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Comparison of gas exchange characteristics between invasive Parthenium
hysterophorus and Bidens pilosa and co-occurring native Cirsium setosum

( Asteraceae )
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Abstract: The severe damage caused by some invasive species on natural ecosystems is prompting increasing global
concern. Many studies have focused on exotic invasive species. Generally, exotic invasive plants have higher resource
capture abilities and utilization capacities, and lower leafl construction costs ( CC) compared with native plants. However,
the physiological mechanisms that determine their invasiveness are poorly understood. Both Parthenium hysterophorus and
Bidens pilosa are annual herbs originating from tropical and Central America. These have been introduced into China
unintentionally through agriculture, or intentionally for ornamental purposes, and have become an extremely serious
agricultural and rangeland weed, threatening native fauna, and are a physical nuisance. We hypothesized that exotic
invaders may have higher resource capture abilities and utilization efficiencies compared with native species. To test this
hypothesis, ecophysiological traits including net photosynthetic rate (P, ), water use efficiency ( WUE) , photosynthetic
nitrogen use efficiency (PNUE) , photosynthetic energy use efficiency (PEUE) , specific leaf area (SLA), leaf P content
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per unit mass (P__ ), leaf N content per unit mass (N__ ), chlorophyll content, and mass-based and area-based leaf

mass mass

construction cost (CC, . and CC, ) were measured. We compared the above traits between P. hysterophorus, B. pilosa,
and the co-occurring native ( Cirstum setosum) populations in Shandong, China. The results showed that the P, , chlorophyll
content, leaf SLA, leaf P, PEUE, and PNUE of P. hysterophorus and B. pilosa were significantly higher than those of C.

setosum ( P<0.05). Stomatal conductance ( Gs), transpiration rate ( Tr), leaf N and leaf CC,,_ of P. hysterophorus

were significantly higher than those of C. setosum, only (P<0.05). B. pilosa was significantly higher than C. setosum in
WUE, only (P<0.05). Correlation analysis demonstrated that leaf WUE, P

correlated with P, (P<0.01). Leaf CC,_ did not increase significantly with increasing P,. Leaf SLA, CC

and SLA were significantly positively

mass 2
e s and
chlorophyll content were significantly positively correlated with N (P<0.01). Compared with native plants, higher gas
exchange characteristics and leaf biochemical indicators may contribute to the successful invasion of P. hysterophorus and B.
pilosa. The results indicated that these two invasive species had a higher resource capture ability and resource utilization

efficiency than native species, suggesting that these traits may be a common biological foundation underlying successful

invasion by both exotic species.
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leaf traits
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TEZR B B DX N AR AR S PR A AR 77 i LS 7, 1926 4R 1 AR TR [ = B R Bl As, HETE R H =
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FivAR B A R AR 55 A i PR T AV 8 B 1 T 42 A 5 = A DR SR T e A ik
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b, P2 TF R OC T AL HG 5228 22 KL A A H 2 L B/ TR SR TR N I 2 B AR AR WO G R M A
FEHP RSN TR A A = S R SRS R AR M TR I AR D . B R AR TR AT
JE PR R AR ALY AR T T A M Rh oA 8 30 i SRS 3 248, O HLRE 8% T 2803 B 4 31 RRI FH R B B85, oA
BRI — AR, A ST BRI 2 (P. hysterophorus) F1 = HLEF & (B. pilosa) HLAIIE[E] A A X DIALA 2%
A FAEY) /NG ( Cirsium setosum ) AE R XF B LR AT 3R A R 5 JE AR MW O6 & Rk Lt B Lo i T AR
(specific leaf area, SLA) BNV i 18 2 WU B A (leaf construction cost per unit mass, CC,_ )  HA i N &% &
(leaf N content per unit mass, N ) RN P % (leaf P content per unit mass, P, ) 4RGSR £
S LA AT =AY A R PE RN R PR 22 TR A RH DG DA 49 A B AR 252 1Y) A B2 T AR B A 3 B =t AL
BEFRAAR BURHLTH

1 #MR57EE

11 AR5

FAEX AT IR B B PS5 3 M (35°097 618”N,118°50" 627"E, 4k 123 m) , AR I35 1 = I Y 4t
HA A, KR T KUK R Rl R e, DU DB R SE R, ORI AR R DY 11
8°C AR /K iy 836.0 220K, 4FE 4 H BB A 2463.6h, H3E RN AR, HHERLR AL M T . 13
pH {H 7.20, A HLFT 6.02 g/kg, 4= N 0.64 g/kg, 4= P 0.68 g/kg,

1.2 FEACRE 5 E

F 2014 4F 9 H 21 HIFJRIZEM 2 FERERES . LR ARHIP R IR A . = A S RU/INGT 2 28 58 ) A
TERSHN, A= A A 8 TR A B =) A0 /NG AR R BAA HAE ) | A2 IR R A W SRS . DA
Wi i — S AL, AU 10x10m, B 3 U, 369 AKX, B IXAINBEYLICE 1 mx1 m #7575 4>, 4/
FETT P BEATLAE B KA — B A AR P AT RR 10 Bk, R BEHLRER 30 B X o7 o7 i At Bfe 52 48 1) B s i
F,5 N/INEERES R 5 IREE . R Li-3100A M AL (Li-Cor, Lincoln, Nebraska, USA) M5E M1 A, bl
JETOA A BRI DA T 00 - R A PR AR AR, W] IR - 33 R AL 8 IO A 4 B Bl 0—10 em 1233,
R 2407 1] 2 6 5 BE PR A

SRS SHURIIGE : T EF 9:00—11:00 FAE 7 th e BUR I3 | = YL AT BERI/NET 3 Rk 4 b T35 57
AR AR . SR LI-6400 {E #5064 4L (Li-Cor Inc., Lincoln, NE, USA) X 3 Rt bk Dl fE 194k
£ (net photosynthetic rate, P,) 788 4% (transpiration rate, T,) T FLFJE (stomatal conductance, G,) i
[#] CO, ¥ % (intercellular CO2 concentration, Cl)%#ﬁﬁa&ﬁ{ﬂﬂfﬁ““ o MEIRET R 25°C , CO, R BEFE T AE 400
wmol/mol , Y i Tl 5 % ( photosynthetic photon flux density, PPFD) 1% 4 1000 wmol m™ s™', HEH5E 4 &
TEI G R HEAT I E 05 ORI e A SR AR A A AN g il 3 9k, A XA B A E 15 1K

M2 2R S I - FERAE ) =R AE ) S it P 2 B8 K R T 3T S AT AL AR VIO 1 em® 247
CRETT FEBCHIRAY K, DI 2 5 mm 5820 1 mm Y4022, SR )5 H 80% i PRI 52 41 22 28 HL 58 4278y 1 0,
A1 GERBEIAT ), T 663 nm Fl 645 nm LG RE (OD) |, 45 B LR 23 3055 8 i ALY i 4 4 B (CA,
mg/dmz) .

Chl a=12.7 OD;=2.69 O ;

Chl b=22.9 OD,;-4.68 OD; ;

FRIBUR B3 E TR E (CV, wg/mL)= Chl a+Chl b'®',

IR R TR AIE | IR AT BERAR A S SE A, B, 2305 100 H AT 20 H AL I
TRAF, HEPIREAL 105°C A TE 30 min, SAJ5 65CHET ZAHTE M r#3iid 100 Hf IR SR IRAFTESB A h LI 45
30T HEEAHL C Ml R ARG I SRR A Ak - L 7, 158 NH,-N A NOS-N 3 5 ¥ B2 R It s 7 5 43
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BFAX(QC8000, Lachat, USA) W, HEAAI4 4 N FIFFICIN A0k, 4 P FEHBBLIL Gkl

W B3 BE (Ash ) B 5E - 76 S5 30 47 i 500°C 242 6 h, AR BR PR, T 8 V(A R Ao Uit o
(HWR-1SE, 135 1S K S0 ) W0 B 0.5 g Z AT HUIRE BB R | 22, 52 A KRBl i S, 451 RE
SR 3 AT BT o T A, U A PR b >

FerF T AR (specific leaf area, SLA, m’/kg) =M F 8N AL/ H T,

K43P (ash content, A, % )= 5% i/ FE o T 5,

£ IK 453 FAH (ash-free heat of combustion, H_,kJ/g)= THME/(1-4,,);

By R R (CC, gglucose/g) = [ (0.06968H, -0.065) (1-A, ) +7.5(kN/14.0067) ]/
Eq ) H

PLEAS H KM A,  RIPURBE N A HLVEIREE S E B RBCE BN RSB (58 NOy,
k=5; # 0 NH], k=-3) . AREPIFEIE KRN 0.87° b FAAEER , JELL NHS F1NO; /0 N B4 1L 4
JEA I 15 LR e NEL N I NOG-N 9 B, SR AP i ot F cC .

A F 8 37 SR A B (leal N content per unit area, N, g/m?) = N, /SLA; I H 807 FBUR R (leaf
construction cost per unit area, CC,. , gglucose/m>)=CC__/SLA;

A B A HZCE ( photosynthetic energy use efficiency, PEUE, w mol CO,gglucose™ s™')= Pn/CCamBm ;
64 E M FHRCR (photosynthetic nitrogen use efficiency, PNUE, w mol CO,g™' s') =P /N, 2",
1.3 Hdlaor

JVFH SPSS 16.0 X 5 $Hs HEA 148114341, W Excel 2007 XF 40 M4 b AT 1B, #5850 LLF- {8
FARERE 307 T 20722 5MH7 (one—way ANOVA) UL/ B35 22 400 ( LSD ) 7 7% [ 40 ] 4 i
5 220 M AN 22 53 B P AR (P=0.05) . #E¥ P, 5 WUE ' SLA [CC,,.. N P ¥REELL K H N, S04
EH I SLA CC,, Z I H 5 R R Pearson AT, IFHEA 70U ik 5 PEAG 46

2 ZBREHS

2.1 =FEYIRAERASH S B L
TEAROCE SR EE R 1000 wmol m™ s~ B, 4R S 4G | = I Vo 1 55 1/ IN] 18 AR A2 e 5 8500 7 45 15
1,

R1 =MEMSEIRSHMLEER

Table 1 Comparison of Gas Exchange Characteristics of Three Plant Species

- IEED e gy AL FRME R KA R HRCE

. Net photosynthetic rate/ Stomatal conductance/ Transpiration rate/ Water use efficiency/
species (pwmol m™2 s71) (mol H,0 m™2s71) (mmol H,0 m™2s7") (' mol/mmol )
RICES Parthenium hysterophorus 9.269+0.511a 4.325+0.707a 16.140+0.802a 1.580+0.023b
=Y 4H 5 Bidens pilosa 10.399+0.654a 1.046+0.1106 11.264+0.569 b 1.976+0.086a
JINB] Cirsium setosum 5.309+0.078b 0.846+0.005b 11.000£0.017b 1.483+0.007 b

FPE AP EE bR, RIS R FREROR 2 57 .3 (P<0.05)

HI | T LI th AR SR A 0 = S B P, 4350 53 085 1 A MU/ 1N 74,69 1 95.99% , 51 15 4
HEARRLAIA L, SR80 = SR B P 36 5, 70 A R 0 RO 48 S, LT 45 R A 9 e ) o
AR AG T G, T T HA PR , 100 =R C MR TNEIH2E AR 3 . R T
BRI A 1 7, B S T LB RORUING R 22 SR L T ML R WU B 3 0 TR A
/NG
2.2 SR ARG R

1 2 LA SRR A4 = SR 2k 3 3 8 /N DA B IR VR BB 4 > = i S 6
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>/ TSR R SR YDA VE R TR T s iy 9 o, S RN SR A e R ss A H R R CR, iR
SLA & FAEA P8 55 Fnds il B [ £k 43 e 45 2 B 14 foe B B O A D R 1k ) AR 2 AN = AR B SLA T v
FAMIAAY, WA A N, 0 E T HAPAAY, = REF R NS TS H 25 58 B3 IR
WA =k AT A R P R E R TNET, R CC R AT RAR T BT R AR R A B AR AR, Sk T
I A BB RIS ARG R CC,, 3 i T/ T = AT R NG 2 ) 25 SR R
PRI (0 A, 350 50 28 T A Ml D SRR R AR RE 2 > = I B > /NG i =R it R Ho 2
)5 W 2252, PIRh ARMYAY PEUE A1 PNUE b 5 2 T sk 4 /N

R2 =ZWEYHRHFEREER
Table 2 Comparison of Leaf Traits of Three Plant Species
A ]

leaf traits

=R /INE]

Parthenium hysterophorus Bidens pilosa Cirsium setosum

442 & & Chlorophyll content/ (mg/g)

LT FY Specific leaf area/ (m?/kg)

R AL BT & & Leaf N content per unit mass/ ( mg/g)

i A B ST R B & it Leaf P content per unit mass/ (mg/g)

R B B AR Leaf construction cost per unit mass/ ( gglucose/g)
BT Ash content/ %

LIRS A Ash-free heat of combustion/ kl/g)

e R AITECK

0.152+0.016a
35.487+1.092a
45.636+5.331a
3.437+0.129a
2.141+0.134a
15.237+0.558b
15.663+0.220a

0.152+0.067a

0.146+0.019a
34.474+1.525a
33.579+0.905b
3.703+0.169a
1.913+0.048ab
9.769+0.208¢
15.795+0.353a

0.190+0.022a

0.086+0.008b
30.359+0.923b
31.772+1.638b
2.348+0.164b
1.795+0.029b
19.309+0.562a
16.431+0.707a

0.084+0.005b

Photosynthetic energy use efficiency/ ( . mol CO, gglucose™ s7')
Jei AR IR
Photosynthetic nitrogen use efficiency/ ( mol CO, g™' s71)

RAE NP R bR R , AT AR 7 R 7R 2257 .35 (P<0.05)

7.287+0.344b 10.815+1.214a 4.790£0.159¢

2.3 P 5 WUE SLA P, .CC,. ZIHEHHSCHE

Bl 1AM 3R MY P, 5 WUE (it SLA W P A 2 IE ARG (B 1A & 1B, 1C) |, Bl i
HEHRHE K, i CC,, WA GRS HIFTo R EAHC(E 1D) .
24 MR N, SHF P, SLA CC,,.. HERER S R Z A AHDCE

K2 OGO R i N SR P2 B EAH DG (B 1A) , 5 5 SLA (CC,, M it 2 s il

BFIEMS (K 2B, & 2C, & 2D) .
3 Fit5iTie

R AR S 010 A 25 R W) e A 24 7™ G, AR AT LIRS [ SR TS AR 28 R G S AR i AR W 2 R AiE Y
XFAARFEYIN N AR PR R 22 05 T 17 H: 8B 00 2 SRR X TR AR CEAA Y R B G %,
A LSRR EA LA H B B R B G RE R 2 GG W ATL I DA R AR 3A A8 R DA B AT R A AR SR A A
(2L

HeAVER R R E BRI P, , P, R/ 5 W R SR AR T I S AIC, 78— RS Dt e 5 A
AR BN AR A A A A DRSS AR RIS i 7 4002 T USRS B B A FEMI IR A RO A R AT T,
SR AR RIS R = BLET B P8 2R T AR AS MU /N (3R 1) 0 ER e A R = L T R
B InA CA HDERE LR 2 A MR A AR R S ) RFLASMELR Co, T P 2 0,
FKZE IR HOE I , IR 1 KL A E S 6BV A 56, 38 5 PR R ZE IS VE A D156 10
YT A AERFAL CO, , [FIBT 2sEAT 78 M1 R, 1 AL P DAAR Hl R 5% 45 24 190 A2 T Aol A 0 A i 2R 7K 43 ¢
DIEOL T EEEZM CO,. M3 1 al, A AR YA F A MY A E & 6. T WUE, X5 T
LT AZE A L Feng ZEWF5E 45 R —80>
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7r 7k
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= R?>=0.6331 P=0<0.01 R?>=10.5335 P=10.002<0.01
é 3 1 L L | 3 . 1 L L )
LS 1.3 1.6 1.9 2.2 2.5 20 25 30 35 40 45
L Ew
é*'g g 7k 43 IR He R
REg Water use efficiency/(pumol/mmol) Specific leaf area/(m?/kg)
Rg
p § 13
z 13p .
2 L 11
= 11
Z
9t o7
7t T
* * ot
5| . y=3.2459x - 1.9393 5t . Y= 6.193x =3.7497
R*=0.6254 P=0<0.01 R?*=0.2514 P=0.057
3 . . . . 3 : - : !
- B RS i B R B A R AR
Leaf P content per unitmass/(mg/g) Leaf construction cost per unit mass/(g/glucoseg)

Bl1 StEEESKSFIAMEA) MAILHER(B) BERE(C) AGRERZMHZA (D) HHEXHE

Fig.1 Correlations between net photosynthetic rate and water use efficiency,leaf specific leaf area, P ., CC, .

T AR AG )5 A M i B PR DS Sk A7 P 30022 B D T B B A B T A 7 S, X T g
S ROA B A1 A R AR A v i bk 5 2 A TR 2 b A g A 7, e 2 b
BB S — PR AT B R B P kR AR AR . AEROBOGRE B SR R S T S BN 20 H
P RAEYDC A AsRES Y L AR AG R = B AT R A AR R A R W T /NET (R 2) 41l i T6.
T%F1 69.8% . =i SLA A A TAEY) R4k AR R3S K, AT LAAR G 1 3d B v T )2 19 55 007K PR3 s i AH
AR R N ZREYANEENER TR, S5 THEDENZFH RSB SRS T
WFFT A R R T SR 2E P 2R L EOL A RE T A4 &, B aR AL R0 B Un i bR ) T A8 45 52, e 40
RS SE R4 oA B PR TR DL A e S T AR A WO EE EH Y S E R R R B
W HEZ A B ARSI R SLA P, N, IR TAHAEY)/NET (£ 2) , 5 Feng %5 Shen
FEEE R B R U S AT LU R A K T LR eSS SR AR OGS R

WUE SEA 17K o3 B — AN TS bR, WUE B &7, A 0 A0 7K B U5 R R i 7843, TS RE R A (R K 4 P A
LT, 5 WUE XA S8 b Ak w e i 1l B A WUE (38, %) P,
SR ER IR R P BRI B R T A P, (] 1C) 5K I RS R SY R B A
AT B IR I s S A R Bt P BB S G N T R AR COLIEFE T, T 3
SROEAVERSY M E NS PR EA SEEMRA M A CC,, (K 1D), 5 Penning %5 Feng %5 Ay 55 —
2 son] e PO LR A A = AT R PEUE F1 PNUE 3855 TN | i PEUE #1 PNUE J& R AE M4
R R R AR R EE AR IS S EA RPN CC,,.. . iX 5 Geng BT th—5( "),

FoEMY A KSR R EE AR BRI B m i A N, TR R P, (& 2A) M e
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o 13 ¢ 45
\E ,5\0
Té 11 2 40t
o = E
s | B3 35l
& E ==
<
K5 £
&< T N2 30t
> . &
* Q
§ s % = 0.1605x + 2.3875 2 5y . 3y =0.3289x + 20.718
s R2=02797 P=0.043 <0.05 R=0.6564 P=0<0.01
3 . . . . . - , , , , ,
20 30 40 50 60 70 20 30 40 50 60 70
2 3 025 ¢
<
=] —~
®E S 02
K= 25 £
Q ~
;ﬁ'ﬁﬂ 58 ®E ois
=8 s 2
K23 2 b
23 ¥= o
Qo = =
%5 :
g 15y y =0.0223x + 1.1248 £ 005 | ¥ =0.0033x +0.0073
=2 R=0.8236 P=0<0.01 5 R2=0.468 P=0.005<0.01
<
3 . . . . . 0 . . . . .
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W S B

leaf N content per unit mass/(mg/g)

B2 MANRESSEGER(A) MHALEHER(B) RUREEZREA(C) HERSE(D)WHEXYE

Fig.2 Correlations between leaf N and net photosynthetic rate, leaf specific leaf area, CC ., chlorophyll content

mass

FERWIARAEYI AT A A BB i Fr SLA AN, SRR i e Rl a8, R4 ' BEA 28R A i
J A BT[], 3K AT B2 PR A AR B AR BIHT 9 HL DX B, SR R EORDT T )5 4R 7= s /D, ARt S 301 N
RO BC R AP A0 BRE (A B BT ) R R 2 N R ECEDEAER T (R AR ) |, NIMTHE5E A
Bsede 170 WM AN, BB, A SLA (CC,,  FISR R S S S R (& 2B, K 2C,
2D) R E M B SR W R E A gy, R B SO A RE v 22 R AL OT 2 | 1A B 2 4 ot 75 2T
FEM R, LYt A CC.. o 1 SLA S i s P, (& 1B) , [RIEF o i i 3t 5 N
(] 2B) ,Poorter Fll Evans HF5¢ 2 =5 SLA RENSAE EAR Y A= KR | $E M 6 A& B ARG | 1X 5 Feng
Rt —3

i AR ((construction cost, CC) J&ff S AEYI 7 HE AT BE = U B 2R b, B TR W0 | I RE 1
I FH SR B A Fr 8 AR 7] B2 B AR A e A 3 2 2 T, B RR AR AR S A A
CC,,... 3 & A /NG Y 19.3% F01 6.6% , HAR IS 2 it 2 v TN, AR T4 MR 9, R I 3 A =i AL 4
FIRAEZBARM T/ CC,,, =FEPIMN R CC,.. 5 P, AR EMK (K 1D), X5 McDowell 4 |
Baruch 1 Goldstein [ 78 3 AR —F " AT HEZ B It A CC,,.. 32 W Fh P 28 B3R 5% 9 U5 A 250ME 19 52 i i
0SSR CC, 5 N, AR B2 IE ARG (J 2C) , 5 Nagel Al Griffin FBF5T 45 5 — 5% |
A B VR E G B, T o O PR ETTS 10 G, ™

ZEA VAT, AR AE PR I 4 R = i YR BT S A AR M /N BT A T RS e S B I R e R
A B NP VR B, B S B A R A AR RN R IR IR, K T BB P FR 4G B AR A B BT AR B iR A
Z—,
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