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Abstract : Eupatorium adenophorum is a famous invasive and alien species and few studies have clarified its invasive ability via

study on the gas exchanges characteristics. The gas exchange characteristics of reproductive organs (flower and fruit) and
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vegetative organs (stem, root, and leal)ol E. adenophorum Spreng. were discussed in this study in comparison with 8 local
species and reported herbaceous and woody plant groups around the world. A wide range of photosynthetic and respiration
rates was observed in leaves of this weed grown in different habitats and with different growth status. Even in leaves from the
same stem, a 6-fold difference in photosynthesis was observed. Difference in stomatal conductance (g,) and carboxylation
efficiency (CE) were responsible for most of these differences, but this responsibility was different for different leaves. The

net photosynthetic capacity (P,) of this weed was peak around 17.6 pmol * m “s™ ', and the peak of distribution of P, was 11

~15pumol * m~*s~ ! accounting for 50% of total data. Most leaf respiration data (>>70% ) were within the range of 1~3pmol -
m %s ', with 40% within the range of 1. 5~2.0 pmol * m *s~'. Reproductive organs of this weed had a rather high respiration
rate, i. e. flower bud could respire up to 37pmol » kg' DW s ', which was 4 times higher than those of stem and root
respiration. The gross photosynthetic capacity of flower bud, flower and young fruit was up to 40, 16 and 11pmol * kg ' DW
s 1(110%, 68% and 74% of their respiration rate), respectively. Since leaf P, in the same period of reproductive season was
only one third of that in vegetative season of summer (which means that leaf can supply relative limit photosynthates for seed
production in this period of time). this high photosynthetic capacity in reproductive organs (flowers and fruits) contribute to
the formation of seeds. The same decreasing tendency of stem and root respiration with diameter size was found. The root and
stem respiration was over 11 pmol * kg~ ' DW s ! for those with a diameter smaller than 0. 5 mm. No remarkable differences
were found between root respiration rates of this weed and three reported other species at similar temperature with similar root
size. Moreover, respiration of leaves was similar to other species in the same region and the reviewed data of herbaceous
species around the world, but higher than the reviewed data of woody plants. Leaf P, of this weed was slightly lower than to
some herbaceous species but rather similar to deciduous and evergreen broadleaved trees in the local region. Comparing with
plant groups around the world, leal P, of this weed was respectively around lower-middle level and upper-middle level in the
reported P, of herbaceous species and woody species. E. adenophorum had a large variability in photosynthesis and respiration
when grown in different habitats and at different stages of growth, which might be beneficial for its flourish at suitable sites
and survival at stressed sites. However, it is still difficult to find the underlying reason for the strong invasive potential by
inter-specific comparison of the P, and respiration rate alone.

Key words: Eupatorium adenophorum; photosynthesis; respiration; vegetative organs; reproductive organs; inter-specific
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Fig. 2 Relations between internodes length and respiration rate (a), net photosynthetic rate (b), stomatal conductance (c¢) and

carboxylation efficiency (d)
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Table 1 Relations between plant age and leaf gas exchange features (number in parenthesis is standard deviation)
From tufts with different age Individual with different age from the same tuft
Net Net
Respiration photosynthetic Stomatal Respiration photosynthetic Stomatal
Age(a) rate capacity conductance Age(a) rate capacity conductance
(pmol * m~?s7 1) (pmol * m~2s!) (mol *» m~2s~ 1) (pmol * m™2s7 1) (pmol + m~2s~1) (mol » m~2s7 1)
1 3.00(1.07) 16.3€0. 6) 0.58¢0.03) 1 1.34€0.27) 9.68(3.8) 0.26(0.16)
2 2.04(0.05) 14.4€0.6) 0.45(0.01) 2 1.5500.12) 13.3(2. 4) 0. 35(0. 04)
3 1.99(0. 33) 15.2€0. 84) 0.50(0. 05) 3 1. 85(0. 23) 13.0(3.9) 0.27€0.13)
4 1.68C0.47) 12.1€0.2) 0.26C0.01) 4 2.54(0.59) 12.8(1.3) 0.21€0.01)
5 1.79(0.56) 11.5(1.2) 0.29(0.02) ) 3.69(1.66) 5.87(1.9) 0.10€0.03)
6 1.33(0.23) 12.6(1. 4) 0.32(0.02) 6 1. 96(0. 52) 14.9(1.9) 0.25(0.02)
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Table 2 Gas exchange characteristics of leaves grown at stem apex and stem base in vegetative growth phase (summer) and reproductive growth

phase (spring)

Vegetative growth phase Reproductive growth phase
Net Net
Respiration photosynthetic Stomatal Respiration photosynthetic Stomatal
Growth position rate capacity conductance Carboxylation rate capacity  conductance Carboxylation
(pmol » m™2 (pmol * m™? (mol + m™?  efficiency ~ (pumol + m™? (pmol * m™? (mol * m~?  efficiency
s D) s—h s D) s D) s D) s D

Grow from stem apex 1.12(0.06) 11.4€0.6) 0.16(0.02) 0. 057 1.88(1.0) 3.30(0.46) 0.04(0.01) 0. 029
Sprout from stem base  1.08(0.2) 12.8(0.8)  0.20€0.01) 0. 069 1.95(0.9)  4.62(1.35) 0.05(0.01) 0.032

Number in parenthesis is standard deviation
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Table 3 Differences in gas exchange between young leaves of plants growing in different plots

Net
Plot Respiration rate photosynthetic capacity Stomatal conductance Carboxylation

(pmol » m~2s~ 1) (pmol » m~2s~ 1) (mol * m 25~ 1) efficiency
In forest 1.55C0.61) 8.5(0.4) 0.24(0.02) 0. 035
In woodland 3.77€0.20) 10.9¢0. 2) 0.31(0.05) 0. 047
Forest gap 3.33(0.01D) 9.0(4. 3) 0.17¢0.08) 0. 058
Forest edge 2.80(0.06) 6.3(4.6) 0.16(0.06) 0.043
Abandoned farm land 3.86(0.03) 9.2(0.8) 0.25(0.01) 0. 055
Roadside 3.19¢0.01) 11.3(1. 0 0.22(0.01) 0.063
Alluvial flat 3.03(0.01) 15.0(1. 9 0.38(0.02) 0. 069
Riverbank 3.88(0.01) 12.7¢0.9) 0.25(0.02) 0. 066
In river 5.62(0.06) 7.3(1.3) 0. 13€0. 04) 0. 056

Mean value 3.45(1.09) 10.02(2.7) 0.23(0.08) 0.05(0.01)
Number in parenthesis is standard deviation
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Table 4 Differences in gas exchange between adult leaves of plants growing in different plots

Net
Plot Respiration rate photosynthetic capacity Stomatal conductance Carboxylation
(pmol » m~2%s~ 1) (pmol * m~2s~ 1) (mol » m~2s71) efficiency
In forest 0.85(0.01) 8.1(0.3) 0.27€0.01) 0.034
In woodland 1.55C0.01) 8.1€0.4) 0.15¢0.02) 0.037
Forest gap 3.31€0.01) 11.6(1.2) 0.27(0.04) 0.073
Forest edge 1. 44(0.04) 14.0€0.7) 0.31€0.04) 0.062
( ) Forest edge (noon) 2.65C0.01) 9.4¢0.7) 0.24(0.03) 0. 060
Abandoned farm land 1.79(0.03) 14.2(0. 6) 0.45(0.03) 0. 068
Roadside 2.12(0.21) 9.3(0.8) 0.16(0.01) 0. 056
Alluvial flat 1.12(0.06) 11.40.6) 0.16(0.02) 0. 057
Riverbank 1.30(0.13) 17.6C0. 1) 0.45C0.01) 0.077
In river 3.11¢0.44) 15.8(1.0) 0. 37(0.04) 0. 087
Mean 1.92(0. 85) 11.95(3.33) 0.28(0.11) 0.06(0.02)
Number in parenthesis is standard deviation
5
Table 5 Differences in gas exchange between old leaves of plants growing in different plots
Net
Plot Respiration rate photosynthetic capacity Stomatal conductance Carboxylation
(pmol « m~2s—1) (pmol « m~2s—1) (mol * m~2s~ 1) efficiency
In forest 0. 45(0.09) 1.6€0.2) 0. 038(0.003) 0. 009
In woodland 2.00(0.03) 6.4(0.3) 0.186(0. 025) 0.029
Forest gap 0.81€0.14) 3.90.2) 0. 051¢0. 005) 0.022
Forest edge 0.66(0.12) 4.8C0. 1) 0.139¢0.011) 0. 020
( ) Forest edge (noon) 1.78(0.12) 3.1¢0. D 0.088(0.002) 0.026
Abandoned farm land 1. 82(0.39) 5.0€0.3) 0. 124 (0. 008) 0.019
Roadside 1.81¢0.01) 0.6C0. 1) 0. 038(0.003) 0. 006
Alluvial flat 0.39(0.03) 3.0€0.5) 0. 047(0.004) 0.019
Riverbank 1.83(0.08) 2.4€0.6) 0. 049(0. 006) 0.017
In river 2.87(0.01) 1. 6€0. 3) 0. 034(0.007) 0.015
Mean 1. 44€0.82) 3.24(1.80) 0. 08(0. 05) 0. 02(0.01)
Number in parenthesis is standard deviation
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Table 6 Comparison of root respiration between E. adenophorum and other species
Root Range of root
Plant species diameter (mm) respiration (pumol « kg™ !+ s 1) Temperature ( C) Reference
Pinus strobes <2 2~4 15 [15]
>2 0.5~3.75 15 [15]
Acer saccharum <1 8§~12 24 [6]
Different trees’ <1 2~14 24 [7]
roots in temperate forests* <1 2~7 18 [7]
<1 0.3~2 6 [7]
E. adenophorum <2.5 2~12 21 This study
* , 2.5 For estimating the in situ root respiration, a factor of 2.5 was
divided in original paper; # : , CO, Unit in the original paper was the rate of oxygen consumption,

which was the same to the unit as the rate of CO, efflux

C D, . C4 .C3 .
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Table 7 Comparison of leaf net photosynthetic rate, respiration rate between E. adenophorum and other species around world and in the same

regions

)

Plant (group) name

Net photosynthetic rate (pmol * m~2s™1)

Respiration rate (pmol » m™?s~ 1)

Herbaceous plants[16]

C4 C4 plants 30~60(70) 2~6
C3 C3 Crops 20~40 2~6
Mesophytes of sunny habitats 20~30(40) n.a
Plants of dunes and seashores 20~30 n.a
Spring geophytes 15~20 n.a
Tall forbs 10~20 n.a
Shade plants (2)5~10 n.a
Plants of dry habitats 15~30 n.a
Arctic plants 8~20 n.a
grasses and sedges 5~15(20) n.a
Hemiparasites (1)2~8 3~5(8)
Herbaceous wild flower 3~5 ( sun species)
1~3 ( shade species)
Woody plants 16
( ) Tropical forest trees (rain forest) 10~16 0.3~0.5(2) ( sun leaf)
5~7 0.05~0.2 ( shade leafl)
Pioneer species in tropical region 12~20(25) n.a
Deciduous trees 10~15(25) 1~2 ( sun leaf)
) 3~6 0.2~0.5 ( shade leal)
» tcmpcratck%iz;dolszvcd evergreens of subtropics 6~12(20) 0.8~1. 4 ( <un leaf)
2~4 0.2~0.5 ( shade leal)
Coniferous trees 8~10 0.6~1.5¢( Deciduous)
3~6(15) (0.30.5~0.7(1)¢( Evergreen)

E. adenophorum and control species in the same regions

E. adenophorum

0.6~17.6(14. 521)

0.4~5.6(  Summer)

2.7~10.1 0.7~4.5C Spring)
1.1~15.5 1.3~2.6C Spring)
Evergreen broadleaved trees* > pring
Mean=7.3 Mean=1.9
E Tors 0.2~0.5 0.5~4.4C Spring)
rgreen conifers
vergreen contie Mean=0. 4 Mean=1. 8
2.9~7.1 1.9~4.0C Spring)
Deciduous broadleaved tree™ pring
Mean=4.7 Mean=2. 8
. 1.4~20.8 1.4~5.2C Spring)
Herb s plants ¥
erbaccous plants Mean=10. 3 Mean=2. 8
* Eucalyptus robusta- and Quercus monimotricha; ¥ Cephalotazus sinensis; —+ Diospyros kaki and
D. lotus; $ . Fordiophyton sp. » Artemisia sp. and Erigeron breviscapus;n. a. not availoble
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