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Growth responses to the interaction of elevated CO, and drought stress in six
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Abstract: Carbon dioxide (CO,) is the most important anthropogenic greenhouse gas. Global atmospheric CO, may reach
700 ppm by 2100 and increase at a high rate of 0.4% per year according to the Intergovernmental Panel on Climate Change.
Elevation of atmospheric CO, can have an indirect influence on global climate change through “the greenhouse effect” and a
direct influence on plant growth, survival, and reproduction. Therefore, elevated CO, will have a great effect upon structure

and function of terrestrial ecosystems and on the distribution and productivity of global vegetation. Global warming has
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recently resulted in uneven precipitation and more frequent extreme droughts and shortages of available soil water in many
areas of the world. In addition, plants have different sensitivities to elevated CO, and drought stress, even when growing in
the same environment. Thus it is essential to consider both elevated CO, and different soil moisture conditions in order to
assess the possible effect of global climate change on different species. In this paper, the six annual species, Rumex
chalepensis, Vicia sepium, Sedum album, Hemmistepta lyrata, Clinopodium chinense, and Chenopodium album, were
treated with two levels of CO, concentrations (400 ppm and 700 ppm) and three levels of drought stress ( CK 100% FC,
MS 40%FC and SS 20%FC) in walk—in CO, chambers to determine the responses of growth and biomass allocation to the
interaction of elevated CO, and drought stress and to test whether elevated atmospheric CO, ameliorates negative effects of
drought by increasing water use efficiency. Results showed that V. sepium and S. album survived under all experimental
conditions. However, there was some mortality in other species in drought treatments. Elevated CO, stimulated the growth of
the five C,plants R. chalepensis, V. sepium, H. lyrata, C. chinense and C. album under three levels of drought stress, while
it inhibited the growth of S. album under drought stress. Drought stress inhibited the growth of all six species, but the growth
of the CAM plant S. album was fastest under drought stress. The interaction of elevated CO, and drought stress showed
significant interspecific variation: elevated CO, concentration alleviated the negative impact of drought on H. lyrata and C.
chinense but less so in R. chalepensis and V. sepium; elevated CO, had no effect on the impact of drought on C. album; for
S. album, elevated CO, even inhibited its growth under drought stress. Overall, elevated CO, increased the root mass
fraction (RMF) and dry matter content ( DMC) for most of the species; drought stress obviously increased RMF and
decreased DMC in all six species. However, different species had different responses to the interaction of elevated CO, and
drought stress. This indicated that plants could adapt to the interactive effect of elevated CO, and drought stress by
regulating biomass allocation and moisture retention capacity, as dependent on the trade—off between carbon absorption and
water loss. The results could help us to understand the adaptation of annual herbs to future climatic change and provide a

basis for assessing and evaluating global climate change and its hydrological effect on plant physiological ecology.
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Table 1 Survival of six species seedlings after three weeks of treatment of three water regimes and two CO, concentrations

BB FET-H0) Total number (No. of dead plants)

]
Zies Waffiﬁims AT CO, YR (400 ppm) 1 CO, & BE (700 ppm)
Ambient CO,concentration Elevated CO,concentration
PIRFRE R. chalepensis CK(100%FC) 8(0) 7(0)
MS(40%FC) 7(0) 7(2)
SS(20%FC) 6(0) 6(6)
Wi V. sepium CK(100%FC) 8(0) 8(0)
MS(40%FC) 7(0) 7(0)
SS(20%FC) 8(0) 8(0)
WK H. lyrata CK(100%FC) 7(0) 8(0)
MS(40%FC) 7(2) 8(1)
SS(20%FC) 6(5) 8(1)
KHFEZE C. chinense CK(100%FC) 8(0) 8(0)
MS(40%FC) 8(3) 8(0)
SS(20%FC) 8(7) 8(3)
# C. album CK(100%FC) 6(0) 6(0)
MS(40%FC) 6(0) 6(0)
SS(20%FC) 6(0) 6(4)
EKA S album CK(100%FC) 8(0) 8(0)
MS(40%FC) 7(0) 8(0)
SS(20%FC) 7(0) 7(0)

CK: Control; MS: HJE T 5 Mild drought stress;SS: T Severe drought stress
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Fig.1 Total biomass of R.chalepensis, V.sepium, S.album, H.lyrata, C.chinense, C.album under two CO, concentrations and three water
regimes (M+SE)
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Table 2 Results of Three-way ANOVA test for the effects of species, CO, and water availability on variables of six species under two CO,

concentrations and three water regimes

. F{H F-value
I RAH f it _— S -
Sources of variation Degree of freedom (df) R MR 734 (RMF) THBiE A (DMC)
Total biomass Root mass fraction Dry matter content
YIfh Species 5 174.359 *** 292.177 *** 1980.998 ***
KT AL water stress 1 179.460 *** 184.175*** 21.333%**
€O, 1 16.229 " 10.785 *** 0.219 ns
PFfx KA B Speciesx water stress 5 103.064 *** 8.432 """ 11.351°*"
#fx CO, SpeciesxCO, 5 6.797 *** 6.470 %" 7.180 "
KL EEXCO, water stressxCO, 1 0.281 ns 2.563 ns 5.855"
Y=ok 3 Ak BExCO, , _
5 0.530 ns 7.446 %" 4.077 "

SpeciesxXwater stressX CO,
Hy TR A WA AE 5 BE T2 (20% FC) WA WO B , = 3 7 22001 7K 43 B F R T CK(100% FC) v B2 152 MS(40%FC) M4~
IKIMAEBE, ns RIBF|E KT (P>0.05) , * FKEN KT (P<0.05) , ™ (P<0. 01) F1™*" (P<0.001) 5B KT, df 2 A i E

24 TYEEE

CO, VR FETF i hn 1 P SRR RN B 3 L AE rp BE T 5 (MS) Z& 4 N I T4 ot & &, i 7E /K 43 78 /2 (CK) Fi
JETE(SS) 4T A WE 52 (Bl 3ab) . CO, R EE T SR L REAR T U i S f XA S T o & ik, (1
Bl T SR A R ST O ) R AT R B T R R, MUK A3 FE R (CK) 285 T Y 13% B 3 T 5
(MS) 5T 19 0.3% , 1 RUES 3 40 Jo 75 St %) R AV s 8 28 9 T 8, MUK 49 78 A2 ( CK) 254 T 19 1% T 31 b
TH(MS) T 15% (Kl 3ed) o X TFEE, COMEETH RGN T H W& &, 767K 73 78 2 (CK) &4 1, Co, ik
FE T LT 0 0 21% , AE TR (MS) &4 R, I B N BE S 6% (5] 3e) . CO,MREETH =
FEK AT TR R (CK) 5 B A B F R A M T & i (AT R a2 i FCRe i i B2 B 1 5 A
FE RGN T, N RE T2 (MS) N9 68% T = 2N H T2 (SS) N9 98% (8 3f) . =R R T
YIS B AE CO, MR T YA B 5 25 53, MiAE Hoe AR B A 2 %) 9 194 ) AR Ak B %) = 25 e 2 B A 25 i
HEHSCHAEM (£ 2)

3 e

FPIA FOLA Y CO, MR BE AR N AR A2 BB 3R 740 R K 7 SR 2R G 0, — s L T, —
SE LN CO, W EETH i A ) BAT 2 (e A A P, (W) B B 8 080 22 1 52 e XS AL (R s g 222 AR o R
B, CO, ML T St 1 SR RSB 8 2 7K 70 58 R 26 PF R i AR i AR i Bt S R BE 3, A=)
AR R E A, UL WIAE AR r TE R 25T, CO, WL T i i S 08 o0 SR RS B 8 5 LA A i A A0z, {HL
KA L HET Ra T, CO,MEALRON 52 ) T — g FERE I RIS R BT CO, W BT i BA I8 2% T 5
A0S IX PR BEAS AR ) Y ST I, GBI OL T, COMRBETHR U UAL G, AL BE R I, AT v 177K
SRR FIRCR, SR, LA IRY CO, TR LA BRI, (R E TR 1 A KA Pt iy BB S B ik
B ARG S 1 22 | 3K AT FER R, I SRR AR 17K 43R IR | e 4 30 CO, MR BE T i X 1 5
AN TR 55 o AEX T ISR 5, AT K A K 70 FE R 26T, CO, TH i % 3 ) A= i e A
BEERFE (RS T SRR R, A B RIEAY . X5 EREE RIS CO, MR FORFIE R
= I IR AR T A R TR AR B2 R — B, R T CO, W T By 7 L 3%
WEAER, FRAR T 28R, (8 A7 b T AR E K I FEAD AR AT, B8 1 AR DK 0 A AR AT N 1 A0 e S
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Fig.2 Root mass fraction (RMF) of R.chalepensis, V.sepium, S.album , H.lyrata, C.chinense, C.album under two CO, concentrations and

three water regimes ( M+SE). Plants that had died were excluded from these analyses
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WHER TG+ 50020, AL G M PEP FRACEEAY 5 1 & 240 AN el HEas R, CO, ¥R B2 T g ik —
A5 AL/ NEOCH], CO, IR D, CO, M IRAL HRBRAR > CO, M TR 2 25 T HAMEE, &
BUEWIR AR R COMRIE T 32 IR,

T FEIR ST ( resource allocation ) SEFEAE WIS [F] A B9 5 I 3 IiE T AN [R) SO RE 4% B B9 L9, AP REAE 3R 55
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Fig.3 Dry matter content ( DMC) of R.chalepensis, V.sepium, S.album, H.lyrata, C.chinense, C.album under two CO, concentrations

and three water regimes ( M+SE). Plants that had died were excluded from these analyses
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