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Abstract; The contents and compositions of pigments and chlorophyll fluorescence parameters including maximum
fluorescence efficiency ( Fv/Fm), the actual photo II chemical efficiency ( ®PS 1II ), the photochemical quenching
coefficient (gP) , the non-photochemical quenching coefficient( NPQ) and the heat dissipation rate ( HDR) in stems and
leaves of Eupatorium adenophorum under low-temperature ( 12°C), normal temperature as control (25°C) and high-
temperature (35°C ) were determined and their changing tendency and magnitude were discussed in this paper. During the

processes of low- and high-temperature treatments, the same tendency was observed in the changes of different pigment
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contents and their compositions in stems and in leaves, however, the magnitude of these changes in stems was obviously
smaller than those in leaves. Likewise, the dynamic changes of chlorophyll fluorescence parameters in stems and leaves
were in a similar tendency, while the magnitude of such changes in stems was generally smaller than that in leaves, e. g. at
the low-temperature treatment, the @PS [ and ETR in stems were 44% lower than the control, while it dropped over 60%
in leaves; At the high-temperature treatment, these two parameters in stems and leaves decreased 16% —57% and 50% —
80% , respectively. Possible reason for these observations was the partitioning differences of the absorbed light between
photosynthetic quenching( gP) and non-photosynthetic quenching( NPQ). In the case of leaves, an increasing percentage of
the absorbed light was used in heat dissipation via a sharp increase in NPQ and a decreasing percentage of such light were
used in photochemical processes via a sharp decrease in gP, while in the case of stems, the proportion of light energy used
in gP was slightly decreased (even increased) and a sharp decrease were found in NPQ under temperature stresses. This
made a much smaller increase in HDR at stems comparing with leaves (p <0.05). Pooling all data for averaging analysis,
chlorophyll in stems accounted 1/3 —1/6 for that in leaves, the chlorophyll a/b was 20% lower than that in leaves. ETR
of stems and leaves were similar, thus the utilization efficiency of photosynthetic pigments ( ETR/Chl) in stems was much
higher than that in leaves. The feature of chlorophyll fluorescence parameters of leaf and stem acclimatization to temperature
stress, i. e. dynamics changes had the similar tendency, but magnitude for leaf was much larger than that of stem, made a
larger photosynthetic contribution from leaves in suitable temperature, but an increased contribution from stems in
temperature stressed habitats when leaf photosynthetic capacity were largely depressed. This photosynthetic strategy may
favor the flourish of this species at suitable environment through large leaf photosynthetic improvement, while survive at

stressed environments through the relative stable photosynthetic capacity of stems.

Key Words: FEupatorium adenophorum; temperature treatments; photosynthetic pigment; chlorophyll fluorescence

parameters

£ 251 22 ( Eupatorium adenophorum ) {f: —Ff AMRYEARGR B SARPIFH , 3o AR X AR Ol AAR Y 38 AR
TrEfaE!" . NERIEERE , LZE 20 H IS 37 °ER 4 35°TERE N, ATAH S5 R IR A4 K 5
PRI AR X R E ] Z AT r SN PR o e L R R, e AR
LEHAABRIEERES , ZX A A MEER S o BB R R AR KR E IR, 52505 2
I FIZEAT OEA T BB 1 X X P L BE AR A ™ A 18 R AR AL, 330 T T Z AR AESHLUR B AR R
Mo MERRIOCINE T BEB PREHER 19 S BOEE 1 RIS SN R ERBE R WA R, A ] (3R & 8 S A B 7 A
ZFOLEERRERY, o T 3RO ZERE 22 M 5 AT & D BEXT A [R5 A B 22 57 , A SURR 8 H A X3
BEAALTE R , B AR IR (25°C) S R, 4400 A AR A SRR (12°C ) R iR 6 58 (35°C ) XAl AR AT AL B, 5 3
e KR RN SR TOUERE, §78. (1) e RZEFE 2 F MZEEARREAEIEPOREE.
HR I M FRIOCS R NWBHIRBEE R T B (2) MR MZFFRXFRRHEXS TEEEZARK
1 #RFITTE
1.1 poRlaesE g

SRZEFEF T 2004 412 AR A W) BILSKRER B iGN 78 B B (27°28736"N, 102°12"28"E ) ,2005 4 5
AR TR R 2R £ S E W E AL R ZENRET, K/ 40em x 50em x 30em, ;57
IRBETE 15 ~20°C Z [H] MR BEAE 70% 72 o T 2006 4F 3 A E#FEmE—20(0.6 ~0.9m Z:45)6 F(HH 6 ~8 #k
BBV MAET 3 A LS 548 (E8 &, Conviron, fIIE K ) Y5555, R BE 43 B 12,25 .35°C , AH X1 BE
70% o MTEAHG(0d) —EC I E B4 EE 20d, 45 5d JRE 1 o BEFEAFRRRBER IR T A K R 952805 = R
4 MATEE S T E 2R R AT A TSR
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3 BCEBIE
1.4 BEHT

J T BRI EE T M FZE AR M SR VORI b a R R A SCHA RNREE &4 T ARk
PR ) S8 2R 22 2R B & S BB MO TR SRR B, R BEE AL B A 8] 3 BT 7= AR i ARt ke (B 1,
El2),

o TR R B E R FE RS TSRV SRR 2R, LUE TR 25 C R R,
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2 M ROLEBRIEE B, DEA T HAE R AR T A (R 3) .
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Table 1 Changes of different pigments in stems and leaves of E. adenophorum at low(15°C ) and high(35°C ) treatment with respecting to those
at 25 °C control

AR BhiEE Amplitude to control

38%5 Parameters

KR Low temperature12°C =& High temperature 35°C
M43 % chla + chlb(mg m~?) 2% Stem -0.20 -0.33
I F Leaf -0.55 -0.69
13 E Mk Significant level * s %
HHAR M2 Car. (mgm~2) 2% Stem -0.24 -0.21
- H Leaf -0.48 -0.46
12 1 Significant level * % %
42 a/bChl. a/b 2 Stem ~0.08 -0.01
I F Leaf -0.06 0.00
12 1 Significant level ns ns
KiAE N &/ M4 & Car. /Chl. Z£ Stem -0.04 +0.23
I Leaf +0.27 +0.51
12 1 Significant level % % *
6 Z AN S & Antho. (Relative unit g 1) Z£ Stem +0.98 -0.29
I H Leaf +28.72 +0.90
12 1 Significant level * *

* FRZEHH FEAERE TR EEBIIEER2ZRE 3 p<0.05, * « F/REFWMEE p<0.01  * means significant difference at a level
of p<0.05. * = means significant difference at a level of p <0.01
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Fig. 2 Similar tendency in the changes of pigments content and their composition in stems and leaves of E. adenophorum at different

temperature treatments
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R (25°C) &M T MR SRR T AL : Fo/Fm @ps I \qP ETR 24 56k 5 RIS EEER B S,
1 NPQ #1 HDR WK EFHFRIFRE KBS iR 35 CRFTHELSHERNMREAR 2. H 1 H
Fo/Fm ®@ps Il \qP \ETR ¥JRIUNFFEFEAL-ES, T NPQ 1 HDR WK N ZL BT " LUE H, 22
FFEA FIR BE AL B AR AP, 3R Bt AR IR B SR AR AL 4 (181 3) o

R 2 RUAFR xR, 2P 22 2R 1 A fRIR AR IR AL T & SR R IO S B IRBE R L. A
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qP RIU N R 2R A = (RIR 39% ~9% , iRy - 22% ~5% ) , T 0 25 3% B Oy 8 35 R (ARG 3L R
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Fig. 3 Similar tendency in stems and leaves on their temporal changes of chlorophyll fluorescence parameters at different temperature treatments
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# ETR Z5IA K, ZEMIEHETE 45 ~64pmol-m ™ s ™' i 1 7E 41 ~70pmol.-m™* s ' Z ] , X FBZEHDLA G
KA (ETR/Chl. ) i T 7 BAERE . (@5 THE SR S 2R 2 ZEAT O SR AR AN T AR, 31 A5 B
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Table 2 The difference of the change amplitude of parameters for stems and leaves in different temperatures

AbPf Treatment $g 45 Parameters AR ZESHREE Amplitude to control
Before treatment 43 Short stage <6d K3 Long state >9d

12°C/25C Fv/Fm 2% Stem +0.01 -0.17 -0.08
M H Leaf -0.01 -0.09 -0.01

B EVE p-level ns ns ns
@ps I 2% Stem -0.02 -0.44 +0.03
M H Leaf +0.01 -0.62 -0.31

B EVE p-level ns % % % %
qP 2% Stem +0.01 +0.39 +0.09
M H Leaf -0.01 -0.51 -0.13

1 F 1 p-level ns * ns
NPQ 2% Stem -0.02 -0.07 -0.53
- Leaf -0.03 +0.65 +0.17

1 F 1 p-level ns % % % %
ETR Z£ Stem +0.01 -0.44 +0.03
- Leaf +0.02 -0.62 -0.31

B EVE p-level ns % % % %
HDR 2% Stem +0.01 +0.31 +0.00
M H Leaf +0.00 +0.43 +0.30

B EVE p-level ns * % %
35C/25C Fv/Fm Z£ Stem +0.01 +0.01 -0.07
M H Leaf +0.02 -0.03 -0.10

B EVE p-level ns ns ns
@ps I 2% Stem -0.01 -0.16 -0.57
- Leaf -0.03 -0.50 -0.80

1 F 1 p-level ns % % % %
qP 2% Stem +0.01 +0.05 -0.22
- Leaf -0.02 -0.26 -0.47

1 F 1 p-level ns ns *
NPQ Z£ Stem -0.01 -0.12 -0.16
- Leaf -0.04 +0.41 +0.95

B EVE p-level ns % % % %
ETR Z£ Stem -0.02 -0.16 -0.57
- Leaf +0.01 -0.50 -0.80

B EVE p-level ns % % % %
HDR Z£ Stem +0.01 -0.08 +0.42
M H Leaf +0.01 +0.46 +0.82

B EVE p-level ns % % % %

* FARZAM A EAFEETEFRAIIEERN2ZREE p<0.05, * + FREFHEZE p<0.01 * means significant difference at a

level of p <0.05, s s means significant difference at a level of p <0.01

R3 EKEF=ZIAMRFETFERETE M ETR(AEBLY KT EH) b8

Table 3 Comparison of ETR of stems and leaves of the weed at different temperatures( mean value during measurement)

NETS 38 M4t a/b oS B BRYE L3 S8 Bpke ¥
) Chl.a+b Chl. a/b WK ETR ETR/Chl. T Area f£5& ETR
T@"}%) (mg m~2) ratio (pmolem~2s7') (pmol:mg='s~1) (em?ind 1) (mol - individual ! s 1)

N O L
Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf stem leaf  Percentage(% )

4.6 1465 1.79 2.3 56.6 49.6 1.49  0.43
12 (11.4) (62.1) (0.21) (0.12) (19.4) (23.0) (0.71) (0.32) >4 1762 240 87.4 27.5

9.2 2703 1.94 2.4  63.9 9.4 1.32  0.28
25 (7.4) (69.3) (0.28) (0.18) (8.9) (9.8) (0.22) (0.13) -7 1365 241 108.6 2.2

38.9 1240 1.92  2.37 454 407 111 0.29
35 (7.6) (40.9) (0.14) (0.03) (26.9) (36.0) (0.43) (0.17) 252 120-4 12.8  49.0 26.2
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WLHL T 5 BB T 87. 4pmol s ™', THZEMAMRE A K, FBCEERT 5 HLEIEINZE 27.5% . IR
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R P 75—, R A AR 0L, R I A T L B W B A ] o 24738 (U BE AR R 2 S, T
RS AR AR — B (AR E I B AR XML R TR RS —EIRERE Lo I, RS S
AR BN, T 5B 4h— 28 B AR AR BE K, JUI AT B 108 B Al — 2% B X B B AR Ak i mi AR X IR 4 , T /G — 2%
B X [V B BE A A S 7 R, B A B K . BT X — A R IR AN B2 L 2 R R B G
FEIOCHEFEARXT TR o BB A s R AL B R o B R BEHEAT T 404 . SR AR IR AL B AE 45 S 30 A R
FEROFETSE R HRE /b KWE MR BHFZROREHMHTIRCLMERSS ERX T
FIH J 73X Be 44T b 22 SARB R X W R AT — N . DR R P28 22 25 1 e (R IR
HIRAMERANT , M A A B A ka3 —3 (B 2) ,H 2R IR A RIRAL B A F ¥ IR KAk
R B B2 5 i IR EE S T2 (R D) . HERASEEER ANERYE X . Fo/Fn 2
G R NRR , X TR HUIE ¥ A KA BB TE 0. 8 Z245 , S IR BE S 3k i 3 7T LA 53K
HFEAR . ops TRIERGE I MU R LA R B E ], 3206 IR B S, T ETR 2 ARYE ops I it
BEL, SHEYLE ERFERBHEEXRNTE, TORRKEEYENLE B TRRAT H— N EE
T, B AR (gP) FAENAL 2K (NPQ) Wik, Bl & R BN 2 PS 1T R4 (. R Rk oL RE AT Tt ik
2 LR BB, A TOLEERIFDLIRIR 5 & R 2 PS T K& G R TIHKCRERRER T & i 5%
T A BT R B OB RERR A, 6B RE AL E B RO E REARTENIB KB IUARN, W& RSk
BAEE , WsE SRR, BEE AN R RE AL B 5 i LI , AN 38R R I 2 B A A (18 3) .
P 25°C Jxt BRALER , 4RI H T IR BE A PR M A FE AR (28 T 0 B, FRATT % B 28 i A8 A B A AR b
FETEAE I B X 5, SHAEAR R I 2L 020G B BAR T A M6 354R . SRR R AR, I SR 90k
PR R F I ZE R F B 7R FE IR B i o e B g 2 L ABURR AR W K, TS IR S AR IR 8, AR/
P JRRTE T AR A ST, 3RBOR AR Tk 22 i BRI 4 (gP) KIE TR, I T B B
(NPQ) Kig EFF, 22 B8 SUAR R , T3k BORREFE Tt 2 i T3 M B IR T 38 2 R T BGe B s>,
BAEE 2 PGFERE R (HDR) FH B B B R T A B FH R IR E (p <0.05) o 2R3 2 2L & i 1%
SREN IR KT LR S AR B GRS B EREE FH20 ETR/Chl BT & TH A (£3),X
SR H MBI SRR G ERR, SR L M AR B R SRR XA
7] 5L B b T 54 S 7 455 A T DAABE ARG o - 8 (LA B AR — BB AR b R B ZE AT SR T Ao

L2 SN G R IO RS BOHE BB N R R A 52 7 SR . 2R 2 E N —
R AR R AN A, BT E TS 7E S, R RER NSO ST R TME ™, ProrsRm g
EARBINERAES KRS BHES N TR EK SRENREE T . A ta 2D A KK
WEh R, 5 R — i X e YR RE B 255, (E R AR SR T S8 AT LR A X — Y FhiE B
ZRER AT o JAER , X 25 G (0 A 4 TR B S BB BTSSR R 22 , T A N HOBA IR B E B ROBE
—AEEFE FEERSEMT Y A B B2 E R IR, TIAL T A B 46 14 T 25 (L R g 432
BB, R F G B 2R S B, ZETER S IO0 IR T RE RS X B A AN, T I - U 7E AR X BB O
FEF A RSB (E 1) . BT HPIRER LN, 76/ IR AR BT, 2 B &O6A X1
AR s i —3K , (E R 2R AR R B T/, B S 2R 2 MO A RE N ZE A A Z B S . 7EIR
FERE SRME T , S 280 22 fO 280 TRAMOL A B IO TR B4R 75, B T8 SR ETR 25/ F HUfE M 22% 18
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2] 26% ~28% Z A (% 3) . FIACH BT ZANREYHH HZER M SR EABRTE TH T, AR
XAREA R TFHAR ™, M HHZEN K COWKEAERK SR HH R, C, MY TR R
C, A BRBRAE" X AT AR H R R A FARCRIEE . Nilsen 253 BiFh SR RAEM BT R I, HZE P
SEALKDLEIIE E BE I Z AN MBI, FF D T M AR R EA B E E BT, A5 AT fE
RINBREER R —DFEE o F, 258 2R B 40 T, IR RHL AR B IR MR & Sk, 7T A A
,\EﬂtﬁJﬁzfﬁTB@%?iﬁt MFEE BLASE A, i A @i DR SR 3R 18 D B ) SR SR AR A I A 5 F)
PREAE KBRS, AR T HRE SR BARKRE
4 #Hit
ASCHEE X 2R A A TSGR (12 °C) (HR (25 )RR (35 C) ISR B MR AR @R (i
LFK ab, KHE MR HEFR) KW BANAR M RRIOUEAR RS H(Fo/Fm, ops 11, P, NPQ,ETR Fi
HDR) SEATBFE A B - 72 RN BE AL B AR rp 220 A B TS B AL B R BURIR], (B F IR T BEAE L, 25
8 S B AR BE I /N T Ao R0 I BE B4 W O 68 45 25 7 R R RN B 2% 1F T X BEAROOL &5 Tk 48
i, XA T HAEX -SSR LA, MG EREAF T, A @ i A B E R AT At aien, A
By FHAEE AR APREEK
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