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Responses of plant stomata to elevated CO, and temperature : observations from

10 plant species grown in temperature and CQO, gradients
ZUO Wen-Yun, HE Jin-Sheng®, HAN Mei, JI Chen-Jun, Dan F.B. Flynn, FANG Jing-Yun  (Department

of Ecology, College of Environmental Sciencess and Key Laboratory for Earth Surface Process of Ministry of Education, Peking University,
Beijing 100871,China). Acta Ecologica Sinica,2005,25(3) :565~574.

Abstract ; Many studies have reported that increases in atmospheric CO, concentration ([CQO,]) lead to decreases in plant
stomatal density (SD) and stomatal index (S7I). These correlations have become key proxies for the estimation of
palecatmospheric [CO,]. However, [CO,] is not the only environmental factor affecting SD and SI. In this study, we
conducted an experiment with controlled temperature and [ CO, ] gradients to examine the correlation between stomatal
characters and both elevated [ CO, | and temperature. The materials used in our study were obtained from seven herbaceous
species commonly found in oldfields of the North American Midwest, including legume, non-legume C; and C, plants, as well
as three deciduous tree species from eastern North America. The results showed that SD was more sensitive to [CO, ] changes
than SI for all species studied. SD showed either positive, negative or no correlation with [CO, ], whereas the SI showed
either a positive or no correlation. In the temperature gradient however, SD responded with less sensitivity than SI. SI
showed either positive, negative or no correlation with temperature, whereas the SD showed positive or no correlation.

Additionally, correlations between ECD and temperature and between APL and temperature differed. Thus, in addition to
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[ CO; ], air temperature also affects plant SD, SI, ECD and APL. We suggest that, when reconstructing historical

atmospheric [ CO, ] via analysis of stomatal characteristics, not only must the correlation between [CQ,] and stomatal

parameters be examined, but the effect of temperature on the correlation should be considered as well.

Key words:CO), gradient; temperature gradient; epidermal cell density; stomatal density; stomatal aperture length; stomatal

index
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Table 1 The species in the research

and their functional group and growth habit

1 FERHT[CO ISR, EUERBRT, &
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ff Species

e & Functional Group

H K 3 Growth habit

) Bk Abutilon theophrast:

EWMBEKE Ambrosia artemisiifolia
B E Polygonum pensylvancium
E P G Chamaecrista fasciculate
KB BT Medicago lupulina

WEBE Setaria faberii

¥ Setaria italica
41tk Quer{:us rubra
JLELI#, Acer rubrum -
Kt Betula papyrifera

Cs FEREFZEEHEHY Forb
Cs ERBEFHEY Forb
Cs EARXEEMEY Forb
Ci» G5 Legume ERBEBHEY Forb
Cs, E# Legume FEREBELEY Forb
G KA BHEY Grass

Cq AAEPHY Grass
Css K& Tree % 0+ 35 &K Deciduous
Css K7 Tree #1357 AR Deciduous
Css KA Tree ¥% 137 K Deciduous
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Prfh BRI X AERN M H T, B SAS P GLM R #E4T ANOVA 4809, it #p . [CO, B EMIER, U R ENZE
MHEEERAESX ECD,SI, APLMSD RARERW. WRBEM(COIJNIEFHEREN M2aH—ELR A HERE
ERARTRE. tFAH BER WA E T, Scheffé post hoc RIHITEBEH K . A X HF[LCO,JEMNBLA B 380 pmol/mol B 800
pmol/mol W ELEM K, HIIEX—FERNERBEEER CO, B4 R] N . 1l ANOVA R CO. IER, S FEMRM
CO; EFRITTRE, R R Y CO, WIEFREXRMTBE. R, TIEX CO, WRMNABENSILFHER ECD, BAEB &
B SD M SI,H CO, £ H & ¥ (Enhancement Ratio, ER)¥# —% 2% CO, WYER.ER FTiExH .
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K HERspy CO, 3t F SD MERRELSD: M1 SD4 53 F A [CO JEMAMBE[CO, | FRTEHE - RXEMREYRFAAHED
#1 SD BFHME ER R CO, Xt F SIMAERRESI: M1 SIa 2351 ALCO, BEmAMBELCO, 1BR T B —XEMEYEHTEHE
YR ST By FH1{H .
2 &R
2.1 AR iE S LR B3R 540 % B R BE [ CO, 134 hn #9 SRz

ANOVA S+t (F 2)%H, W# X ECD,SI,APLM SDWEREREEN, MBEWERARE,[CO, NIERETERX W
ECD #1 APL, DY . BEMCO, N EIERRXSE  YFE ECD, SI Ml APL[CO, | RMBEEEEEER Wi XBEIE),
M SDXMCO, IR MEBEBEREER., WHRSKFLEERL ECD MBENRMNEA—B, KXt ST f APL g9 N A 8] 2 7
BEWMHXKX), [CO, MBEZMAHEAEARAMNIILIFER ECODBREREL W (FEXKX),
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Table 2 F values resulting from ANOVA on ECD (Epidermal Cell Density), SI (Stomatal Index), APL (Stomatal Aperture Length), SD

(Stomatal Density). Main factors are species, tunnel, zone and their interactions

DF, ECD SI DF, APL SD

¥ Species

Y7 Species 6 715.2*% * * 87.94" * " 9 660. 39" * * 335. 54" **

% i Tunnel 1 29.42** * 2.71 1 3. 551 0. 06

X Zone 6 1.28 0. 33 6 0.64 0. 92

Y1 b X B8 Species X Tunnel 6 26.83* ** 9.8*** 9 7.15%* ** 1. 26

Y #h X X Species X Zone 36 1. 04 1. 367 54 2.11*** 0.91

B i X X Tunnel X Zone 6 1. 74 0. 41 6 1. 24 1. 59
IhHEE & Functional groups

INBER Functional Group (FG) 1 143.89* * * 69.17** * 1 168. 36 352.27***

B Tunnel 1 1. 49 0.09 1 0. 09 0. 02

X Zone 6 0. 06 | 0. 26 6 0. 65 0.1

THRE R X ¥ i FG X Tunnel 1 0.95 4.35" 1 1. 69 0. 4

IhBERY X X FG X Zone 6 0.16 0. 56 6 1. 07 0.12

B X X Tunnel X Zone 6 0. 44 0. 33 6 0.13 0. 61

T p<<0.1, * ¢ 5, % % p<0.01, * % x P<C0.001;DF.2% ECD #M SI 3Py h ¥ ,DF, 3 APL 1 SD 43 bf B B DF, is

the freedom in ECD and SI analysis. DF;is the freedom in APL and SD analysis

FIWEW ECD,SI,APL M SD EYFMRBIHNZER, URICO, ST EFIBAFE W ., #47 Scheffée post hoc ZEEHB (AT
BERITERBEAEEEAXHRFIHOFRE  PRE ECD, SDM APLEZREEH. KAHEYHK ECD Y RKRTEAHEY;SD REA
Ambrosia artemisiifolia fl Quercus rubra.Polygonum pensylvancium M Setaria italica ZHIEE R EEZR HR{VYEREF. &
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10 Y b ,APL RE Abutilon theophrasti #l Ambrosia artemisiifolia.Chamaecrista fasciculate ¥ Quercus rubra Z.|8] A &
ELER HANERBE SINANOVA T RAYMELREE, B —FWLEUEXRVIAREYRZRAEE . RHER
AR ST ABXSF ECD, AP 0 SD R HEE (R 3. | |

Ga TR M ECD R E,[CO, ¥ M ECD ¥ ¥ # 2632+ 136.7SE B 2 # 2383+ 100.7SE, HZ R B &
(p<<0.001),1 APL B M AT 14. 1+0. 22SE W03 13. 9£0. 21SE, F — & # 7 (Marginal significant, p<{0.1), A& E
Y, ENIXT[CO, MM RN AR, I Quercus rubra,[CO, MM ECD BFR /D, SD ERBEER,SI BEMM,APL
BREREER  MHMEYHRNAEFAR,H3[COIMRMERFIBEGE I,

F£3 FEED rm%n%&&%ammm&& (ECD)
Table 3 The stomatal characterlstlcs and ECD in different spec:es(0~100cm)

el A il

ECD SD APL
Speci CO SE SE ST SE SE
Yt Species LCO. ] (No/mm?) (No/mm?) (pm)
Quercus rubra A 7138a 186. 89 1164a 41. 25 0.164b 0. 0044 14. 31a 0.167
| E 5323b 207. 42 1155a 44. 49 0. 224a 0. 0076 13.93a 0.191
Betula papyrifera A 2885a 88. 91 635a 18. 22 0.223a 0. 0042 21. 18a 0.227
E 2828a 96. 42 665a 22.03 0. 238a 0.0046 20.48a 0. 257
Acer rubrum A N/A* N/A* 985a 37. 00 N/A* N/A* 8. 72a 0.122
E N/A* N/A* 1084a 43.49 N/A* N/A* 8. 32a 0.112
Abutilon theophrasti A N/A* N/A* 921a 15. 29 N/A* N/A* 10. 23a 0. 093
E N/A*® N/A* 891a 17. 01 N/A* N/A* 11. 45a 0.119
Ambrosia artemisiifolia A N/A* N/A* 1116a 28. 87 N/A* N/A* 11. 52a 0.169
E N/A* N/A* 1126a 26.63 N/A* N/A* 10. 30a 0. 205
Chamaecrista
, A 2403a 59. 45 532a 13. 77 0. 223a 0. 0049 14.11a 0.197
fasciculate
E 2315a 73. 48 526a 14. 80 0. 229a 0. 0049 13. 86a 0. 269
Medicago lupulina A 204 6a 83.63 624a 18. 28 0. 313a 0. 0086 12.03a 0. 351
E 2098a 72. 00 601a 15. 86 0. 293a 0. 0075 11. 72a 0.197
Polygonum
_ A 1691a 40. 42 463a 15.57 0. 274a 0. 0051 15. 23a 0. 242
pensylvancium |
E 1721a 51. 66 460a 17. 62 0. 267a 0. 0047 14. 46a 0. 189
Setaria faberii A 054a 26. 14 270a 9.13 0. 285a 0. 0068 18. 62a 0. 349
E 896a 12.21 249a 5. 86 0. 277a 0. 0050 18. 83a 0. 268
Setaria ttalica A 1446a 27. 91 424a 10. 99 0. 296a 0. 0057 15. 88a 0. 298
E 1415a 23. 38 401a 9. 08 0. 287a 0. 0076 16. 80a 0. 285

N/A* ¥ Data not available; A FLER) Ambient;E AR Elevated; FHEEARFBAERE“BRE "M[CO, |“BEH "R B F
A different letter followed the mean of each species indicate the difference between TGT and CTGT is significant at p<C0. 05 level by Scheffé post

hoc test

MATAT R, A FTAXPICO, IR —F LB ELATE, Rtk ANOVA 3k4r4r CO, B{ER N, Al fE & FF K AE CO, YER M T
BE. BRIt —#H ot T CO, X F SD 1 SI MEF R ¥ ERsp M ERs/ (B 1), G4 10 MMKE , ERspFE[CO, )3 in i 3% hn (F
la),7 MR E ERa AR (E 1D . BN YT RE , AR B ERspFE[CO, 13 & LA F (& 1b, 1c, 1d, le), KXH 3 MY
M ERspFE[CO, JBMEBIEA K, 2 MM ERoHI[CO JMEGHX , KAV MHXUHAEE. MEBA—-TYMHY ER.H
[CO,JHMBEME, HRYMMHEXUEAREE. TR FLCOJEE, IR YT SD t ST xR Uk

M FRIE] ST(p<<0. DA APL(p<<O0.05)XWREMRNE —ECREZFEZERGE D . HMBENNARHF ST KEAR,HIE.f
MR, WA BIREE RN, Uh Betula papyrzfem B SIBERERMARKEAE . A LHBELBEH A 2a, 2b, 2¢c, 2d) R
PR RI R APL X BE B R A (B 2e, 2, 2g, 2h), REYFHFABEMNMEEER @ XX)E ECD f1 SD ERAAR
BE,HYFE ECD 1 SD iR f B@Jﬁf%%%%ﬁﬁ%ﬁ(@ 3). BB ECD 1 SD X} 8 BE ¥ i by S B B A — B8 . Y Fh[a]
SINMBEMNRNA —EEZR MSDMYBEMNRMNAEE. TN FRESE, FUIRYRHE ST L SD KM 8UR.
2.2 AFTHEEEE P iR E A LCO, 18y K

MERKDFHIEREC,MC, RBRBR ST AFEIERHAYFFES, 7T LN C f1 C, Y X718 B[ CO, 13 In 9 K K
ANOVA 4B (R 2), 4 AR R ,.C, Y C, MYWE ECD,SIMSD FHERBE .EAXHEREH T4
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