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COREME TKEFBE X' R iREA SR H KRR R RS
BLEBALEFF KA, LA, WM, FiEmW

NARARO R E E RN S TR R, IR 42271018; A [ K A S =, LR 2R 22271018; Rl # 3 Vik g B
AL TAREREA I Se 63, 11428 42271018

FHE: VA EM355 FIN(Cucumis sativus) #EXA, KA Z R XA RRIL T, BT CORE e T K A4S H T A
. R AL A4EEEE MY Ym. EREEAHCOKE, X KACO,KE (400 umol-mol™)Fa 44 CO, K E [(800+20)
pmol-mol " [N K 2R E & A Ko, 2T F M (K LIRS & A 3 K3 0595%) o T F b GE K LR A @ 18 3
KB GT5%) A KT B AR B & Ak R F, %54 52450 kg-hm™ (& £) #2900 kg-hm™ (F R)AAKF. L2 £9: (1) CO,
REMAERZT T IS AEM THRNORD, BAEZATOTEREZN ., (2) COREMEREREGT FHINTHE
AL R BRAESE, RIS ABE(SS)4)E R E I e, 3 REF M AT COREAE ZAF T SSHe RAEHEEL & A B4 (SPS)
E, AL EAER R A iR, T AAESSE M R H 38, SPSE M B E K, COpREMZR E RS T FFMia FSS
FaSPSE M VA B EAEFik R AE A8, BSSASPSHE M AR EMEABMAFT 9 B HE M, (3) COREMERZERST
FHERE R BE(NR) 7, 82 5 R B p B (GS) Fr 5 B BR 2B (GOGAT) & M - A Bl 38 de. ECOREmIEHMT, SR
1% F F Wrib b9 3% Nt A NRAGOGATE M B £ 37 5, GSIE W IEAKIF R E M. (4)mECORE . RFFmia. FRaE
TAERG, BARRMIECOKE. FEMia, HRAE, ERACOREATIFEMT, KA TTRK, S%40HER
fe =B R R FE EF, MAECORE miEfeFF54T, WAREZRZENIFHF LA, B, £COREMIEEMST &AM
T FF A A A, 12 RRIALEE ) 69T ARAF B Z R SR PR, AL T F 38 T KT BB R, Re e — A2
JE L T F b e AAIR o, ARG HRNARKEF =&, T AHREFINCOMICEAK ST HF LI T RAFAZE
PP PRI AR S A R A2,

FHEIE): FIK; COPRE Ante; K R A Bk A

Bt 5 thE TN I e 2 386 K R0 22 5 0 B0 1A 3
KEM A IREHECO,, K CO MK E B
e B ATRACO,#E 5400 pmol-mol!, Fiili2050
L F]550 pmol-mol™, 21004E 4 F T+ %730~
1020 pmol-mol" (#3&#7452010). CO,THE R HEY
AR R G R ok — B E A ES RO
ST BT 7T 30k (Ziska 2013) . H BTIANCO, K EE
Thim 2 FECAHYZEINE-1,5- B2 ARG/ N
4B (ribulose-1,5-bisphosphate carboxylase/oxygenase,
Rubisco)f& b s L A R4 i, (7] I 0N 40 s R,
FEEF AR S m AN hn(StittF1Krapp 1999).
XFCHMIN 5, B COL K E N1 000 pmol-mol™' /2
i, 11 H BT COL MK FEAIE BIEYD G A AE AN £,
DR] i 4 3R K COL UK B T iy vl R HEAE W) 1) & 4
i, B B3 HI“CO, it E RN

COLRE TE Rt A A2 R G2 I3k
ML, KAy FRor SRR 1 #X A1 A 25
ZA Y5 B (Sicher 2013). COLMKE T i fig
8 YR % T 5 ol 3 X A A IR s, R v 7K 43 R A
R(ZE HEE2011; O'Leary?52014)., COKJE F+ &
S 7 ok b AR A AR SRR R R R R, [ B R

HORVRR 8 5 S 52 BE 2 11 % D) I 4% (Vitousek Al
Howarth 1991), & F AR IR LRI, CO,ik
FETh i m s 7 AE Y i AR, 3 A3 AE Y T R
A RGN, IR RN AL, T
AR 2 8] (B0 8 P (Paul FFoyer 2001). 7£ K
SCOLRFER ISR, KRBl Hh AR S R 403
RICAEE Z (L BASEE2006). 1 Bt R 5245
Hh i A7 E R R i L RS, A KB EE
Jit ) o — M 3o A R 75 SR R ) LA (Chen52004),
SR A

VLA, ST CORE TH M (Rl 552015).
T 574 1 R 2 2R 8 (RE A 7R 55 2016) IR 24T 1R
ZARIE, (H & 55T =3 2 18] ) T AR 25k B i 4 s
FIEAH 52 e LR TE . 35 JN(Cucumis sativus)
72 8 [ 5 it AR 35 T AR B K RSB 2 —, 7R 7K
K. FiE, ARRLRHEAERKPEEREK. K

#s  2017-04-05  f&E  2017-08-28
#HE EZRBERRIFESG1471918) ILARE BRRI¥ESE
(ZR2013CMO08)FH 111 A< 48 Al 25 K87 F 4 Al 37 1 H (&
W4 F[2016]36 ).
* L EEAEE (E-mail: Ibroom@]163.com; gslgm@sdau.edu.cn).
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U6 BLSR TR, A A B AR % L O o iy
I 1 A LI T COLM L I 38U ZK SR 5 2L
J82, DS ONBEE 5 TR CO, Jiti JE b 7K R Bl it
BRI AR S 4L

MRS 7EE

1 EM R ST

TRE T201442~6 H 78 L AR A0V K 2 2558
itk AT . AL IN(Cucumis sativus L) Fh A
EEAR35S CREERHE BT 7 AT, KA 10 cmx10
cm’EFEERE 1, 2H27THIZ A ZE, 3H25H EHE, 6
H20H e, BRI EAT AU B . A
Je ARk, BAAR IR, BT M 225520 em, R E
230 cm, FJREA20 cm. Ak HEWME A S E
97.7 mg-kg', MBS E30.5 mg-kg, HEAH S E
207 mg-kg”!, HHLFREE31.8 g-kg!, HIAIRKE
40%, TIEZRE1.22 g-em™,

K =AM &, EE2IK. COK
FENE X, %S COME (400 pmol-mol™)Fl
T4%CO,H FE[(800+20) wmol-mol '[Nk, 754
A BEAT B RHE (6.0 m, F56.0 m, H 52.6
m, A& 1.5 m)NEHT A, IifEFICO,H E4ECO,
IS, M Y Auto-2000 [ 335 R G (bt
IR, Ko B HRIX &, BT Fiia
(V7K - B Ay HE T 36 7K 2 119 95 %) AT - 5 3 (8 /K
- BR Ay H ) 4R K B 1K 75 %) AN K, 3 R K
43 T BR v H ) B KRR R 1165%, 2475 /K # P 42k
B Z A H K 5 T BRBD AT HE K, 4 K E K
B A RK . HEK LA IR M=rxpxhx0x
(q:—g.)n. N, IR, poy FIERIE L, Y
100%; A EK T RINRIE 2, HX0.4 m; Oy H R RF /K
&5 q Mg B3R BRBR; K R &
$, H10.9. CO MR JERIK oAb BEAE 35 AR 6 1 LI
JEFFIS FF IR R 45 o). iR E N X K,
Wt B 450 kg-hm™ (lRE)A1900 kg-hm™ (F%)
PIAN KT, 3R 56 BT FH AL IE N IR 2 (5 %046 %), 4331k
TEWITEI 5 RATHATI 45 RN
2 MEMBS75E®
2.1 FASIEFRAINIE

FEAR B0 A0 L /T TF 46 0 e A K Fe b, 2 )5 &R
10 il s — K, FHeitavk, s i 4 A 2 3% B Obk «
PR R B AE K S EE B, HS R &

SR TR IR B B4R, AR R R4
DU BRI TR AR D AR A R 61 e 2= ) AP
JR T AR R, BT AR=L, (R AEAN A
#2001), L A, B RIS
2.2 EM BIRFEFEYE S 8 LUK EYES BREE(su-
crose synthetase, SS)FIENEIAER & A EE(sucrose phos-
phate synthase, SPS)3& 4 B3I E

T 45 5k I A A 3 a0k B S PR BTN ) e R
A, T AU 2 FAH SRS e«
M Lb ek I e vE i & &, 3,5- ARt ekl
0 JERE (R R K2006), T8 28 iy be 20
BN & B (P S e 1985) 0 H4 P 3t i i AR ) TRE T
F R AR 77 )RR A 150 B I e SPSTE 1, DAAE B
1 umol mg " -min™ BEHE A 1ANEEE 71 467 (U). SS4>
il 7 1A P03 A 5 2 B R FR 2R (200 1) (1) v
2.3 2RMAFMEEBARSENNE

T Fr 4 0 B I E 2 1 H.(2000)
(77, Al o 2 D i G-250 44
R E (£ 2% 422006)
2.4 WHERIT R ES(nitrate reductase, NR), & &
B2 & BB (glutamine synthetase, GS). A EER&
fif(glutamate synthase, GOGAT)FN& & f i S B
(glutamate dehydrogenase, GDH)3E 430 E

NR P 2 [ Ferrario-Méry25(1998) J5 %l &,
GSTEPEZ R A BT 55(2004) (1 777201 %€, GDHIE
P2 I8 Frank 55 (1996) (1 75 0 5€ , GOGATH 1%
8 T /N A28 (2005) ) 7 D 5E .
2.5 BINFEHINE

FE AR/ L R ORI RN E &,
MG giitars &, H RS R &5 gkem?).
3 BIED I RAIE

K FExcel 20034 4b #E %4, SigmaPlot 10.0
BATAE B, DPSE AT X Hidfa 347 77 22534, FDuncan
BT 2 1 2 7 (P<0.05) 134T 2 B ELAL

SLIREER

1 CORENME TR RFEE X &SRR

SONJE LR RAIEY), Hbke. =M.
T AR BE A= A e M 0. b AT, AERTHAS
() b P ) 3 AR PR AR o 25 P TDAR 22 s,
H AR PR 22 50 AN R 2, BB o5 AL BRI 8] A4 & JH
TR EMEZE R N4H25HBISH15H N3
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Fig.1 Effects of water-nitrogen coupling on plant height (A),

stem diameter (B) and leaf area (C) of cucumber

under doubled CO, concentration
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FEnAE B 5t m 7Nt e RE . Ve b bE
. TN R H R B R TE [R] — COL K B A K
AR, BEE M AR N L B (K 2-A),
M by & & Bl 5 it 0 & 1 3 0 i 2 3 b (]
2-B). T Wi 25 T i A R RE AN S
BIA AR E(E2-ANC), mAE LR
15 1 COLMREE A %) I BE & A R IR EAEH,
ERRR T ER A = (K2-AFIB) . COLMK A% T
EWEIN T TR W a T R AL R R R (] 2-A
Q).

SSiE#:/umol-g! (FW)-min!

w
>

2.2 XTEJIR 7 SSHISPSIE MY 22

37T LA Y, COLMKJE Infs X SS i 14 [ fie
BEAE FFAE % A0 HE ) 22 S 24038 8 2 KT (B13-A), 76
CO,MR BE NS N B Jo T 52 il (1 = AL 3 4P SPS TR
PEE R E I (K3-B). 7EAHRICO MK E FIK 43 2%
PEF, mE AL FE ) SSHISPSHE P i 2% o T AU Ak
. AEAHFECOIMKEMBRAKT T, TREAHEK
S S 1 457 Wik 3 v T OEH HEWR 1Y, T SPSIUAH K
CO MR EE s W 18 v 7 T 5 W18 1 SSFISP S
P, H.SSHISPSTE 14 #2028 i 14 n iy 225 14

SPS#%#/umol-g? (FW)-min”

B3 COLKREZINAE T AR EUR £ X B A SS (A)RISPS (B)i 14 52
Fig.3 Effects of water-nitrogen coupling on the SS (A) and SPS (B) activities in cucumber leaves under doubled CO, concentration
L InfECOMREE . T M. (KA 2: IfECOREE. T FWME. %G 3: MFCOIREE. T RMPa. K5 4 INfFCOMREE
TR, SEG 50 RKRCOREE. BT FMba. KA 6: KACOHKREE. LT RMME. m%; 70 KARCOMKE. T 5Fha. KA 8: K<
COJKREE, TRIME. mA . NFE/NGFRELIRZE L R E 7KF(P<0.05).

3 COREMBETKEABEMNALNMAARENR
HAR I R SRR M RO RN
31 MENMREENAAEARSENF
1 4-ATT A, BT a4,
COR LA B E L T &R &=, HIFCOo,
WEER, IR EBRA S ELE T 2EA SRR
T H A A, Ul B AR R R K, B
BONAF Ry RPE, 1@ TR AR R R
Kl4-BiE IR, COKEEINME B4 m 1 nliFtEE A
R E. EMFICOMREFMAFEAKTT, T 5 uabe
AT E AR S EE &S T 15 W A,
COREINf W34 n 7+ R4 H T EE A
T
3.2 XTEA R &R X R A R0
H1 EI5-ART A1, COL MR N &35 52 7 NRIg
PE, B HXINO,-NIF H R 8w . fEAHTFCO,

WPEFIIK A3 2614 T, NRYEPE [t 2 it %0 (1 48 i it
BER . TEMFICOMKEMARAKFET, T54a
R AR TNRIGME . ECOMKE NS 44 F,
b 5 it = B v, BRI P NRIE PR = . CO,
WREEINAE B E T T WA fNREYE, HNRYE
P il 2 R 138 0 i . 2 1A

B R WE T AR EL AR, COKE s &
F MK T GOGAT (36 P (I5-D) . 78 1IE 5 HERE I
AR BRI R e R AL R, COREE
0 PR AR TGS M, oAt b B 2 e AN 2 (A
5-C)o 1M1 24 IF 5 FE R 1) v 2504 B AN 2 JBhE R
IR AL B, COLMKR LN 3% 52 1 | GDHI¥ i
(KI5-B). AH[RICO, M FEFNK 43 261, BRK<CO,
WEE R T 2 A s, mEsr e Eite T
GOGATHJ i P, KA COMKE T IE 5 A = &
Wb FRGSIE M, 22 B IR BRRACOLMK
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Fig.4 Effects of water-nitrogen coupling on total nitrogen (A) and soluble protein (B) contents

in cucumber leaves under doubled CO, concentration
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Fig.5 Effects of water-nitrogen coupling on activities of nitrogen metabolism enzymes

in cucumber leaves under doubled CO, concentration

%G 20 INECOMKREE . T R .

R4 8: KA

A 40 InfECOL MK
B 70 KARCOKREE . T F s .

G 3 INECOREE . -5 Hha.
%‘

4]%—‘

KA 61 KACOMNE . T FHa

B REVNG TR 2 Tk B KT (P<0.05).
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FE TR AL AL, 5 A0 2 2 PRAIK T GS
TR AL FE B 2 P T GOGATHIE . 7ECO,iK
FEIAE AT, 5IEH BB L, SR T R e
NGSTE I PRACRE 1S B T AR AECOLMKFE N
G, TR AT R K A, SRR ER S T
5 JNH Fr GOGAT i P (B 5-CFID) .
4 COKREMBETKABEN RN F~ERFMN
MR ULEH, IfECOMKE . LT F W
B, RGN RN B A, HOORINnRECO,
W TEREMHE. mEOE ., £EFERN &SR
ALFRAN S HE T B R AL, COKREE IS B3
REEN B, BRASCOIME R T 5 il kb 78
Ah, Toie COLMKFE =ik, B i U= 3 hn, 28
BRERE. ERRCOMEMTREMAT, LA
A FE P I B g K, 4 S it RN X 7 G
E R M AECOMRFE I T 52640 T, 14t 2
JIES U 22 2 2 v 7

1 COMRE IS N 7K R G0 38 ™ R S
Table 1 Effects of water-nitrogen coupling on cucumber yield
under doubled CO, concentration

yis: | . ,
INXFER/g FER/kgm”
CO,k Ji TEE R
Iz I & 5762 5.88%
= 7115 7.26"
[ ES {i& 5645% 5.76%
=1 6249 6.38"
KAWL I & 5469% 5.58%
= 6057 6.18"
[ ES {i& 5224°" 533
= 43888" 4.99"

R RN G B 7 2 R 1 5 K F(P<0.05).
15 ®

B AR W FE AR A P 1 B &SR Ak B B R i 3
AT R FEAL LR S TR &
FB A RS (T 32 452015) . BRAC IS N B AR R
BEAC 5 R IR AN A, 1 AU SO AR
RO & o3k, B & EILFE IR R S
ATP. BB 245 (HH I 5 A0 EBE2009) . £ 35 JINE Fil
AR R R AR A o A A B AR A,
AR R R R R X N A KR B HE

SR, B B 42 00 2 B B I B A 5 TR A
KA.

SPS 2RI K S F o A A BRI DG B, L
TG JT RN 5 R A 1R AE SC (S 4520006), 1M
SR B N SPSTE T A Ry B B B 2 AR DR (]
Rt1993). ABFFTLERFY, + 5FWEf SSiE 1t
B, SPSIE A, MCOIKFE IS T SPSTE LR
TR, VA COLM BE N5 AT {12 338 18 4 1) 45 1, CO,
RPEE NG (Rl 3 15y 1 SSYEPEGE 2 41.552015), Mifi
PR REHE 1) o0 AR, SR I ERE AL &R, PR
fyBiE S, (Rt AN K o 338 it 50 ] 2 i 2 0
FESSSTE M, AT 5 A SR ST R R AR (R T 4
2009). £ AR5E(2002)% N BT L5 R KB, 1
T 08 T 3 v i T SPS IR, AR HEE A A
FE) ) RERE AL, TR G A RN TR . AR
RIG R, COIE N 3 58 T 5L e R IR SSHI
SPSiFE 1, H.SSHISPSYE 14 fifi 2 & 1) 38 in i ¥ 3 3
I, X AR TR A T R LG AL,
32t TRE W G i, TR) R R 1 20 AR R A v, 3
R BERAL R, AR 2B 3, (g ARk

WEE R AEK RS . W N R A ) B
A0 B S AR B O AR P R 4 E AR (T KSR
2016). M A AT R R AR AR I — RS
WL, T E R & v SR A KA &
WA TEAS, T I R S H 2 DR A 85 IR 1 11 503
I R AR AR I (22 R AR ZE 48 462002), -5 i
T8 H 20 R R G RO 0, VE R A R
RUE T 518 TR R Rk s T B, (H AT PR
IKAL G ) SR BN, X AT AR e A VB I T
AE 71(Quick%1992), kL Ja BEE(2014)HF 57T K I,
COL MR S TE i i A J AR 40 7 P w3 e R 5
I, 7T BeE R R CO MK FE T =it e & [FAL RE 773 i,
S A RS RN, AR e REY,
TR, SN R RERE . Of R RE S R,
Wl R T Ea S8 FBER T, b
G eI B A s i sZ BH, R RE SR 2 32 B K
BT 5 P 0o A 3 s P A7 3 A R O A B e AN
BEIE 5 HEAT, AT 3 B0RT 7 1 4 R R 2R (S R 55
2001). AHFFLLERIEKH, COMKE MR
5 8 R BT Fy A R i, LA R
I hn, AT BRI T A s E S, DAYERRAE




7R85 COMRPE NG T K BURR 5 0] BT B A B L S B s A28 F 52 1723

e, 350 7 S TN T R b AR RE T, X5 R
FEAE(2008) AN KT (2003) OB FE 45 2R — 2. AR
2 W v R T R R E R B AE COL MR FE A% 2%
PRSI, BRGNP T COR B s x E
I R e B AR R IR AR FH (7 HI S 452016), 9%
SO H S IS K o it S R 0 T 9D (B s e S
2001), FHRASF LD T COLMREE N 44+ F 3R
Y b LA (G 7 7 452017), SRR AT
VER B B IIPRAK, 355 AT 7T 45 R — 2

RN 2 IR A (R4 75 2 AR 1 O B
1125, NO; B AEAR 2SS AENR BT A IR 8
Ji i A PR 8 5 OONH,, SR 5 fEGOGAT K GS
EWGHIAE T gl — 2P A B AS A . 1
NRE VI (K45 0 5 A b 72, FLaRgsrE —
EREE DR T EER . WIRER KEARS
BN AT P (F5 40 522007) . GSTE S 2 i)
FAKRE W BE R A R B R R g H
(1, GOGATHIGSH B[ 16 [ 8L A2 e S5 )
A EMH F B (RAE B 552012). [z
4= 75 (2005)HF 58 & B, COLIK T Al DL R 42
INFEZRRINRIEE, e N AR . B
PR MIZE A 75 (2004) i L I, /K3 FIR R 5 135
HUNEE FNRIEVEFEC, X5 AR RIS A 45 R —
o TR HN FNRIE M T B, 5 F T g
& T S e ) e G4 AR R, 5 S50
Ji% IR VLA — 4% F % (nicotinamide adenine dinucleo-
tide, NADH)/K-F-[#AIK, MAENO, )ik il 15 b 7
ENADHEE LT, HIAKF I B2 2 T EINRTE
PR T B X 5 5 R 545 (1996) 78 K H b i)l e 45
R—H. ERFQO08)HT T K I, mCOMKEL T i
R GSTEYE T B, X4 80 AL B TR
J1FBE . HERIIGSTEMERE T3 B KPR M
THE (EZRM TR 3C2007) . GDHAENH, 4 B %
BEIRE RAES AN RN, HFHASR. U
1% DL B R LR IS, , GDHR I 1 2> 39 1 (Oaks 2%
1980).

ARARE H COLIK B N fs 32 i 7 NRyEPE, (H2
GSHIGOGATH M H A [F) 22 14 I, GDH & A B
I, AESRFENH, Ffk R e kb 7e /B L, L3 e
AR, BT CANH, A e S i B4k o & A s, JF B
NH, A& B F IR RAFE T RN, TSR

FIHAA L, B UM R HE B Rk 4h . T
LR, NH, [ R & — A AL, 5t
TEREYIR N I EEEAEH, (22 75 25 AW F L
IR AME B P 2 (Vega-MasZ52015) . A ik 56
TECO MR ML 56, MBI s T S hiam
NRHMGOGATE M, ZZfif 71 5 Wi GSig P 1) %
X, BRILAECO, MR BEMNAS 26 1F T i U8 T 5 a4
[ 10 B8 77 1) B AR A 21 2% A B A%, 1 A 8 2 R il
B COL MR T i A Y. o 8 R ASUAE A
FARW A=Y, SRR R IEMRKR, 1M
HeER—MEENBE RO SRS
(01 1) MK A HTEE(2015) B FL R B, B A 7K 73 i
EREEMME, TEEEAR SRR LT, AT
VR T BR PR RVB IE 3540, 318 mT 4 i A 25 A4
%, DR M ae &, DLRIT TR hiE T EY
MAAE . ARG 25 RER W, T 2 a8
ARERANAEE AR, MismCOMKE I —
AR T R a & AR E A A R,
T AT AE — 8 R R E s 2 o 3 7 Sk 1) 67 T 5
Wi, e IR A FE T B .

Jitl 50T H R B SR 7 i TR R A R R e (Xl
HREE2016). AR I0 45 LR, £ K RCOKRE
AT R4 T, (REA M35 B oK, 4ksy
it = B TG 2 3 AR Ak, T AECOL IR BE I Al 52
FAFT, SRR A I, U N
DRl g e R P 1) SN T 52 28 Pk, — 75 T A A 4
i CO, i 3 AR, i T A ENTRE, 57
—J7 12 CO,ZE iR | 5 e 0t 38 N 475 5

ZE LFTIR, COREE MMM T 1 Rhia T i
JRIE B H SSHISPSTEME . FERE & &, HEEZE RN
M3 0, COLMR I fs I m A e i+ R hiE e &
PP A, B 9 BTN T 5 a AR e g5 1B
COREMAE AT, = E & 5 & T F a1
NRHIGOGATE M, L&k 71 5 Wil J5 GSTE T
FEAIK, FECOIKREEMAE 2641, m & T 59 E
)4k B8 ) B PEAIRAR B R B . DRI, #ECOLIK
FEmAE T, maEREE T T 2 a5 i
U, BEAE— & FE B G2 ff T 5 I 3 B (1) A A
EALINTITE S =0y RIS = ¥/ e S /S h 9 911N
CO,Jiti AE Fe 7K 437 SR A5 10 35 T /K 5B} 5 45 B4R 1t
HASIKIE B AR S 5.




1724 T A P22 IR

SE3HK

Bao SD (2000). Agricultural Chemistry Analysis of Soil. 3rd ed. Be-
ijing: China Agriculture Press, 263268 (in Chinese) [fifl - H.
(2000). 30 B, H3hR. AbHT: T E R H AR, 263-268]

Cao CL, Li SX (2004). Effect of water stress and nitrogrn on some
physiological characteristics at tilling stage of wheat. J Nucl Ag-
ric Sci, 18 (5): 402405, 401 (in Chinese with English abstract)
[E 3238, 254 75(2004). 7K o0 Wl R B30 o BEH /NS J e g
FRRFHE(FIRA0A. A% A 240, 18 (5): 402-405, 401]

Chai CL, Li SH, Xu YC (2001). Carbohydrate metabolism in peach
leaves during water stress and after stress relief. Plant Physiol
Commun, 37 (6): 495-498 (in Chinese with English abstract)
[SERR, 222, FRImAR(2001). 7K 3 e H 1) Ao i 3 fit Bk
SRR R BB KA S A R B, 37 (6):
495-498]

Chen Q, Zhang XS, Zhang HY (2004). Evaluation of current fertilizer
practice and soil fertility in vegetable production in Beijing re-
gion. Nutr Cycl Agroecosyst, 69 (1): 51-58

Cui QQ, Dong YH, Li M, Zhang WD, Liu BB, Ai XZ, Bi HG, Li QM
(2017). Effect of water-nitrogen coupling on photosynthesis and
ultrastructure of cucumber leaves under CO, enrichment. Chin J
Appl Ecol, 28 (4): 1237-1245 (in Chinese with English abstract)
VEFTH, TELL, B2, 5KOUR, MW, WA, Bk, 2
WJ(2017). COMNE T /KBRS & o 8 I o6 &1 P R s
FIfREA . N AR S 4R, 28 (4): 1237-1245]

Deng YL, Kong GH, Wu JH, Lu XP, Cui GM (2001). Effect of nitro-
gen nutrition on starch accumulation and activity of SPS and dia-
stase in tobacco leaves. Tob Sci Technol, (11): 34-37 (in Chinese
with English abstract) [X8= 2, fLy6HE, BRI, /55750, 4 H
BH(2001). EE FRATE M F IS BLR S SPS by B 11

QRN HRERLEL, (11): 34-37]

Dong YH, Liu BB, Zhang X, Liu XN, Ai XZ, Li QM (2015). Re-
sponses of non-structural carbohydrate metabolism of cucumber
seedlings to drought stress and doubled CO, concentration. Chin
J Appl Ecol, 26 (1): 53-60 (in Chinese with English abstract) [#
AL, KM, SRIl, X2, A, 2 0(2015). 3RA
JELE R PERR R AL S P A X T 5 B 8 55 COL 5 1 R i 7. 32
PRS2, 26 (1): 53-60]

Du QR, Lei JP, Liu JF, Wang PC, Xiao WF, Fan L (2014). Eco-phys-
iological response of Quercus variabilis seedlings to increased
atmospheric CO, and N supply. Chin J Appl Ecol, 25 (1): 24-30
(in Chinese with English abstract) [#1J5 88, & i, X8, £
WERE, B 30K, W4(2014). COLMKPEHE At 52000 e B AR A 1
AR AR SHFAE R RA AL B AR AR 25 3R, 25 (1): 24-30]

Feng SH, Chen YJ, Zhou Y (2011). Correlation analysis between
dynamic change of osmoregulation substance and moisture in
leaves of clovers under drought stress. Chin J Grasslland, 33 (6):
69—74 (in Chinese with English abstract) [5#4E, 4HERE, &R
(2011). FF- i N =0FEBE Y BT BA K 50 R Ky
FIAH . b B 224, 33 (6): 69-74]

Ferrario-Méry S, Valadier M, Foyer CH (1998). Overexpression of
nitrate reductase in tobacco delays drought-induced decreases
in nitrate reductase activity and mRNA. Plant Physiol, 117:

293-302

Frank JT, Alph D, Abha U (1996). Purification of mitochondrial gluta-
mate dehydrogenase from dark-grown soybean seedlings. Plant
Physiol, 112: 1357-1364

Gao JF (2006). Plant Physiology Experiment Instruction. Beijing:
Higher Education Press, 144148 (in Chinese) [ 12 (2006).
TR A S ALt S OE HARAL, 144-148]

Gao KM, Liu JC, Liang QH, Temme AA, Cornelissen JHC (2015).
Growth responses to the interaction of elevated CO, and drought
stress in six annual species. Acta Ecol Sin, 35 (18): 6110-6119
(in Chinese with English abstract) [Fg/l 8L, X484, 2T 5,
Andries A. Temme, Johannes H. C. Cornelissen (2015). 67 &iA
AT T 54 A8 AN C O, BE T e 22 FLAE F B A . AR 2
£, 35 (18): 6110-6119]

Gong JH, Xiang J (2001). Studies on a quick intact measurement to
cucumber colony’s leaf area. China Veg, (4): 7-9 (in Chinese
with English abstract) [32£24E, [ 42(2001). # /AL A AR
TR PRI J7 0 7T o R E, (4): 7-9]

He YF, Li X, Xie YF (2016). Research progress in sugar signal and its
regulation of stress in plants. Plant Physiol J, 52 (3): 241-249 (in
Chinese with English abstract) [ &, 255, #f #14(2016). 14
VR4S 5 B FCRT a0 S5 4% R T . R A B A, 52
(3): 241-249]

Jiang D, Yu ZW, Li YG (2002). Effects of different nitrogen appli-
cation levels on changes of sucrose content in leaf, culm, grain
and photosynthate distribution and grain starch accumulation of
winter wheat. Sci Agric Sin, 35 (2): 157-162 (in Chinese with
English abstract) [22 %%, TR, 22K BE(2002). Jiti Z/KF4F &
FENZE TN B R ARG ) 4 T SR RLVE R R R 5. o
EAERL2E, 35 (2): 157-162]

Li QM, Liu BB, Zou ZR (2011). Effects of doubled CO, concentration
on photosynthetic characteristics of cucumber seedlings under
drought stresses. Sci Agric Sin, 44 (5): 963-971 (in Chinese with
English abstract) [Z= 8, XIMAM, 48EZ(2011). COMKERY
BT 5 R B R O SR RS o B RO R, 44
(5): 963-971]

Li TH, Li SH (2002). Effects of water deficiency stresses on compo-
nents and contents of the non-structured carbohydrates in the tis-
sue-cultured apple seedlings. Chin Agric Sci Bull, 18 (4): 35-39
(in Chinese with English abstract) [25 K 4L, 2244 1£(2002). /K45
Jop %o 3 L AR S R PR OK AL S A oy S B R s .
REEIEHL, 18 (4): 35-39]

Liu XN, Liu BB, Cui QQ, Zhang WD, Li M, Ai XZ, Bi HG, Li QM
(2016). Effects of alternative drip irrigation and nitrogen fertil-
ization on growth, photosynthesis, yield, and water-nitrogen use
efficiency of cucumbers in solar greenhouse. Plant Physiol J, 52
(6): 905-916 (in Chinese with English abstract) [ %1224, XM,
BHER, IR, B2, UAE, B, 2E912016). 228
WENE N FDOGIR = BUTVER . Jaareth 78 oK &R 2
RIS, YA 2R, 52 (6): 905-916]

Men ZH, Li SX (2005). Effect of CO, concentration on nitrogen
metabolism of winter wheat. Sci Agric Sin, 38 (2): 320-326 (in
Chinese with English abstract) [ ]/ 4, 224 55(2005). CO,iK
FE XS INZE AR 2. e O B2, 38 (2): 320-326]




7R85 COMRPE NG T K BURR 5 0] BT B A B L S B s A28 F 52 1725

Ning Y, Deng HH, Li QM, Mi QH, Han B, Ai XZ (2015). Effects of
red and blue light quality on the metabolites and key enzyme
activities of carbon-nitrogen metabolism in celery. Plant Physiol
J, 51 (1): 112-118 (in Chinese with English abstract) [7*5%, X5
AL L OKREE, whiE, A (2015). LS BN
St BACE S OGBS PR RS R AR B AR, 51 (1):
112-118]

Oaks A, Stulen I, Jones K, Winspear MJ, Misra S, Boesel IL (1980).
Enzymes of nitrogen assimilation in maize roots. Planta, 148:
477-484

O’Leary GJ, Christy B, Nuttall J, Huth N, Cammarano D, Stockle C,
Basso B, Shcherbak 1, Fitzgerald G, Luo Q, et al (2014). Re-
sponse of wheat growth, grain yield and water use to elevated
CO, under a Free-Air CO, Enrichment (FACE) experiment and
modelling in a semi-arid environment. Global Change Biol, 21
(7): 2670-2686

Paul MJ, Foyer CH (2001). Sink regulation of photosynthesis. J Exp
Bot, 52 (360): 1383-1400

Quick WP, Chaves MM, Wendle R, David M, Rodrigues ML, Passa-
harinho JA, Pereira JS, Adcock MD, Leegood RC, Stitt M (1992).
The effect of water stress on photosynthetic carbon metabolism
in four species grown under field conditions. Plant Cell Environ,
15:25-35

Ren SJ, Cao MK, Tao B (2006). The effects of nitrogen limitation on
terrestrial ecosystem carbon cycle: a review. Prog Geogr, 25 (4):
58-67 (in Chinese with English abstract) [{F-F A, # B4, Wik
(2006). Fifidth 2= 34 22 e SR A X B 24 B BRI A FH F e 3t e
HEERL AR, 25 (4): 58-67]

Shen LX, Wang P (2009). Determination of C-N metabolism indi-
ces in ear-leaf of maize (Zea mays L.). Chin Agric Sci Bull, 25
(24): 155-157 (in Chinese with English abstract) [FHN 5, F 1B
(2009). T KAEAL I AR (K S B R BRI . o [ AR 2d i,
25 (24): 155-157]

Sicher R (2013). Combined effects of CO, enrichment and elevated
growth temperatures on metabolites in soybean leaflets: evidence
for dynamic changes of TCA cycle intermediates. Planta, 238:
369-380

Stitt M, Krapp A (1999). The interaction between elevated carbon
dioxide and nitrogen nutrition: the physiological and molecular
background. Plant Cell Environ, 22: 583-621

Teng XY, Li CF, Gu W, Zhang YF, Wang NB, Liu Y, Zhang XX (2012).
Correlation analysis of glutamate synthase, activity with root
yield and rate of sugar content in sugar beet. Soil Fert Sci China,
(3): 65-69 (in Chinese with English abstract) [JEEff 55, Z=% X,
A4, SR, ERIE, X, TRBEE2012). HE A E R A
BEVEPE S PO 5, SRR ARG AT, o A S AR R,
(3): 65-69]

Vega-Mas I, Marino D, Sanchez-Zabala J, Gonzalez-Murua C,
Estavillo JM, Gonzalez-Moro MB (2015). CO, enrichment
modulates ammonium nutrition in tomato adjusting carbon and
nitrogen metabolism to stomatal conductance. Plant Sci, 241:
32-44

Vitousek PM, Howarth RW (1991). Nitrogen limitation on land and in
the sea: how can it occur? Biogeochemistry, 13 (2): 87-115

Wang D, Yu ZW (2007). Effect of nitrogen application levels on nitro-
gen assimilation and grain protein components accumulation in
strong gluten wheat. J Soil Water Conserv, 21 (5): 147-150 (in
Chinese with English abstract) [ £ 4, T-E(2007). jiti %K F
XoF 58 /N 2 SR TR SRR B A R 20 R AR K R
22k, 21 (5): 147-150]

Wang L, Zhu JG, Zhu CW (2008). Relationship between decrease in
nitrogen content and activities of key enzymes related to nitro-
gen metabolism in rice leaves under elevated CO, concentration.
Chin J Rice Sci, 22 (5): 499-506 (in Chinese with English ab-
stract) [ 5%, R, RAEAE(2008). Hil BECO M KR
SRR I S BAR OB S TR G R o KRR, 22
(5): 499-506]

Wang XC, Xiong SP, Ma XM, Zhang JJ, Wang ZQ (2005). Effects of
different nitrogen forms on key enzyme activity involved in ni-
trogen metabolism and grain protein content in speciality wheat
cultivars. Acta Ecol Sin, 25 (4): 802-807 (in Chinese with En-
glish abstract) [ /N, REISGE, T, TRIH4H, £HE58(2005).
AN FEA RN & AN A 5 BAR DB RS T SRR 2
TS B . AR AR, 25 (4): 802-807]

Wang XK (2006). Principle and Techniques of Plant Physiology and
Biochemical Experiments. 3rd ed. Beijing: Higher Education
Press, 190-199 (in Chinese) [ 4%2£(2006). fe# 4 31 A 145256
SRR, B30 b5t mSE A AL, 190-199]

WuY, Li QM, Zou ZR, Deng YL (2008). Effects of doubled CO, con-
centration and water stresses on invertase activities and carbohy-
drate metabolism in leaves of cucumber seedlings. J Northwest
Sci-Tech Univ Agric For (Nat Sci Ed), 36 (10): 121-126 (in
Chinese with English abstract) [52 ¥, Z57E B, 48& 58, Mk
(2008). CO Y 3 % 1 Rl 54 P X 0T B I 4 v vty 3 A Bl
PEBREACHE B RE IR . PH AL AR AR 2 2 (H O8R4 R, 36
(10): 121-126]

Xi YQ, Zhang JW, Niu JY (1996). Effects of sulphate, 6-benzylami-
nopurine, moisture and temperature on NRA in spring wheat.
J Gansu Agric Univ, 31 (3): 42-46 (in Chinese with English
abstract) [¥EEE, 5k G0, 2F48 (1996). Fii. 6-BA. sK4r A0
T BE X /NS R R A J B PR s AR Al R 22541, 31
(3): 42-46]

Xiong BL, Wang SW, Wang XY, Chen DQ, Yin YN, Deng XP (2016).
Effects of nitrogenous fertilizer on leaf senescence of maize and
the associate with carbon / nitrogen balance under drought stress.
J Maize Sci, 24 (3): 138-146 (in Chinese with English abstract)
[REJRR, AR, EA8H, WRiE s, BRI, X ri-1-(2016). T
JH3E T SRS TR I R A S SR AT AT R R oK
L2, 24 (3): 138-146]

Xu SP, Wang F, Ye QS (2016). Interactive effects of elevated CO,
and two nitrogen levels supply on photosynthetic physiology
and plant growth in Gerbera jamesonii. Pant Physiol J, 52 (4):
533-542 (in Chinese with English abstract) [¥FH1°F, £ 75, M-k
A:(2016). COMNE 5 P FHENIKCT 3T R 406 & A 3 J A K
KB RS, M)A LA, 52 (4): 533-542]

Xue YL (1985). The Handbook of Plant Physiology Experiment.
Shanghai: Shanghai Scientific and Technical Publishers, 135~
138 (in Chinese) [£E M 1(1985). Al 44 H 225206 0. 13




1726 T A P22 IR

RO AL, 135-138]

Yang LX, Wang YX, Zhu JG, Hasegawa T, Wang YL (2010). What
have we learned from 10 years of free-air CO, enrichment
(FACE) experiments on rice? Growth and development. Acta
Ecol Sin, 30 (6): 1573-1585 (in Chinese with English abstract)
[Fi&EHr, £, &2, Toshihiro Hasegawa, £ 4 /(2010).
TFTE R b COL MK 3 i (FACE) % KR AL K AR B B3
M. A= 249R, 30 (6): 1573-1585]

Yuan Y, Wu FZ, Zhou XG (2009). Interactive effects of light intensity
and nitrogen supply on sugar accumulation and activities of en-
zymes related to sucrose metabolism in tomato fruits. Sci Agric
Sin, 42 (4): 1331-1338 (in Chinese with English abstract) [ 5%},
RRAZ, JHFNI2009). SR EAE R 7 il R SpE R 2R SRR
AR BT VE AR, R EAOERL2E, 42 (4): 1331-1338]

Yue HB (2007). Effects of various nitrogen levels on key enzymes ac-
tiveness of flue-cured tobacco leaves in carbon and nitrogen me-
tabolism. Chin Tob Sci, 28 (1): 18-20 (in Chinese with English
abstract) [54L5£(2007). AN [A) 28032 7K T 0 A0 B a0 R g D
R E A SAN. o B R, 28 (1): 18-20]

Zhang F, Chen D, Zhang SL (2003). Physiological effects of elevated
CO, on loquat trees (Eriobotrya japonica Lindl.) under water
stress. Acta Hortic Sin, 30 (6): 647-652 (in Chinese with English
abstract) [5KJ8, BRFE, k4 R(2003). &k BECONF AR K 43 %
R RO A B AR [ 25224, 30 (6): 647-652]

Zhang JX, Ge SF, Wu YH, Yang YF, Xu GD, Liu P (2015). Effects of
drought stress on carbon and nitrogen metabolism of Ardisia ja-
ponica leaves. J Soil Water Conserv, 29 (2): 278-282 (in Chinese

with English abstract) [3REHT, &7, REWH, MxiE, 1R
Wk, XUMEQ2015). T 5Pt xd 58 6 2 i Py B AR RO B2 . 7K
FARFR AR, 29 (2): 278-282]

Zhao ZZ, Zhang SL, Xu CJ, Chen KS, Liu ST (2001). Roles of su-
crose-metabolizing enzymes in accumulation of sugars in satsu-
ma mandarin fruit. Acta Hortic Sin, 28 (2): 112—118 (in Chinese
with English abstract) [BA% , 5k EFE, 4R B2, PRER, X
HE(2001). JREHHE A U 5% Bl IR 28 M SR SIB R S8 HR A1
22441, 28 (2): 112-118]

Zhou P, Ye BY, Chen YQ, Chen RK (2006). The recent advances on
sucrose phosphate synthase. Lett Biotechnol, 17 (6): 1001-1003
(in Chinese with English abstract) [J&F, MoK, Fk o, B
FL(2006). JEEHE L G BRI T RRTE e . AR BORIE I, 17
(6): 1001-1003]

Zhou ZX, Wang YH, Zhang CF, Yuan YZ, Ma JK (2004). Two iso-
zymes of glutamine synthetase observed in spinach leaves. J Wu-
han Bot Res, 22 (6): 572-574 (in Chinese with English abstract)
[EEH, Exfe, KER, =K, HIN2004). 335 d
AETE WAl S e & B A) . sRBURE 50 7L, 22 (6):
572-574]

Ziska L (2013). Observed changes in soyabean growth and seed yield
from Abutilon theophrasti competition as a function of carbon
dioxide concentration. Weed Res, 53 (2): 140-145

Zuo TJ (1993). Production, Physiology, and Biochemistry of Tobacco
Plant. Shanghai: Shanghai Far East Publishers, 367-374 (in Chi-
nese) [/2 RHE(1993). JHEL A= AEFANEYIH . Bifg: I
I AR AR, 367-374]




7R85 COMRPE NG T K BURR 5 0] BT B A B L S B s A28 F 52 1727

Effects of water-nitrogen coupling on the metabolites and key enzyme activi-
ties of carbon and nitrogen metabolism in cucumber leaves under doubled CO,

concentration

LI Man', DONG Yan-Hong', CUI Qing-Qing', ZHANG Wen-Dong', Al Xi-Zhen"’, LIU Bin-Bin>", LI Qing-Ming"**"
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Abstract: Using three-factor split-plot design, effects of water-nitrogen coupling on the metabolites and key
enzyme activities of carbon and nitrogen metabolism in cucumber (Cucumis sativus) cv. ‘Jinyou No. 35’ under
doubled CO, concentration were investigated. The main plot factor was CO, concentrations: ambient CO, con-
centration (400 pmol-mol™) and doubled CO, concentration [(800+20) pmol-mol"]. The split plot factor was
water treatments: no drought stress (95% of field capacity) and drought stress (75% of field capacity). The split-
split plot factor was nitrogen application rate: low nitrogen (450 kg-hm™) and high nitrogen (900 kg-hm™). The
results showed that: (1) Under the condition of drought stress and high nitrogen, doubled CO, concentration en-
hanced the plant height of cucumber, and no matter what kind of water condition, doubled CO, concentration
significantly increased the leaf area under high nitrogen. (2) Doubled CO, concentration remarkably increased
sucrose, starch and reducing sugar contents, as well as sucrose synthetase (SS) activity. Under doubled CO,
concentration, high nitrogen remarkably increased the activities of SS and sucrose phosphate synthase (SPS),
which led to accumulation of sucrose and decomposition of starch. Drought stress significantly improved SS
activity, but decreased SPS activity, while doubled CO, concentration significantly improved the activities of SS
and SPS, and contents of sucrose and reducing sugar under drought stress. High nitrogen enhanced SS and SPS
activities, and sucrose content. (3) Doubled CO, concentration significantly improved the activity of nitrate re-
ductase (NR), but not activities of glutamine synthetase (GS) and glutamate synthase (GOGAT). Under doubled
CO, concentration, high nitrogen remarkably improved NR and GOGAT activities, and alleviated the decline of
GS activity. (4) The yield of cucumber under doubled CO, concentration, no drought stress, and high nitrogen
was highest, followed by under doubled CO, concentration, drought stress, and high nitrogen. Under the condi-
tion of ambient CO, concentration and drought stress, the yield of cucumber showed no significant difference
between low and high nitrogen conditions, however, high nitrogen significantly improved the yield of cucumber
under doubled CO, concentration and drought stress. In conclusion, under the condition of doubled CO, con-
centration and drought stress, high nitrogen improved photosynthate conversion in cucumber leaves, alleviated
the decline of the nitrogen assimilation capacity, improved the carbon and nitrogen metabolism of cucumber
leaves, and mitigated the negative effects of drought stress to some extent, therefore promoted the growth and
yield of cucumber. The results of the study may provide theoretical basis and technical parameters for CO, fer-
tilization and water-nitrogen management of cucumber under water deficit.

Key words: cucumber; doubled CO, concentration; water-nitrogen coupling; carbon and nitrogen metabolism
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