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B OE: Do PR 1957 MR WFC TR A TG AR AR R KBRS TUR A I AR G
YIS . B 3 PP ARRE KB K. 87 L (W1). 125 L (W2), 162 L (W3), 3 Fhikkjti il &K
P 649 (F1). 929 (F2). 1199 (F3). RIZREN, EKFEAGIR M A THRICIHEEE (NR). %
SR U (GS). AR A M (GOGAT). WAMMA (GDH) 1% M KAl E A vl W M B 1 R 7
HIIEFZW R, 5 FLEICAKSET, WL UM EASE bR & T W2 1 W3 71 F2 fl F3 JEL/KF T,
W2 KRBl FERE AL PN NR. GS. GOGAT. GDH i K il A 5URN Al ¥ P 2 A & &1 1E
FEM IR BB R ZE /K, FEARRIFEKEACE T, F3>F2 > Fl. #E/KEMIEE 2 KR BE EFHNEAE
BN o MARSC O T B AR SRS Mk S DG T i 5 3 I o S R b i dh L Ui B s IR . v
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Effects of Water and Fertilizer Coupling on Nitrogen Metabolism of
Cucumber Under Soilless Culture in Greenhouse
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Abstract: Cucumber ‘Zhongnongl9’ was used to investigate the effects of water and fertilizer
coupling on several nitrogen metabolism enzymatic activities and related substance contents under soilless
culture in greenhouse. Three single plant irrigation levels: 87 L (W1), 125L (W2), 162 L (W3), and
three fertilization levels: 64 L (F1), 92 L (F2), 119 L (F3) . The results showed that nitrate reductase

(NR), glutamine synthetase (GS), glutamate synthase (GOGAT), glutamate dehydrogenase (GDH),
nitrate nitrogen and soluble proteins content were remarkably influenced by different irrigation levels.
Under the F1 level, several metabolism indexes of the W1 level were higher than other levels. Under the
F2 level and F3 level, the W2 level was the best. Activities of NR, GS, GOGAT, GDH, nitrate nitrogen
and soluble protein contents were remarkably affected by the fertilization levels, the order was F3 level,
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followed by F2 level and F1 level under the same irrigation levels. There was an obvious interaction
between irrigation treatment and fertilization treatment. Correlation analysis showed that nitrogen
metabolism enzymatic activities and related substance contents were positively correlated with yield,
nitrate contents of fruit, free amino acid of fruit, soluble protein of fruit, soluble sugar of fruit.

Key words: cucumber; water and fertilizer coupling; greenhouse; soilless culture; nitrogen
metabolism

KHEFRE S (Water and fertilizer coupling) 2 FH T 47738 27 vh IR RE 5 R4 HE 19 F 1) K A B8
M, RERIASRGH, LV WG E SKIEWAMAREILER, AHE W, SRR
B AR )45 5 o KRS A N v] 7= A 3 AN A ) &5 5%, BIPIR A1 o Bz By RIS Puas sy (4
1YL 5F, 2006). Y52 w7 A BEYE I 9 A B S B RE AR EAVED . AN R b X 3 )
KBS FEA = SRR AR 2. K745 (2007) WKy, fE—mvullz W, BE KRR8I,
=BTV E T A S bn B A RIFE G . ARARAISE (2009) WFFERE, ZUE. B A PR
P AR M P B B, E— e U B RE P s I i, (EE A R S B A . R
/NHESE (2008) WIFFTFRI, 8t U T i SRR K R, (R 2 & BRK R 8% . 1E# 1)
WFFTEE RN, AR A5 K A B ) SR TR AR 7 R TR AR R i, ok v sl I (R /K B i 4 3 L
R, TR i I B v TR AR K B S IR, T SRR bR ED A LRk, R A
AL BR IR BT b TR e

RANRG S ESEAR M AR L 2 —, SACE S YR g — S 7 5Oy M) 2E v it 2 1) i
AL CUFRAEFUJE T Ik 2004) o RIS (NRO 45 24 I i 5 i (GS)« 73 2R & s (GOGAT)
BRBMEAN (GDH) & S M 2 A I OGRS . Al R I REM J7iE, 90 = 0 1ok
B AE T AR NEAR A5 56 S IV EAR I 52 mi, LU ki % 0 A 5 38 I /K IR BRI g = A BB AR R
SRR R ER AR .

1 MEETHA

1.1 RIEH R

PR R A i 19 57

BBV, BT OO AR BRI . MR T A 20 cm, 5 20 em ()
R, BRICPREE 40 cm, 4THH 50 cm.

T T I 152 5 A S LA P A 1 %, R HKIR . KA SCR RS . G /KAm. i /K
FHEARY. BE. WS FIH SC Bl AEA% AU Wt BT AR 10 U, K IEDRH B ) T 7K BAZK
TR AT, RERE KA A 2L h™s
1.2 AWt

R H LR R Rm ARG R . i c iR 7, B8 & am—
W98k 30 mg - L. W2 2.86 mg - L. BiMR4E 2.13 mg - L™ BRAREE 0.22 mg - L™ BRMR4T 0.08 mg - L.
WA 0.02mg - L, AERIGIBAKTEM BN, & AbBE ) G2 5. KEICRUIRRIRA . iR A
PR OAHBRESFIBRIRDE, ¥ 3 PR BRIE /K BOKF: IKHE 87 L (WD), HUKH 125 L (W2). fmEiKE:
162 L (W3), 3 Fhkkiti K F: MK 649 (FL. HiE92g (F2). WAL 1199 (F3), 3Lt 94
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AREE . o F2 R W2 KPR TR e SR TR FR A e A (AR R K =K, FL
MIF3 Ky F2 [0 R A % 5h 30%; W1 F1 W3 2 W2 i) R A1) 7% 5h 300 (B4t & L& 1 f1%
20 AT FH S LIS 5 B N ) TR R A O I AR B R K Tt N KR BT

PRYGT 2008—2009 AL P S ot WP A s 1T el 25306 o0 (1) H 6l 3 TP b AT o S AR BEHES A AR
FIPE 4 FIW1, FIW2, FIW3, F2W1, F2W2, F2W3, F3W1, F3W2, F3W3, fAMab#ik 3 ik
52, BRI 36 Mko TEREAS/DX AR YEIE . R WIS R, 25 0 W/ X (R IR B A T
WS, MO 2B /INX R . REAR TR 30 d A (3 H 21 HD, 4 H 30 HT A%l (40 d),
5—6 A A& Ry (61d), 7—8 HM A& R (62d), 9—10 A A& H KM (61d).
15 d HUFE 1k, 6 45 0 4 I SIRE S IR E . RERIORER TR) 3524 B7F 10 I, ApANE S B L
I 10 ARAEAREE ARG, A L R EGE 5 K ThREM A AEAR .

1 FREFARKLEGITR

Table 1 Design of irrigation treatment at different stage J(L-d plant ™)
JsE 4 ) e R g gL 45 AR
Treatment Seedling stage Fruiting early stage Fruiting middle stage Fruiting later stage
k7K Low irrigation level (W1) 0.21 0.35 0.60 0.42
7K Middle irrigation level (W2) 0.29 0.48 0.81 0.57
7K High irrigation level (W3) 0.36 0.60 1.02 0.72

* 2 TELEHEBELERITR

Table 2  Design of fertilization treatment at different stages I(g-d* plant ™)
pGsL 4 i) 4 R I g SRR
Treatment Seedling stage Fruiting early stage  Fruiting middle stage  Fruiting later stage
freit KNO; 0.005 0.048 0.100 0.067
L(o";"lf)e”"iza“o” level KH,PO, 0.012 0.018 0.038 0.026

Ca(NO3),-4H,0 0.048 0.104 0.218 0.147

MgSO4-7H,0 0.029 0.062 0.130 0.088

HE KNO; 0.006 0.065 0.135 0.091
I\/I(iggl)e fertilization level KH,PO, 0.016 0.025 0.052 0.035
Ca(NO3)-4H,0 0.065 0.141 0.296 0.199

MgSO,-7H,0 0.039 0.084 0.176 0.119

it KNO; 0.008 0.082 0171 0.115
High fertilization level KH,PO, 0.021 0.031 0.065 0.044
(F3) Ca(NOs3)2-4H,0 0.082 0.178 0.374 0.252
MgSO,-7H,0 0.049 0.106 0.223 0.150

e AEWIN:POs: KoO=1:1:1; ZHWIN:P,0s: K,O=2:1:3,
Note: Seedling stage N : P,Os : K;,O=1:1:1; Fruiting stage N : P,Os: K,0=2:1:3.
1.3 MEmHE
M ERERRIE 5 (NR) VEIE G 25, 2007), DSl (GS) iEME (FLFEER S
P, 2008), BRAME M (GOGAT) iHMMAE AN (GDH) Wt (Mol 4%, 1986;
Chuan & Ching, 1996); MIEMAR SR OGN 55, 2004) FIFWEMEE A S E (FLAEAERNZ L
&, 2008).
KF SPSS13.0 Zitt#kf:(¥) LSD #1 Duncan’s EAHR ISR HEAT /0 M kb BE, Excel R 1HER, K
RHEIEE Hy 3 IER AP H1MH .
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2.1 JKBBFEE X E N A B IHTESTE 1% K 48 X BRI 20

MIAKHE R I AE BAE R BR4&) B ) NR SEPE AL, E /K &5 il B 5 %52 & 0130 o NR
GS. GOGAT & GDH JLFh M P 3 47 10 b 25 Bl (b 25 (A AR (3R 3D BAE AR B WAk, 3
JRAS R AR BRI A 1) NR S5 PR3 R BN B A K #5, GS. GOGAT & GDH ¥i& AR Ak 1 R 30k 4
38 v 5 B AR AR A, 25 P 9 4% A B ) 2 S 2 (I 1o /K ) 3 T LR RV Qi s 1E S i S 2 (R
. M LA, LEADTE M A NR AR ILN W2 Fl W3 B2 =T W1, W2 fl W3 2 a2 R 8
5 GSIHMERILN FLAIF3 A F WL M W2 B3 mF W3, F27K°FF W2 > W3 > W1; GOGAT
TETERILN FL KE T WL M W2 B3 m T W3, F2 KFEF 3 R /KEAR Y A2 S A R, F3K
R W3 > W2 > W1, GDH iiPERIILN F1 AT F2 KFF 3 Pl K B AL 2 [0 25 AN 2, F3 /K
N W3>W2>W1, 745 BRI KEX NR. GS. GOGAT ;¢ GDH i tE¥ £ B4 F1 /KF K Wil >
W2 >W3, F2 fl F3 /K7 F W2>W3>W1,

70 35 TN A 55 Wi 5 i A i) NR. GS. GOGAT J¢ GDH I I IE sy B2 (% 3),
FHFE K R AT RIRBN F3 > F2 > F1 (& 1) XU W LR EA S B 4 1 3906 /K 0 1 i sk R
A, 7R85 5 FL A N RRARIIE K 28] T 2R S ey, F2 F F3 7KF F W2 Ab 3G F) T i
TR AR R, ke e A R ) T . AEAGRIG B 3 AN IR R, B i E
BN A B PR R 2 3 . F3W2 Dby 4 HRE A A U IR P et o PR A B

® 3 ABEARGTEEEMHENRRHEEERALIREENNERAESH (F

Table 3 Double-way analysis of nitrogen metabolism enzymatic activities and related substance contents of leaves at different
growth stages under water-fertilizer coupling (F-value)

=71 Growth stage

Ak P Eizpay
Treatment Index 4 R LY gL 25 RLAR I
Seedling stage Fruiting early stage Fruiting middle stage  Fruiting later stage

w NR 17.977 491" 2.05 3.13
GS 557" 13.08" 12.50" 0.68
GOGAT 7137 6.14" 18.65™ 86.16"
GDH 12.73" 7.05™ 418" 11.70”
Titi A% Nitrate nitrogen 46.14" 29.04™ 12.12™ 14.99™
A%k 1 Soluble protein 10.707 44,09 27.107 752"

F NR 142.13" 172.33" 182.78™ 202.64™
GS 45.11" 209.87" 55.63" 205.28"
GOGAT 112,097 73.49™ 248.85" 457.27"
GDH 54.46" 75.64" 25.92" 78.46™
Titi 4% Nitrate nitrogen 205.09™ 258.08™ 34.62" 112.55™
Al ¥k 1 Soluble protein 67.447 137.107 178.45" 95.47"

WX F NR 0.13 17.86" 1552 9.77"
GS 3.50" 12.46" 4.80™ 8.29™
GOGAT 21.72" 580" 14.06™ 75.82"
GDH 1119 5.64™ 3.307 4.42"
TS A% Nitrate nitrogen 5.98™ 11.56™ 417" 2.89
A%k 1 Soluble protein 379" 8.11" 6.65 2.61

T * R %% S RIORTE 0.05 F 0.01 KT RIS B,
Note: * and ** indicate significant difference at 0.05 and 0.01 levels respectively.
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Fig. 1 Effects of different treatments on nitrogen metabolism enzymatic activities and related substance
contents of leaves at different growth stages

Different letters indicate significant difference at 0.05 level.
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MK BRI A AR IR REZK & S5 A 50 4y v 01, & SRAT 10 25 e rh 1 i st Tty v i 28
SEURH ATV I B B0 i B A Wl 2 R R 3 A FAE T (36 3D BN iy Pl AR R0 5 7 40y i 40
BUR, SRR TR A A AR A AR, A RIS R e, 5 R B
B AR AL B ] 2 e 2 (1B 1) WEZKER NS B 1 B A U ATV I 2 0 8 1 S ek 2

(3D, {E4hig IR WL HT W2 225 T W3 Xl MR 1 B SE R B FL AT F2 7K
3 B K AR 1) 2 AN B2, F3KCF T W2 >W1 > W3, 7545 /K S i 2 U s v 2
Tt BRI R FL /KPR WL e, F2 FLF3 K N W2 im (B 1), e RAEAN 4 5 1Y)
Tt A e i PR A R ATV R A R R AT S PRI IR R (3R 3), HAEAR A K S KF R
WRIA F3>F2> FL (B 1. IXBLIAELD ] W3 ANH T R i 25 50N vk 2 T B 3 s
FESE R FL KT R R A RE A S A TR 2 SR AT I 2 B35 B B v, F2 7R3 /K T W2 Ak
ART I ARG HTBE 3 AN A rh, B Tt S R 88 I i a8 M ] s P 1 o i
e F3W2 IR 45 I A 25 S0 R B T AR R AR

22 KEBEXHTEREARFSEMRREKR

& 4b B AR 2 S i, F3W2 > F3W3 > F3W1 > F2W2 > F2W3 > F2W1 > FIW1 > F1W2 >
FIW3, [FEARERARI 5 RAHIT, F3W2 AL /= e f m AL B . & m Sebn g W 2252, BAR
F3 KT s TR S b il B = R . vl ME R A i PR & g, (ENIR S S m i s (3R 4).
THIR R — P NS H ) 0, ARG R fr 41 28 (FAO) Fit 5t DA A 2R kst (WHO),
T P B PR R B A T 432 mg - kgt oM AR AR, F3 KR IR TUR SER IR £ B F R I B
Afrbrdt, RS WA R R MIRR. 76 FL R F2 KPR, F2W2 975w A2, [H
I H LR S TR bR DAL o W FRW2 3 T B o S A R b 3

F 4 KEBAWMEMN~EMRRNTM

Table 4 Effects of water-fertilizer coupling on yield and qualities of cucumber

AbFE Treatment fah5 Index
U e a1} TR/ e LR/ AR A AT Y423 Cf
i AR (kg-plant™) (mg-kg*FW) (mg-kg'FW) (g-kg'FW) (g-kg™ FW) (mg-kg*FW)
Fertilization  Irrigation . . . . . Lo
Yield Nitrate content Free amino acids  Soluble protein Soluble sugar Vitamin C
F1 w1 2.01b 292.66 a 188.0 b 1.79a 18.16 abc 166.8 bc
W2 1.99b 325.78a 143.2a 2.05 abc 17.04 ab 134.8 ab
W3 1.77a 313.08a 152.7 a 1.90 ab 16.73 a 152.4 abc
F2 w1 240c 395.64 ¢ 221.1c 182a 19.32 be 1275a
W2 2.56d 360.50 b 250.1 cde 2.10 bed 18.94 abc 165.1 abc
W3 2.44 cd 342.25 be 2417 cd 2.15 cde 17.20 ab 1747 ¢
F3 w1 2.69¢e 492.79 ¢ 290.3 e 244 f 22.32d 129.0a
w2 2.99f 483.77 ¢ 28.62e 2.36 ef 22.44d 162.3 abc
W3 290 f 453.87d 266.0 de 2.32 def 20.40 cd 159.7 abc

H: RFEFEERR 0.05 K FFEREE.
Note: Different letters indicate significant difference at 0.05 level.

HACH A BB R 2 —, B E R B O DI G . AR IERE & 401 R 3N
HOLRRRA QS BEAIAR S S0 P TR S B 1 R se P i 3% C S BAORMEA W4, i
RSP ER . IR EIEIR . AT R B O T R S R A R I IEAR G, (HASG R A
[l [ e dpe AR R U RA AR g i B b s PR 1 B LA GS Ik, (R SR SRR IR h 25 B AR AT %
IR R i A A RS i, AR ST B R IR & B de A R K A NR R, [RLR SRk
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U AT TR S B A ORI M iR R R R (R B).

% 5 KIEEAFHTEREREERE~ERMARIEMIEXNYE

Table 5 Correlations of nitrogen metabolism indexes with yield and qualities of cucumber under water-fertilizer coupling

A AR Nitrogen metabolism indexes

SR b R R

Yield and quality indexes NR GS GOGAT GDH ﬂﬁé\’f?k _ IR .
Nitrate nitrogen Soluble protein

774 Yield 0.67" 0.80" 0.65™ 0.69” 0.70™ 0.84"

filsiR 4k Nitrate 0.76" 0.86™ 0.71™ 0.73" 0.87" 0.82"

W B R HEIR Free amino acids 0.92" 0.90" 0.84" 0.83" 0.84" 0.80™

AL A Soluble protein 0.63” 0.68” 0.70™ 0.67" 0.67" 0.72"”

Al ERE Soluble sugar 0.63” 0.75" 0.62" 0.66™ 0.71" 0.82"

4i£2% C Vitamin C 0.19 0.11 0.11 0.34 0.05 0.01

e M RRAE 0.0L KT FERETE .
Note: ** indicate significant difference at 0.01 level.

3 g

NR &R ZAC A R 5 R4 Jk R b ) RO, A2 AL NOg 3 i N ZE R I SR — 0 Y. (P4
FERUAT i, 2004; wmrsiss 55, 20090, HHHRFREARG R AR T NR W& EELE Lo
R Er, BEE AR G 2 e RS, X TREE T REE MR AR T, SaE T Eir
JE K] NO® [ S 1 n, 75 BB kAL Ay REVEIC &, 35 B T NR OSSR R B . K 4% (2009)
RSN, A TERE S K EA RERS IS NR 151 KA B FE#BASH] T NR S5 PEE
FEARIG T F2. F3 ALK R Bt W2 HEZK I NR W PR 2% T WL & W3, SR IE ) 78 2
(55 0 ik v B R HE K B AR T NROGEPEM e . 76 FLAREE R WL 3% KF W2 Fl w3, it
HIZEARNEAL BT E /K 2540 NR WEYE . A REFC A BEAE 1 2 Nk it F B i ok, AR PR R R £
TR NR WSS (F[FE 4%, 2009). FEAIRES BT P IEIKSE T &5 Ran it e iks, B
JIH Feb NR 35 PR .

GS-GOGAT & 2 F AR I kiR 12, =Rk GS-GOGAT 4% & PrEAL Ak P S Sl R 1B 4 T
(A, AR Y BRI 2R AR N, RE 88 O H 3R I AUE 3%, WD AR (X
W 55, 2007). dflimi (2009) WFFTN KK XHERE GS MR/, 1 H K SF (2009) A
KA P IE T REREI F R ) GS. GOGAT i 22 W] W (¥ T R dh . ARI0 45 B Won K =X GS.
GOGAT Mm%, & MK EA R TR EGERI S A AFE KT FEWT GS
TEPERRSUT AR, AR GS TEMERE HIEE F KIS S CEARFMTHRSC, 2007; BRI,
2008), ARIBIGUE TIX— £, AN EFIHEIN GS & GOGAT JEEYIN F3 > F2 > F1,

HATOCT GDH ety v i A4 B 0 B U2 SR 7 i R PR I AE - IE A RedERf i, R
WINK GDH 2R FE U I — N OCEER (V& 2, 2007). AE0 4 R o3k J (%) GDH
TEPEAEAE B HURAL TRACIRES, BT 45 R oR IR & . IX 0] e il TREAE A & WAt fEbk H &
W, GS-GOGAT iy, ik T GDH iEPEMF . £ a8 (2004) il hHMOLERET
b, SFERA AL, k=25 GDH 2 &R It k.

AR PSS /AW WAL, FE LT WA R A NS ZR RE W N, Xy
e T4 1 e A B R AR A Y NR VS PR s W R B A 04 . B IR . 24,
PR h BB N, T REZ T NR L I8 SR 3zt /N TAE AR R R IR 36 50 T 8. Mk
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WIGRTE PR RS K2 25 5 8RR RS, DRk 8 1 i ' 2 /D SR ik 9 A s
SR (5177, 20090 ATRIGHFITSE FE /R 8 I Fy b il g o B S i R, 2 S B T
B, SRR IR AT BRI, R DA W AE 45 AT IR £ R Hh K R A QI 45 it

AR I L R L, FEK R AL B S TR QU S BB MR s A &8, 78 F2 A F3 KPR W2
B E T AR ANEAK AT, WL AR AR G S MR B T R 2 h FAEK T & T, IR
B ESE R, ATP B kb, BEAC TR R ERE S, AR & B2 B 3. Gonzalez-moro
25 (20000 PAIRIFFEAR R W /K 43 o 1 7 TS W A et CAH LRI, 3 ik N BAR I 5L . W3 Ab
PR DSBS M A AT e th TR KB AR TR RIE D dem, il TIRAL R,
AR R TR0 I BE FI BRI CEEFFA 2, 1996), T PEILAYEA #hor A T AR, (1
FAR SRS PR AR A T AIRES, FIREER (R i 32 BUBAS BT UK HE /K 4 1l E A5 B0
W, AR TRMNAEKKRE, NASIEBUK IR IR .

TS (2000) WFFCR BN R & RN I A g s . &7 (2003) MIRFFLIR
2 BF AU 5 B T 1 7 A R 0 o o e R P 2 T B . AR I A ST 45 AR — B, it e
NR. GS. GOGAT. GDH i 1 S A A AR il ¥ 1t d 1 0 7% f 1R 5% M 35008 B 5 =5 /K1, B F3 >
F2 > FLlo 32 RO AR I R A I RUIE 0 A5, BEAE I f 3R =, SR MR IS S R ik
B, MEARH S 0 OV NR 25 T, FENR EMHETEE, 75 NOs B J5i NH, " A4k 3 5,
A NH, 852, GS. GOGAT. GDH G tEaRThmr, mls e i & m bt s . F3 AP IA
AR, MR IR KB, BN e F3 KR s P BRI i, IR
SEARFAEMRAR N I B IAEASE, BT “UE—FE” XK, PEETR SRR B, o
i,

FEZK B AL BT % TG T RIS & I S0 T ZaUA QU i 1k S AH S o 5 B 38 J 35 1 5 i,
fE 649 BT IMANE T, 87 L+ R AOHEK KR T HAR BE K KF 3 R T U bR 052
B fE92g- BEURI119g- BRTHIMENCE T, 125 L KKK E KPR .

Jita N 2 A BT Ui s G AR A 25 IS S B TN i Bl i 1 S A S o 5 B 38 Wl I R i
FEAIRIG T BAN R RE K S1F T, 1199 - MR RIMENEEKF >929 - FETHIMEIEEKF >649 - KKt
AE 7K o

VR 7K B A it S 0 8 T A I 2 A DG o S S 3 AR

AU TS 1 S AH DS ot 1 5 B I 0 S R S R Bh . WS E R . I I R i S T
PERE S 12 ) AR AR G
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