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Interactive effects of elevated CO: and temperature on the leaf anatomical

characteristics of eleven species

HAN Mei. JI Cheng‘]un ", ZUO Wen-Yun, HE Jin‘Sheng ( Department of Ecology s College of Environmental Sciences and Key Laboratory
Sfor Earth Suface Process of the Ministry of Education: Peking University - Beijing 100871 China) - Acta Ecologica Sinica»2006,26(2) .326~333.

Abstract ; The leaf anatomical features of 11 species grown in two greenhouses with strictly controlled temperature gradients and
temperature T-CO2 gradients was studied- The palisade parenchyma thickness, the spongy parenchyma thickness and the total leaf
thickness were studied and analyzed with the purpose of demonstrating the effect of elevated COz and temperature on the leaf
anatomical characteristics- The results show that with the increase of temperature the leaf thickness of Cs species increases while
the leaf thickness of C3 species shows no constant changes; with the increase of COz seven out of nine C3 species increase their
total leaf thickness: while the Ci species decrease their leaf thickness- As for the changetrend on the multi-grades, plants exhibit
linear or curve change- With the increase of temperature or both temperature and COz > on the 11 chosen species, different plants.
even different branches in one plant, the leaf thickness varies greatly- These facts illustrate that the effect of increasing COz and
temperature on plants is species-specific- Since plant structures are correlated with their functions. the changes in anatomical leaf
characteristics due to the elevated temperature and COz may lead to functional differences-

Key words :CO2 concentration gradient ; Temperature gradient ; leaf anatomical characteristics; C3 species: Ci species
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Table 1 The species in the research and their functional group and growth habit

;F?)j:}iles B EF unctional group A4 3JPE Growth habit
T JBK Abutilon theophrasti C3 ERAFAAGY) Forb
EWNIKEL Ambrosia artemisiifolia C3 AERARAIEY) Forb
FEINEE Polygonum pensyloancium Cs R A BLAAEY) Forb
EMIESHS T Chamaecrista fasciculate Cs» Legume 5%} JERAFEAAT Y Forb
RUEETE Medicago lupulina Cs» Legume TR} AERAFAALY) Forb
L= Trifolium pretense C3» Legume 5%} R A BLAAEY) Forb
WEEH Setaria faberii (o RASEHEY) Grass

3E Setaria italica Ci RAFHEY) Grass
THE Quercus rubra C3, Tree AKZx P& A Deciduous

JE LI Acer rubrum Cs: Tree R4 # IR K Deciduous
JKHE Betula papyrifera C3» Tree AA Y% M F¥ K Deciduous

1.2 #F5EIT

SEIR AR 32 [ WS 19 RS 2 bl A AN B AT 30T A iR BE A i B 1B (Temperature Gradient Tunnel , TGT )™ 11
CO: SR i k3 [C()z]"‘ Temperature Gradient Tunnel, CTGT)” #F4TFHE 3 5%, TGT 5 CTGT F 435X E
T TANRBERBIE . A5 TGT I CTGT f PEANM i Kors 75 1 2 I I i ey e 2™ . I 6 CTGT A TGT Y
[A]— XA B CO2 VR ZE AN, FUE TR A1 o8 4 —FE, IR mT DL B~ g 8™ [m] — DX AR A A I R 1 22 7
Wiz B2 T [CO: 15 1Ry . kXt A i & 48 5 1L TGT A1 CTGT 224K, ] A E CO» IR EEXS
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Fig-1 The trend of different leaf parts " thickness with the increase of temperature
a- JRHEM 241 43 )5 E Palisade parenchyma thickness of Betula papyrifera( R=0.76, p=0.046);b. £L BRH A2 20 415 % Palisade parenchyma thickness
Quercus rubra( R=0.86, p=0.013);c. JEN - 4 J5LJE Total leaf thickness of Setaria italica( R=0.89, p=0.007)
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IRHER A 2] 202 J¥E Palisade parenchyma thickness of Betula papyrifera( R=
JE Total leaf thickness of Betula papyrifera( R=0.98, p=

Betula papyrifera( R=

Total leaf thickness of Medicago lupulina( R= —
—0.75, p=0.05):f. JNEF M F EJEE Total leaf thickness of Setaria faberii( R=

R BE + CO B fE Temperature+CO; grads (°C +pumol/mol)

& 2

B Fr 5 9
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Fig-2 The change trend of different leaf parts " thickness with the increase of temperature +COz

#‘bﬂﬂ#
.96,

0.94, p=0.002):c.

pf(

0.97, =0

.00) sb-

IRHE A AL

Spnngy parenchyma thickness of
00)sd- REETEM A SR

01) s e. TH] JbR ¥ 45 41 21 )2 )% Spongy parenchyma thickness of Abutilon theophrasti ( R =
—0.82, p=0.025)
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Fig-3  The change trend of different leaf parts thickness with the increase of temperature and temperature Oz in the North and South tunnel

}I— =] ET% Hﬂfﬁgﬁgﬂfﬁéﬁ: Qﬂ//\
b i BET s I S T S A B
M1 JEJEE Total leaf thickness of Trifolium pretense with the increase of temperature( R=

a- i ( R=0.93, p=0.019)Spongy parenchyma thickness of Chamaecrista fasciculate with the increase of
JE Total leaf thickness of Chamaecrista fasciculate with the increase of temperature (R =0.84, p=

0.83, p=0.092);d. JE+TCO:

temperature ;
0.083)sc. WWEEA L=
TF i 4T = M- P 5L Total leaf thickness of Trifolium pretense with the increase of temperature TCOz ( R—=0.88, p=0.049);e. Y5 Ji T|- 125 ] B2 M 3
I H S B Total leaf thickness of Polygonum pensybvancium( R=0.81, p=0.118); f. & J& Ft & IR - H JE & Total leaf thickness of Setaria
Jfaberii with the increase of temperature(R=0.95, p=0.002) :1~7 Jgifk FE iy 7 ANJKF fRIK TR 17 is the seven level of the temperature: increase

gradually
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®2 BEYHHAZRMEREERREMEETCO AF—TRMEEAHTEPRE o (H) B H) REXRB(RH)
Table 2 Slope> intercept and R value in unitary linear regression equation of different leaf part ’s thickness with the increase of temperature and

temperature + CO; of each species

Wik & Temperature ¥ 1 COz Temperature 1-CO;
Species a b R a b R

AL ELTHR Acer rubrum PPT —0.03 12.11 —0.11 0.18 11.88 0.30
SPT 0.08 8.68 0.33 0.16 9.71 0.30
TLT 0.20 24.23 0.61 0.29 25.66 0.25

JRHE Betula papyrifera PPT 0.27 8.93 0.76" 0.33 8.85 0.97° "7
SPT 0.24 10.49 0.56 0.58 9.58 0.94""
TLT 0.40 27.26 0.55 0.90 25.82 0.98" "

ZIKE Quercus rubra PPT 0.81 14.15 0.86" 0.51 15.98 0.49
SPT 0.01 13.93 0.01 0.55 12.89 0.58
TLT 0.85 34.04 0.73" 1.33 33.87 0.63
PPT — - — 1.29 24.72 0.72"

EM IS T Chamaecrista fasciculate SPT - - - 0.45 13.69 0.68"
TLT — — — 1.86 52.13 0.65

REETS Medicago lupulina TLT —1.16 38.64 —0.74" —1.34 41.34 f0.96.* ¥
PPT 0.17 36.42 0.20 —0.57 41.77 —0.73"

EMIKE Ambrosia artemisiifolia SPT —0.23 29.99 —0.12 —0.59 31.65 *0.68?
TLT —0.60 91.95 —0.17 —1.51 100.74 —0.76"
PPT — — — —0.48 23.19 —0.86"

TR BR Abution theophrasti SPT - - - —0.38 15.65 —0.75"
TLT - — — —0.89 54.89 —0.62

EMZE Polygonun pensylbvancium TLT — - — 0.15 29.36 0.77*

K. Setaria faberii TLT - - - —0.83 24.12 —0.82"

¥ Setaria italica TLT 0.65 21.73 0.89" " —0.39 26.11 —0.66

Tp<<0.1, * p<C0.05, * % p<<0.01, * x % p<<0.001;PPT #2204 /E /¥ Palisade parenchyma thickness, SPT . {34 £ 415 & Spongy parenchyma
thickness, TLT ;M A 55 Total leaf thickness, — .M 8 bRERE B # & A28 Y, Jo— o2k M [0 ) & 36 50 Represent that leaf part ’s thickness exhibit

curve change, so don 't have each value of unitary linear regression

x3 FEBREM CO: iRET 11 Fig M 5145
Table 3 Leaf anatomical characteristics of 11 species under different temperature and CO;

4t North 4 South
JRARIREE 27.37 27.78 28.19 28.24 28.29 28.72 29.14 27.41 28.01 28.60 28.76 28.92 29.32 29.73
COz KL 370 370 370 370 370 370 370 370 440 510 580 650 720 800

PPT 11.74 12.28 12.18 11.54 12.5 12.64 11.14 12.12 11.32 14.13 11.65 12.01 14.71 12.26

RM SPT 8.89 8.42 9.33 9.29 8.22 9.53 9.24 9.71 9.49 11.67 9.96 9.26 12.27 10.18

TLT 24.47 24.29 25.12 24.62 25.73 26.28 24.84 25.86 24.01 29.54 25.47 25.15 30.98 26.15

PPT 9.47 9.09 9.24 10. 46 10.61 11.14 10.21 9.15 9.40 10.17 9.96 10. 34 10.87 11.17

GB SpT 11.79 9.68 10.75 12.12 11.58 12.13 12.14 9.60 10.83 11.42 12.72 12.55 12.98 13.21

TLT 29.06 26.39 27.08 30.28 29.47 30.58 29.23 26.20 27.80 28.81 29.96 30.12 31.14 31.95

PPT 16.43 14.23 15.63 17.86 19.05 18.68 19.91 18.10 14.78 16.72 20.16 19.15 16.2 21.13

RO SPT 14.61 13.95 12.29 14.74 14.25 13.53 14.29 11.66 14.55 14.09 18.00 16.77 14.8 15.71

TLT 36.97 34.16 34.04 38.53 39.76 38.38 40.19 34.94 34.52 36.61 45.52 41.93 36.65 44.16

PPT 25.94 28.94 28.67 28.05 30.19 29.47 26.59 29.09 24.2 26.31 29.73 33.00 35.64 31.30

Cham SPT 13.64 15.21 16.73 16.12 16. 33 16.61 14.35 15.50 13.69 13.73 15.24 16.43 17.56 16.19

TLT 42.09 53.21 54.53 59.80 62.12 48.52 56.19 60.53 53.53 56.06 61.20 65.45 69.87 63.82

Trif TLT 35.38 36.18 36.28 36.41 36.15 36.04 36.15 34.90 35.90 36.79 36.54 35.75 35.64 35.18

Med TLT 41.41 34.47 32.31 32.69 32.56 33.08 31.41 39.61 37.82 37.82 37.43 35.13 32.31 31.67

PPT 41.37 32.14 35.81 35.99 38.97 36.15 39.19 41.79 40.13 39.66 41.02 37.36 37.43 39.06

Ambr SPT 33.59 25.55 28.63 27.61 30.77 28.67 28.66 32.39 28.71 30. 60 29.23 28.57 26.27 29.14

TLT 100.7 83.33 90.42 77.43 95.72 91.14 88.12 101.8 95.59 96.41 96.49 88.97 89.35 94.36

PPT 21.72 18.89 20.88 19.73 19.59 21.59 22.27 22.8 21.17 23.05 20.39 21.84 20.63 19.12

Abut SPT 14.64 12.31 14.54 13.44 13.10 13.88 16.51 15.81 14.10 15.39 13.01 13.73 13.81 12.98

TLT 54.04 46. 80 50.69 39.25 47.96 A47.72 47.61 55.12 51.96 54.48 46.55 51.88 51.00 48.30

Poly TLT 30.64 30.51 30.38 30.51 30.38 30.38 30. 64 29.36 29.49 29.87 30.13 30.51 30.26 30.00

S.fab TLT 22.21 23.35 19.09 21.22 23.81 27.11 30.51 22.15 24.19 22.25 20.12 19.72 17.57 19.69

Si TLT 22.40 22.42 24.13 24.00 26.40 25.11 25.96 25.98 25.85 24.94 22.59 24.43 24.86 23.17
JRAEIR B Original temperature ( C):CO2 Y& JEF CO2 concentration unit (“mol/mol) :RM; 2 LTI, Acer rubrum - GB . JKHE Betula papyriferas RO : ZLA% Quercus
rubra, Cham ; FETH B # . Chamaecrista fasciculate s Trif . 1. = Trifolium pretense, Med . K # E 18 Medicago lupulina Ambr . FE MK Ambrosia artemisiifolia-
Abut . 15 J}R Abutilon theophrasti > Poly . T& M Polygonum pensylvancium, S - fab: JN B ¥ Setaria faberii> Si: 5& Setaria italica’; PPT . Ht 2 2 215 J¥ Palisade

parenchyma thickness s SPT {40 41238 5F Syongy (parenchymi thickness CTIT¢ T SUEEE Total Jeaf | thlekness’s 3k o BT PR ok 8E FF- 34 (6 AT data in/ vable

are average of samples
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