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Differences in leaf traits between invasive and native species of Asteraceae

LIU Ting-ting, LIJin-sheng, LIN Jian-hua, ZHANG Dan-dan, JIANG Wen-yu, ZHU Xu-rui, ZHANG Zhen
Key Laboratory of Agricultural Ecology and Green Development, College of Resources and Environment, Anhui Agricultural
University, Hefei 230036, China

Abstract: Given the changes in the structure and composition of native plant communities caused by invasive species,
along with their detrimental effects on biodiversity, this paper aims to investigate the differences in leaf anatomical
structures and physiological and chemical traits between invasive plants and native plants of the Asteraceae family.
The invasive species Solidago canadensis, Sonchus oleraceus, Erigeron annuus and the native species Lactuca
indica, Cirsium setosum were selected as representative species to determine if there are systematic leaf anatomical
structure and physiological and chemical trait differences between invasive and native Asteraceae species. The results
indicated that invasive plants exhibited a higher average cuticle thickness, palisade-sponge ratio, and cell tightness
ratio compared to native plants. This suggests that invasive plants possess superior water retention ability and stress
adaptability, compared to their native species counterparts. Furthermore, invasive species exhibit greater potential
for photosynthesis and nutrient acquisition compared to native species, as evidenced by higher chlorophyll content,
specific leaf area, and total nitrogen content than the native Asteraceae species. In addition, the results of
redundancy analysis reveal a significant relationship between the anatomical structure of leaves and their physiological

and chemical traits. Specifically, an increase in leaf thickness generally indicates greater light absorption, which
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enhances the photosynthetic efficiency of the leaves. Consequently, it is these advantageous characteristics that have
enabled the invasive species to proliferate and colonize successfully.
Key words: Asteraceae; invasive plants; native plants; leal anatomical structure; leafl physiological and chemical

traits
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FH Image] B4 %F % BE 47 43 My , 0 4 - B 2 (leaf thickness, LT) /)i J2 )8 & (cuticle thickness, CT) 3 7 J&FF
(epidermis thickness, ET) | #if £ 41 41 J& JF (palisade parenchyma thickness, PT) | i &5 ## BE 20 21 J5£ & (spongy
parenchyma thickness, ST ) % 45 T 5 457, #HIF L (P/S) (412145 #4) % % B (cell tightness ratio, CTR) 41 2145 #4 i
¥ FE (sponge ratio, SR) B8 240 F -
P/S=PT/ST
CTR=(PT/LT )X 100%
SR=(ST/LT )X 100%
1.2.2 AAL#EWE TE R 18 A v s A Gl 32 Bk DO PR 3R 1 em® B9 FO O, 15 0T /5 3R OB
FECAG 3 43, BT B T R AT R IR HA AR EMR o R Imaged B4 X #4845 21 A9 AL B B 2645 40 B b B 31 5 o
A7 T AR PN A S FL B, BISFL %% B (stomatal density, SD)'
1.2.3 Wik B e O K, ZE R R AR BT IO AR K2 2 em® B B, B T A 5% NaOH %8 Y
B, HEAT SR I A E W 20~30 min, DOULEE I DAY A3 i A O o I BRI BT AT UL S R A R ZE 1R K R I 30
min, B J5 5% 5% 2] 5% NaClO % W #4735 1 A B 10 mine B FE AR B 2808 /K 12 7 30 min, i J5 & F 835 5 Ll
o FIHDG S BAUEE WESTF AT H0 IR, B A R il 3R B, 20 A 1045 B 0B T B AL 4% 3 S . A
Image] B0 5 W0 B 0 F N i bk ) 38 BRKC BE , O 408 b 3 50 g B0 06 - i AR A ) I DK R BE L DA A5 3 I bk % R
(vein density, VD)™,
1.2.4 M5 & i AL v AR I A it R i B R AT R AT Tmage T BR1F X R ik
703 e i it R 1 3R 10 AR (leaf area, LA) o BEJE B M & T 65 CROMEA thgt T 2 fa SR H T8, 1
A 84 RS B (leaf dry matter content, LDMC ) 1 e I i FH (specific leaf area, SLA)™,
T = T E/EEE X 100
Pt mi A = o AR/
1.2.5 &R 5l E N SR B 0 B it 25 B K gk T R AT AL AR O T i e R Y
AR SR 22 . He A B IX BE A 22 56 4 T 80 %6 PR W H L B 2 68 48 A 1 62, i J TE 663 T 645 nm i K Ak
W5 56 %5 BEAA (433118 28 ODyss . ODys) , IFHCHE T 51 20 i3 it 48 R a(chlorophyll a, Chla) (I 4% % b(chlorophyll
b, Chlb) .I4k % a/b(Chl a/b) L K i % % G4k (chlorophyll, ChD)'™
Chla=12.70Dg; — 2. 570Dy,
Chlb=22.880Dy; — 4. 670D ;
1.2.6 26k 2% SR E WA A — 1 A ) 2 TR B4 N, 65 CCHE T 2 T S B 4 R
Ao E R PR AP I B IGE AU BH B BT FE 83 43 i 2E 42 Bk (total carbon, TC) 42 & (total nitrogen,
TN) L K 4= #% (total phosphorus, TP) & &, # & 31K,
1.2.7 s ab 25 5 By K FH SPSS B4 i B K 7 22 43 #1 (One-way ANOVA) Fl iz /N ik 3 25 812 (least
significant difference, LSD) X} 5 # 4§ BHE Y iy it A g &) 4549 (LT .CT .ET .PT.ST.P/S .SR.CTR.SD.VD) }Z H
A AR 2 R (LA VSLA . LDMC ., TP, TC.TN,C/N.C/P.N/P.Chl a.Chl b,Chl,Chl a/b) # 17 43 #7 Lt %t (P<<
0.05) . WEAh, XF3x 5 Ff 4 BEAE P 04 it 28 A 2% PR R A7 A0 SC % 434, SR FH Origin 2024 3R 2 il A DG 36 0 B
J& .12 FH CANOCO(MIA 5. 0) #4704 43 Hr (redundancy analysis, RDA) , 5 768718 5 0 45 BHL 9 A9 A fige 351 245 #
F H A BRAL A PR Z TR ) DG 3R



534 B 12 1)

Tl 224t 2025 4F

137

2 HBRESH

2.1 et B M3 45 My A AE

NP CT ET P/SHCTR ¥ &,
FE T AMALY) , T34 SR W 3% T 4 Hu A )
(XD, HPAREYH —HEMN CT(8.03
pm) (PT(80.41 pm) % )&, ST (81. 46 pm) fie #f ,
A Rk — B8 4B B9 LT (236. 89 pm) % J& . SD
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TP &8 22 %5 AH G 48 b 8 3 1F A1 ¢ (P<<0. 05) ,
H TN 5 LA 4% 2 55 M 48 b 2% 3% 1Y I
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Table 1 Differences in leaf anatomical structure (LAS) and

physiological and chemical traits (LPCT) between invasive and

native plants of Asteraceae

s PR YNELi-t7] A b A ) Pk
Item Trait Invasive plant Native plant P
figdl B RJEELT (pm) 230.78+7.25a  229.93+2.80a 0.755
A g BRI CT (um) 7.714£0.32a  6.9820.58  0.007
LAS FHEEET (pm) 53.65+8.24a  41.43+4.66b 0.003
M= 2 ZUREE PT (pm) 77.90+2.35a  71.16+6.72a 0.057
MR AUREE ST (pm)  96.43+11.26a 103.5940. 77a 0. 094
Mgt P/S 0.8240.13a  0.6920.07b  0.019
HAEE I CTR (%) 33.80+1.92a  30.93+2.68b  0.031
HALEHHANE SR (%) 41.69+3.78b  45.0640.80a 0.029
AL E SD (mm~?) 274.64+46.63a 281.614+10.41a  0.674
k2 B VD (emesem ) 7.51+2.2la 6.48+1.47a 0. 336
AR R TR LDMC 0.15+0. 03a 0.12+0.02a 0.055
¥ b RLA (cm?) 22.6046.16a  7.16-:0.66b <<0.001
Wk Feit A SLA (em®g 1) 93.19425.06a  64.984-9.22b  0.011
IT‘PL 2 TP (mg-g ") 1.0040.11a  0.9040.0da  0.059
LB TC (mg-g ) 478.09+12.59a 481.36+8.57a 0. 590
A TN (mg-g ') 33.2941.62a  28.3742.79b  0.005
C/N 14.3840.46b  17.13£1.99a  0.019
C/P 483.0359. 152 535.66422.02a  0.060
N/P 33.61+4.14a  31.63+3.98a  0.373
4% aChla (mg-g ') 20.3842.40a  17.1341.95b 0.016
42 b Chlb (mg-g ") 6.6940.76a  5.9040.50b 0.045
M4 % Chl (mg-g ") 27.0743.07a  23.0442.42b 0.018
Chla/b 3.05£0.20a  2.904:0.13a  0.123

LT: Leaf thickness; CT: Cuticle thickness; ET: Epidermis thickness; PT:
Palisade parenchyma thickness; ST: Spongy parenchyma thickness; P/S: PT/
ST; CTR: Cell tightness ratio; SR: Sponge ratio; SD: Stomatal density;
VD: Vein density; LDMC: Leaf dry matter content; LLA: Leaf area; SLA:
Specific leaf area; TP: Total phosphorus; TC: Total carbon; TN: Total
nitrogen; Chl a: Chlorophyll a; Chl b: Chlorophyll b; Chl: Total chlorophyll;
T [A] The same below. & F 7l 37 #E A< £ K5 56 4 7 2 ) 3 Fp AAZHE ) 5 2 Fh 4 Hby
TPAE & TR E L1928 5 R TR/NS TR 3R AR 5 A s o MR
Z [8] 22 5 . 3% (P<C0. 05) Based on the independent sample 7 test, the differences
in the mean values of various traits between the three invasive plants and the two
native plants of Asteraceae were analyzed. Different lowercase letters indicate
significant differences between the traits of invasive plants and native plants (P<<

0.05).

PT.ETRIFM*X,5SD.VD.SR.ST.LTE M X;Chla/b5SD.LT.ST.SREFMX,5PT.P/S.CTR,
CT.ET.VD 24X ;Chla.Chlb 5 CT.PT.CTR.P/SEIFM¥, 5STEMME; Hh LA 5 CT Z[H F 4%

P K ,Chla/b 5 SDRIEM R K (K 4),
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Fig. 1 Comparison of leaf anatomical structures of five Asteraceae plants
B AR 3T 4 18 + A5 #E 2% Data represent mean=standard deviation (SD) ; AN [l /NG 5 £} IR 5 Fh 24 Bl 4 9 2 18] 22 5 8 3 (P<<0.05) Different
lowercase letters indicate significant differences among the five species of Asteraceae (P<C0.05); SC: 1% K —#i #& £ Solidago canadensis; SO: 7% 1

3% Sonchus oleraceus; EA: —4F-3E Erigeron annuus; P1: #H 3 Lactuca indica; CS: | JLZE Cirsium setosum; T [f] The same below.
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Fig. 2 Comparison of leaf physiological and chemical traits of five Asteraceae plants
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Fig. 3 Correlation analysis of leaf physiological and chemical traits of five Asteraceae plants
wx, P<0.01; *: P<<0.05.
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Table 2 Explanation of each sorting axis in RDA analysis

4t it Statistic 5 14l Axis 1 55 24 Axis 2 %5 34 Axis 3 55 4% Axis 4
FEIE{E Eigenvalues 0.857 0.077 0.039 0.020
A5 S B ik ( A Explained variation (cumulative) (%) 85.720 93. 440 97. 380 99. 340
Pseudo-canonical 4 % Pseudo-canonical correlation 0.998 0.998 0.996 0.981
P4 A8 i B (R AR Explained fitted variation (cumulative) (%) 86. 160 93.910 97. 880 99. 850

R3 SHEREVHHRFEREAZERTEBRISEHATRNBRE

Table 3 Explanation degree of leaf physiological and chemical traits to the variation of anatomic structure of five Asteraceae

plants

ERIN R Ex- STEkE Contri- #aI0fl WM ERIN fi B Ex- TUHRE Contri- #0860 flH W1k

Trait plains (%) bution (%) F P Trait plains (5) bution (%) F P
4¢3 a/b Chla/b 45.1 45.3 10.7  0.004 ||}y FH B & & LDMC 0.4 0.5 1.9 0.144
R LA 31.7 31.9 16.4  0.002 ||f#% H C/N 0.3 0.3 2.4 0.102
e i B SLA 10.2 10. 2 8.6 0.004 [|[M%k%FaChla 0.1 0.1 0.9  0.406
A% TC 6.4 6.5 9.8 0.002 ||Wk#Lt C/P <0.1 <0.1 0.5  0.696
L% TN 4.3 4.3 16.7  0.002 ||4x# TP 0.1 0.2 0.9  0.468
AW L N/P 0.6 0.6 3.6 0.038 ||M%4ZEDb Chlb <0.1 <0.1 0.5  0.680

HRAE IR ST A A — B, BIAE 9 Fh 45 A 2 R b WA B R A B B i ST AR JE Y PT . T & ik PT AR
ACRT AR g e 5 R 3 T DURH RO it [R) Ak 7 ) 98 38 45 4 B R S BE , TR ST KRBT N T /9 a8 . 25 B
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Fig. 4 Relationship between leaf anatomical structure and
physiological and chemical traits of five Asteraceae plants
I A Bk 2 DR AT 8 1 K 2, I R i ) 24 A T o (o Sk 3R
i Sk 5 HF Sk Z E] Y I AR /N IE AH OGP Bk 5 . Leaf physiological and
chemical traits are represented by red arrows and leaf anatomical structure
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stronger the positive correlation.
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