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[#ZE] %110 M #E#b5 Cu.Pb,Zn Mn . Cr.Co Ni,Cd,As.Sb 1 Hg 11 fp + TSR T8 R A KEH
B ESETRASEATE. BREW, B NIRRT A 495 6 & 3 FR7E 1.88 ~9. 41 pmol »+ m™?
s TIRE M A BERA 15 2. 81 wmol » m™? - s~ I RPIRE R SFLSE JEEEEMAKNF
FR R EBHES 359 1.81 pmol - m™2 - ™' 75. 7 mmol - m ™ + 57" 6,05 wmol - m™* - s 14, 72 pmol
- mmol ', 3 IR I 5.26.0.64 1. 31 F11.69 15, SiAI RSB EHMRELAASH Y HEE
SRR JEE BB AUK R RACE R S E LR NI BBIRRIS K HEE2R S B RIERE
EERTESRIGRAEE. HX ML ITEEST B8, KR L %E 2 /R (40 Cu Pb.Zn Cd As.Sb
1 He) & B SRR E AT HRFERAE B FYW, (U EL RSB SKENT RIS HRSRS
PEEYIAH R, 40 Ni A Cr X REE I | GRS SILS R R PR R B EFMHX; Cr SREH F Mt G
HEAEGEFHK T As SEERLWSILFEEEFMX XU T REL B A MRRHKEZ 8B
BOA HEW, T NI Cr #0 As 7] DITERR IS Y 2L 2 AR B0V Bk P i B2 mi R RE A AR S s 1k
X@E KE MAEARIAGZE TEESRE SASE KR AR
XEHS 1001 -9332(2006)12-2321 -06 HESHES S718. 43 TEHMFIATD A
Gas exchange features of Ambrosia artemisiifolia leaves and fruits and their correlations with soil heavy
metals. ZU Yuangang, WANG Wenjie, CHEN Huafeng, YANG Fengjian, ZHANG Zhonghua ( Key Laboratory
of Forest Plant Ecology of Education Ministry, Northeast Forestry University, Harbin 150040, China). -Chin. J.
Appl. Ecol. ,2006,17(12) : 2321 ~2326.
Ambrosia artemisiifolia can survive well in the habitats of heavy human disturbance and partial soil pollution.
Weather its photosynthetic features benefit their survival is worthwhile to concern. With a refuse dump in Chang-
chun City (43°50'N, 125°23'E) as study site, this paper analyzed the contents of soil Cu, Pb, Zn, Mn, Cr,
Co, Ni, Cd, As, Sb and Hg at ten plots, and measured in situ the gas exchange in A. artemisiifolia leaves and
young fruits. The results showed that the study site was slightly contaminated by Ni, but the contents of other soil
heavy metals were approached to or substantially lower than their threshold values. The net photosynthetic rate of
leaves ranged from 1. 88 to 9. 41 pwmol + m™* + s ', while that of young fruits could be up to 2. 81 pmol + m~2 -
s'. Averagely, the respiration rate, stomatal conductance, photosynthetic rate, and water utilization efficiency of
leaves were 1. 81 pmol * m™* + 5", 75.7 mmol - m™* + 5™, 6.05 pmol - m™ + s™', and 4.72 pmol CO, -
mmol "' H,0, being 5.26, 0. 64, 1.31 and 1. 69 times as much as those of young fruits, respectively, indicating
that the respiratory and photosynthetic capacities and water use efficiency of A. arntemisiifolia young fruits were e-
quivalent to or higher than those of its leaves. Many test heavy metals, such as Cu, Pb, Zn, Cd, As, Sb and
Hg, had no significant effects on the gas exchange features of leaves and fruits, but there were significant correla-
tions of Ni and Cr with the stomatal conductance and water use efficiency of leaves and young fruits, Cr with the
gross photosynthesis of leaves, and As with the stomatal conductance of young fruits, suggesting that a majority of
test soil heavy metals had no direct effects on the gas exchange in A. artemisiifolia leaves and fruits, but soil Ni,
Cr and As with the contents approached to or substantially lower than the threshold values could affect the gas ex-
change features of A. artemisiifolia.

Key words Ambrosia artemisiifolia, Gas exchange in leaves and fruits, Soil heavy metals, Stomatal conduct-
ance, Water use efficiency.
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WY SRS | 905 Y AR as T | iR Py it
PEEE RS BRA XTI RESR AR
SHYSIBETRISENXR BHRES S LB
Mt R R LR EZ RO RREIF AR
U5 RR s T E FE R R &R R
WERWEERNZ . CAREH, AR
TP 2L ( Ambrosia artemistifolia) BETEX 3 |
R KBRS R R i, A LR A A
PR ALRAERS S R B A X Y SRS
RERE. FHRKEBERHE LB REAHEEM
HEERY. FFREM B 5 RS AR E f L, 2
RUEULEE SRS B 7R R LA B P I
ESNEETR.

IO KE T EFEATF X NKE R 5
RERFCERE FPRER SFLREE KK FI AR
RESHHITTWE, FOPHET THREMLESE
HEHS+EEFSREROMECHE, IRBREKE
MR RRERE TR 2ER A, — SR K
BEXHIRESBAENESHEBREKNLR.

2 WRMESHRHE

2.1 BRI

R AN FEREKRETEFHEARF LK (43°50'N,
125°23'E) , SEAFABLUBEESHTLEETRERZ
AT R, BIRE KRB BEER. 2F58
THBE WEHH AETEEK, FE2TEEN 8
B, REEMREX FEHKE N6 C, HEAAU
) BARURIE -36.5 T, FHKEN -17.2 C; H%#MA (7
AYBESRIREE C, FPHKERN23 C. FEHARY
2 866 h, VYW % 567.0 mm.

2003 4F 8 A, 2 BB ARIF & X 4 — o] 57 3% 1 #E 7
WERAR 1 km® )BT 10 Skt , HES MR AR
BT 10MEBA 1 mx1 m B8, Id R IR R
B, e E N E, mAES M NEENLET -
R AR SCR O 3 IR B E RIBFEIYAE 1 d S8
2.2 BRFZE
2.2.1 A FMFIRERNE  HRA Li-6400 fEH#EK 4 1
EFG(Li-Cor,USA) A HE BRERE SILEE . HH
F A PR 1R SR R S FH S AR E kN At R AL
FREPHUEZ SRR AR IER, G R RER
FISEIR T (PAR >1 000 pmol - m™ - ™' ) I B9 & 5,
KGRI (WUE) R b S R SRR ER L.

e FARE IR R A 1 A EAE R T /DO A
AMEE  Bemt, RELXHAREERITE. R B, 8

GRS R R ER R, BT R EA LR
W RSB E AR, WE ST, REWE M4 80 THT
24 h EHRE, T E S AT E AT IR R A

2.2.2 ELBWE LIRS 60 THT 72 h J5, B e
W4NEE,RANERFHOLE (AFS230E) I EELR
I Cu.Pb.Zn Mn.Cr.Co.Ni.Cd.As Sb i Hg.

3 GBREGW

3.1 FKEMFBEFHE

BWERILHEFASRERENEREYRL,
XA KI5 ( Polygonum orientale) . J¥F B (Artemisia
steversiana ) | JKEF2E ( Chenopodium glaucum ) (Zh ¥ i
( Portulaca oleracea) #1312 BL ( Setaria viridis) 2, H
BT NRES AR SEYRRBEEZFRK
(E1). AT N S AW R AT A 225 g UL L,
MEEHERES T SEYVERNRHE 1/2; FHKE
¥og 9 16 Bk, JUAMEER B EUCE T B B,
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Fig. 1 Contrast of total biomass and number between A. artemisiifolia and
accompanying species.

a) K& A, artemisiifolia; b) R 3 P. orientale; ¢) L5 P. olera-
cea; d) JRFF C. glaucum; ¢) KRR S, viridis; 1) KEFE A. sieversi-

ana,

3.2 AR EESRSE

HER1ALUES AN ELZRSEYK
&, EARES ARS8 REREK i
TH Zn HERE(153.24 mg - kg™') , HEHHTE
50 ~90 mg - kg_lZI‘E_!];Cr SEBEPETO ~100 mg
« kg™ BEHE 4 B (102.76 mg - kg™'). Ni 91K
SHN21.04 mg - kg™, i AKME N 25.4 mg -
kg HETESEEHAK
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Table 1 Content of heavy metal in soils of different plots ( +SD)
S Cu Pb Zn Mn Cr Co Ni Cd As Sb . Hg
Plot (mg - kg™ Xmg - kg™ Xmg - kg™ Xmg - kg™ Xmg « kg™ ' Xmg - kg™ Xmg - kg ™" Xpug - kg™ Xmeg - kg™ Xpg - kg™ Xpg - ke™)
27.47 26.92 61.15 263.96 73.17 11.97 23.46 66. 00 7.53 620. 00 77.00
! +3.02 +2.96 +6.73 +29.04 +8.05 +1.32 +2.58 +7.26 +0. 83 +68. 20 +8.47
22.18 24,25 57.59 261.92 75.20 13.62 21.04 100. 00 7.07 670. 00 65. 00
2 +2.44 +2.67 +6.33 +28. 81 +29.03 +2.72 +2,31 +11. 00 +0.78 +67. 00 +7.15
43,10 37.76 90. 00 371.96 72. 66 25.36 25.32 160. 00 11.96 1380. 00 317.00
3 +4. 31 +3.78 +9.90 +40.92 +7.99 +2.79 +3.29 +17. 60 +1.32 +151. 80 +34. 87
34. 67 34, 40 90. 40 361.85 102.76 22.02 30.96 126.00 11.43 1040. 00 122. 00
4 +3. 81 +3.78 +9,.94 +50. 66 +12.33 +2.42 +4.02 +13. 86 +1.14 +114. 40 +14.64
5 31.56 32.14 84.28 342.06 74.74 18. 10 33.41 100. 00 10. 55 990. 00 45.00
+3.47 +3.54 +9.27 +37.63 +8.22 +1.99 +3.68 +11.00 +1.16 +108. 90 +4.95
6 28.83 28. 65 67.35 356.13 94, 36 19. 87 27.98 148. 00 9.33 700. 00 365. 00
+3.46 +3.15 +6.74 +39.17 +10. 38 +2.19 +3.08 +16.28 +1.03 +77.00 +40. 15
7 30.45 38.55 153. 24 358.33 97. 63 24.76 27. 41 222.00 9.52 990. 00 108. 00
+3.35 +3.86 +16. 86 +39.42 +14.64 +2.72 +3.29 +24.42 +1.24 +108.90 +14.04
8 39.47 32,11 72. 14 339. 05 95. 84 15. 65 25.50 80. 00 8.04 570. 00 95.00
+4, 34 +4.50 +7.94 +37.30 +10. 54 +1.72 +2, 81 +8. 80 +0. 80 +62.70 +10.45
9 21.37 25.90 58.20 301. 30 78. 10 24,11 24.63 82. 00 7.05 590. 00 116. 00
+2.35 +2.85 +6. 40 +33.14 +8.59 +2.65 +2.71 +9.02 +0.78 +64. 90 +12.76
10 21.32 28.77 61. 44 294. 78 91.78 21.07 25.08 76. 00 8.02 670. 00 50. 00
+2.77 +3.16 +6.76 +35.37 +10.10 +2.74 +2.76 +8.36 +0. 88 +87.10 +5.50
£ K Max 43.1 38.55 153.24 371.96 102. 76 25.36 33.41 222.00 11. 96 1380. 00 365.00
£/ Min 21.32 24.25 57.59 261.92 72.66 11.97 21.04 66. 00 7.05 570. 00 45.00
1y 30.04 30.95 79.58 325.13 85.63 19. 65 26. 48 116 9. 05 822 136
Mean +7.49 +4, 89 +28. 84 +41.25 +11. 85 +4.71 +3.61 +48.72 +1.79 +265.53 +111.78
) =g SEVILT 15
BEE LA I R R, + 3 PR 5 Y (m) B 2 4 1 8
<
REErLE, FHEX HEERHE T RERHE. Bon ! o
> 3 g ge.
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25 S o
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e oy e S
BERTRESREEE. -10
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Table 2 Soil toxic metal contamination classifications ( mg - kg ') ﬁg ~ 0
— — - — — o “a
TR SRS HEG R EEHY MEETSY ®Kg' -
Metal Slight Middle Heavy Unusually oS E 10
heavy Boos -
res
g E-1s
Sb 30 ~50 50 ~100 100 ~ 500 > 500 EEKF’\:-L«
cd 1~3 3~10 10 ~ 50 >50 & 20
Cr 100 ~ 200 200 ~ 500 500 ~ 2500 >2500 -25 o 500 v ’
Pb 500-1000  1000~2000  2000~10000 10000 AT 1500
=
Hg 1-3 3~10 10 ~50 >50 Photosynthetic active radiation (mol * m” « 5™)
Cu 100 ~200 200 ~ 500 500 ~ 2500 >2500
Ni 20 ~50 50 ~200 200 ~ 1000 >1000 B2 BKEMAMRE CO, RERADLmRNHZ
Zn 250 ~500 500 ~ 1000 1000 ~ 5000 > 5000 Fig. 2 Light response curves of leaves and fruits of A. artemisiifolia (n =
As 10 ~30 - - - 10).

3.3 M AHARE CO, Stk

HE 2 A RLAE L, FE R, KRN A1)
HEERFERSEKBE KRR, H%
LHEELE 1.88 ~9.41 pmol - m™* - s7' ZH]. K
PSR B Tk 19. 2 pmol - m 77 -
s MM RLHEEFRAMEN 2.81 pmol -
3.4 AR EEH T F ARG IFR A

HER3IFUBRE, EAETEEZET  KEW
MRILHEGHRANZAEER. A A2 0 K

Fr PR R, ARG A R A 4 >
FEHD 6 > AEHL 7 KR SRSC A IR I 3R AL L 4 > B
H 10 > FEHE 7 > #EHL 1, IR A& B R R 4 >
FEE 10 > FEE 1 > A 7. 7EK S RIRF(WUE) |,
PR MRS 2 AR fha ot B b
2B, ARG R 8.6 F 1 W RL MM 10 K
=, HUCRAEHL 1.7 F1 8, e H B

B3R 3 AILLE Y, A R4 Hh K B 5. S0 P R
UG AR EREEHHEAKR, FER
RIMSILFERTHH  SERIBIRANGER
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Table 3 Differences in gas exchange between leaves( A) and fruits (B) of plants growing in different plots ( +SD)
s W IR 3k mtik-d: ] HEEE KA F R R
Plots Respiration rate Stomatal conductance Gross photosynthetic rate Water use efficiency
(pmol - m~2 - 57!) (mmol *m~2 +s7!) (pmol - m~2.571) ( pmol - mmol ')
A B A B A B A B
1 2.61 £0.02 12.03 £0.29 43.1£0.08 53.2 +0.80 4.64£0.07 11.73 £0.05 5.03 11. 08
2 5.01 £0.35 5.61 £0.28 27 .2+1.62 34.3:0.30 5.31£0.15 3.10+0.01 9.56 4.91
3 1.33£0.10 7.02x0.8¢4 54 .3+0.47 54.3 £0.40 4.29 £0.03 7.62 £0.75 4.10 7.80
4 - 19.40£0.17 182.0x17.44 72.11x0.62 8.16+0.99 10.99 +0.28 1. 82 4.87
S 0.90 0 4.24 £0.33 94.1£0.10 66.8 £1.27 6.61 £0.55 5.72 £0.07 3.05 3.68
6 1.88 +0.18 5.35+0.18 84.1+1.78 67.7 £2.04 8. 81 +0.18 7.70 £0. 19 5.09 5.39
7 1.69£0.48 12.3210.30 129.2+2.55 34.4 £2.35 8.40:0.16 9.15+0.77 3.35 11. 02
8 1.14 £0.17 8.61£0.22 26.1x1.36 23.6+0.17 4.16 £0.23 5.92:0.19 6. 67 10. 59
9 0.80 +0.09 4.16 £0.01 47.2£1.42 38.1+0.18 3.79 £0.36 5.36 £0.90 3.83 6.53
10 0.91£0.04 16.5510.94 71.0x0.34 43.2 £0. 86 6.33£0.02 12.25zx0.61 4.73 14.05
14 Mean 1.81 +1.33 9.53 +5.35 75.7 +49.18 48.4 +16. 54 6.05 +1. 89 7.95 +3.04 4.72£2.16  7.99 +£3.48
£4 THESRIKENARRTUEZRBLOLN
Table 4 Effect of soil heavy metal on gas exchange in leaves and fruits
LR M-} Leaves B 5 Fruits
S:;ly R R SR ’fﬁiﬂft“iﬁ KA R AR SALRE ’fﬁ*ﬂft“ﬁﬁ KR ERNE
Respiration rate ~ Stomatal cond Water use efficiency Respiration rate ~ Stomatal conductance Water use efficiency
('uml-m'z-s'l) (mmol *m~2+s"~ )rale(;uml m'2 N (ol « ml 7Y (wml'm'z's'l) (mmol *m~2+s"~ )rale(;uml'm'z's'l) (ol + mmol ~1)
r P r P r P r P r P r P r P r P
Cu 0.30  0.43 0.17  0.66 0.30 0.43 0.17 0.66 0.10 093 0.14 0.67 0.10 0.9 0.10 0.83
Pb 0.45 023 0.5 0.10 0.45 0.23 0.55 0.10 0.28 0.4 0.14 072 0.24 0.48 0.10 0.76
Zn 0.20 0.63 0.60 0.07 0.20 0.63 0.60 0.07 0.24  0.49 0.10 0.91 0.17 0.63 0.14 0.74
Mn 0.57 0.12 0.57  0.08 0.57 0.12 0.57 0.08 0.10 0.87 0.36  0.31 0.10 0.87 0.2 0.54
Cr 0.28 0.46 0.61 0.06 0.28 0.46 0.61 0.06 0.60 0.07 0.10 097 0.37 0.29 0.20 0.56
Co 0.58 0.10 0.47  0.17, 0.58 0.10 0.47 0.17 0.10 0.77 0.14 073 0.14 0.71 0.10 0.9
Ni 0.59 0.09 0.73 0.02* 0.59 0.09 0.73 0.02°* 0.14  0.73 0.65 0.04* 0.14 0.68 0.40 0.25
Cd 0.03 0.95 0.52 0.12 0.03 0.95 0.52 0.12 0.10 0.% 0.10 0.78 0.10 0.92 0.10 0.82
As 0.37 0.3 0.63  0.05 0.37 0.32 0.63 0.05 0.20 0.5 0.63 0.04° 0.20 0.57 0.33 0.36
Sb 0.20 0.62 0.48 0.16 0.2 0.62 0.48 0.16 0.10 0.77 0.44  0.21 0.10 0.77 0.24 0.49
Hg 0.10  0.79 0.03 0.9 0.10 0.79 0.03 0.92 0.28 0.4 0.39  0.28 0.10 0.93 0.4 0.50
+ P <0.05.
%5 IMEERABSHEEHAMEXSETRSENETEBSH
Table 5 Stepwise multiple regression analysis between gas exchange in leaves and fruits and content of heavy metal
2% - Leaves B3 Fruits
Parameter
FIAR e ANEYp r P AR &% BT R r P
ETE Stepwise multiple ETH Stepwise multiple
Available regression equation Available regression equation
significant significant
variable variable
I Ni Y=7.751-2.29 0.59 0.09 Cr Y= -13.532 +0.269 0. 60 0.07
] Ni Y=-0.184 +0.1 0.73 0.02 Ni Y= -0.029 +0.003 0. 65 0.04
m Cr Y= -2.753 +0.103 0. 64 0. 04 - - - -
v Ni Y =16.464 - 0. 443 0.74 0. 01

1. "R 5 % Respiration rate; 1. S FL 3 & Stomatal conductance ; 1. ’[‘Elﬁ[lj‘ﬁA§$ Gross pholosynthenc rate; V. 7K4rH] Fﬁf&$ Water used effi-

ciency.

TR RELHK FIRARET R & S RBIRE
B AR E (R BABOR KA B AR aE 7, W
BERFRHFRER. B, KR L H6E R
FENTFRHTHRBTERAEERL.
3.5 HEEEGRXKESARI R R

Xt REER SKEMN A RS R
FAT IR EA 4 (R 4) , 45 R R B, Ni X K
Bt RS RE (r=0.73,P =0.02) Rk 4 FIFI%K
E(r=0.74,P=0.01)F B EH W, Co {3 K& nt
RARGFIRAKERBEZW(r=0.63,P=0.04),

HEBSRBRYKE A XREFLW;Ni(r=0.65,
P=0.04) % As(r=0.63,P =0.04) ¥} K B SR 5C
SISEAEERZW. WE L, K KA K
XAERAEBEE R L Tl F R R B4R, Wi i 35 SR 44 55
MHEEAEYRD (B 1), dtcHE, KR X+ 5%
HERA D

B S ATLIFH 7 P <0.05 KP T, KEHE
SRITETMBHIER,UF Ni 1 Cr FRES|IASE.
Hep Ni 5K L RE(r=0.73,P=0.02)
K WUE(r=0.74,P =0.01) 8 FAHx, A}, Ni if
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HERE RIS FE(r=0.65,P=0.04) BFEAH
%51 Cr 5KE M R R E#EE(r=0.64,P =
0.04) BEFEME. P <0. 1 /KFF, IKEM A A IEIKH#H
A2 Ni(r=0.59,P =0.09) fy—E U, i Cr(r=
0.60,P =0.07) 5FKE M K A9 PF TR 3 K I 2% AH K.
BMEZE P <0.1 KFE T, W ABB FKERLIEM
HEER WUE 5T BFESRBZRIVEETE. &
W, HEESREE NG S EERSKE
R RIS B E YR, E-ERBE L
A Jz B ih KR A AR BER S

4 it

4.1 KR g FIR SRR 22 5 X B R A B R

PR g it F0 SR SC 0BG B A A A RE
N EZIHEHRN, KA RRFEEEE R 188
< s Bk 2.81 pmol - m 2
cs TR R IR R S LS LA R
KRR W55 R 1,81 pmol » m ™2 -
$s7'.75. 7 mmol * m™ + 57" 6.05 pmol - m~? - 8"
Fi4.72 pmol - mmol ™', 43 B R BRI HY 5.26.0. 64,
1.31 F11. 69 5. Wang 257 Ji22 5| A Ay - PABR
AT BRI RE S /ERATTRER KRB R
BE—EMEH. Kenzo %7 3 Z R K 1IR3 5 &
RENAR R, X4 & fE VT HEXT T78 K B R
TR AR W R FIE A — E/E . Aschan %A
3k ESEEREERRM RS EERN—
DNEBEAT,EBEITUEFEE 10% ~85% AIITIK
P CO,. UEHAAERIML A8 B 4h R SL B A S50t A 48
5, EEZFBRMIFR SEEEE S ko R AR, X
AR THMFRRKETES AT A%
4.2 SEZHFESHEESRBOHEEEXKE
iy a0l Al

HET, REM R EHE ST TEI5RYI L EIT
WA AT SRR R E R E S R
BRI WA 5T, R IR X e & AR R 5 B
FAL R Sheila 17 # BT Y- LIRS
NWESRWEN, FEZBRUHRESBUHEY S
RHEWNFRIRERN G R, A 5B Y
RETEH Ni Co F1 Cu Vi H IR EH A 51
HILF R ERR XS F R Y Z W Zn A1 Pb #9
YT R R R, ERIRG AR, S
Cu.Pb.Zn Cd ,As.Sb 1 Hg & & H & XK E S
AR R0 (B Ni 0 Cr MR B H B
HSILFE R WUE % B4 8% % 0E; Cr 5Kt

~9.41 pmol - m 2

1

R BOMADE S HEA BE R T As (U KRR K
SIRERBENENE. v

FEAB T, BB TE R RY b R BN AR 58 R IR 4
L, EIBRATS, HAARESEMBS. FHit, 7Lk
VIR, K LR E S RA D M. SHEESR
HYAHIL, K AR R T Z 0 THA it . T
AP IR S HE R B BRI S, SRR TR A AL
FYIE BA BOERE N
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