W BN R A AR AT RS, HR RIS SCEI 4% 1 FA7 P [29]. 85T 2023 4 9
H9 HEZR. FEHEEN “TS = (“vein density” OR “leaf vein density” OR “leaf density” OR “venation
density”)” , FFHICHIRMPRE RN “All” o Prikif 5 A%EE, SO OFE IR SCRZER RS, BN
() B R B PR A 5 B B BT A4 (1985 4F~-2023 4F)« §ifiide SCF AR AAE B LAl SCAR SRS RAF . 2R
IR A AR AR, HERR SR TR EE . BE, RS T TR i A IME R B . R
EEME, WRERAEAREAN “TS= “(vein density OR leaf vein density OR leaf density OR venation den-
sity)” » S HILKE S MRS E LR E, EEZWESE ST RERE. &5, BRREEERN

“TS=(*“vein density” OR “leaf vein density” OR “leaf density” OR “venation density”)” 52 f] 3 & 14 5
Ik 2 FE B TR 0%

2.2. FAE

Wik WOSCC R MR i ir . (E& . F0. REH Ry K. 2032 0k .
CiteSpace.6.1.R6 (64.bit)/& 3 FE 4 N 2 PR SEHIRIT K WAL T Java 1 5 0T AL AT 802 o 7EX T
FtH1, CiteSpace.6.1.R6 (64.57)FH T-R#E WOSCC Hdi F1 3= AT . 3= B4 A7 A% Bl AL (0 T RRAL 3 Br 2
HIVERE . ML, EZRHBNAVERI M 2% 1% [25]. BbAk, FIH CiteSpace X CHEIA HEAT S HT, HWHIA
AW T R AT FURT 5 o CiteSpace S8 IFH]Fr(1979~2021), AHFFLAH AR VIF 4 AT THRE P
PATHI W R BLERE T AR 2884, CiteSpace HIIEFEFREN: g-index = 25, Top N = 50, Top N% =
10%/100. BEZHAHE 5 FHBME ()~ 51 F BIHE(co)FI R 5% REURE(CCV), HAa R4 5% BN 2/2/20. 4/3/20
F14/3/20. BYY) 7 Ak B 0B B 42 75 (Pathfinder) H f81 1) Fr X 4% (Pruning Sliced Networks) A ## ] & 3 X 4%
(Pruning the Merged Network) A& 44 /X 2% B3 [30], FRARIRZS 5B, BGam M2 ] ek R BEONERIA.
TR K/MCER AR, ELM AR RILIBRE, ELHO H R O R0, FRoR SRR R 8] iz
JA(2008 ~2023 4F),  PASEIUNAE# SO S5 1 PTG AT, FR A R A &N IR B . {8 Tableau
2023.2.1 A 4% 1 FE B IX 43 B B 19 AR 20 A [31]. FIFH Microsoft Excel 2010 £l JF AT & &, 7r-#7
RSCTFN R S
2.3. fftRiER

LR TR E A C R h R S A BIRE ). fEMZ A, O RT 0.1 MY mRRHALE
T E B [32], S SE TR R 2R B H Aria] LA IR B o 0 s A B 1 DR ] A A U P AT AR
R M2 ta I H CiteSpace BRI ALK OG5 1] AT 73 2 J5 2 1 1R B S I [33 ] o d I X6 AN [F) SR 2R 1) 43 #
AIDUR AT A RO RAE R TR e, 2 SRS S — Btk 148 An . SR B T 1,
MERRERE N> 0.3 B, RIUFTRI M EEZEN. 53, 2R R (Keyword burst) &85 —F0 K
KT L LML ARTE IR IRIE N . CiteSpace 3 BA 7 SR A M DI RE « - AR A sz il H v A3
A B e () OB, AT DAY A H R — SR ) B ST R [34]
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3. ER5118
3.1. RXENHT

BZE 2023 F, HAERE 592 B EEYKEEAHRB L. w563 R, AR 17RH, 234
WOSCC H RIS 95% 3%. 5H 5 MAELKE, 4 BmETReNlm, | M BERET, 1 /&I, 1
AW KL, BERRRITE T T 580 ks S E AL, HAERIS K 98% (14 1).

ENETLES

R R A SCHUR AR A AT DA s il 2 — 4 5 BF 0 80U 34 ) K R IR AN 3. Forhr, 2008-2013 42K
T 134 K, 2014~2018 FARFW L 234 5, 2019~2023 SR FW L 287 k. FFHHRED LN
22 47, 57 ke DRLth, FRATTHEBEANTE TR Bt AR B HH BB (] )R NI R R PR R FE AR FE R
=AW B 72013 SR ZHT, AWFCEEAR, ATHHKEN B M 2014 42| 2018 4, BHAEMHK
SCHRIIAS BT R R AN IEAL BERI TR R, 1 SU0aGE N T s R B BL. 2019 R LG, AR Ik 2 52 B bk
TR E, 1F 2020 SEIARITINE, SLREK S8 &, M RHEN TIRILR BB, BEE A TR JE,
TEAI P Ik 25 52 (R BIE A B SE IR AN 58 3

60
SR, 17,3%

HREE 5, 1%
BBIPRHLE, 4,1% _l_
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Figure 1. The annual variation in the types and publication volumes of literature related to plant
leaf vein density from 2008 to 2023

& 1. 2008~2023 SNk EZEEHE X CEAV LB LE L EFFRT L

3.2. FROH

FATHIH CiteSpace HI#RI AT TIRE, M 7 BB 04, B4R 7 38 E 8RS ED k2
FEW R B FE R R OC R 19 RS — SR G LB ) Fa 45, ar LA B 23 EHE 25 B At Ol .
Bt Jy> 0.1 BT s 2 R I OCEETT R, ORI RN B F A B TR . fEIX L, R
fITAT BAR B “Plant Sciences” /& H AT 5% i ¥ 24 FH(280), 1 % R} 52 B 3k i 2, H K2 “Ecology”
(96). “Environmental Sciences” (54). “Forestry” (46)f1 “Agronomy” (28) (/& 2). 7EH BT &K =K
10 N2ER}2E5IH,  “Environmental Sciences” ,  “Biology” HIH O RS, 20N 0.43 F10.42, X—4&,
BB, XWANFRTEEEAFRER T HRTE T EEEH . HiIkE “Agronomy” 1 “Geosciences Mul-
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tidisciplinary” , FCES 58 0.39 A1 0.36 (9 3). %E LFTR,  “Plant science” fl “Ecology”
KiE. “Environmental Sciences” Fl “Biology” A& iZ%4Ms & H 52 11 1) 24}
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Figure 2. Co-occurrence network map of disciplinary categories in re-
search on plant leaf vein density from 2008 to 2023
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Figure 3. Comparison of publication counts and centrality of the top 10 disciplinary catego-
ries in research on plant leaf vein density from 2008 to 2023

& 3.2008~2023 FEEHIIT KB AR ST AT 10 BER KL CH=5FOMHEEER

3.3. T4

S AH 2 SCHR 73 A1 B G v E R D0 TS T, AT DA B AT TR = 5] B L I RI[35] 361, JF

RFRFARBORISCTE33]o KRIEHZ KR 10 FIYIHILE 1.

{New Phytologist) (Plant Cell and Environment) {Plant Physiology) {Annals of Botany) {Journal
of Experimental Botany) (Nature) 52 M IAT]. KRR 296 RFE, 51 H 8600 R IK(#E
1)o 1,  (New Phytologist) LA 397 &K & 10,993 i@ # 5l R HEA 55— 55— ANk 5| F B94FE4 v BL
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IBHIE] 2008 £, —HIELLR|S R AT IKE O EZA ST B 2008 LUK, (Plant
Cell and Environment) {Plant Physiology) (Annals of Botany) %% AT 2 il A H O E R 8T 26 1 &
HAEHREZERZE, (Ecology) 1 {American Journal of Botany) 43l &K% T 267 kAl 264 it ¢, H
B SCREAE SR IEIL 30 IRBA b G5 REH, fEZMBIE T REMRER.

Table 1. Comparison of publication counts and centrality of the top 10 journals in the field of plant research from 2008 to

2213. 2008~2023 £E[EIEMIMSTSUTAT 10 BT LSO E 50 EEEER
BT RXE BT TR I8 5 BK F—A 5 RAEE
New Phytologist 397 10,993 27.69 2008
Plant Cell and Environment 323 9807 30.36 2008
Plant Physiology 320 9725 30.39 2008
Annals of Botany 298 8124 27.26 2008
Journal of Experimental Botany 295 8012 27.16 2008
Nature 279 7883 28.25 2008
Proceedings of The National
Academy of Sciences of The 272 7913 29.09 2009
United States of America
Ecology 267 8252 3091 2008
American Journal of Botany 264 7986 30.25 2008
Oecologia 249 7301 29.32 2008
3.4. (EESH

Table 2. The top 10 authors in the field of plant research in the period from 2008 to 2023
%% 2.2008~2023 FEEMF R QU L CERT 10 BIEE

(=3 RX&E BE5IHK RSB F4
Adams, William W 11 256 23.27 2014~2023
Brodribb, Timothy J 10 588 58.80 2011~2020
Blonder, Benjamin 9 369 41.00 2011~2023

Demmig-adams, Barbara 9 252 28.00 2014~2018
Stewart, Jared J 8 206 25.75 2014~2018
Zhang, Shi-Bao 7 170 24.29 2014~2020

Cohu, Christopher M 6 206 34.33 2014~2023
Muller, Onno 5 206 41.20 2014~2016
Cao, Kun-Fang 5 129 25.80 2014~2022
Zhang, Jiao-Lin 4 141 35.25 2014~2015

T AL AR B A BT, o] CLEEGFHL | AR AR 0 A, R AR SR ATE R AUk e . fE3%
2, B TR SCESERT 10 MiERE, ERRRSC 745, HEIRSCEN 12.76%. AEYIH K T T4
o, BRI ZAEE & Adams. William W. Brodribb. Timothy J 1 Blonder. Benjamin, Aitif]
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FRFT 11 10 19 @ 3. (TR, AR SCE P34 5 SR A 51 (A >k %, Brodribb.
Timothy J #1 Blonder. Benjamin 7E#] A A J&f Beaffi th 1 9% H 1578k, Muller. Onno £ 2014~2016 F
BRFT 5 RXE, HPEEIREIE 206 K, RZERE R BB % &

Cavaleri, Molly A
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Amitrano, Chiara Zhanggwiao-Lin
s
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)A(aujo, Wagner L
- Bentley, Lisa Patrick
Jordan, Gregory J Enquist, Brian J
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Cohu, Christopher M Stewart, Jared J

Buckley, Thomas N Demmig-adams, Barbara

Peng, Shaobing

Figure 4. Co-authorship network map of authors in the field of plant leaf
vein density research from 2008 to 2023

B 4. 2008~2023 LF[EIEHIM Bk R USAEE & {F LT EIE

B HEF GBI T, o DR SRRV R A W 4 fos, ARAETE1ER /DN
2H. DL Adams. William W N#%:», H Demmig-adams. Barbara. Stewart Jared J. Muller. Onno %, =E
B FU AN B T S5 R K R A O AR B AR AR I S T R AR A I R AR AL [37] [38]. 3 — N HIBLEA
Brodribb. Timothy John NZ/Ci1#IBA, 335 Araujo. Wagner L. Zhang Shi-Bao. Cao Kun-Fang %, =+
SR AL T R K B S e A AR B [39] [401 0 IE AL o 138 A DR 28 Ll mp A7 A KT 2 PR 4 A5
R/NT 22715 RO B — 1 o X UL WA KR TE A T R IR A%, BN A .

3.5. D4

I T AL 23 A7 A5 R T 1 2 3 22 TRV RO LR 1) A2 35 VR (2.3 ] AR R SCHIHE 44 B = I LA 203 2
FHERBE B30T JE WK SR R 2 g K, TSR IR LB U AR B AR M S 55 0 T AR 1 AR HI (K 3)
ERTERIRZ, 10 il 8 i Kee. XKW, TEMBTIEDAMAERY. o, BliSETK
SRR, [ 37K 2 A ST i 24 F9, B SIHR . RIS GI R h O R4 5 1. B4R,
AT — U 5 A 5 A2 i R A BRI 1 (] 5)

Table 3. Top 10 institutions in terms of publication output in the field of plant research from 2008 to 2023
% 3.2008~2023 £F[EIHEHIFR R GUT L SCEHT 10 AL

Bl RX&E B3I B R BIR Sl
Chinese AcadSci 57 1146 20.11 0.13
Univ Tasmania 24 2105 87.71 0.21
Univ Chinese AcadSci 21 231 11.00 0.05
HuazhongAgrUniv 13 430 33.08 0
Univ Colorado 10 236 23.60 0
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£
CSIC 9 285 31.67 0.14
Australian NatlUniv 9 390 43.33 0.2
Northwest A&F Univ 8 71 8.88 0.01
Guangxi Univ 8 111 13.88 0.02
UnivCalif Los Angeles 7 530 75.71 0.07
Chinese AcadSci 57 1146 20.11 0.13

Russian Acad Sci

. . Univ Coll Dublin
Consejo Nacl Invest Cient & Tecn CNR
\ ‘man Ctr Integrat Biodivers Res iDiv
Tech Univ-Dresden e

Univ Colorado
Goethe Univ ™

.
N/ Forschungszentrum Julich
Univ Veracruzana
e T RN A Univ Toronto
= /
/T sman ja— \\ @i Trieste

@%"" Fed Vicosa

R \;ph\) o50 Acad Agr Sci (Nanijing Forestry Univ
rown Univ L \ 5% s 72”
4 / — ‘754,7 Gnian Univ Life Sci
Univ Arizona ~JRocky Mt Biol Labs, g %er Austral Mbrthwest A&F Univ
?{m openhagenWageningen Univ
nta Fe Inst ~
Montpeliier SupAOIdd RS ,pm/Callf Los Angeles

Lanzhou(Univ i
Univ Oxford, " &  Binz
Arak Univ #tyoto U =
alian Natl'Uni // s
Univ Calif Berkeley \ Univ Calif Davis p gxi Uni
/ Int Rice Res Inst arvard Umvﬁ gualh%&Aﬁf Ulﬁip

/Acad Sinica
~—INRA

Figure 5. The co-occurrence map of institutional cooperation in the field of
plant vein density research from 2008 to 2023
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3.6. EPRES1ESHT

Bk K
. | C—
167
167

P‘gLIPPINES

MALAf?IA
4

soongcs wa)

Figure 6. Distribution map of related countries in the field of plant vein density research from 2008 to 2023
6. 2008~2023 £F (BB Bk 2 FE B 52 GUigiAR X E 2R 50 16 B
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A KB R o A . AR BCR SRR bR, AT DA T AR IR FE S A M A B DA S U R DR
REFEAIEN F3(23] [41]0 SRELL 167 R SCHER S —, H UG EABOCFIL, 7225009 151 FA 78 F (L
4, 18 6). EEEBIRNA 30 RibSCR, (HERIRSCHI TSI IR = (41.77). H FEE 5T B A7 s
HVEE—, Ui E X K BT T AR R AR 5). RE L S ZAMEE R T 0.2, BBIXLE
1] 50T PR A (K Dok BE K, P B 9 77 T L A [ X SE AR (14 6)

Table 4. Top 10 countries in the field of plant research from 2008 to 2023
7= 4.2008~2023 FEEHAR IR L LEFT 10 BER

X BR 51 FBK R SR Sy
USA 167 5364 32.12 0.32
CHINA 151 2389 15.82 0.17
AUSTRALIA 78 3434 44.03 0.12
SPAIN 42 1527 36.36 0.07
ENGLAND 41 1232 30.05 0.24
BRAZIL 37 389 10.51 0.03
ITALY 34 960 28.24 0.1
GERMANY 34 1072 31.53 0.25
FRANCE 30 1253 41.77 0.08
CANADA 28 730 26.07 0.06

Table 5. Top 10 funding agencies in the field of plant research from 2008 to 2023
= 5.2008~2023 FEIEM T TUH L X ERT 10 B FEIHAY

g lh ) T % of 580 HX
National Natural Science Foundation Of China Nsfc 91 15.663 i
National Science Foundation Nsf 75 12.909 %
Australian Research Council 38 6.54 T FI .

Nsf Directorate For Biological Sciences Bio 28 4.819 %

Spanish Government 24 4.131 [LER
ConselhoNacional De DesenvolvimentoCientifico E TecnologicoCnpq 21 3.614 (il
Uk Research Innovation Ukri 19 3.27 e
European Union Eu 18 3.098 W BE

Natural Sciences And Engineering Research Council Of CanadaNserc 15 2.582 IE-DN
University Of Colorado At Boulder 13 2.238 %

3.7. BRI 54

TR SCHR AR EE 738, 1T LUK AR P i ik 2 PRt 9 1) it SR AN 0 BERIAR BRI [42] [43]. AHE FUH4
7 H FIR 580 FRR LA 9387 K G| HSCERAL U R G 4%, WLER B 17 /NGB SRR R (6] 7 FI3E 6).
VI R R B4 BECLFE#5 (shade leave). #6 (venation architecture). #8 (leaf vein mutant). #9 (fossil
evidence), 4bTH5E KM B HISEREELFE#2 (other key trait). #4 (functional trait)F1#3 (growth temperature).
FEPE R BB, @540 (leaf hydraulic efficiency). #1 (loess plateau). #7 (changing environment).
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Figure 7. Keyword clustering co-occurrence map in the field of plant vein density
research from 2008 to 2023
B 7. 2008~2023 £F[EIHEHIRT Bk 2 BE A 52 S X SR IR BR SE AL TN

Table 6. The top 10 clusters in the field of plant research based on frequency from 2008 to 2023
% 6.2008~2023 SR [EEMIR ST TUAE T SREAYAT 10 DR

REGs TR BEE FFEE(LLR) FH5 RE
0 64 0.88 leaf hydraulic efficiency 2017
1 60 0.867 loess plateau 2016
2 52 0.965 other key trait 2011
3 43 1 growth temperature 2013
4 36 0.931 functional trait 2012
5 36 0.983 shade leave 2006
6 32 0.927 venation architecture 2008
7 30 0.934 changing environment 2019
8 27 0.971 leaf vein mutant 2010
9 23 0.987 fossil evidence 2008

T —MEEEN> 0.5 IR G E.

#5 4 36 T AL, REEREDN 0.983, REMrRY], YA, TR LS 1V 2 Hopb Ty i AT e
HAEH, Yoyt oK @R, DLRCRE SRR h AN A — A o R 2y
DRI DARR RS2 M N B RIS A8 A, TR AE L SR I IR 5 A A /K T3 4% 3 2 TR SR & KIRANY 1ol
T DA FOUIU A 351 = G A BR A1) A 0 K 0 AN A S H P RE B B KR PR AR 3t T W BRItk [44]. IR P50 (B 5 A
BTSN R K A B TR R M N DA B K EE PRI A SR [45]; #6 35 32 AU REERMEDN 0.927.
WM E R T R H I, IR S5 PR A i B2 50 /R, PRIRGL £ 5 A
KRR IR [46];  FLAT B KA P AL/ P X DR Jioae 2 PO 52 VBB i 471, KA B K/ INEE B 5E 7K 70
Jife 554 73 PR A A1 PR A R AR A A AN R B 2
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#8 4 27 U, FEEME N 0.971, 7 #r T AL R BB R S BUE AR I i OOK iR (AL
JE e ) 5 4R R G TR AZK AU RE /1 TR B e R UL IC 48]0 #9 43 23 My, FeERMEN 0.987. &R
BT 5 AESHEZ R EAEN, fln: £, P mm iz ee 7 bt 2 ErE
LA R A e o AL, TP AR (O 3E A AN 2R S 0 55 B WS B AR R B 1R RIS BE 70 5 ik
HREVIMIG, B Y51 1 4 K B LA H AR K DU A5 [49] -

#2452 R, BEERMEN 0.965, ZERRERT FUHAB S POIR S Bk 2 B R R . WETUREL, AR
g A R S MK U T A R AR AT AR B U st B K R D R 2R PEE A [38]. #3 A 43 A4
BO, REERMEON 1o SCREARRRITTT T ARSI RO bk L AR, R UIE R R AR RPN RS R
I fk S R e TARIR,  TREA KA AR R AR TR (500 #4 45 74 DL, FEERMEN 0.902.
SCEARHHITT T A DIREVER B IR0, T 702 W5 J X3 Bl v Py JE PSR S B, o B
e L X SR RN AT IR RO B FEAN AL AR BEMLRE A AT B A B 5. BR TP MRIRE
ARAAL s AR AT EEVE R A% A2 S th ] BEAE SUDRIE N AR IS 1] FEIX R, FRATTRT LU BT TE M B KA
5 E AN T DR ZOZ BRI Py J5 EERN P K

#0 17 64 NI, FEEMEDN 0.88. IZERBFLTHITT TR IKIIRER RN, BT TR, fEAEYH
R IR IR URCRFIE #8525 5K F7 I IR 7K 35 LR R 2L U BE DA G521 #1 47 60 NS, HeJEE
64 0.867, HARKHIFLERM, EAFYIFA, it F K TTRURES IE#R -5 5% 2 5K T IR 7K 35 DR 4147
WY #7 4 30 MR, RREMEN 0.934, FEMHTH K LS AR VPDE AT 7 5 FC
., GHHFURYIE R RPIANANE VPD 60T, FYIR AL BRESRE R S5 A, FEAR VPD 26 4F T
LA K PR P B i [44]

3.8. {EEWSISHT

Table 7. Top 10 frequency-based authors in plant research from 2008 to 2023
= 7.2008~2023 FEHEMI T TUHE TSN ATRT 10 B{EH

B (= L7yl H7) 4  Bursts Ok R
Leaf venation: structure,
function,
60 Sack, Lawren development, evolution, New Phytologist 2013 15.66 0 15
et al. ecology and

applications in the past,
present and future

Angiosperm leaf vein Proceedings of

29 Boyce, C. K. evolution was physiologically The qual Spc1ety 2009 11.04 0 ]
et al. and environmentally B-Biological
transformative Sciences
Developmentally based scaling
78 Sack, Lawren of leaf.Venatlon archltec.ture Natlllre . 2012 867 0.02 2
et al. explains global ecological Communications
patterns
Leaf hydraulic evolution led a
gg  Brodribb,T.J. surge in leaf photosynthetic Ecology Letters 2010 9.46  0.09 15
et al. capacity during early angios-
perm diversification
. Unified changes in cell size
26 Brodribb,T. J. permit coordinated leaf New Phytologist 2013 7.19 0.01 2

et al. .
evolution
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gk
. Leaf Maximum Photosynthetic
24 BrOdétlt;tl)’T' J. Rate and Venation Are Linked Plant Physiology 2007  11.88 0.08 5
' by Hydraulics
CarinsMur- Acclimation to humidity
5 pmaLRe  Tsieiibmenlat tnClnd o g on
al. Y
and stomata
Water supply and demand
23 Brodribb,T. J. remain balz.ince.d during leaf New Phytologist 2011 755 001 3
etal. acclimation of
Nothofaguscunninghamii trees
Blonder. B. et Venation networks and the
23 ° ;1 i origin of the leaf economics Ecology Letters 2011 7.55 0.1 2
’ spectrum
Decline of Leaf Hydraulic
ScoffoniC . et Conductance with
22 o (;1 ¢ Dehydration: Relationship to Plant Physiology 2011 7.22 0.02 2
’ Leaf Size and Venation
Architecture

FRIE R DA SR 7 I 8] B P9 1% tH R ) S 4 51 AR K S R . AEIX L, 10 R 5 3R e e
SCHRAY burst fE4 4.69~15.66, it WX LE SRS RIRPORN TSI IR 7). £EIX 10 R 3CEH, 5] R
£ [)J& Sack, Lawren et al. T~ 2013 5E7E New Phytologist I & % H S & o A ISR 7 4% TR H) 3 2 FIK
B KRR T — Nk G Ris Mg, (BIEDIRerIVE2 7 LR ENTMRE AR Py 207 T A
K IF H kAR —Fh i R BE R B 1), FEA RIS R R I AR SR 00 AT FR000 fy m) 28 MR A
MR T AFAKTE A ARV T IR ) 22k 24 (3] .

Boyce, C. K.Z5 A1E 2009 Gk F T (Proceedings of The Royal Society B-Biological Sciences) Ff 3 #iiF
B, BT RE SRR RS B R e SEI T S AR LU Z8 BT 2, IR T ORHT I AR, R B K AN
b2 2 [ AFAEAR R A A 5 PE[ 53] Brodribb. T. J.7E 2007~2013 4E[8) K% 4 &30, F W58y ik
HEH AR LS EERHZ MR R £ R2GudH0 b, B0 AR 7 R 7= AR 76 G 2
AR, (HBEE B8 Y RS L R 2 FEAGE R RO G B T B A R [54]; EAIMA S5 M b, 18
IR EH KRG K EIE AN, R TN, KM M40 AT A BSR40 A 1 M sk 2 IEAEOG, (HS
PR IDKR S L B2 2 AR DG [48]s FEJAER T, KA RSLE R B /2 Ui, BRI AR T fik m () et %
ME, JGEEHTESR TIR[15] [40]. B, XN SCEERR k3 BT 7 VR at 78, e 1 i
R AT DUE I M K DRGSR YOC SRR, O S A R A R

3.9. MEARSENESHT

3.9.1. ARHEK[IH

SCEIAE H AR E — R LRI O BN 2R [41] [55], BRI R R B ot S me 1 /F FE 3 s R L,
PATTU 5% 2] P A S 1) S B v B () 2 P13 rh 10 AR SRR (1E) 8), BT TR (0~10) AR BRI AR 2/ M 0.7,
YR LE IR G R 8). #0 FI#S ¥ A A FIAN T KA BE (PR FEWT 7T, GIESE T K2 B2 (R AH O
FREIHFAE T REPR ] 7 Moricandia "B IR AIREAL[56] [57], LA S A THE Ak i R rh e & V8 RS 7 1A s
5 R B OR[54]. #1 BFFE R BRI L R = A A A BRI A . B2 R Rk i
Z A PR A R 2 ORI A RS FE (1 1], X SR AR BE L b BE AN AR S S R ) S R FR I
KR, #2. #3. #4 A#8, HAECEREHAE 0.7 UL L, FEHFFRMGKEE SR, A TR E®E. 1
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FEJERIR R, UESKI K B mT AT 450 & 5 [58]. [FI, MIKJIZEMIE, fRE 1 B 45k )
RE VA [44]0 #6 JEAFIZRBYIFR M TIRE 2 5, Bl Enrique G 55 A HIF 5 3% BH 5 SR ANV P piE ) 0 e
PR 1) 22 2 PR AL AR ot 2 g k2, T BRL A TR AR o 2 ph i s B Ry SRR BE TR E (591 #7 F#9 IR AW
FUAK SIS 1 5 i ik BE AR AE DG AR A [60] LA B A I 7K 77 45 46 7= A A AR A DAL AR AR 4K [6 1]
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Figure 8. Keywords timeline map of plant leaf vein density research field from 2008 to 2023
B 8. 2008~2023 £F[AIHEHIR Bk 2 RE R/ 53 Guldl X 52 1R At (E] £k B

Table 8. The top 10 keyword clustering based on frequency in the field of plant research from 2008 to 2023
7= 8.2008~2023 LE[BIfEH TR SURE T SREATAET 10 N RBEIARE A

R TR REE P55 RS FREE(LSD
0 32 0.892 2013 c-4 photosynthesis
1 31 0.84 2015 leaf mass
2 30 0.708 2013 vein density
3 29 0.891 2013 leaf density
4 28 0.832 2012 leaf thickness
5 26 0.917 2013 photosynthesis
6 26 0.877 2015 functional traits
7 26 0.85 2014 hydraulic vulnerability
8 25 0.813 2015 specific leaf area
9 21 0.783 2016 climate change

3.9.2. AiRKRitaE
SR FE R T AT LR IR S8R 51 AR A 20K N IR E B, 3 S SR S i HE I A AR K
AR[62]. 1EFE 9 BIR T REAN I R S8 8 U BRI 18] B FAE I 7 B AR i R e 1]
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Keywords Year Strength Begin End 2008 - 2023
nitrogen 2008 4.33 2008 2011
architecture 2008 5.27 2011 2015
water relation 2008 3.36 2011 2013
leaves 2008 4.51 2012 2014
xylem 2008 4.45 2016 2018
phloem 2008 3.61 2016 2018

climate change 2008 4.51 2019 2023
water use efficiency 2008 3.48 2021 2023
leaf mass per area 2008 3.38 2021 2023

Figure 9. Keyword burst diagram of plant research field from 2008 to 2023
B 9. 2008~2023 £F [BJHE M 52 Fuld X B 1A ST &

e oE K JEBT BL(2008 :~2013 4F): X —BrBUHIL T =AM Gk, BIEUCEHR. MEARR. Kax
Fo AR, MY K RO R RIREEN R R B I SO G R I B A (631, WA s K
JURTRBE RS SILFRE, K 280 5 SRS B . DU B3 A R BT Fr D R IR (11
JS] SRS o

PR R BL (2014 4FE~2018 4F): B BOIEYS K =AMRR G, R B KBRS, B
WEFEx R CAEPI K2 5 4 A BAR Y R B A B e RS, T2 B A ) I Bk 2 5 AT
TREWTL. [EIRSRIE Tk B TG A 1 FH (541 RN ZE 1 1E F (381N 7K 43 e (1) 2 B

REER R B (2019 ~2023 ) iZM B S SMEAR . KR RLE . SR AR P o & = AN D4
Tl E A R R X I B T AR PR R A (R AR R R, DA I A A ke A A S 1
NE[51][64], BEJ7 AW —BERFEE RS, & Bl S it 7o .

4. GitERE

SRS, AR T TR 2 AN B WA K (2008~2013 £F). PRI JE(2014~2018 4F)
FIVREE K FE(2019~2023 ). 1245 M1k, BOIEEPES . BB HEREE WS R B Ef
BRE} A4 A2 B K SGE . (New Phytologist) (Plant Cell and Environment) {Plant Physiology) {Annals
of Botany) (Journal of Experimental Botany) {Nature) # 1A 4 & 520 i1 #A Tl . Adams William W Brodribb
Timothy J. Blonder Benjamin fl Demmig-adams Barbara ;& #% 0oE#, 7ERBEMY B ZME A RIE T 2%
HEMAEH . RERREREWMER, HIUSEE, Sk, o BRI

AR EGRELL R JL/N /71 : a) leaf hydraulic efficiency (T 7K 71%0%); b) loess plateau (35 1= & Ji);
c) other key trait (FLAh CEE M AR); d) growth temperature (AE KR SE); e) functional trait (DJRETEAR); f) shade
leave (BHM); g) venation architecture (#ik4%#)); h) changing environment (¥4 4%81k,); 1) leaf vein mutant (*-
Jik RAE4A); j) fossil evidence ({LAT1EHE). Sack Lawren £ A\, Boyce C. K % A\, Brodribb T. J.5¢ A, Carins
Murphy, M. R £ A\, Blonder B DL % Scoffoni C %5 N\ . 7FFERIAHNFTHAS pORAE 7 B EEMERH . V]
UER MY B, AEA Ik A B R FA D e PR R 0E SRS R T A FE PR R B, kAR B TR
YILEVER . 2R UL OK o e R F s FEIRBE R I By, AN[FISE AU Y BAG AN 7] ) it ok 2% B2
DUASE R 0f A BRA 5 e AR A 2 i FU T, Ferb U284 K R 2GR L Bt AR 2 IR B A9t 98 34 R
TR AT KPR - ik 28 FE R 78 R0 bk i o 12 AU ) & Fg ka3

FERPEPT SR BAR AL AL . 125, S DA A I K B A AR AL AN = B R R AT 1 KB T,
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