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to atmospheric CO, enrichment

CHAI Weiling"?, LEI Yanbao', LI Yangping'*, XIAO Haifeng', FENG Yulong™*
1 Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

3 College of Bioscience and Biotechnology, Shenyang Agricultural University, Shenyang 110866, China

Abstract: Atmospheric CO, concentration had increased from a pre-industrial level of 270 pwmol/mol to 350 wmol/mol in
2005 and continues to increase at 1.9 wmol/mol per year on average. It is well known that atmospheric CO,enrichment may
influence the invasiveness of introduced plant species. Identifying the effects of elevated CO, on invasiveness of exotic plants
is very important for improving our ability to predict and control potentially invasive species. Four closed-top chambers were
used to control CO, concentration, ambient atmospheric CO, concentration ( control ) and doubled atmospheric CO,
concentration (700 pmol/mol). To determine the effects of atmospheric CO, enrichment on invasiveness of Chromolaena

odorata , a noxious invasive perennial herb or subshrub in many countries of Asia, Oceania and Africa, we compared C.
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odorata and its phylogenetically related indigenous plant Eupatorium heterophyllum in terms of morphology, growth, biomass
allocation, and photosynthesis at two CO, concentrations. Fourteen traits related to morphology, growth, biomass allocation,
and photosynthesis were measured when C. odorata and E. heterophyllum were treated for nearly three months.

At ambient CO, concentration, total biomass, height, stem diameter, and total leaf area were significantly higher and
branch number were lower for invasive C. odorata than for native E. heterophyllum, which contribute to form dense
monoculture for the invader, outshading native plant species. CO, enrichment significantly increased total biomass, height,
stem diameter, branch number, and total leaf area in both species. For C. odorata, total biomass, height, stem diameter,
branch number and total leaf area were increased by 92% , 41% , 60% , 325% , and 148% , respectively, much higher than
32%, 14% , 30% , 64% , and 79% for E. heterophyllum. Consistently, growth advantage of the invader over the native
became more evident at doubled atmospheric CO, concentration.

CO, enrichment decreased root mass fraction (RMF) and increased stem mass fraction (SMF) and leaf mass fraction
(LMF) for both the invasive and native species. However, the responses of these traits to CO, enrichment were not
significantly different between C. odorata and E. heterophyllum. C. odorata allocated more biomass to stems and leaves and
less to roots than E. heterophyllum at either ambient CO, concentration or doubled atmospheric CO, concentration. Higher
LMF and SMF may help C. odorata to increase carbon assimilation, and lower RMF may help C. odorata to reduce
respiratory carbon loss, facilitating biomass accumulation. The more efficient strategy of biomass accumulation adopted by
the invader might still provide stronger competitive ability against the native.

In addition, atmospheric CO, enrichment significantly increased net photosynthetic rate (P, ) for both species, and

max

the increases were not significantly different between C. odorata and E. heterophyllum. At both low and high CO,

concentration, P__ was not significantly different between two species. This indicates that higher biomass accumulation of C.

odorata may not be associated with photosynthesis, and benefit from other aspects at doubled atmospheric CO, concentration.
In conclusion, our results indicate that CO, enrichment stimulates growth more greatly for invasive C. odorata than for
native E. heterophyllum, and that in the future with high atmospheric CO, concentration invasions by C. odorata may become

more serious.

Key Words: CO, enrichment; Chromolaena odorata; morphology; growth; biomass allocation; photosynthesis;

invasiveness
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Table 1 Effects of species and CO, concentrations on variables related to morphology, growth, biomass allocation, and photosynthesis

A b YFh AR Yol A A
Variables Species CO, concentration SpeciesxCO, concentration
H KA Growth traits
A=) Biomass/g 18.652 *** 19.016 *** 4.526"
¥k Height/cm 43.801 *** 37.780 *** 7.933 **
4% Stem diameter/mm 42.014** 43.509 *** 5.274"
JYFi% Branch number 60.596 *** 75.134*** 20.286***
ST LA 10.193 ** 44.778 *** 2.221
JE ASHHIE Morphological traits
Her i SLA 36.200 *** 2.743 0.802
AR LA :RM 48.328 """ 27.340*** 0.037
AW ECRAE Allocation traits
MY 5340 RMF 49.031*** 6.061 ** 4.946*
22 A4 SMF 73.891 *** 0.918 7.278*
Ay E LMF 10.675 " 17.696 *** 0.324
JEA 4T Photosynthetic traits
FOCEEE P 0.974 34.347 %+ 5.098*
HIBHE T, 0.820 0.321 2.490
AR g, 3.911 9.253** 3.772
KA FIRE WUE 1.385 45.704 *** 0.389

BAEFR/R FAH; = P <0.05, %  P<0.0l, % % % P<0.001; SIHFILA, total leaf area (cm?) ; HITHBLSLA, special leaf area (em?/g) ;
AR L LA: RM, leaf area: root mass ratio (em?/g) ; HRAZHYIHE/3 4L RMF, root mass fraction (g g ') ; ZX/EW) /3 4L SMF, stem mass fraction ( g/
g) 3 MY/ LMF, leaf mass fraction (g/g) ; A H# P, , net photosynthetic rate (pmol m™2s™!) ; ZEBEH K T, | transpiration rate (mmol
m2s7h); FILFE g, stomatal conductance (mol m™2s™!) ; KAMFIFHELH WUE, water-use efficiency ( pmol/mmol).
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Table 2 Effects of CO, enrichment on photosynthetic traits in invasive Chromolaena odorata and native Eupatorium heterophyllum

i Co, Wi Ol A ek M R AL KA
Species [co,] P, T, g, WUE
“KHLHEE C. odorata 350 7.85+0.27h 3.09+0.23 0.26+0.02a 2.58+0.16b
700 10.17£0.73a 2.46+0.34 0.15+£0.02b 4.31+£0.37a
S 2% E. heterophyllum 350 7.03+0.61b 2.89+0.30 0.18+0.02b 2.45+0.08b
700 12.25+£0.82a 3.19+0.28 0.15+£0.02b 3.89+0.22a

BG5S RN GE B FIIME 1 MRAER2E AN F T RR Y R s ab #1622 55 B3 CO, MR CO, ], CO, concentration in wmol/mol ; ¥t

HHF P, , net photosynthetic rate in pmol m™2s™!

s7h KSR WUE, photosynthetic water-use efficiency in pmol/mmol
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