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TRAERPFEMAREREFIXN =ZH R E
( Bidens pilosa L. ) 3¢t & 451 8Y 2 i

w. 1,2 N = 1 ~2, %
KA HBEE AFR
(1. B R A MR, ILARIME  273165;2. PR R AMRSEEE; S EXASHEHFTHERLKE , BRILE  400715)

AE O A AR AR R B X 0 KA K B A A ) = 5 6 B2 ( Bidens pilosa L. ) Y& fERIRURE I, B IERBK(A) FPETR
fii8 (B) FEBE T RHHE(C)3 MK ALEBBEE , LB T ARG AL B AT Ee At MR E W Glomus mosseae FIRZF =
RHEZELEER AL KRR AR CO M R KM FMBERENESR . SREIY, Ko ia B
R =M R E Rt R SIS R R AR JE CO, ¥R BEFEAR TR BT 1 (7d) B S Fh o v e A1, 72 /5 380
W 438 5 7K B ) AR T 186 5 7K 201 PS80 O o E a8 OB R L IE 6 DK AL BRAE M R B A M AR IR R IR . 7R IEH Rk &%
BT 6. mosseae T =M R F B SRBATE BEMER W 7B BN ST, BAMERECREFE R TE K 20 AL B B
28d AERAEOLEEE LR FEERRAME, EEEMSE A4 T , BRI SRR SIS BB ERAR LK
REMEMRE T REFEM BR_FHFABE . B8, TR X =M R 8 Et SR MR MK o B BT R B A
SALER MY, 22 E N EERFESILER M EIEH PKRE T M G mosseae W =M REEHCSERBA BERR
w7 TREHAAAT M ERE EE S EE =M R B SIS EMRABCR SRS T R g WEskp 6 F , B R X FR T
FERIBE LK ™ B B 2 DL R 33T R A SR T2 2 FR

XA ETRREE; —MHRHE; SER; kabha
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Photosynthetic responses of AMF-infected and AMF-free Bidens pilosa L. to

drought stress conditions
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Abstract; To reveal the effects of vesicular — arbuscular mycorrhizal fungi (AMF) on the photosynthesis of Bidens pilosa
L., three drought treatments were imposed: well watered ( A), intermediate drought treatment ( B) and serious drought
treatment( C). Net photosynthetic tate ( Pr ), stomatal conductance ( Gs), transpiration rate ( 7r), intercellular CO,
concentration( Ci) , carboxylation efficiency( CE) and water use efficiency ( WUE) were compared between plants infected
with Glomus mosseae ( AM plants) and those not infected ( Non-AM plants) , under different water treatments. The results
showed that the Pn, Gs, Tr, CE of planis decreased significantly under drought stress. Ci decreased at the early stage of
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drought stress (7d) , but rose as the soil water content decreased at the late stage of drought stress. The water use efficiency
(WUE) of intermediate drought stress plants was higher than control, while the WUE of seriously stressed plants was lower
than that of control plants. The photosynthetic parameters of well watered plants were not significantly affected by G.
mosseae infection. During the first 28d of the drought treatment, AM plants had higher Pn, Gs, Tr and CE than non-AM
plants under intermediate drought stress, but they showed no significant difference under serious drought stress. It was
concluded that drought stress did affect the photosynthesis of Bidens pilosa L. because of stomatal resistances at the early
stage of treatment and nonstomatal limitation at the later stage of treatment. The photosynthesis of well watered plants was
not affected by G. mosseae infection. However, under drought stress, AMF improved the Gs and CE of plants to compensate
for the injury caused by drought, whilst this compensatory response was limited by the more severe and longer drought

treatment.

Key Words: Glomus mosseae; Bidens pilosa L. ; photosynthesis; water stress

W RE (Karst) HUBRAE IR L) 2, REAE X BEAE RERWAKERE, B TFAKE L0t
BBE Rk & IR E S8 B, WK MAYX E BrrR A e B g BT 5/ i EERE
BETZ—", ik, A A R R BTSER I, BRI AR BB (arbuscular mycorrhizal fungi, AMF ) BB 1% B /K
SRREA IR 1 A B B A O, HE T B | R 4 GUK A RS A kA B S e s ™, R4S AMF
FTE KRR EAVRIFAERE, BERFE N, AMF 7] BBE AR HE T8 3 X 8 75 W R0 Bl , )
M T HEERKSERD . HIL, AMF 267 A X B K S BoA W i B PR

=M% 4+ 5 ( Bidens pilosa L. ) , 33§} ( Compositae ) B4t 55 J& ( Bidens L. ) 1 F A EAMEY), 7= 36
W, B TR RN AEN, WM E T ABT MRV ARE , 1857 £ EFBEHE, BERC Eam TR
B4R A R PR TR M R B, BARI R AMF iR =4t 5, ARSCryRR
5% B SRS I EAE A K 1 B R AMF J5 =R EDC A RME R B, R AMF X245 E E
YRR, AMF N TA KA X AR B 1R 38 S0 .

1 #R5FAE
1.1 S5kt

BRETVRAA KT, BEERTIREXEA, AR ESEXE®RES 0. 14 MPa,124 ~ 126 C
FESEKT 1. 5h 4 . SRI0F + HOEALFE T pH (W 6.77, 208, 1. 337/ kg, A 2B% 2. 095me/ kg, A ALHT
133. 08mg/kg, FIAIEE K & 18.7% , A HLIES 5% 3.02%,

=M S 4 ( Bidens pilosa L. ) # ¥k B ALRFIERFAG A1, T 2006 4F 8 7 20 H , BUFPRLIEHE B =M R 4T
BRI, 7 10% HYXUE/K 3R ENH T 20min, TTE /K MEE 5 WE 3 T J0H Lo, R K i 3 X E MR S
KBS RE SRS EEHETER RRAZVEBE, BN EONR 27em, RN 24em, HE
26cm, FHEFKKET 3. 540kg, AP IEHIEFF T RIGLIEE R BN , G4 1 IEP NG 2. 0g KX

P SR AR B O BE TG BRIEE ( Glomus mosseae) [ Hh E AABCER AR R T R R 45 : BGC XJO01, 2 300 A4
FaF-20g7" ], AL TR MBI B Y E 52 SR BRI BT 448
1.2 BEEiHSAH

BB T REX AR E R (AMF) f7G MH/E R, 808 R  ZE R G, mosseae 10d J5 7 FF 67K
SMAbFRL, A4 Hsiao B9 BE 168 3 AN/K ML TR | B) 38 87k B4 170 RIS K B B9 80% ~90% 4 g5
BB, IE#BeK (well watered, ic4E A) ; 98 /K 43438 (intermediate drought treatment, iC/E B ) +3E 87K & & H A
FrKEH 50% ~60% ; B ¥ K538 (serious drought treatment, IC4E C) 13 F /K& 5 AR K BH) 35% ~
45% . H—TIEEKEBBAER (T0) FHER G mosseae (T1),3L 6 NMEH, BEPM =R ELEH 3
Ro BEFPALERRME R IR 20g B 1/ ZMF BT, B AR RN OBALEBRAFAE, BdRERE
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il L EEKE, BRITERAKEIINTE, F L ESKEENERRANT . REAETERFEREREMTER,
el AR 5 Bl 249m
1.3 RXASEHNE

FK BTG JG 7.14.21.28d 1 35d, i LI-6400 JtA 737X (Licor) XA MR M IR M FF I BIEEE 2 ~ 3
St EM-PEATIE , 78 Pn-PFD WA B2 RO 2t A2 op , IR B 25°C, CO, ¥Rk B #4578 380 pumol -mol ™',
ARG 8 30 v W IR G VE Pn-PFD e i B 22, SRS & TEE % & (PFD, photon flux density) 7£
1000 wmol +m >+ s " it iy ¥ B A S H (Pn) . 8 LI-6400 fF # XA R M W E CO, S R4 7 1000
wmol -m ~*s ™' PFD F1 25°C {2 R T Hil4E Pn-Ci ma i th2k , %F Pn-Ci f128 0 ~250 pumol -mol ™' CO, 75 BBl P4 B4
BT ELE I , SR8 120w b il 2k B0 46 #H4  RuBP 3R4L8# (CE, carboxylation efficiency) . ZEJ6A
SERT, SER A ERHE Y B AT 30min YeiES, KOFBRE AR RRUEBRRTED ,
1.4 TFHREFYRME

£ R Phillips 71 Hayman 73T EERRRRD LURYARE & BB BRI E S N ERERR,
1.5 ¥R

A SEER R B AL B4 AT 7E SPSS11. 5 Fl Excel 2Rl 2. BMEW S L EAS OB E/ERE
0. 05 /KF | BERAM T #17 LSD £ i, KRB AFILGEZ BHEKRSHN 2R,
2 #R
2.1 MABHEREREMREGE 100 OATI @ BTl 8 CTI

=R ERRAREREIER(E 1) R, &R/

O
[=3

AMF B B YR TE 60% ~80% 2 i, Mk B e % w

EHHIESKENFEICTPES. BRAEMB(7d) W™= E % § 60
FREAHASERRKCHARERZEN HEL4Em  © 0

HZERABE, REMEKRREREMNT 5. 0%, Hitik ALBRRY i Treatment time (d)

SRR R B 1 SRR R

2.2 JKSPEMBAMFT AMF BERPXHRIR KSR R Fig. 1 Root colonization of Bidens pilosa L. infected with AMF
HI ANERSA B HFETR,CHERTE T N BHERLE T

FEREANALTEIANE , + KX =M R ER KA Suzs SrkkE % KFLEREFE TR A means well
}Eﬁ&j’(ﬁ( WUE) Zp B A F KB 2), 7 7](5}51]:}_@5(3:@1 watered, B means intermediate drought treatment C. means serious drought
B1(7d) , FEASHAG = B4 24 bk WUE 2% - 1F "oetment, Tl means mycorchiza and values in cach column followed by
%%7K ﬁJ: e gﬂo Eﬂ( ﬁ' ﬁJ: e E‘J 14d 5 21 d, ':F' Eﬂ( ﬁﬂi}' ;hse different letters are significantly different at 0. 05 level according to
BALBRERFER BA B e WUE (6, 3 B 51IE# 5
KA ZRBE BEETRAOHENEKEE R WUEE, SERRKGHEEAZR B, 7628d i, BR
WUE &= {EMKIF HBAES BK M EN B SIERPKLBERFARE , BE T RN = R4 FE
WA EA B R WUE H, 8 ¥ SIEFPOKAHEARFBE, 7K 35d, IEF PR =M BEFEE
HREA BRI AR,

AR LFOKPRILT , 3 G mosseae 3 =M 51 E WUE KIRZMEARK, £1FKDFTERE(A L
B ) i, ERAEAR SRR I B & 2R, AP ETRAHA, AEREA IWREMERER
) WUE {H,7E 14.21d 71 28d, “FZR B & A HE T R4 BA , AR E R G RE IWRERHERERK
WUE, B A8,

2.3 KOMHAKMGT AMF SRS SRR

Koy E B T =M R ERCEER, B 3 WA, K MHa A E 7d i, AR EDE AR AR

WEE T 52 B N E TR A BE A AL I B, XM E R R . 7E/KMALEER) 28d i, TR 402

D; the same below
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0O ATO OAT1 B BTO EBTI HBCTO BCTI

7k 43 F F# 3 WUE (umol/mmol)

KPR H] Treatment time (d)

B2 30ksrAn AMF R =M R R KSR SR + f0ER) PR

Fig. 2 Water use efficiency (mean +SD) of Bidens pilosa L. subjected to water stress and AMF inoculation

HIREFEREOL S EREE R TIER POKLBEMER, EE TRLBEREMER N BERTHETRLH
R

TEIEH PR BARMF T A0 AMF B X =M B ER O SRR AR B R, £ Ea&H
T, MR RA LR EFMER E ROt R, EE KRR RS, EEEWERGT,
EMEREOE S ERR T AREAER, BR-EEZFABE,

0r aa O ATO CDATI E@BTO EBTI ECTO BCTI

f

—_
[}
T

AR
Net photosynthetic rate (umol-m2.s71)
I~
T

o«
T

o~
T

o LI PANEE

Kb PRI 4] Treatment time (d)

B3 Ko AME B =H R LG @R ( £ fpEE) EM
Fig. 3 Net photosynthetic rate (mean + SD) of B. pilosa L. subjected to water stress and AMF inoculation

2.4 KATRMAARMT AMF A3 =M e H RSB R

Bl 4,8 5 FIIE 6 sy ARk T =M R H LT R E R AR CO, M KB AR T #7F G
mosseae WIEALEE . W 4 T, KM R B = REESL TR ERGES . ERCEEE, EEW
18 BAE AR B N T IR DKL T 5 o B i AL B R RIAR U ZE 28d Z RN BE T IEHPOKALHA . REER
FRH T 5L PR RS, TR R =M R A EREEREE(E 5) . MR COMENS
ST FEERBWEEAR (B 6) . FEKSEBEIETH(7d) , T REER MR CO, MR, R Ma L
HAMRTIEFRSKCEA, ERHOA A BE|RT P EMEAEH, 7K HEE 14d, TRAEASIE
HHOKAL B M il CO, ¥k BA B Z R, FEKALEE) 21.,28d #135d, T RABLHK I CO, %
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HIE #BK A B A TR B eSS, R 8 R AR B35 B T IE HPOK A4

0.40 - O ATO OATI BTO H BTI B CT0 B CTI

RIS E

Stomata conductance(mol-m2s7!)

21 28 35
KPR (] Treatment time (d)

B4 30k AMF S =1 BH ESILRE( 2 30ER) WA

Fig. 4 Stomatal conductance (mean +SD) of B. pilosa L. subjected to water stress and AMF inoculation

28
0 ATO O AT1 BTO BT1 H CTO B CT1

!

—_ Y
[=) W
T T
R s
—
&
o

)
T

&
Transpiration rate (mmol H,O-m™.s™")
<
=)
T

@
[
T

21 28 35
KEFR ] Treatment time (d)

|
=3
(S}
[
~ T
]
N

Bl5 30ksrAn AMF S =m R ERBER( + 0EZ) KPR

Fig. 5 Transpiration rate (mean +SD) of B. pilosa L. subjected to water stress and AMF inoculation

FET UKD TER (A BH) KAHT , MR ESIL R REERMME COWKEEAR BEEER;
FEH BERE (B ALHR) AR AF T SRR B AL BEFNAR I 2 2R B 2 = TR AR AL , ZE B AL B3 1 2 4
o THLE CO,¥MEETE 7d MHRFMEMR R T AREF M, (B2 FA B3, 78 14,21 .28d 1 35d, FFMAKRMT R
EAPIENR, 72 28d N2 R BE, EERMNE(C ) K4 T, EMERE L3RR R R SR B
BA BE 25, HilE COMETE 7d Ml 14d WBBCA B &2 57,78 21.28d Ml 35d I REEFPHEKR A BE S
FHFER
2.5 JKArMMAARIET AMF SEMSHEBRIBCERIE R

TR B EREE T =M REEM A X CO,MF MRS, RUMEE LUK T sk B ZEFEE(E 7).
FEIEFPOKAHT , =M R EHEKRRA BRERUBCER, EMEKR SREMERZ AIRA BE 25 HE
TEE R, = R R AR AR BOE # P KA B RIS , R IR LU R BRI IR B SE R R ALRCR,
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400 0O ATO OAT1 B BTO BT1 & CTO B CT1

350 |

300

250

200

150

JiIEICO:#% B Ci (pmol-mol™)

100

50

4bFE I ] Treatment time (d)

Bl6 3gksrfn AMF 3 =M R FHIE COMBE( + iniEE) ER

Fig. 6 Intercellular CO, concentration ( mean + SD) of Bidens pilosa L. subjected to water stress and AMF inoculation

7 28d Z R —E 2 RAR BB EKT, 76 35d o, B SRR Z BIRUBRR A BERER
HAEETEWAFMGT , R EHRRASERRR, BRI RE R A R EMERERR
R BRE-HEERABE,
3 Hie54iR
3.1 Kgrirax=mREEN S ER B
KoriaRARKEMRXEMER KT EESREE T, 2LRMRASGREN, AERER K EY
EZEMT MRS ERLSAHESRE, S = R EEL AR B, X 5X 4 48 )L (Caragana
intermedia) """ \YPHAE FHA ( Pinus svlvestris L. ) ' B 4E R E— 3K,

0.08 - OAT0O OATI @ BTO @ BTl @ CT0 © CTIL

|

0.06 - o

BRI

Carboxylation efficiency (mol-m2.s™!)

0.02 |

AbFE I ] Treatment time (d)

B7 Ko AME SR =0 R ERA (= fpiEE) B
Fig. 7 Carboxylation efficiency (mean +SD) of Bidens pilosa L. subjected to water siress and AMF inoculation

SASEEYWEYSERNEERE ", SREREXN, A HETEAMT , SR ELE
HRBWE, L ERBER GRS E AL E G, MHE CO,MEE 7d I SHtaER
Bt —3, ERETE 14d RHELUG BN, M6 CO, W E A B & 130K o B 7 = B e RaE
Farquhar 55 Sharkey BWLA, A St S EE R AHEIR CO, K B AR T7 i HEF], W3 & AR08, B SFLBREI(E (LS)
WX, ATMUYODEEE RN THERER BRI EIER, RIIAGL . WRAERE CO M EMEEEER
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AR IT AR , ELSFLRR RIS/ , WA vt A 2 T ez 00 B8 T 0 P 20 B IR AL B BRI, R A <L R
AR, RIESILFRBIE (LS) MR B AR LS =1 - Ci/Cot'™ (Co Sy A FribzS lEG CO, ¥ & , 7E A BT
FiH Co g 380pwmol smol ™', ) , ZEABISL HH S FLIRHIE 5 el CO M MR LLBIX R, Bk, 78 7d i, T2
BAMT =M R B A RIS, TR ESILREME R, T 14d B2, BRI SESEL
AR AR A K BRI AR AL B9 7 T A ] L (B R e A R FIIA] CO, Mk Rk I AR, LM R, Bk
BrESILRGIE RSN, ESARH TR T EMa ket 4 E R RN R,

Chen 753 ## ( Populus euramericana) otk RBFFEH & B, T 241 T T 20 (9 M ok v 06 4 50 2R PR A1
ERAEZMESILEZSERERRS R, T TSR R ML A3 R KR TIESALE R B
RUBP 32 {L#% ( Rubisco) BTE MR . ZEABIF P h B, BEE TS KB, = BT ERLB RS
ETH, 5HLARBH BT —B, BIT R, 7T 54 5 b = M 540 254 58 30 54 MR 78 i 38 BT 37
(7d) FERSIALERMRE,7E 14d 2 /5, RUBP B0 & BB A SIS RSB ER V=1 R
SR AE R RN EEEHE T,

B4, B FEANRBEZE 10 AT 11 AHERA, KA 14d LUR KRSIEE BUTHEAR, Bt 7E K 43 4b 2
WA, S A B ARG 14d N BR, JFERKEK.

3.2 KAMMSEAMET AMF SRt = RAH B LA 1R R M

TE UK TR A AbTRLE R AMF AR SRBMERE LA ERBE B ERLZ T, FR, &5
MM SRR FI7E SR ST HS TSN RN R SRR BENLS, B, EKSFTL
KT R AMF 3 =M R4 B AR BE BE I

FEH B A AT AR SR MR L A R L § B3 RV E T R
RBRI SO R, KA EE 7d i, SALE R =M AT B S R RH A E T b e
S T BN S R ERE 2 M SA SRS BT LU, SRR S TL S AR R B B TR R
M, HOIE] CO, YR IS Wi TR MM . BRI, ZE/K 20 AL BRI, B0 AMF @178 = 1 4+ 2 S 7L S B 3 M
AR TS ER AR B, Fay %% k% (barley cv. Manitou) BF 5% thIESE, 76k P BB &4 T 6.
mosseae JEIBITIRBE ERIL P RERMHERFEMMIE SRR, ENTLE HE B3 aE . KEMNE
HOBFSE R R B, R AMF 3178 T 78 MRS LS8 B , R AR R B MOE % A BRI ST
S,

FEK SMAbBEREG 14 21d 1 28d , o B HME B MR HOIE 3 B /K BORELAR Ot & B R BEARG , SFL T 7 S o ey
WEARG , o BE A 28 1 T HE AL O] COL YRS T 1E % B /K 4L, TR BRI R BIE] CO, ¥ B 4078 T IE H e K
o BEHPEENE A T AR A ERIE T IE % BB KRR ESILG A5 R, TR EMEREE
HEEREEEESILEENER,

KA S B RILGE TR, CO, 3 A M A 32 RELTT AR 6 A 16 A T KR i R, B & B A W ik Y
HTE A . BRI R AR SR RIA TS | R WS BIR, RSB AEAESTL
RS EERRD , ERPHETOPIE iR, o A &4 T R =0 R4 SR LR A B
ERAT B (MDA) &8, B, FEMEAH T RAMEEESER TR EERSILIRG, kB
BB RS E RN L, R R BRI F R 2R T 28 M0 FE R, NS —F TR AMF 35
AT TR =M R E R E,

TEAKSM AL BRI 35d, B S8 SRR Ci S T IE# Bk AL B4, RIS B W R OE
BERREHTERE, EMHEEBERTREMERIGEAER, SEMER REMEREE BRN
BRABCR BTN

B, e TR ME & T R G mosseae T LUER IR BSIL S EMBUNES N FH K E=MH
RETEROEAIER.
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TEE K AR F T A OE B RA LRI RO SRR B ERZFARE, M=
MR E A BRI TI R GRY , BARER AMF 72— &R RIS IER T 0K 5 S ERE 0 & , B R#
MRS REMERZ BERARE, FNERPETRORIERE P OER, EEEMARGT, EMHE
B SRR SOD BHEMRA R E LR, TR, AERETREMAAHT ABEREFHRI=ZHRHE
"2 TR0 F N RA R,
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