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B E EHAMARZE(OTCs) B A K CO, % E 75 (500,700 wmol + mol™) &, PLER
HERRAAME FR COKEFE 3 M EWHA(EWEN FEL LR a5
BEM PN ERIENTR AR AN PR Z R ERELW, REHAT 103 d
J&,500 wmol + mol™'CO, K E T ,3 Mt XM E it A BEA M E T4 W _8 (MDA) &
MR REMAAUESELR LR ALERENE A, (Ert i AN B (SOD) |
LA A EE(POD) it 4 b A B (CAT) Fn i F sk =t A b 4 B (APX) A —F B E WK
45700 pmol + mol™ CO, WK E T ,3 MM Eyrt A MDA & EFfE i B R EHA AR B R,
fExtet FBEAHETHE TEMARESEM SOD POD CAT APX FHEFHR A A E. £ H
PRt COREFBAFENENGRA A LWEN>E L2 NN>aZHELEN

K| EWEMN ELALNN aBELEN CORKEAET BERIAL MALRA
XEHS 1001-9332(2013)09-2408-07 HEHES (945.79 LEAFRIZES A

Effects of elevated CO, concentration on physiological characters of three dwarf ornamental
bamboo species. ZHUANG Ming-hao'”, CHEN Shuang-lin', LI Ying-chun', GUO Zi-wu',
YANG Qing-ping' (' Research institute of Subtropical Forestry, Chinese Forestry Academy, Fuyang
311400, Zhejiang, China; *>Experimental Centre of Subtropical Forestry, Chinese Forestry Academy
Fenyi 336600, Jiangxi, China). -Chin. J. Appl. Ecol. ,2013,24(9) . 2408-2414.

Abstract; By using open-top chambers (OTCs) to simulate the scenes of elevated CO, concentra-
tions [ 500 wmol + mol™" (T,) and 700 wmol + mol™" (T,) ], and taking ambient atmospheric CO,
concentration as the control (CK) , this paper studied the effects of elevated CO, concentration on
the lipid peroxidation and anti-oxidation enzyme system in Indocalamus decorus, Pleioblastus kon-
gosanensis , and Sasa glabra leaves. After 103 days treatment, the O, and MDA contents, relative
electron conduction, and soluble sugar content in the three dwarf ornamental bamboo species leaves
in T, had no obvious change, but the activities of anti-oxidation enzymes ( SOD, POD, CAT, and
APX) changed to a certain extent. In T,, the MDA content and relative electron conduction had no
obvious change, but the O, and soluble sugar contents and the anti-oxidation enzymes activities
changed obviously. The adaptation capacity of the three bamboo species to elevated CO, concentra-
tion was in the order of I. decorus > P. kongosanensis > S. glabra.

Key words: Indocalamus decorus; Pleioblastus kongosanensis; Sasa glabra; elevated CO, concen-

tration ; lipid peroxidation; anti-oxidation enzyme system.
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YRR & B B EERE, CO, W T =K 52 i fE 4)
JCAAE TR 3 10 52 i 30 46 ) 00 005 P 280 FN 40 4Lk
ARG AR FRM, SR CO, &1 it gk N Co,
5 0, BT, 16 ™ AR LR D A
M RIS P TR s A IFSTIA O CO, T
SN0 LIS WraE N I b U A AR 7Y WA R 90
Vs AT R A P T b R R A ) 22
S PEUH YIS M E AR RN PT S L R GE X 5 T
CO, M bR —F Bt A DEIRA T e 2 2
TWITE CO, WREETH 254 T A TE M R 5T
Wy bl AR S R e b Y A R 2
H ] el AR 15 Ny T R Y E AR ) . o
BRI ] TR S AR R Sl R A Y
JoE o WL B R el Ak e A A . T ST SR A CO, &
JEAT 18 n] £ i & BE B AT ( Phyllostachys edulis cv.
pachyloen) B K IEHGE A GG HR K 53 H)
FAATE @10 o, e B TH 5 RE A 9R B AT ( Phyl-
lostachys edulis) P EALRE N B R = BAT G
FEA R < R RN HETA 5% COo, WRIE T
PR AT A AR 285 14 53 i F T A SR . AR SC LA
BN RN EAT (Indocalamus decorus) . IANT )&
Y 75 25 4 W AT ( Pleioblastus kongosanensis ) F7RAT &
B I G HEAS AT ( Sasa glabra) 3 FRLEE S B AT A
b, 38 FIFF IS (OTCs ) BER A €O, WREETH
RS AT [T R i R i A A A A
ARG IR AL, B 128 A6 5 b Ak
LB A Tl 1 7 28 R oy P A B R e 2%

1 #MREFZ*

L1 g R

AT TR W VLA e 22 117 (29°56'— 30°23" N,
118°51" —119°72" E) K i 5 WL 55 A7 Fb [l o 308 47
2011 4F 3 H W SE N EAT AR A IR G HE A
AT HEAT AN T Ak, BT R AR 60 i, AR AE
FoN i E AR 20 em B S6E HAE 12 em 5 10 em A9
ML SR ARSI LT S ANV AR LB 3 ;1
YISRA R, pH {H 5. 8, /Kf# & 198.47 mg - kg™,
AW 67.25 mg « kg™, HALEF 74.16 mg - kg
Ay g 2 vh R R I B BB B B Y AR KB A,
WS 1 AR A REAR 15 Bk, SEMTEAT B A WY AN
P 405 4 40 A7 R AR 1 B A2 433l Ol (4. 54 0. 08) |
(4.28+0.29)F1 (3. 23 £0. 03) mm, /& B 53 51 K
(37.28+0.15) . (36.23+0. 88) F1(35.86+0. 26)
em. IRIGPT T B I T A K, BB 25 B 54 2F I 2% B

42011 4F 7 HIFIREETT CO, WAL AL,
1.2 kit

iz ¥ T 20 A% (open-top chambers, OTCs) 15
PR CO, M THE 5. OTCs HYLEF FIRLAS 2 1R
SCHR[ 11]. CO, AHIREE4E CO, , RBE R AT w
THIEJE R INBH I CO, AR, VRN i o
TR, 750 W D) 38 0 il i AUBLIE A OTCs 1.
SEHAA AR50, S HR AT B R 7K
o BN E NBCE AR AR 20 7L

R I 3 4> CO, WAL, CK (IR 5t
K, 360 ~ 380 wmol + mol™ ). T, (475 ~ 530
wmol + mol™ ,SF-#4 A 500 wmo - mol™ ) T, (685 ~
730 pmol + mol™" , *FH4{E 700 pmol - mol ™). B Ab
FHHEE AL 3 K. OTCs NI CO, MR b iR s 3R
INESA R R 21 CO, 21 AME B A R4 T Wi
bR 3 d FEE M L o R BRI E IR

2011 4E7 H 10 HFFLREESR, B REER 24 h,
2011 4£ 10 H 20 H 45 1k <. 53 5] T B4 FE 55
F1103 d, FERAE P REALIE IS 0 EAT B
ih 8 ~ 10 F B4R 4 WA R F Gri A 2 45 47 L3
WA 15 ~ 18 J W i Fr RS R A S L R Ak R
i R EA AT bR,
1.3 WEJrk

H AR A (0, ) SRR R G
(R B A B I A2 . T U (MDA ) &5 5 2R R
FREL L Z BRI A2 5 AT L R I AR B TR 5
W5 H R LU KR, >R ] DDSJ-308 A Y HL 4%
W5 5 8 AL W s AL T ( SOD) 3% 14 % FH 480 1 I
(NBT) JeAbid kI i 5 i S8 AL Pl (POD) ) 1% 1Rk
FHATRIA I A 200 5 5 2ok A0 U ( CAT) 1% PR
FH S ARSI 7 5 7T P P e R TR L (03
e PR M AR A AL W ( APX) 3% 4% I8 Na-
kamo 1 Asada )77 31 )
1.4 Hdlaaba

FIH Excel 2003 FA4xF R 50 54 #5174 #E A1 &]
FHE, 1E SPSS 17. 0 Geit 8 h kA5 BA N &R 22
IYHTFN0.05 /K- LSD 22 5 b A, Fr FH A3 1
SR i 2.

2 HR5HH

2.1 CO, T mA LB P 7 A 7 &
ip AL
HIZE 1 AT LUE Bl CO, W BE /Y T, SE N
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P 2 & WA AR O, & RERRAR, 1T A 4 e 7Y
AT A AR R H. 5% R (CK) M HE, Ab 2T 55
d B AEREAT A O, S EAE T, AbF T i & %
G, HAt PR FH A Ab B4 G & 35 A8 Ak s Ab 3 103 d
iF,3 PrFE R 0, SibgE T A0 R 500 W AR,
TET, AbHR | SER AT B A SR R 0, it
e e N T Y A R T = A RS2
B E) A5 AR D €O, e B Ak B A € I AT 0 A 0
B AR IR T 8 45 WA 3 3 W i 2 Ak B s i)
IER 3 Pt i 0, Sk Bk, b3
AN AT > 18 2% 4 WP > L G HEA 147

2.2 CO, WREEFH RS AT I P9 o & 1 A
Xof HL 5 2 (14 B )

H13¢ 2 LA Y, SE AT M8 2k 4 NI
MDA % e FIAH X FL S 3 Bl CO, Ve B 1 = 1 o
IS, T A 48 HEA AT 2 A AR b ka5 5 CK A
o, AbBE 55 d B, BT, AL FE A SE 24T I A MDA
B FRARAN AR Y G B 2% A8 1k 5 kb3 103

®1 TR CO, RETUREMHFNEERETFSE

d B, T, AFR Y SEMTEAT RN ¥5 £ & WIAT I - MDA %
T A T A MEA HE AT TG i 25 R Ak, 3 P e
FRREXT FEL 5 6 7 Ak B0 T ¥ T B el A8 Ak, 3k 136 B
CO, W BT A R i RS 2o S A B ) 5
Ml A AE AR ) 22 57 B AT > B AR S NI > 1 46
HEA AT
2.3 CO, WREEFH R BT I P A A Bl 1 PR Y
A

BE CO, WeFE Y FH 1, 80N AT | B 45 4 WA i
F 1 SOD  POD {ifi 341 52 T FaEa 3, T 45 ME 45 1
it | SOD TEPESETH R JE TR, POD T4 ) 52 7
a3 R A CAT  APX 1E MY 2 T It (£
3). 5 CK Mk, 4B 55 #1103 d B, SERR AT F
SOD Al POD 15 14X T, 4b# i & [, CAT Al APX
MR T M T, AR B TR B AR S NI
SOD i A T, AbBE T .35 T B, CAT 1 APX i ¥4
FE T, T, AbHE T ¥ 8 3 TR, POD {&PEAE T, | T, &b
55 dEFI T AR MAEAL I 103 i34 i

Table 1 Content of O, in leaves of dwarf ornamental bamboos treated with different CO, concentrations (nmol - g FM)

T AL TR [R] Kb ! Treatment

Bamboo Treatment

species time (d) CK T, T,

A 55 1026.67+24.31a 949.45+57. 68ab 887.13+30.79b
103 1960. 64+103.28a 1788.59+96. 15ab 1672.68+111.02b

B 55 1040.71+96.50a 998.59+21.06a 935.41+55.71a
103 1778.06+112. 14a 1702.79+68. 90ab 1535.91+58.25b

C 55 991.57+38.88a 1012.77+30. 82a 1082.33+21.06a
103 1999.24+31.61b 2131.08+134.43ab 2263.07+215.19a

A EWNEAT I decorus; B #54WIAT P. kongosanensis; C; FZHER 84T S. glabra. CK: 360 ~380 pmol - mol ™! 3 Ty : 475 ~530 wmol - mol ™! ;
T,: 685 ~730 wmol - mol™'. AN[RI/NE FHf /R Ab B[] 22 5 1 2 ( P<0. 05) Different small letters in the same treatment time denoted significant

difference among treatments at 0. 05 level. FId] The same below.

&2 AR CO, RETUEMHAFHR_ESEMENESE

Table 2 Content of MDA and relative electron conductivity in leaves of dwarf ornamental bamboos treated with different

CO, concentrations

D€ H8 AR P A PR [ Ak B Treatment
Determination index ~ Bamboo species Treatment time (d) CK T, T,
N A 55 1.02+0. la 0.86+0. 08ab 0.72+0.04b
MDA 103 0.68+0.05a 0.54+0.03ab 0.45+0.04b
(mg - g”'FM) B 55 0.44+0.04a 0.4120.04a 0.39+0.0la
103 0.51+0.03a 0.45+0.02ab 0.38+0.03b
C 55 0.40+0.02a 0.41+0.01a 0.42+0.01a
103 0.40+0.01a 0.42+0.01a 0.44+0.02a
A R SR A 55 17.9+0.5a 17.4+0.6a 16.3+0.3a
Relative electron 103 18.7+0.6 a 17.1+£0.4 a 16.0+0.6 a
conductivity B 55 20.5+0.3a 19.4+0. 6a 18.5+0.4a
(%) 103 23.7+1.0a 22.3+1.1a 20.4+0.9a
C 55 17.8+1.3a 18.1+0.9a 18.9+1.7a
103 16.9+0. 8a 18.3+0.9a 19.5+1.3a
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*3 7AE CO, RETHWEMHFE SOD.POD,CAT 1 APX &%
Table 3 Activities of SOD, POD, CAT and APX in leaves of dwarf ornamental bamboos treated with different CO, concen-

trations (U - g”'FM)

B Prfp Ak B ] Kb PR Treatment
Index Bamboo Treatment
species time (d) CK T, T,
B A A Ak A 55 1259. 11+44. 58a 1051.55+82. 16ab 918.38=102.53b
SOD 103 771.67+39.23a 693.57+31.74ab 569.05+24.98b
B 55 1342.96+177.38a 1190. 03+149. 67ab 916. 84+80.63b
103 1198.81+64.34a 1027.38+95. 85ab 736.48+34. 44h
C 55 762.89+67.51b 953.95+8.58a 1033.68+53. 66a
103 1050.00+69. 53a 861.19+61.48b 848.81+58.94b
i AT A 55 44580.00+1265.38a 40713.33+2152. 58ab 36066. 67+1477. 66b
POD 103 31406. 671444 . 48a 29226.67+1260. 42ab 26400. 00+1460. 24h
B 55 17220. 00+606. 96a 15586.67+231.81a 14973.33+671.22a
103 11666.67+1182.87a 7480.62+58.75b 7280.00+860. 70b
C 55 7986. 67+340.78b 10380.00+563.01a 11523.33+326.55a
103 7346.67+667.63b 8860. 00+100. 00a 9380.00+884. 76a
FUE =Kl A 55 7666. 67+368.99a 3741.67+225.67b 3091.76+192.33b
CAT 103 3700. 00+62.05a 2966. 67+75. 83b 2341.67+90. 69b
B 55 10216. 67+873.69a 8625.00+291.97b 7308.33+298.26h
103 9150.00+395.75a 5608.33+290. 04b 4425.00+476.97h
C 55 9983.33+490. 11a 8500.00+195.26a 8341.67+790.39a
103 8675.00+862. 50a 7058.33+487.518b 6775.00£611.09b
HUIR I 2 i A 55 3.82+0.33a 3.10£0.05b 2.80+0.22b
APX 103 3.20£0.25a 2.68+0.30b 2.42+0.06b
B 55 5.020.54a 3.65+0.23b 3.03+0.18b
103 4.67%0.50a 2.60£0.37h 2.55+0.29b
C 55 3.10+0.23a 2.43+0.20b 2.17£0.31b
103 2.70£0.29a 1.87+0.17b 1.65+0.12b

T A HEA AT B POD G PE7E T, T, AL
TR, M CAT APX 36 MEY B 35 N, SOD i o
FET, T, A3 55 d B I 25 T+ & , miAE AL 3 103 d B
BETRE. X RUIBEE CO, WEEETFm, X 3 Frfhnt
F AP T 1 R ) R BB | FLSE R A
FEIHEAT >SS A N> A4 HEA AT

2.4 CO, WRBEET XL AT R vl ¥ M M 2 2 1Y)
A

Wi CO, MRBEMT i, I AT A rp ik

x4 AR CO, RETHURMIHAWRERERE
Table 4 Content of soluble sugar in leaves of dwarf orna-
mental bamboos treated with different CO, concentrations

(mg-g™)

layt Kb FH (] Kb FH Treatment

Bamboo Treatment

species time (d) CK T, T,

A 55 2.96+0.31a 3.10+0.23a 3.27+0.1la
103 3.17+£0.39b 3.48+0.0lab 4.02+0.35a

B 55 4.65+0.19a 4.44+0.52a 4.12+0.43a
103 4.55+0.36a 4.60+0.22a 5.27x0.3la

C 55 2.81£0.19a 2.46+0.29ab 2.26+0.12b
103 3.17£0.35a 2.59+0.28b 1.74+0.12¢

Wi R T AAHES AT TR AR
ENIFTTEALTE 55 d iR, THFEAREE 103 d BT
(£ 4). 5 CKAHIL, E00EATE 5 00 T RIS 5
TEALEE 55 d B30 2484k {UAE T, 403 103 d B
T FVGREA T i B ) ml s M e e A
P55 d WY T, ZbF IR T RE ALFE 103 d 1 T, | T,
Sb BRI 2 TR AR A NIAT I R T A R
P4 HR I ] 35 6 B AR Ak, BT 0L, R COo, Ab B
Xt 3 At R AT R s A R
M), 17 FLXT 4 A A AT A s i) e A B B, G ok 9

3 i it

3.1 KX CO, BT AR T 3 Fhhbpl 205 7
JEERE L A A Y 22 Ak

CO, W BETHE A i EAE Y /A VB, i
EURT LA 6 PR S A AR PR A AR T R, 2
CO, WEETF 2 500 pumol + mol ™' i, XiF 3 Folr b 4 25 W0
FAT NP AN NG o S AR B 09 52 e AN B
B, UL T SR CO, BT B0 A0 I8 N M 5 2
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CO, HeETHEEF] 700 pmol + mol ™' I | SEHH AT | #E
S NI R A B S i R R U
WP CO, TE—E MR B/ 1 AT | 1 2k B W
Py R s v 7 A AR T R AR XA
TR O B T AR RO X Polle 551 X
CO, BTt Ab B R BR YN 1L BB ( Fagus sylvatica )
F1 Vurro 25 V553 6 BLAF ( Thymus vulgaris ) (5545
R—F SRR, ATRERE CO, ¥R FE TH & ik m &%
RN CO,/0, Thi T T A TLERI /D | AT R A
TR AN N B A 5 55— 5 T, AT RERE R RO
G TG R T 0,7 M RE VIR i 145
HEAT AT R (08 U 8 7 & A 38— I E) J
BETE, UL ERE Co, B AL HE T F4iHEA 1
Pyt i 7 AR T RE S A A A R G0 T
A HERTEBRAE A O, [R] I U B 4R MEAS A4
XV CO, BRI %35 NV RE 7 55 T 56 i 45 A7) R
NPT
3.2 KRR CO, REF I T 3 Mg M 54T
A LA AR 1 2 £l

HWFFE R, S E CO, REMH 2T #E ( Quercus
ilex) F1 ZZ B HE ( Quercus pubescens ) W Fy Ht 5 AL [
(SOD [CAT 1 APX) 1i 420 A2 T HLA& ™ 0t
F SOD FEE, KRPH L ERE FI =42 (Picea abies)
A CAT % M 2 35 AR, A IR 45 1R B |, €O, ¥
JEFHE AT 3 Fh B W H AT A AR 1
A TSRV R E RO 3 PR AR A BR 1 SR AR A AT I
SOD POD V& HEAEA I b FREF ] £ | 25 T 4k, 3L
AR R U AR T ) 2 AL T RER COo, R
ThEdem T RVESN PS T HLF 321k NADP* (1) |
FHER BRI T HL AR 45 70 TR TR, Mehler SV 8
T, 0, 7 7 A A&/ )N DT e 355 1 480N Al i e 4 AL
TR PR TG PR AL b B ]
HEaHER T 7 POD W& PE R ZE S 2 H 5 CO,
WL TN 1 O6E C [k, KOs oS o6 K
e, 00 22 130 )6 8, 175 A P T A A B
BT B POD TR H,0, 1 i 1
Fhi, 58 POD I I 1AA EALREYERT, Mk 0,7 |
H,0, [ # MW SR - OH B4k 4G 56 A ff
THE—DWT5E. AWTSERM 3 Tl R BT A
ARBEXT = R BE CO, 14 M W A7 A — 7 f D 8] 22 57, 5
W52 ( Dactylis glomerata ) #1 FH = M5 ( Trifolium re-
pens) 127 EWR (Acer saccharum) I F b A AL RS TS
PETERS CO, W BE S5 10 T R R AW AR 4518 A

— 3, EIHAE D P SE AL B X S T CO, PR Y I R
AR BRI, 2 | 5 B R X R [ 28 R R 4 it
IR,
3.3 KA CO, BT AR T 3 Fhhbpl 205 7
I AT VA AR e i AR

AWF LG R FE W, 3 PrF Xt o, WS 500
pmol - mol ™ FREE HATHRAYIE W AE T ;24 CO, HFE
TR 700 pmol « mol™ |3 A i F AT I oA 1
(AR LB — i 1 25 57, SE TN 847 R 2% & NI
AUifE, 5EEXE 281290 S5y A ( Pinus tabulifor-
mis ) PRIFSE 285 FAH — 2, 7T RE 2 — 7 B8] 1) & ok 3
CO, AbHREFE R AN PR CO, YR B, Bsm T hot &
W2k, f2ff Rubisco £ A5 [ CO, /[ 0, 134K, £ H]
T4 Rubisco BRAL BRI R3, i A2 #F T ok
BAEH AR A A S B 0 5 T 4 A A
Ayt R TS PR O o 0 AT, S e s R v ik
CO, FRET I3 N BE S B SE BT | B ok A RIAT 5.
3.4 KA CO, WRETFHEIAEE T 3 Fi b gl 200 547
T P A A ) 25 5

AWFFERW  SEUNEAT SR A WA RN A R
TEATXF CO, W BE T i PR B A 3 1k B AR W D A
FEE R B 25 5. 3 AT FR I 5 0 5% I3 3k 42 £k e i o
HNB B R R N SE AT > AR A NIAT > 14
HEA AT s P4 I B 22 40 0 DR3P 015 D Re Y 5 55
LM EAT > TSR A NP> GRS 7T At |l i
PEBE S B AS L M, 76 CO, WIETH R &1, 5%
BT AR TR PR RO A 4N
i 55501, 3 APRhoRt Rk B CO, AR I 38 Ry PR
s, Horp SERNEEA A0 IE D RE A K T e i, HE
USR5 B WA | LGS ST X 45 2%

4 & it

3 Bl BB AT Rk B CO, PRI A3 B 1
B, CO, e LT BEA A3 I g e 4k 5 3 A
Fr G AR, DRARr A X 50 s 19 L S A it 1 1
TS F BRGSO I, A T AT T AR
KB ABARRTFRS CO, e RE T i 25 AF T B 3
FEAERPIE] 22 5, HLSE I AE 7 by 5 Bl 35 47 > B 2% 2 W
Fr>E e HEAT.
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