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CO,MMEXNTEME THMYNERBZMEUREHFN
FOURY WA, WA WA BB R LB HR, KR
ML ARAM R 2R A S TR B, IR 2R 42271018

Ve A2 1 5% S S =, 1 A28 42271018
S MU s S VA M Bt A M T AR R I Sz B8 1L AR 42271018

W VA EAM355 F N(Cucumis sativus) A 3X4t, KB & FikKeE, B IR L =B (PEG) 6000424 T F41F, AF %
T COHg stF F i TR GARZEIR T AN, FHAROS)FREA LT R AT M, XA FF
it kAR 2 A B BARE E A, R BARA L, 30 B B (MDA)4 %, /W#HROSH) B 47, 42 3 M4 A B (Pro). £
J A IR B (ASA). LR A BB K (GSH) 28 A4 BB E M 7 CO,Hn'g 4L 38 B 3538 o F F ihid TAR 2
AW, RERAI, IRHAR R FE N3G h, KA B ALEE(SOD). it B k4 BE(POD)A= it At SUBF(CAT)
E M, 3 3 IR BT B M B (APX) Ao 5 b H IKAE R B8 (GR)7E 1, 3% 5 AsA. GSHAProd 2, £/FMDAS &
ABROS ik £ B EMAK, 42 LPTE, COMmE TR ST FMAT ZRRZ LM T AAREZE A, SRR
ROBOEL ), TR — T ALE EUEAR A BT 1 A %, 3 HIROSHAR R, By (LR RS i Ak, A 25 i T

F AR 3N AR A A ) AR R
XEEIA: COmg; HNMR A FFMha; A AL

KA COLM FE AR 38 I A 2 4 i 4
BRGNP B IKBIR 2, H AT KRCOKE T
22833400 pmol-mol™, Tt #20504ECO MK L
FFEI550 pmol-mol™ £ 47, M21004 % L Tt %
730~1 020 pmol-mol™ (Kumar%52017). CO,#k /& F+
e 5| D PR IR 2 R XS A K () 2 ) 3 A 72 AR A K )
M, ST 5 AR IR AR S 0 (AR
2003), St [AEF, FEE SLpRAb T 52T R HUIX
+ AR O A B A I AR A — 2 DR, K
PRI R Z o K AT R BR R A AR K ) 3
TR R, IR M, /T BMa &, COok
FETH v DU S m i AR G il e Ko FIH 2%
R PR EARRIL T, R m A KB &,
E—E R LRI 2 R, Bz N“CO,
PR BN B COLZZ MRS (van der Kooi%#2016;
Pacholski%#2015). H i, CO,# 538G Iix #5475
(RIFF T R H A Hh e B3, FEIE &R 5CO,
WL A B A0 7 R R, A% — 12
TN TP e 1 7 ) % B 1 2 PR C O,k B Tt v 1T
Thi, M A R MR 2 3 m, B s
(4 Kk B R (Bowes 1991). {HAR £ 2 [ifi Hi i
VISR o R 37y B B B 2R R, bR AR
v 2 5| EAEYIR R AL, mEY R

JEH 2N (Cucumis sativus) AR 1) AP 55 1
YesE 1 H0 5800 B 2 M R By, AR SR A
Hh 28 o DR SR A B AN 35 52 B 5 i (1) 52
I8 RO A TR B BTN R, TR e
THHEAKRA PR RS, - RRE N R
T B M % (reactive oxygen species, ROS) 24K, [
AP 18 71 SR 4 35 R 1256 20113), (BT 2y
et ] g K ElORE FE o vy 2 PR AR 2R 119 577 23 R WSO
)l 5 ) g, BRI TR 23 1 n] R R A 9 AR
ZROS, FEUBE G E 55, MCOMKEET =
SRR R A, FREUE 2 4K L3R K 5 R
TR A B (Udding52018), 7] 3 15 471 4
A4 il 0 SR A LR S B2, 2 L ) 4 L A T A
FE (D AT EE2013), oA il 168 58 Hl PR >R 10 45 3
(Yendrek%52015).

5 H 1T COM BE 1S st 5 Wl T 38 IR &

ks 2018-12-12  {&E  2019-06-12

BE EFERREAE S (31471918M131872154) [E KR
PRI H (2014BAD05B03) 1l 454 & A 0F A XI5 H
(2017CXGC0201)~ 11 A48 4l 8 KW #2617 i H
A AR[2016]36°5 ) A LU ZR A R R G137 1A 152 it
[l Z AR 35 H BAT H (SYL2017YSTDO7).

* o JLEEAE#F . 20 W (gslgm@sdau.edu.cn). 5K KB

(zdl0531@126.com).
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A L ROSAR U 75 ] AT 0 DL i, A1k, AR sl
5 VLK 55 5 RS OB 50 5, FER & — 1% (poly-
ethylene glycol, PEG) 60004 L0 AR x5 it Xt
FORE J AR K DA SR AL 2R G850t 1 CO LMK JEE £ Wi 7
HAT M, UL KR COLMK T = 2T il
(AR Wi AL ) AT 3 — 20 BT, AR TR
o 30 A5 AR AR D aE T B IR BT e R A = AR B
WKIE IR S 4.

1 R57HEE

L1 #RHEFR ST

SZIG I 1] 20 184E3~5 H, M iy il A ARk K
b 2 g, MR R 355 3 R (Cucumis
sativus L.)o FERIURE LI B B0 18 We 1%, =16~8
h, B T28°CIEiR A 2 16~24 h, $hikis B — K
PR T2 AT R . BB A A AA 311
TRAIEFAISOFLXRE . frgh il —m— i, K
KHB—HHYE el T K% N37.5 cmx29
emx 12 em iR I EDRL G b AT K 8S, RE61k .
B IR AW H A Ly s N 77, 0.5
mmol-L" NH,H,PO,. 2.0 mmol-L" Ca(NO,),. 3.2
mmol-L"' KNO,#11.0 mmol-L" MgSO,, & ItE N
— R AAL, pHIH£6.8~7.0. SZEGHIN], & IR
FAZRIES, 53 mini@ <30 s, 3 A —IKE TR

SEAG R AR X BEE, E X E NCOK E A
H, KA COKE (400 pmol-mol”, A /R)FI
CO,JI'E (800+40 pmol-mol”, FEFK) 2/MCO, ¥
JEAK, X R FR AR AE B, FHPEG 60004550 4R
bR S, B RCE IR, 0K R). HEET 5
JoE [ 7 5t 5 53 #5% PEG 60007 771K, 121 #(w,)
9—0.05 MPa, F 137K A1 E T2 W ia (& &4
#110% PEG 6000 F7, w, 4—0.15 MPa, H]237R)
3INIKF, EESR, BMEEIE. FYHKES
W — O I FEAT AL B . SRR 7R N TS5 % N IEAT,
WHECA B3 R4t S COMIMHZHECO,,
W FE i shi% ) R S (Auto 2000, Jb 5T BLFE )5 ),
HCOLMK T BARIKEERS, LI H 3 S, COJEN
= W, W 9800+40 pmol-mol ™,
1.2 NEEIRSFHE

BRI RIE IR B S 262, 4. 6. S RHUR R

FHE]EBALEAT M i€ A, oA 25 WA AR AR 3 T4t
PES dJ5 BOR S AH R ALIE, A3

R 2T 77 K R S = 2R 5 Y UM (triph-
enyl tetrazolium chloride, TTC)i%:(Min%£2011).

i - FE 0 5 25 B AKORE A e T i O
WKy, AR ZESE & AL BT I, 4 I FRAs i b,
FEBEEE; 105°CATE 15 min, 80°CHE E1HE, Frig
TH.

B AL BE IR 1 - 2R 2 - = il i
(1,1-diphenyl-2-picrylhydrazyl radical, DPPH-)7£l
JE (R [ 552017), i % B 25+ H H % (superoxide an-
ion, O3)7 A= Tl 28R FH F i e Akl e (22 [ A %7
JH1990), % & (proline, Pro) &y & % F & =i -
T 3L K B IR ED €, N % (malondialdehyde,
MDA)# f% F A B bb 22 % Ll e vkl e, e 4 Ak
Wy 15 4k, i (superoxide dismutase, SOD)7 4 K FH %
W DU ML JFE N E, T E ALY (peroxidase,
POD)¥ 1 3k H Ak i Gl AR M be ikl e (2= & A4
2000), i 4 AL S (catalase, CAT)YE 14 R FH 48 AT
W3 52 (Chance flIMaehly 1956), it J5 4744 Ifi iR
(ascorbic acid, AsA) g3 12,2/ - e g i) b ik
I 5E (Kampfenkel251995), it 7 175 i H Ak (gluta-
thione, GSH) & &% F5,5"- AU (2-Ail 3 2K H
1) b 6,322 52 (AndersonZ51992), Hidh M FRid 424k,
Yl (aseorbate peroxidase, APX)if 4. i ALE
(hydrogen peroxide, H,0,)& & . & Wt H KL 5
(glutathione reductase, GR)i&E M UL K S Pi A L g
(total antioxidant capacity, T-AOC) R & (75
B E -

1.3 HBUEALIE

F) FMicrosoft Excel 2007 F1DPS 15.10% 4%}
AT AL BRI 25 M 23 A (Duncan’s 2 AR ZE K
5%, 0=0.05), H K FSigmaPlot 12.08 {44 & .

2 SHIEER

2.1 CO,MEXMNTFEMETRNYNEHRREYE
gEA)

BRI LU Y, 5 i B S 1 5 R4l
HRAMAEK. ERSCOIMRET, T Fhia
AL BRAEAR R0 L T FLBON B ) B IR 1727.64%
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Table 1 Effect of CO, enrichment on growth of cucumber seedlings under drought stresses

SE ek 5 /g F-H#H/g !
M b
COREEART TR 1 Hh R i35 iR

A 0 25.5140.62°" 11.29+1.05" 3.45+0.24° 0.57+0.04° 0.17+0.01°

1 12.42+0.78" 8.17+0.23 1.87+0.12° 0.35+0.04° 0.19+0.03"

2 8.18+0.88" 5.93+1.18° 1.09+0.12° 0.23+0.02° 0.21+0.02°

E 0 26.90+1.52° 16.21+1.70° 3.78+0.15° 0.76+0.03" 0.20+0.17°

1 14.03+0.62° 9.43+0.43" 2.23+0.14° 0.49+0.04° 0.20+0.01°

2 10.60+0.77° 7.74+0.82 1.34+0.06° 0.39+0.02° 0.3040.05°

A: RKACOHKREE; E: COINE; 0: XTI 10 v FEF S e 20 s 5 ia . [R50 AN IRl /IN S 7 BREFR IR R 2 57t 1. 35 (P<0.05)

39.0%, HJE TS E A AR R, R0 I
I3 PIPEAR T 47.5%. 59.6%; 11 COLM & 7E — & FE
R T T R TR AR R AR K A
H, o R a A, AR REF. TEEKS
COL K E S BN T 15.4%. 40.0%, T2 pia
AR FEE, FAR R EF. T E B RTCOM 5 5l 3
130.5%. 69.6%, H R &R 5 2% Fik B K
R 7ed b Bl - R I i 34 n, COL N & R AR
st EL 3N, o R T 5 e AL R AR e L AR R 5.2%,
R 8 AR A 3G N42.85%, Horp HE R
Foip s bR 3 2
2.2 CO,MEXNTFEME TENLEHIRFRE NN
Al

HEATLLE H, KARCO, T, H R 5 i kb
HEAS I R4 AR R 05 1 208 BT E TR B,
AbFHA AR R TE SIS B ORME, IR T R, T
T B A EE AR R ST BE I A KR R
B CO, N A4S T T bhE N AR R 71 FR2F16
dAh 2 T RS COLRE AL, CO & AbHES
disf, PRE L o RE AN BT R 3E N AR RIS 14
Gl WN WCOZ#{QF‘F&IEI—JI7 5% 45%-. 38.9%, i
B CO N & Ab B T 2% fif T 52 il ie 3 i R AR 2R 7% )
TREREE.
2.3 CO,MEXNTFEMEBETRINLEIRFEPro,
MDA, O;F1H,0,HI50

EBIZTME& T2 i T R AR &
ROS. ProfiIMDA % & .3 &1, 11 CO, N & AT
HETEPE FProfd BB KRCOMKE & T
26.1%, HMDAFIH, O, 2 & [ O3 4E fliis 45 51l b4

K T722.6%. 11.0%. 11.2%, [RO;4E g Z 40, Hifth
Z R HGK E K. B CON S AT @i 8 R
YIER RProfIfA R, FEIKMDA JZROSIHIF 2, AT
I BRI A, B RS AR R P SAE
2.4 CO,MEXFEE Tﬁméﬂm&’%h—m
5 M A 20
HEBATLLE H, KACOMET, dfET 24t
i H:POD. CAT. SOD. APX. GRiF¥% R
$em, MCO M E % 1T 2 Wi FPOD. CAT.
SODJEE, R H2E S T APXFIGRIENE:, T 2
18 FPOD. CAT. SODEHFMHIKICOMKIE T 737
P T 12.2%. 18.8%. 14.0%, APXiEME FTF T
700 OK<COo, EENECO,

2

60+ a L
50
dc
40+ &
bb pp b e g c

30r d

WA H/ug-g! (FW)h!

20+

10+

0

LisEd

BT CON a5 N BN A I HR A3 7 50
Fig.1 Effect of CO, enrichment on root activity in cucumber
seedlings under drought stresses

0: I 1 AR B TS0 20 S E TR E . E2~5F. [/
BN ) AT b AN RN S BEAR IR SRR 22 7t . 35 (P<0.05) o
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B 40
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o
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a
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)
o

hbE

&2 COMnE AT Rl T 3 RL AR RH0, % 5(A). 0577 £ #(B). Prof & (C)FIMDA T 2 (D) 1 521
Fig.2 Effect of CO, enrichment on H,O, content (A), O; production rate (B), Pro content (C) and MDA content (D) in cucumber
seedling roots under drought stresses

I ERARVNG FREFRRER R 22 57 8 2 (P<0.05), EI3~5[

23.4%, GRIGMEAEEE T 5 hia T EFt 728.3%,
Z ik BEKF. WHHCO S ATE—EfRE L
YT R B AR R PUA AL B M, 15 FRROS R
2.5 COMEXMFEMETHXYERRAMEAKL
& 28520

H AT LR H, KACOKRIE TR, F TSk
{EHASA. GSHE BRI FH 777.6%. 27.4%,
MCOMNE HE— 0T 1T F il R 2R s A7 &
i, fIAsA, GSHE &AL JETF e B CO,
WREES T T53.2%. 3.7%, 227k 52K . B
BICO,In'& nT LA I 52 5 3R B AR J AR N H4EAL
VIR AsA GSHIP & & KN H,0, 175 B fig
FEARROSH 5, TG 58 B8 ML AR R P51
2.6 CO,MMEXTEMETERNERRAZIMEA
LBE RIS

HESH PAE H, KACOIKE R, IEH K4k

WA MRDPPH -5 i % S prd b me D b 2+
FL B AL B HK23.2% 57.7%, T CO N 1 H
FEH T B E N BRI COL M E 73l T T
47.5% 34.2%, Z 55K REKF. BHCOINE T
DAFE i 2 MG B AR R AE T 5551 T I BRDPPH -
SPrELRe
3 Wig

EEYAEK R GRS, BRI
AR KR AR FOCH . AR EL I L1, R LA R
JFR TG 2 ANFE A E 3 AN 350 R 43 B R 0 (2R
FiEE2011) . ASZIGSE AR, T 5B 0 ) Ak
Ak, AR, COINE i T T 5 et
FER B0 R, B30 S AR AR A B3, s —
R AR PG (R 1) o 0 A RR L bb 3G i A2 3 JTUE B
T 5B i i —Fp R R R KL, TCOInE
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Fig.3 Effect of CO, enrichment on antioxidant enzyme activities in cucumber seedling roots under drought stresses

I E E A AR, i A ECE 20t E
T, RERDGCE T PIREAT 53 fifE LA SAS I [ 1 58
iz, SRR R4 7= E 1% N (Gorissen fl1Cotrufo
2000). Jf HCOJtm 2 RIWAR R AK, et R
F) R 2 g AR G, g T WS B 22 R K 43 AR 43 DA
4 ¥F H B4 KK B 75 2R (Cassab%:2013; Gagliano%
2017), X 587 AW 7K FE(Oryza sativa)1E KS.CO,
WRET =% TR RV BN BB — B
FEMEE2005; FEHE2008; 24 75 252011),

AR AR KA LA K S B AR 595 ) B R
W R A M FA ARG E TR A R &, 2
WA ) B A PR bR 2 —(Wang AL 2004). 1M
TTCIE 5 /7 [ WA i N i S B s 1, R RoR iR &R
I — A B R R (2 07 552005) . ASEIG 45
REW, BTAR RIE £ — @1+ FhiE kb
BT ETHE T ERES, Bl — e+ 5
TR P8 T I, fEE T+ R4 TIRARWE &
55, MCO,NN'E AL XS T 5261 T 3 MR R A K
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Fig.4 Effects of CO, enrichment on AsA (A) and GSH (B) contents in cucumber seedling roots under drought stresses
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Fig.5 Effect of CO,enrichment on total antioxidant capacity in cucumber seedling roots under drought stresses

HA e #EAE F 00 R 4 v 1 AR AR s A (18
Do WFFCRUIR AT a3y, &l 5 sy
B 5 P2 SRR TS 22 (R RE B, (AR 2R3 084 hm; i
R FRIE F1IE B R BLS HBLR T R g,
=S bSpun R R R R i BERT Rk /S =95 % NI BU
e, (AR T (1R% A552007), T CO, M0
BB SRR R Y B R, AR R K
e T 5 e

T F WA v A A A E, 5B AR AL, e
I 054 1R I P S L, T T I 5 %) A1 T R P 5
IN(FTEHIA52010). Pro B INR BT 82 3
JICFE 574 P LI 24 35 4 B s e 4 1) — b 2 22
BB, A YR N BB

R PR B i RIS BT, L REAS LR 4 L S 52
AR B 1R 45475 (Rejeb252014), Hoar 2 J2 K il st i
155 SE R S () L AR AR (NI E52017) 0 AR SEER TR
R RMROSE & AL a3 SMDA & & — 5, Ut
BHROS A= 5 it iR i S 40 2 B B A — 58 A ¢
PE. COMN'E %A T 3 MR RIUMDA 7 & Lh K
CO M N & & BAIK, YLUITE IR RIE R G TECO,
IVE AT N 2T S a0 E RN, BEE IR AR
o P 4T B SR K S P, X 5 2R B 45 (2010) 7F B
JRI R BT T8t L. A0 i A7 TR BT
Ak R G2 H 77 A 5 EBRROS 8 R 4 Fr 3 45
S, TR ENE YR ROSH REUE HROS
HRRGMRE G HE R, HE mESKERE, 5
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AW R A, 3 TS 40 P B R, 4 i
Dife ks, M0 Ml 52 2 A e (Griffiths Fl Parry
2002), H 22 M )45 4 72 B B a2 A RTR O S 1)
. PrEHEEE A SRR BT AL A B
BAARIE o ARSLIREE R, T FhE T, 2T
Z[JSOD. CAT. POD. APXAHIGRZ:4iE AL BHE
PELL S AsA . GSHEEfT AL I & 2 b T P A2 A
Ry 3G N 3G N (B3 A 4), 35 A T B e 2 1N,
ROSH ™ A= {2 A8 55 IR RPTE I & &2 Pt
VIR Er e N, DLk AERFROS = A2 R ik 2 [H] 1Y)
BN, 3 T 38 T 5 P8 I SR OS () 1 & AR
£, FFEMLHAERKKE . 1MCO, N E b3}
T TR R PT A TS VE K PR & =0 R A2
41, SOD. POD. CATZEMEE MR 45 K 7] g
FE— 7 I CO NN & AL AR AECO, [F A3 i, ek /b B
O, F A HLF B2 AR T FL IR OS, BRI IR T 1 (1)
H,0,; 55— 77 H CO M & 4bH AT g 5335005 1975 35 ik
55, B JTCHR 28 40 o B 284 75 K ) 982D O W 55
2012). NakanoflAsada (1981)i\ A, APX7/ECATE
PEREAR . PIEH,0, % & ETHN AH,0, 1 = BEE R
FIEEARESE2007), 105 FATHI L5045 FARTT .

GRIE M b T2 455 480 B rh (1) 28 e 1 JBE 26 4k T3k
A, TIRASAIR IR A 78 2105 71, Ak
1L ERIE J57 i (dehydroascorbate reductase, DHAR)#2
78 £ GSH, ¥ Wit & $tdh ML fE (dehydroascorbate,
DHA)IL J5i A AsA (NoctorflFoyer 1998). CO,lNE
T AEKMEY R TS H T L3RG
H.E B 22 1380 T 2R M Pt frie B M v — A% PR B TR
(reduced nicotinamide adenine dinucleotide phos-
phate, NADPH), & % fJNADPH W] £ 5 AsA-GSH
G (Long%52004), {E 114 N 1) AsAFIGSHAR #f
e 8 IR, AT AT 15 5 SOD & H1 A A g (1) 3
PE(Foyerd1994). fEASEIGH, COINE A HAE +
B 38 Ab B 1 3 AT AR R APXMIGRIEME 12 3 42
1, AsSA5 GSHA BUAE 71 AH B3 5, {2 {344 P H,0,
ERE, BEMMDA S & W3 N, A Al iscs 1 5
18 F R AR R PR NE I AR B, 3 AHAECO,
Fhmn A T A 3 R4 B AR R U AE IR H COLik
26 N AR K BRI IE R B 2 IROS, RIROSAX i BE
TR (R BAE2018), 1X MR CO N & AbHE Xt

TR AR [ A B 05 AT — R B G N

£ ERTIR, COMNE AL FfE & 1 5 T 3
SRR Z AW AR R0 0, 3k T 3 i AR 2R R i
REAT, REfs —E L _E o itk AR P AL B s
M2 TR ALEE R GBI RE 77, MHIROSHIAR R
&, BB A, AT SR A T 5 e Xt s R4
BRI AN, 3 i L S 6E
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Effect of CO, enrichment on antioxidant system in cucumber seedling
root system under drought stress
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ZHANG Da-Long"**"
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Abstract: We used hydroponic ‘Jinyou 35° cucumber (Cucumis sativus) seedlings as materials to explore the
effect of elevated CO, concentration on membrane lipid peroxidation, accumulation and removal rate of reac-
tive oxygen species (ROS) under drought stress. The results show that drought stress could significantly reduce
the biomass and activity of root, increase root/shoot ratio, accumulation of malondialdehyde (MDA) and ROS,
contents of proline (Pro), ascorbic acid (AsA) and glutathione (GSH), and antioxidant enzyme activities. How-
ever, the elevated CO, concentration significantly enhanced the biomass and activity of root, improved the root/
shoot ratio, reduced activities of superoxide dismutase, peroxidase and catalase, increased activities of aseor-
bate peroxidase and glutathione reductase as well as contents of AsA, GSH and Pro, and significantly reduced
MDA content and ROS production rate under drought stress. In summary, elevated CO, concentration could in-
crease biomass and activity of cucumber seedling roots, then enhance root absorption capacity, activate root an-
tioxidant system to some extent, inhibit ROS accumulation and prevent membrane lipid peroxidation, and con-
sequently alleviate the adverse effect of drought stress on cucumber seedling root.
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Received 2018-12-12 Accepted 2019-06-12

This work was supported by the National Natural Science Foundation of China (31471918 and 31872154), National Science & Technology Sup-
port Program of China (2014BADO05B03), Shandong Key Research and Development Plan (2017CXGC0201), Shandong Agricultural Major
Application Technology Innovation (2016-36), and Science and Technology Innovation Team of Shandong Agricultural University-Protected Hor-
ticulture Advantageous Team (SYL2017YSTDO07).

*Co-corresponding authors: Li QM (gslgm@sdau.edu.cn), Zhang DL (zd10531@126.com).




