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B AT RHX K5 SRAE T MME T BN O0 R R o B R B R I R R S8, LURE € A SRS ML 1 5 ( Cucumis
sativus L. var. Jinyou No. 1) Nifk#t, RARK BT, EFXE KA CO, W BEAH, #¢ 2 4> CO, #BEKF: KRR CO, ¥ ( ~380
pmol/mol , 3%7R >y Ambient [ CO, ]) FlfH CO,#e B ( (760 £20) pmol/mol, 7R Doubled [ CO, ]) ; X F RN KI34EH ,
PEG 6000 #ALAR PR , B 3 /KM AL B X B CE TR, 2R C) (BT R (7 5% PEG 6000 & TR, HH2
Fok#yp, = -0.05MPa, FIR K M) FIEETRME (& 10% PEG 6000 KEFRE AL TKH ¢, = -0.15MPa, RN S) ,BF
FET CO, MBI T 2B 404 T EMLET A B ERTY R E R RIS A LR R BN, 4R EH (1) T2
18 PR E AR, RS R, T B BT, [ 4 i A il R L VA R R R T P R R
I, YR AL RS 14 (SOD ,POD ,CAT \APX il GR) .54 , TLI ML AR (AsA) AL JRELAS Bt H ik (GSH) & B B E T+ 5 (2) CO, K
BERBSEA A A TR BT B 18 204 T BN 8 8 T ) B AR R, T B RE 98 4 ik T 2 18 & 44 T BN Jr 5L A LA
(SOD,POD ,CAT APX 7l GR) i i) 3% , i TR MbE FIE PR AR R , SRS S AR T, B A X B P Ak, 79 B8
BRED 3P AR RA —E M RPER . S5 EATR HENNEE CO,MEALER R CO, W BT R AT 7E — e R 3
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Effects of doubled CO, concentration on lipid peroxidation and antioxidant system

of cucumber seedlings under drought stresses

LI Qingming'”*, LIU Binbin®, AI Xizhen'**

1 Ministry of Agriculture Key Laboratory of Horticultural Crop Biology, Shandong Agricultural University, Tai'an, Shandong 271018, China
2 State Key Laboratory of Crop Biology, Tai'an, Shandong 271018, China

Abstract; Carbon dioxide ( CO,) is the most important anthropogenic greenhouse gas, the global atmospheric CO,
concentration ([ CO,]) has increased from a pre-industrial value of about 280 to 379 mol/mol in 2005, which was directly
resulted from human activities. With the ongoing rise in world population and economic activity, atmospheric [ CO, ] is
expected to double its current level at the end of 21" century and will reach to 730 —1020 pmol/mol in 2100. The doubled
atmospheric [ CO, ] and a rise of other greenhouse gases could lead to available soil water shortage in many areas of the
world. Thus it is important to consider both elevated CO, concentrations and different water conditions in order to assess the
possible effects of climate change on plants. This study aimed to explore the effect and its mechanism of doubled CO,
concentration on oxidative damage of cucumber seedlings under drought stresses, and then provide theoretical basis and
technical parameters for the high quality and efficient cultivation of cucumber. Osmolates, lipid peroxidation and antioxidant

system of hydroponic cucumber seedlings ( Cucumis sativus L. var. Jinyou No. 1) were investigated under atmospheric and
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doubled CO, concentration (760 +20 pmol/mol), companied with drought stresses simulated by PEG 6000. Split-plot
design was employed in the experiment, the main treatment was CO, concentration including two levels ( Ambient [ CO, ] =~
380 pmol/mol and Doubled [ CO,] =760 +20 pmol/mol), the subplot treatment was drought stress treatment including
three levels ( control was Yamazaki cucumber nutrient solution indicated as C; moderate drought stress was Yamazaki
cucumber nutrient solution + 5% PEG 6000, water potential ¢, = —0.05MPa, indicated as M; severe drought stress was
Yamazaki cucumber nutrient solution + 10% PEG 6000, water potential §s, = —0.15MPa, indicated as S). The results
showed that; (1) drought stresses induced the accumulation of reactive oxygen species, subsequently resulted in the
increase of MDA content and permeability of cell membrane as well as osmoticum ( proline, soluble protein and soluble
carbohydrate) content. Meanwhile, the antioxidative enzymes (SOD, POD, CAT, APX and GR) activities, AsA and GSH
contents increased significantly with the aggravation of drought stress; (2) under the condition of severe drought stress,
doubled [ CO, ] remarkably increased proline content; under the conditions of both moderate and severe drought stress,
doubled [ CO, ] significantly enhanced soluble protein and soluble carbohydrate content; (3) doubled [ CO,] markedly
reduced permeability of cell membrane by 17. 1% under severe drought stress and reduced MDA content significantly by
9.4% and 16.4% under moderate and severe drought stress, respectively; (4) doubled [ CO, ] increased activities of
SOD, POD, APX and GR under moderate drought stress, while increased the all antioxidative enzymes activities
significantly under severe drought stress by 17.6% , 15.5% , 10.6% , 11.4% and 8.8% , respectively; (5) doubled
[ CO, ] increased AsA content significantly by 37.7% under severe drought stress, and there was no significant difference
for GSH content between ambient and doubled [ CO,]. In conclusion, not only did doubled CO, concentration promote
osmolates accumulate, but also enhanced the activities of antioxidative enzymes and increased the content of AsA and GSH
in cucumber seedlings under drought stresses condition, and then reduced the accumulation of ROS, decreased lipid
peroxidation and cytomembrane permeability as well as MDA content. Based on the above results, we speculate that
increasing CO, concentration can enhance the resistance of cucumber seedlings to drought stress and mitigate the negative

effects of drought stress to some extent.

Key Words: cucumber; doubled CO, concentration ; drought stress; lipid peroxidation; antioxidant system

CO, BB BEEW N NRES M, T 2050 4E /3% 550 wmol/mol 2100 44 FF+F 730—1020 pwmol/
mol' KR COLYREEFHRI AR AR AR IR Jo 5 i 1) 2 BR 2B ALK S B0 43 X+ 39K 4378 B RRAR , T 5
Tl B AR A 7 ) E BRI R . B eBk COREFRMARPR FEERENRGRMETE ",
CO, Y& T 5 5 PR SE 38 IR 7 i R4 R XA A B AR S R AR AR S R G B 5 & E BUN FIRHE K
MUz o H COWREEA FITARE R & 1R R LA R AR K = BRI 43 R, T 7K 433 0] 40 o 4
P KRR =, FEAROR CO,MRETHR AT K5 5 ok 3 BUE I A K RIP= B = B RRS . # COo,
YREET KA T R AR, CO, MBI 2 3] T —EBEEM S o 130K MR K BRI ™, 3
T H COLWKBEFHR 3R MBEAERUN " o #K( Cucumis savivus L. ) J2H B BEHER B R K IR SRMEHI 2 —
SR APRBUAEF R TRl T 3RS A RAE e ARG ' e A Tz . A
B a R K, & COMRE N BE LT RMHE TR EM i B (MDA) & &, M F/NEH F 5 R
(PRI , SR UL BB AR o, AT X T S 36 i 0 AL B0 B — s BB FR A o BB 4 €O,
WEETH R R T R E T IS PR A (ROS) B A R HEBR R GE ™ A7 & ILARGE . A B Xt 3R 4)
E A BER YR JEIES AR AR RHAT T O, §7EE— 2 BB CO, W Bt T 2 T 3
TR AR R ZREALER, I R R COMBET R BR % CO ML & T2 TR XK 5 5 $hEFH
S BN 05 R SRR S SR BB AR MR S8
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1 #R5FEZ%
1.1 HEYR R A K&

PERAREE AR L E MIRE T KR EA 1 5 (Cucumis sativus L. var. Jinyou No. 1) JRifi#f
W7 RT3 801 % W EBRENVEBIE B 15 min SR 5 FIZE K IE VR, B 6—8 h J5 , B T R ZF4f 26—28C
2,48 h AR T B HG BT 10 cm x 10 em WEFREK, BN R 2B FE A1 % 3:1:1 B HLI RS
FYHKZR2 FEM, BT B4R K . KBS AR B I8 M350 35.28 cm F1 13 cm
WEERHE , B4 8 MR BRI SWER H A LR 8 )RE AT, MEITTR N RRE ., EFRERA 5B IR
FERMAEES, ENER 1 h#S 1 h,24 h3EBH] FFTERIAEFRRELELX.

1.2 ¥t

R, EXERN COMEAH, B 2 > COHKEKI-: KR CO, K E (=380 wmol/mol , &
759 Ambient [ CO,]) FIf1% CO, ¥ BF ( (760 +20) pmol/mol , 75 7 Doubled [ CO,]1) ., ZIX & K7k 4kb
i, i PEG 6000 BEHMRFRT- B 1ha , B B OCEFRE, Fonh C) (hETRE (& 5% PEG 6000 F)E TR,
MY FKFE W, = -0.05MPa, TR M) FIEE T F A (& 10% PEG 6000 )5 FW, YT Ky, =
-0. 15MPa, /"N S)3 K-, BH 3 IR, FFEIHSH 3 A EM 2RI, iR, I 7E 2 MM AR
MR PC MU ARNR = AT, IR EHF 2.5 m, E M AR 18 m”, BN ZHA B RS (Auo 24
A, L) A AL B CO, Hy e e IR 1 1 FE 48 CO, MR fE 4 . LI E] ) CO, ¥ BE B Telaire 7001 CO, 1
4% ( Hoyt Electrical Instrument Works Inc. , NH, USA)EZ2IW5i, 24 CO,FEXN TR Bk ERT, BhFEAZR
P, 8V BEfRHFAE (760 £20) pumol/mol,

1.3 AHIEHRE

Ab3E 7d JEEURE , AL RN 5—6 R AHIEERA DI BEM IR G, EE 3 IR, A4 E T8 R .

JRIBAH X BE I E S R EH 4 i SRk, T (MDA) & & MilE S BimE i TBA (HRE
HZR) Bk, FERR(Pro) & BAMINES R ER " 8 = H-#3 K%L, 2 8 Bradford ™! f2% I i
FWE G-250 Ptk E M HEAR AR, SRKERE VBRI aENE RIS E. BEAET
H 30, 7) 72 A4 R M E 2 IR K Elstner Al Heupel ' 1 7 5, it AR (H,0,) & & M E 2 ]
Mukherjee 257 [ 1k . AL AL EE(SOD) (i A ALY EE (POD) |3 AL A MG ( CAT) HUf i AR -1d A1k
Y (APX) FIA DR H MR G (GR) 15 1 AU 8 2 FR PR B 2 I 5 o DLIRIML IR (AsA) IR JF R A B H
Jik(GSH) & B HIMIE , 218 Law 2 ik
1.4 BRSOk

¥ F Microsoft Office Excel 2003 ( Microsoft Corporation, USA) Il DPS 6. 55 3 4L 3 R 5 47 8RS 1147
#r, % A SigmaPlot 10.0 (SPSS Science, Chicago, IL, USA) f#[&,

2 ZR5H5H
2.1 CO,MREREHEX T R iHE T B &R YR & &R

HIE 1 AT RAE T R R A, B RS B - B ERR (Pro) VT VMR 28 VRN R PE O & B8RS L 7K
IR Z AR T 153 COYREE T BT R e 5X MZ R EE B S EERAREIN HEREFHXE
EKFo B COMKEM S, BEETRIET COMKERIGE Pro SRR COERETHR T 14.2% , 275
BEAKV D EMERETREHET 5 COE TR i iEEEHREBHR AR CORET 27 E
T 7.7% M 6.2% , 225733k BEAKF- ;M A A ESRE & BT P ET RMbash, #2510 COEE TN RE
BT RA CO BT B, FEXT BR (h AT B2 T2 038 T 051 e T 39.8% (10, 1% F125.0% . Ui CO, ¥k BEE
FEHE TN R AR BE R = T e T N4 B & AT R AR R R B R eE 1y, N 7E— E R b
W BRI R .
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Fig.1 Effects of drought stresses and doubled [ CO, ] on contents of osmoticum of cucumber leaves
C: XFIE,M: HEET2hiE (y, = —0.05MPa) ,S: T TRME (g, = - 0. ISMPa) s B /NG T8 AR AL B A Duncan 25 1 LRI 22 573
BEMH(a=0.05)

2.2 CO,VEBEAEHEF M8 T BREA X E A MDA & & #95Em

H1E 2 T LAE ), BUBAE X ZE MR MDA & BB T 5 e A2 B AN E T 22 TR, CO, MR B Ig A0 —
FEOBRWAAFRERBER. EETREBET, CO, ¥k B 1 68 5 AH X & B KR CO, HkBEFRMR T
17.1% , 225K BEKF-o M MDA &BIEHEMERE T RMHE T, CO, ¥k BEARHE i AR CO, W BE 737
T 9.4% M 16.4% ,Z=RKBEKNo VLI CO, MBI A7 — 2 Bk T2 Xt AR f %, B
TR , RO, CO ORI .
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K4 4b B Water treatments K43 Ab P Water treatments

B2 FEREEHMES CO,REMRZE REHEEE MDA & 2170
Fig.2 Effects of drought stresses and doubled [ CO,] on cytomembrane permeability and MDA contents of cucumber leaves
C: X, M. hET RN (p, = —0.05MPa) ,S: BHET R (p, = -0. 15MPa) ; & f/NEF B A [F 4b PLIA] Duncan £ LA 22 57
BEM(a=0.05)

2.3 COMRBEAEIEXT T R ha T iH A (ROS) & BRI

HE 3 T IE H, T8 fEUE 5 I 2 KL A ROS S BB EH M, RS COWKET, HEME
BT R 0, 7= o SR R BN T 1.8 £ 3. 4 4%, H, 0, & BAu A BB AN T 52. 5% Hi
100. 4% ; 753G COMRET , T BERE T2 A fif 0, F=AE MR B FAr BN T 1.3 M 2.7 £i5,H,0,%
X AT AN T 47.2% 71 94.4% . REfH CO, W BE AT AR ROS M9 R, I 5K CO,MRBEA HL
REABE.
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Fig.3 Effects of drought stresses and doubled [ CO, ] on contents of reactive oxygen species of cucumber leaves
C: XFIE,M: HEET2hiE (y, = —0.05MPa) ,S: T TRME (g, = - 0. ISMPa) s B /NG T8 AR AL B A Duncan 25 1 LRI 22 573
BEMH(a=0.05)

2.4 CO, ¥R X T R T HURALBHE PR

H1 4 T, SRS R AR ERE YR T R A R T R B RS, B E R T, (RS
o TEXTHEZRMF T, COMBEMEIGER T fi OR 151k B E W5 Ah, LR R 1P BIE VEME A 308, (HER A B .
TEHETRME AT B CAT 1SN, CO, M BRI AN B E N T (R ERE . TR B T R il 4 1F
F,S0D.POD ,CAT APX FlI GR {& ¥E ¥ 7E CO, ¥ BE 53 21 T BOR CO W E T BE N5, 733 T
17.6% \15.5% ,10.6% \11.4% 1 8.8% . TIE CO, ¥k BEARIY AT 230 9 T R e T 5 R4h i M- F R 37
&, LATERR ROS pid BAUR , B s B E
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B4 FEBES CO,REFATHMAMEFELZM
Fig.4 Effects of drought stresses and doubled [ CO, ] on antioxidative enzyme activity of cucumber leaves
C: XFIE,M: HEET2hiE (y, = —0.05MPa) ,S: T TRME (g, = - 0. ISMPa) s B /NG T8 AR AL B A Duncan 25 1 LRI 22 573
BEM(a=0.05)

2.5 CO, ¥ X T RMHE T IRt & 'R

RIS ATLUA Y, AsA & B BET e B2 B AN EL W T H g , K oAb B 1) 22 S ¥ ik B K. EEE T2
JRET 55 COMRBERE AsA EERR COMRBET IR T 37.7% , 2R B¥ . CSH FR U T R a2 KN
EiMBETHF, BAESKSABT , FH CO,HE 5T COMBE TR GSH & & EA BN, HER A
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Fig.5 Effects of drought stresses and doubled [ CO,] on antioxidants contents of cucumber leaves
C: XFIE,M: HEET2hiE (y, = —0.05MPa) ,S: T TRME (g, = - 0. ISMPa) s B /NG T8 AR AL B A Duncan 25 1 LRI 22 573
BEM(a=0.05)

3 iFitE4ie

TGRS 3k (ROS) 4G4 41 M A S AR It A2 rh B A RSB T ME A BI= AT BB R AR 3 R
A2 (Rl P e 7 A B AR R R B B R . AR SRR, B T R M a AR iR, #R
EEEER R, PR BIBIR , JREE TR K, MDA & &S, /R E Rl T T REMHE T &
SAeRE | FESh g Ak, R O R ER AR L e T S ST , B SE B S5 A AT BRI REER ™ . BB RIS
S T E 458 5 e A E BRI 2 — P ARG T R M0 41 T 3Rl A IR 2R | 7T ¥ v B 1 TR R T o
SR A B BER IR, fTRRR T 2 e S BE R N K4 F Bk A6 & 0 B BT 4 g IR T A B
W MPOEA P R B B RS TRAORT SEB AR R, BT R AT 4
—EWIREIE , T 43 0 B A 1 R FLTT ORI 4 A B R AR IE H AT 2

Ve R N T R TS TR R SR SE — B B2k, SOD A4k O, ~ itk iR 0, %1 H,0,™, H,0,i# 148
HEAL I Haber-Weiss [z B A4 B FETR IR MR 5L B BB ( - OH) , BREAL LT BT A Wi 4H 43, 55 | RS 40 M i 1
PREYY, CAT F1 POD A] U4k H,0,4: /% H,0%" | APX i @ ARy M-S (A A 40 M R P i B HL O, B4 M T
GR @it 2 5 HUIR I BR -7t H KOG R 1M 78 403 v B i B PR EEAE A, AsA 71 GSH U 2 At ¥y 40 i
EERES T BRI EER AR . TESSE &G T B BRI Y RN RO S EEN e, 75
PLEAERE EAPTRAN & B, NS BR T A R AT MR SR Y A B E Y . M AR S S
YRR R PR CHERERIE , 5 REA AR, X 5AREY TR A AT SR G RTE IEE
B BETEERTENSRESMIURAREREEHBEARYAXRR . ARREREN, WAL
%M (SOD POD [ CAT APX #1 GR) HJ7E T B Jihia 55440 T B &5 &, H e 2 58 E , FOm il . Hua LR
AsA F1 GSH S RWFET RHHaBEmRmMEEA &, WHETERERET , EEEN=ETHERBRY
TR B L KBTS RGN e & B, AL RIVE R T, 4EE S0 A NS B Z 8] 1 sh 28 -4, AT
R NG WIE R A KR E S0l AR A0 P IEEE M B RGBT M0 F , XA Y3 B3
B sk R i) EZL A EHLH

YE Rubisco [JIR4 , CO, ¥k BE I SR FT LA 20 2] Rubisco 4615 PEFI 7 ], a5 FE 15388 3R 3R FAS [] 52
B I8 EG 5, BT CO, 35 34 7R 3L AT LA S i A 90 B9 06 & 7 R, T EL T LA 3R 45 3% o S 0 AR iR T
Manderscheid 258 Bf 5 45 SRR B, CO, e B T REASIESRAE L & VR A, BROK A& 4 938 T AR 54k PS

1 HF 32 &K NADP " F 2, R ER & T B F1% 450 F8.(0,) Wi &, Mehler 2 Rk #0 ], JER 0, 7

R, HRKESED BRI IER K FMET CO, BT T UMK RS A B0 , (B Rl & BULFF 3
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FALHEEEA R RIFREE 9 T e, BRI 8 CO, T A AR 5 IR % B R T M S A R D BT B T
FRAAE R EMREF I CO M3 F /INE EAR T IRIZ 1 3 B R R R 2 R 16 M & B T W, T /e T4
NPT EALRE S HfNER . Schwanz 251 FF5E 4k R BIKS, CO, MR EE T A K AR FORA IR 8 32 T 2 ha i i -
PR ACIEHE PERAIR, T 55 CO YR T MM N . BEME 5 2 A H7E4EI0 (60d) MR BE CO, BRAB AR B A7 -4
{4 PS T Py NADP* (g FI =R, 4275 ASA 5 SOD APX GR & ¥, IR 470 S A X 375 1 4 0 5 R A 35,
M PG TR A B R, WA R IO R S . B AR B R SE RR,  COLYKE T /NE I H- SOD
POD 7l CAT & VEERA BT in, 1 O, ™ F= Ak R A H, 0,75 BT T M . ASIRIGSE SRR, CO, M3 vl |3
AT S e TR T B T R 8 45 T 3T 28 2 A5 1 5 1 AR B AR B0 8 AL I 4 oy 3 (SOD
POD ,CAT APX #I GR) , W\ i A 76— E A2 BE b Isii% sl 4 K B ROS TR R0 E , 4EHF ROS 177 4 518 R
2 ) B S (1 3) , B0 SR BEAR R MR, MDA &5 B0/l , 33 i LA A B B AL 1R 5 B — S B ARAP VR o

MR ZEREN, EEEKE CO, LB TERNMYRBERAT LEEFERREITHARELH
NADPH" & 5 i) NADPH A 4 Fi T AsA-GSH™ A ) 1A 4 470 B I R ( AsA ) R4S Bt H Bk ( GSH) 45 75
3B JBURZS , AT AT S SOD Al POX 547 AL AR A3 1), N T 7E CO, JHi 45146 T A K WA ) HL A8 IE %
CO, MR B 414 T e K YA E IR TG RIS A IER . ARBSREW  FEEE T MG T, CO, M
Al BN AsA S8, X GSH & B M MZERA KM E T2 RHABE, XMW COREMYTER
AP E A 2 38 S B G T R 8 S5 T IS P N B 1 AL B R B AR, o T Schwanz 2517 B 5E 36
B, B CO, 551 A ASA SR ICHH BAF Ik, Meckee 21 MIRIB B UL CO, /N ASA G EFFK, XA RES
FEWEY B CO, b BEYk B FAb BRI R R A %, BN, BRATHIBIE S R, CO W ERHE T 5 T 5
i 25T RS A 17K 23R 203 (WUE ) FIZERR B RG 19 CO, [AMLiE 3, 3% 5 Chaves 25 BF gy 45—
B, T H CO, YR BRI TR oP FHE A1 NPQ MR AR B R BE S e T3 s R ™ 25 L idt, JR AT
HZE CO,MEALER AR CO, M BE 185 I 15— 2 PR BE _b 3T 3% N4 1 B0 R R G T S 3 B F7 3800 o
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