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1 OE A &R BRI F R IEE B AR B AR R b R 8 IR R FEE ) KX R, iR B 4 AP et
8] 4L 32, BF T1(1/5N-4/5W) . T2(1/5W-1/5N-3/5W) . T3(2/5W-1/5N-2/5W). T4(3/5W-1/5N-1/5W)(1/5W-1/5N-3/5W % 7
A E AR GEAZ AT 1/5 B R 42T k69 1/5 B 1A 4608, )& 3/5 6] E R b k8 i, A R)  AF 20 T R R E R it i)
3R E ME S F S KR AR E A LIS AR EHBAE YR, KR T RERE ST R E R A A
FEE AL, BRAY, EME AL TR S M AEZICN ] 5B MM R L R G R Y AR b T3 R K
T RE, M 13526 mm. EERAIETAR T QBERBEETEERZEME Sl SR, L P B Hale s 2 (T3,
T4) 84 = = B AT AL L L (T1.T2) 3 42 T 1.78%~6.39%. FeHE 89 RACA] ) 2 5 An R L =N R A 2 AE 0 18] 49
%) )G 4w 2R BTG AE Y BRI RE R ARE W R, KoA AR B EEK. 7, @5 RSzl
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TERPE e — MR IE T R BRI E & 2R 44 R T IERN B , B HEE e A O e I E Y. 72
TR B IR, A B /K BUHE B RE B8 (2 AL RS2 2 T I RAE BRI KR B S el =&, A
A BRI 7K R S it , AN AN AL BR 5 TR /K BB FH R AR TR, [R5 B0 A5 Uk O X b R /K A7 7R 7
TETG JB o IR B — P A A o VR AR it Al S — Ak R O B e A, B e R = K BB RS e )
SE FOE S IR AR ST LK B PR A Y S K R — AR A B AR R % 25 T 4% ) IR B T it AT
A 2, AT AR B R A e i 7 SERRAE PRI R A, SIS I e T v 7 7 R /K
AE— ALK T BK AR BERI B . H AT, B A T AERB S K IR B 7 T I U % o W 73R B, & M)
DA R it N it 26 A S (80%% 5 R it A+ 26 A I D S5 38 12 i 1 AR AH0 352 140 o B AN IR R 2R 005 2 0 OND) L
(P,05) H (K.O) Jifi & 53 51l A 249.28 . 54.33.234.09 kg/hm? B FE M52 7] SR 15 5 i 7= e, HL A 25 e B 26 2F R A6 M
S 25 T 8 b -5 e 2 BRSO T HE R IR A AF T it U N AR A S i ) R K K R R, B
FEAR )it 20K 7 N i 22 FOTE K 2 51 AR MR SE 7= AT 5 10 B0 it BE AT S X AR S AR KR P B B
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FEZK A AN 7K ZUR) FH R ) s, 383 43 B 328350 T AE 25 R0 20 A0 15 00 R 8 75 T HE 28 S8 AN [R)33E JIE A ) %o 4338
Tl A ST B 52 RN, 5 Vi R it I 244 T B DI VA B ], Ay ) o - FHL %) VR VI e JEE ) B R AL — s RO HE R
&
1 #RI55EE
1.1 fARXHER

R8T 2015 4 9—12 H 78 FE K5 /KM AL 5 TREEORHE 70 b0 P 5 R 36 ol 1 H Ol = Nt T . 1%
VAL AR 2 1160207 L d6439°35 L 4K 33 m, @ AL IR A 2 T 2 T 5 KR MR XS E , FE P BE K &
568.9 mm, ZHETFHKHZE R T 1021 mm. AR FRIEL, 0~40 cm 1+ 2 1 H a5 K % 24.48%

(B 7K 3D, R P 5 3R 1 AL BT K BF A BOR B FE B A D o
FOREX £ 95 LA

+2 Ry $% A AR T A R BRI A A
o - 5 pH{H o | ¥ 1 1
WEfem  phgn Wk AR (g-em™ (g-kg") (g-kg") (mg-kg") (mg-kg") (mg-kg")

0~10 26.0 67.5 6.5 1.42 8.38 1.28 20.0 128 185 219

10~20 31.5 62.5 6.0 1.46 8.38 0.75 11.4 398 103 114

20~30 31.5 62.5 6.0 1.62 8.58 0.66 7.73 260 140 88
30~40 16.5 60.5 23 1.53 8.57 0.45 8.48 286 69 129

PARAERE S it MO T 657, MR J7 [ N 25 DE ), s AERAT #4509 50 em. 156K FH B e 3 7 0 &
4t , W E S (A1 FE A 30 em, i3k (A1 FE A 30 em, i Sk SEIUIR B2 1.38 L/he #BEAEISRA KR B R S0 442 F
R NEII9 A 8—28 HD GEMEA9 H 29 H—10 A 27 HD JAEERATHIC10 H 28 H—11 A 28 FDMEEER /(11
H29H—12 30 H) . BERAERCAIR R (BN 2 46%) E S IECE N & 15% & P.0s & 15% 5 KO & 15%)
1.2 I

TR IV 4 FhyE AR A 1A AL #E , BN T1(1/5N-4/5W)- T2(1/5W-1/5N-3/5W). T3(2/5W-1/5N-2/5W). T4(3/5W-1/
SN-1/5W)ALHE , I T2(1/5W-1/5N-3/5W) AL B o 1/5W-1/5N-3/5W 32 7~ & ANE /K L F2 1 B 1/5 I TR) 9K, 5 R
K1) 1/5 B TR) Bt A, 5 3/5 B TR) B /K b e i, JLA [ . AN B IR AL B 3 IR EE &, /X HAS 9 7 m X 6 m, FL it
124 /NX o REG /N X B ¥ B A 20 em i 1R 28 38 G /N X K AEF-H0 . RS8N X A AR 6 1) 15 B 3.5 m X 6 m
ORI IX o 3% HRAERIBSE 1) 75 /K 77 BE AL A H i % Rk RIS O, ZE AR A HLAE 2 A AE (N P05 K0 Jii
&I 15015015 L TE 5 250 182 kg/hm?, it AE 77 =X 9 it + J5 HAGE AT BE G E TN o A5 40 VB W it IS 4 252
6] 24 100 min, H Ay JE I 18] 20 min, K 1.512 kg PREVE T 20 L#ERE/K J5 I SC B Bt AR 2 AT I . AR H5 4%
MRS ) 75 7K AR , SR FE OG8N RE VR 3R A TR EE 5 20 1) DA 0~40 em 1= )2 F B RE 7K R [ 75% 11 100% A3E 7K T FR AN
R, B KR 18571 mm; BANEF N ILEIES 10 A2 H 10 H 18 H 24 H 31 H 11 A 10 H .15
H .22 HFaEKREAE , 2117t %05 N 248.4 kg/hm’.
1.3 MEmMB 57

TEBEFIE AT G R RANE RS R, F 1 mol/L 1) KCLA IR 32, 1 I 81 0 T {X (AutoAnalyser-111,
78[5 Bran+Luebbe 2 7 )l & = FE W A A BB BB & 7R85 —AIEERREZK T J5 F Trime-T3 4%
K53 W 2R G R RG 10 em e AR 7K 26, M 28 120 em 2 BLFI AL

20154F 12 H 12—24 HOAWOGRIA, 43 4 DOBCER  B RISCR PEAE SRAEER I B BT & o BRSEAE Sl 20 V22
TEER R 4 8B, il AT TR B, %/ NX IR A 2151 0.5 mm i , SR A 2o 9L IR S R0E I < hl
YA, EWCR A I B AR R A R B IR O — B AR IR EAT it 50 5 , JFG o ] s M0 SR FH ot TR - T L
LM R , 4 AR 2R C R FH AR W LU B3RP0 5 , IR 26K F SR A o0 J6 6 BV 5

KAK & HE T EAEMF K R (ET) , TR IS 75 iR 2 K AT, BE &8 0, BRI K B3R /D,
FARWE A ZWEAT, MR KRR T 4 m, 80T ZBEH R KRN . DRI AR R K =K B+t RIVE T 2
P I K B AR B, T TH LK 2 R RICR G B AR YRR K &) A EUE R BCR G /A &) , [ &
HESCHR[21-23 ] H 5 U [ e 2 (il JIE Ak FER A 70 e 0 - A T JIE Ak A 0 2R D /LR

¥ F Microsoft Excel 2007 &b 38 %4/ , SPSS Statistics 19 #4347 77 Z 0 #7 , ia F Duncan {7 = R 5.3
PEREIE (P<0.05)
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2 BERE5H
2.1 JEBERTIE) T LSRR K MR A2

WK T R SR e ok 0 [ A
AR, HA A P 1 R — I S A B AR )

BERERBEP<005, FRD. WEITALA | oo 2l
i AR MR R IUN TI BT Sa0 | oy

HE>T2 b 3 >T1 4k 2, 4 51 8 135.26. 13211, 'ﬂg

129.49.120.16 mm, H #E /K 55 & F BN T3 kb HE> ¥ 20

T4 kb B >T2 40 8 >T1 AL F, 4 514 1.19. 1.16. aaad
1.14.1.05 mm/d. Z4bELE K HAE KRS e O
SERRTTIN, FLIAE2E B 30 M , FE /K S 21

0
Ja/NET S . T, e RE K E RN, b T S RE GEIRHON SERE
[E) P10 22 S PR /N 5 S5 i BT AN 45 2R w34, TE AR R s LR
> = EiPS i3 3 7 1
ACRFF S BTt FEREA T2 T3 A FE K R T M1 EE TR AR

T4 JbFEH N 4.55%~7.53% H. 2 7 2.3 (P<0.05) , M 45 BRET A T3 AL BEFE /K &5 =1, 70 A B T1. T2 T4 Ab# i n 1
13.43%.3.44%.6.33%, H 72 57 .3 (P<0.05) ; 25K 5 W, FERB 2K A BT N %, T3 T4 /b 3R K R B3 & T
T1.T2 &3, B8 H0 T 10.47%~28.04% , H 7 5 .3 (P<0.05) . (E3N4 5 A P9 Jo 0t I A B A kB /K B
T AT AC AL B, T3\ T4 Ab BRI FE /K B T1 T2 A BRI 0 T 2.02%~12.57% » 3 B FE /K it AR i 72 o 1) J5
it A R LA B R4 v AR ST K 3 B VE AR  FESEBR G FRJC N B o 3X AT BR 2 PR « v BB (8] 1) f5 4R g b T
T A FA B I TE), AR R ZOREE 1 R 73 77243, 39 1 AR R AT e EUIE 0 & L (R 1 T e s AR K
IgE 7 3K o TE FE
2.2 SERERTE) XS TR ARSE R E 0 M R AV SN

AN[E)E RN TR) AR RS i = S A BT AN R 2 s e N2 AT DL, 5 I I AL #E (T3 T4) P B W & T
A A AR AL HE (T2) , YIE RN T4 AL FEST3 A HEST1 ACFEST2 ACFE, J 5 it AR Ach FE 4 Ay S i A Ach B 7= 2
1.78%~6.39% : £ Wit TS i 42 b I 25 3 RS B 1) £ 1) J5 S L FERI S W] I 1 i i 2 3 ka3, R Bk T4 Ab B>
T3 Ab#E>T2 A FE>T1 A, FHodr, T1AREE S T4 Ab B 0T PR & 22 57 5635 (P<0.05) 5 i IR 25 52 Il - A ANF 1] 114 i)
JE HERS SR/ A 3h , T4 AL FRRY R 25 B B MK, N 122.52 mg/kg, 5 T1.T2. T3 A FE 7 7E i 3 M 25 57 (P<0.05) ;
RIS B X A6 MRS Ve B0 0 25 1

k2 R ] & AT MK 69 2 e s R ALK R R £

RFE 23R/ (kg-hm?) WVATEREE/% VeE/(mg-107-g") MR E/(mg-kg") KRR (kg m?) FHERIH R/ (kg kg?) BRI /%

T1 24530.601+720.51ab 3.91%+0.16b 9.25+1.05a 143.30£25.59a 20.94+1.42a 88.98+8.03a 25.27+9.34ab
T2 23554.811+632.48a 4.2710.26ab 10.10+1.20a 134.67+23.12a 19.69£0.76ab 85.441+6.82a 17.62£7.65a
T3 25016.14£503.48b 4.5840.27ab 10.03+1.20a 123.43+23.44a 17.53+1.22bc 90.74+13.39a 33.92+16.56ab
T4 25060.14+482.36b 4.67%0.29a 10.06+1.25a 122.52£20.63b 18.82£0.54¢c 90.90£8.59a 42.98+11.46b

I FABIARNG FRERZR 0.05 K FZER R R,

2.3 ERERTE X TEARSE K EF AR RS20

FER) 80 2 1 By L35 0y IR TH FE R AT SR A3 A B = &, IO T 7= R 397 0 BRUR  RE IR 5%
FRO Ko R R 2 AR AL ZS R T RIS I B P B, ZF H PR AR A 77 52 15 v e A B AR
PRt BUIE RIS 2 AR AR SOR B it ZUIE A 77 70 o it FH BN 57 70 S S B A3, T AR 4 i 2504 38 5 AN it 28Uk
PR R 2R B R 2 2 iR I LU RAE s AS[RITE AR A 18] 2644 R AR R K B F AR a3k 2 Fim

1R 2 AT %0, O MERERI B B0 K, FE Wt A ek A% Ay B 1) [ i A% A B vy 93 RESEST (1] ) BT HE 2
AL, e T4 kb3 505 R 2R B i, 3 90.90 kg/kg , T3 T4 Ab FH 40 2 F) R0 58 T1. T2 AL FH 1 i1 1.98%~
6.39%, 7% Ab B H] 72 S AN B35 (P>0.05) « @ 7K 40 R 2 (AR Ak i 35 5 M e, 38 AE 3R I T1 A BE>T2 4b
BE>T4 A HEST3 AhEE, T1 R T2 AL FEER T3 T4 A BRI T 4.62%~19.45% , Forp T1 Ab 3 5 3 & 1 T3 T4 kb 22



(P<0.05) , 3 B I it A 3t 2 o 1) i % v AL B[] v DA BH 2 32 i AR RS2 17K 0 R 350 . @& ab 2 1 R
(ISR II(E R BN T4 AL BEST3 ALFEST1 AL HE>T2 AbEE , Hodr T4 AbBE R ZUIE [RTUSCR B i » 1K 31 42.98%, 1 3 1
T T2 4 BE(P<0.05)
2.4 FFRERTE T TEEISE R R N BRI
F AR BRI S R A BB LN 3R 3 Fim . IR 3 AT LA th, ZERIEER ST (1 20 3% 22 A0 i B o v AT (1]

() 1) J5 HHE RS S8 T 0 R )&, Horp T4 b FEAE PR A 3R BRARE N 111.27 kg/hmt’, 235 = T T1. T2 &b 3 (P<
0.05). T1.T2AbFARE R BAE 3 51°921.15.20.68 kg/hm?, B E 5T T3 T4 &b FE (P<0.05) . H ARk 1)
BR B ERE & A AT, SRR I i3 AR 8] ) J5 HERS AL 2 0 50 3% RANE TR AR [a] [ jT HERS b
L, T2 A3 R R BE B EIT T3. T4 4 H (P<0.05) ; , T4 AL FE MR 5 B E i &, 9301.28 kg/hm?,
B ET T2 A F(P<0.05) .

k3 REEMEE A &4 T REA R

KR RHE/(kgehm?)

i it
i z i terk

Tl 21.15+191a 25.0242.26a 12429+11.21ab 86.84+7.83a 257.29+23.21ab

T2 20.68=1.65a 27.76+221a 98.93+7.89a 90.92+7.25a 238.30£19.01a

T3 12.314+1.82b 28.92+4.27a 136.75£20.18b 100.82 £ 14.88ab 278.80£41.14ab

T4 15.11+1.43b 28.92+2.87a 144.51+13.66b 111.27+10.52b 301.28+28.48b

2.5 JERERSEIN HIRRIEHS RS HHIEME

S T A A R R AR E B 2 s . 2 TR Y A R AR TR BT 1A B R A AR I
I8 SRR B R N i SZR BRRE S . SO ATAE L, SRS 0~40 em £ 2 H SR R E U] B FEC, X 7T HE
R IR R 2 B AT AE 0~40 e LR AEAE R B AE IR T 22 W KEE K T T2. T3 T4 4b B
R 5 A AS A R B RO AT A N T 44.46.62.75.59.43.85.19 mg/kg, IR 5 T1 A A 3 R E

T, TR B TR SRS MK ), B FE S BT SR RIRE HIEE D), T1. T2 T3 T4 AL B R A A AH &
BERERGR G 70 B0 T 45.14.42.94.29.81.20.89 mg/kg, i% 1 JZ 3K 5 MRS &S R B AR B BEE IR 7]
() 1) J AR RS 2 0 i 5, 10 B S VIR it I i R v [ 5 HEE Ay B IS 1) AT B S 9D A 3R S R TR R &

350 r a ab . OTI@T2@T3mT4
350 3. OT1 @T2 aT3 mT4
2 300 ab ~
5 e 300 | 2
-

&0 250 & b
g < 250 b p
mm | o
o 200 . mg 00 |
B 150 | b 5% s B0
o b b B 150 B, b
ﬁ 100 | ¥ o0 | 2 ®y,

a a a 3 g

50 | 50
0 0
0~40 40~80 80~120 0~40 40~80 80~120
+ERE/cm +BEEE/cm
(a) F AT ‘ . (b) IR
B2 £EIN@MERRERER
3 i

FARAE IR LUK AR, AR AE — R A T SR R 1) B3 S 2 A 33 51 T 0 A )
Z 5t MG (RS I5 70 RO T - A 45 SRR W, A I ) 36 PR R SRR /K & 7 B ot o (R P T
AR £ 80O MUK 7 R RCR A7 S 2 500 . Ferp, TERRSE 007 5 B A Y I 8] 1) 7 5 A2 08 i s
LV A Te0) Xt A SR 18 v P B T IR 5 B S i e 2, SR W S P g 7 45 SR A O RS I [ X VR4 7
Bt R A TG 2 R IXRT RE S R AR A SRR AN R . T AR 6 R R R 0 T
Tt A i - S ) T AR A (1 22 7 TR BRI TRDXH V407 B AN o (RS2 AR R 2 25 . AT TER W
10



BERGNE KA T S B LRI ARG 2 A RAR, A d0 Bk 7T 45 R R W R AE IR AR 10 8 DU &
RERIER™, ARG AR A RIS X 7T 55126006 X 3 St At FH IS Rk A % . AR R
FRELR I8 K 20 A 8 5t 24 5 (0 A SR A R a3EAT 04, 1 A 162 £ KM A 64T, IF HLAE 30~40 em +
JENRRLE 7 1 23% 1% 2 FI R RLRURLT 7K 70 A1 5% 0 (R ) R I8 R A7 AR BAS VR L 1K A g 2 3 B S RUR
FERRIE AT G RARMEE R 534k, FH ) 1 1 i i 2 A0 v IS VU5 VA 2 A e 2 BB IR A T Gl 2
REARDLGAW] I (1 2GR 50 45 SRR ] IR A A BRI A% 2 B A T I 18] ) ) 5 A2 12 b, X
5 UAE = I AL B/ 45 e I — 2.

FEHit P RUIERT , JRE SR 2 BEKIZ 3, 78 L3 2 B IR 0B S5 AL R D2 R S Rty
TSR SRS MR KA LIRF RIS XA Z R KRS ENH SR LIEP KT B
ST 4 A R T A BRI B 5 RN 3K 3 SRR # BE A W P MR AR T 5 T 4 PR R 25 1R B e R 17 5
KR M. O A3 i H (a6 5 i R B BRI R FL & 2R R R AE R IE I
FAC A . AUUIRAE PRI A JL I (8] 55 SR A TRV K 5 R IR R 2R 675 18 S5 R He AL AL, BT AAE S 5
Rt gE e Fa 3t — IR JETT o T34, AW T8 R B I TRD G VR AR /K A A8 S8 25 52 i T A H 5% T3
P T X1 U RE 7K B2 (K04 5 2525 SCRRIG AR 2D, it AAE 4> J AT 0 A3 75 i3k — 2B SR B I T8) 55 7K 73 A
FHTE] 0 9% 2%, Dl 5 4 24 %) EE T ot ) 2 it 11 B B PR K A

4 25 1

DAERRRE A A B BHFE /K 5 BE A v R (8] 5 1) f5 A% 2 5 38 00 s ek ()i 35, Hodr T3 AbBRAE/K & ey
SN 135.26 mim ; JEE 7K it A I 2 HH 1) S AL Tt A B S 3 A E R SR 7K 23 ()T R, FE 45 3K fa HH I S B .

2) N[y AL 1) Ak 3 %o A6 R0 S = B 0 R M 0 3 o i e LB T 1R [ S5 A RS, UM 7 i R
I A, e rp oy RIS R) i 5 HE RS AL 3 (T3 T4 A 21D (19 77 & 550 AR A (8] 1] 517 #E 52 A0 28 (T1. T2 403D 34 i
1.78%~6.39% ; AL A5 o] i VA 52 I 4 3 UL B[] 47 ) 5 AR 17 O 325 109 0, M R 2k = Wl 385 PRI

3)VE AR a4 ) S5 HER BN T AERE S R A R RARE A EUIE R 0% . 5 3 it A A B ) R [ A 2 vy
T 3 it A A 3, FE H T4 A 1) SN (R i e, I B 42.98% o G it A Ik AR 114 T S e AR Ak B 1) K 5 )
FRCR & T 5 MR AE AL EE , Forb T1 R T2 A PR T3 T4 AL FEI N 4.62%~19.45%.

DHWOR G R X 3R 2 I8 A B R AR E B AL AT B 2982, 80~120 cm 2 HA R R AN E B B3 hn s
T M R 1) 5 A e A R el D 1 S R I 2 5 R it S I R v ) A A A BEAE 2 IR AS
BEREL T 5 e AL 3 .

RIS 26 AF T, SR8 75 IEAE MR ™ & | i R K R P 28038, R R it M e 2 e SIS ] 57 1) Ji5 HE R , 4
17 T4 AL AR 7T .
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The Timing of Application of Nitrogen in Drip Fertigation Affects Yield,
Quality, as Well as Water and Nitrogen Use Efficiency of Cauliflower

WU Yuheng', WU Wenyong®, HAN Yuguo', LIAO Renkuan’, YANG Linlin’
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Department of Irrigation and Drainage , China Institute of Water Resources and Hydropower Research,
Beijing 100044, China; 3. Beijing Vocational College of Agriculture, Beijing 102442, China)

Abstract: Increasing nitrogen use efficiency in producing vegetables from greenhousesis essential in China,
and in this paper, we investigated the impact of the timing of fertigation on yield, quality, water and nitrogen
use efficiency of cauliflower using plot experiments. Four fertigation timings were examined: 1/5N-4/5W (T1),
1/5W-1/5N-3/5W (T2), 2/5W-1/5N-2/5W (T3), 3/SW-1/5N-1/5W (T4), in which 1/5W, 1/5N and3/5W represent-
ed irrigating water at the first fifth of a irrigation/fertigation event, applying the nitrogen at the second fifth of
the event, flashing the irrigation pipe in the last three fifths of the event, respectively. The results showed that
the total water consumption increased first and then decreased as the fertigation was delayed, peaking in T3
with a water consumption of 135.26 mm. The timing of the fertigation had a significant effect on yield and
quality, with the yield increasing by slightly delaying the nitrogen application. Applying the nitrogen in the late
stage (T3 and T4) increased the yield by 1.78%~6.39%, compared with application at the beginning stage (T1
and T2). Water use efficiency, nitrogen use efficiency and recovery efficiency, as well as the percentage of nitro-
gen in the ball-flower all increased by delaying the nitrogen application to later stage. Delaying the nitrogen ap-
plication also reduced nitrate leaching. In summary, our experimental results showed that delaying nitrogen ap-
plication in fertigation increased yield, quality, water and nitrogen use efficiencies.

Key words: fertilization time; yield; quality; water and nitrogen use efficiency; nitrogen distribution
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