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1.1 RIS XA

TR AE I T 4 BE W R 560 P 0 b (120°30'447E, 42°08'59"ND ) s bR v H DGR = F 47, il B b 7 T3 7
BRI R &, N F IR, B IR KR T S AR E AR 1, TR &8 1.33 g/em’, +
BRI AR RS KRN 42.2% , T3 HH ] RE KRN 24% O D , 3R SR8 g T, 30 008 L 5 1ol ol At
B R E 75 81.28.18.39.75.41 mg/kg, AR E N 1.11 g/kg, AN &N 1.22%, pH1H N 7.09.

1.2 It

IS FAEAEY N BN, Bl S AN R o BETCR R ZEXATME , B9 1.5 m, BK Tm, EE
15 cm, /T80 0.5 m, #kFE 0.45 m. REZEFIRE TN 16 0%, 28 FE 1.5 mo SR FH MBS 30 FE VRE G , )T A AL T 7 28 0
FRBE R VR T T Sk AR 30 om, Y Sk IR 1.38 L/h, 78 R S8 R , 7R R E T KPR 25 25 em ACFAEAEY) . 3
JNGERERT , A RAIE S R W R, F A G — K 25 mm. )5 ARG 77 R4 T HEBE -

BT A 2 it AT 8] 2 — , ol R i e G S« 4600068 J55 24 P10 WLAE 225 m/hm’, Jiti 52 4 A 750 kg/hm®s A=K HA
PEBRE, BRI IERLH SRR A B B o JB TSR F BE K AE 77 2, #E 7K 15 mm, JERHEREK 2 3/4~4/5
N it 52, T % 7K B FH - g P i R

SR IEAZ BRI T, MR FEEVE R PR (WD V22 A 2 OND A6 B (RO FOR R e B R AL . JEBE R
BR23 5128 20 em &b FH A RF 7K 21K 65% (W) < 75% (W) FT85% (W) 3 %8 2 fd F B AR AL (N « TR & (N R 4L
(N3 A K, B &t BT (KD « AR AR CRG) Rl R 4 (KD 3 AN 7K, e NG R K AR B AR 3 B Fs 77 2 A
FEEAS R IR E L NGKLO it B2y 18 252,351 kg/hm?e 1o 20T i B FH B 188 T 30% , (G &R 4 4 F 200

1N30%. JEIE 5 60% H BAE AL , 5 1R KA I — AL E Sk 5 3% 7
RSN T AR GO B R AR e KP4 VEK T IR i R
%/ﬁﬂjﬁﬁ@ , mﬁjﬁgg%ﬁ‘%‘% E(] 10%. ‘Lﬁ 1 W N K, 65%0 70%N g T0%K 1145
| é V1 B S s Eﬁ , & b ~ 3 2 WiNLK, 65%0m 100%N 4 100%K 14
?ﬁ A \% }E i ji Xi‘ @ %E f 7JO d /% 3 WNK, 65%0, 130%N 11 130%K 11y
W1 IR, 28 & 358 58 4 i T I 5 1R E R, B 4 WN K, 75%0, 70%N 100%K s
JIE B T AT R 2 -5 9 R A I — A £ I Ak 2 5 W.NK, 75%0, 100%N 130%K a1
[F 20, 70 35 JIAR 5B B U 7t Py e FH ) E 6 WNK, 75%0u 130%Nuss 70%K s
*J%E(%%(QN%46%)*”@%@?@(@1{20% 7 W;N.K; 85/00\\1 70/0Nm,,, 130/0KHM,
. s o i 8 WNK, 85%0: 100%N T0%K i1
50%) , &5 A LB TR 1T o Ho At 1) 9 WNKs 85%0: 130%N 11 100%K s
BT AR Yl A PR N 10 CK ; 100%N 1 100%K 11:
B MR VE 0w LB R N 9 F b LR M ACHE K o A LG B B
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H 08:00, i@ it TRIME fiill 20 cm &b 38 & /K 28 FEFT TR (45 SR 5 1D, AN /N Xk 5 4%k, SR A WIRAN
TR A5 RO 5 AR 15~ SRR 05 R AN /N IXOF RSP B OB T R 7, i SR RS 1~2 SRR 1 IR, BRI
JRF= . i UEE B HE B Excel 2010 58 8%, B[R 255 22 43 HT HH SPSS 20 5%«
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2.1 ARIESTETAE KR
2.1.1 %&

AFAEHE IR R IR 2 Pron. WR2WTLUE Y, i 2 7 AT, S A B AR g i =, 10 AR kA
PR T EE (] B, A 40 em ARG 2 150 em, BEN 11 5 5, KL, 11 7 ohAy 5 2 T500 ) T 0 3 42 4
EIRVIBR AR A KR . CKEURR AR 4 T AL B, 78 LUE IR AR KOy 3 OB I AN 45 AT B wE b
B 20%~30% , 5 W AR 22 57 BT 8 2 KT, NSRBI » 22 500, AN 2 5 T VRE 5 AL B bR v A
TN BREZ BN, BN AR A AR B ) 22 R P R IE BB ZF K. AR REIKT T CKbk i T B
T AL, B ERE SRR, 25 R T 20 om, B NG AP 22 s 31 B3R T . G E b FE A, Bk
o B 7 L e ) 8 A ek /0 P A e e SR N A N Ak 2 S 0 1) 5 3 /KT A, At A K A 5 T v b
B ZESFIAEZE . ANFEHRACE N, WA FE R ST CK. AL b, Bl 5 B I F & 0 19 A
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PRk A DN (R 34, A6 B AN 45 S AT 22 R i o I B, KO A PR ) 48 K A 3 75 52.2% 411 30.6% , H. K 5 K, Al
Ko AbBE 2 8] 22 Sl B KT 5 B, S e = R AT .
%2 TRAETHMNGGA LM

% e R E/em Z/mm

10A1H 10H14H 10H31H 1MH17H 1031H 104 14H 10A31H 11A17H
CK 4774272 1257+137a  177.9%+14.9a 207.0+6.4a 98+1.5a 103+03a 122+12a 13.8+0.7a
W, 38.64+22.0a 91.4+35.6ab  1504+289ab  180.3+23.2a 8.6+2.0a 9.6+20ab 11.5+14a 13.0+0.8a
% A 37.6+6.3a 97.9+7.1b 149.0+11.1b 198.7+8.6a 83+0.6a  9.1%-1.0b 11.4+04a  13.5+0.4a
W, 37.6+£122a  98.3423.2ab  153.1+24.2ab  181.0+19.6a 88+14a 10.0%+1.3ab 11.84+0.9a 132+0.7a

W~ Waia 1.0 6.9 4.1 18.4 0.5 0.9 0.5 0.5
CK 4774272 1257+137a  177.9%14.9a 207.0+6.4a 98+1.5a 103+03a 122+12a 13.8+0.7a
N, 41.9+17.6a 101.7+27.9ab 157.1425.6ab  184.4+24.3ab 87+1.5a 10.1+1.6a 11.8+1.1a 133+0.7a
N N, 39.7+8.0a 99.6+13.0b  152.5+23.4ab  203.4+3.9a 89+12a  93+13a 11.6+03a  13.3+0.6a
N; 323+149a  863+27.2ab  143.0+14.3b 181.947.0b 80+t15a 94+17a 1124+12a  13.1£0.7a

Noax-Nain 9.6 15.4 14.1 21.5 0.9 0.8 0.6 0.2
CK 4774272 1257+137a  177.9%£14.9a 207.0+6.4a 98+1.5a 103+03a 122+1.2a 13.8+0.7a
K, 48.04+10.1a 112.1+16.4ac 171941592  195.9410.8a 9.5+0.8a  10.5+1.2a 12.0+1.0a 13.4+04a
K K 43.6+1.1a  100.8+11.3c 149.1%7.6¢ 189.3+15.4a 92+04a  10.1+09a  11.8+0.6a 13.3+0.6a
K, 23.247.8b 73.6+18.7b 131.6+4.8b 184.4+19.4a 7.0+0.7b  8.1%0.5b 10.8+0.6a  12.9+0.8a

KonKain 24.8 38.5 40.3 11.5 2.5 2.4 12 0.5

RS FE 7R R A 2 18] 2 5 3, p<0.05 3 R RIZ =i i 264 Tk e KAl .

T RE AR JE — A A A 3, DN A 380 e SR T o v 52 10 e R PRI K 43 BR300 A W W W R WL AR B it
FE BN NN AN AR it B0 0 24 R K AL B 5 76 ke SR ST T 3 R 253 bk v S K /NI 4 31l R K>
N>W, B S NSWSK, BIZE 7K IR A B AR FH I S B2 520 ik oo 1 =6 22 IR 2%, i SR AT KON WL 45 D F ik
AR, BRINWIKC B AEH . R0, 5 CK AR, i KRR — AL bR /0N, X AT B B TV EA F
TR ARG BUE K I R KR R, i b3 o ik A K AR A2 s MU E S E A IR — AR S5 1F T, FETE R FR
BB, DI ORI WA 22 AR TR AR, o6, WIS 35 R o AR R B, ZEAR AR K
P RPRERS I 2 AE K 7K, m it S & SO AR T AR A K .

212 %4

ANFAEEE T 3 R ZAH R 2 s . MR 2 0T BUE H, A B0 A5 1A, 22 R (2218 , 3 K & 7F 4~6 mm
Z i), H¥3 K ST 0.1 mm; &40 3 2 0], 2O 22 R iU, A K AT 2 7/ T 4 mm, BEEEYAEK, 2
FH 22 St — 2D, G5 R AAE 3R 2 [R) 22 5/ T 1.5 mme CK ZEHUR 2 R Tk I — 444k AL B, (B B /e A K Bl
BEET KA, ZRIARE . 5K NIRA R T Z2HAEK  (BRERAHE, &8 2 7] 2 7 Rk F|
MK R 2SR R RN, DR S T R IR 2R 22 S AR B R K. B IR A &
B0, A N E AR 2 ) 2R AR R N 5 BAZE R AE 1~2 mm Y LA AR IR T 10% s BR7E AT
H K A B A Y2 2 /N T A AR R A1, AN [R) b 2 ) 22 S 250 AR TA 3 2 35 1K

T HE 7K B — A Ak A 0 H, DA A 81 SR B S0 2R B2 e 5 K 7K 40 T BR 2331 9 W W W VW, Tt L B
I3 M9 N NG NN Tt A0 58 250 08 Ko s 28 38 TIVAE RS A, 3 BR300 250 52 DK/ IR 73 7 8 KSN>W e BIFE
TKREAE HAE R I, B0 A 5 ) 25 A0 1) 32 B DR 3%, IR R, 7K 4 T B 42 o 78 AR 1K 6 v %o ZEKH 52 ) e /) 5 e
FHIRT KN WA BT 2R AEK, BRI KN W BCNE . BRI, 181 2 A 54 B 15 4 FE W it A
LGS AR AN B A OR 17 /K 4RV E VK AR 45, 10 254 D8 J5 BREL R 97 40 /K 43 1) 32 B Al i, R 2R T 1X — B
B, X AT 8 AR S /K I Ak 2 ) Z0RH 2 S5 AN 2 1) 2 DR A
22 AREIAIES == 50

FAL B R NR I PR, MWERIATEH, CK =88 32.4 thm?, /K JE— &4k 5% b B 7= 2 3 3 T CK,
AR ZE 43 M 45 B AT LB H, 72 R BN A W AEEE> W, Ab B> WL AR FE>CK, W, Ab B = B e vy, 1A
37.2 t/hm?, 73 5 L CK W Al W AL BE T 14.6%9.1%F1 2.4% . AN [F) SR it FH 4644 1, &% Ab B 77 B AN K 317N i
7 R N, Ab BESN, Ab BE>NG Ab 35 >CK, N, Ak B 7 5 s, 34E 8 37.1 thm?, 43 5188 NGNS Ab B AT CK 55 2.1%
8.3% 1 14.3%. JitiFf & X 7 & [ R2 WA Ko A FESKG AR H>K AR BE>CK, Ko A B = & i » 318 8 36.4 t/hm?, 43
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KK AT CK 51 0.1%13.8% A1 12.4% . 7 ZE TR B, WHES b 2 M Z R AR E , 5 CK 2 A £ 57
S NTE
%3 TR ZHEINEEME DA

pisEd RERE P/ (t-hm®)
w N K
WiNK, 1 1 1 37.5
WiN:K, 1 2 2 374
WiN:K; 1 3 3 34.0
W:N K, 2 1 2 37.3
W2NKs 2 2 3 40.1
W2N:K, 2 3 1 34.1
WiN K 3 1 3 34.0
WiN:K, 3 2 1 33.6
WiN:K, 3 3 2 34.6
K 108.9 108.9 105.2
K, 1115 111.2 109.3
T K; 102.3 102.7 108.2
- " Koy 36.3 36.3 35.1
2=322.7(CK=32.4)
Koy 37.2 37.1 36.4
Ky 34.1 342 36.1
sy W, N, K.
R/(t-hm?) 3.1 2.8 1.3
Et/Nlilsg WNK
T KKK P ARG R FER 1223 ACT 7 Bl A T IO RE D 3T IR R HKCT s (R N OIS i N 2% .
R IE 22 TR0 7 8 5 22 4 T 46 R (R 4) L R4 ARSI E LA E DA
B MR ARG Rt P BRI A 3 . (g sy WRNE VAR & B F
N Sy N W 2.3 2 1.1 0.9 0.52
Br e 75% I FE KA o B R A AR AL L
TG VR T R A B P A R N s wn s om
FEMHERE N IR BRI 3R m R IR AL »

BN WNK:
3 e 54iE

THE KL — PR A2 e B VR 0 TR 73 S AR 33 B K 73 AN IR 73R B (AT RO i B HAT bk
TR AR A A F i K B AT A B, RAIE AR IR KN 2% P SR A AR AE e IR S SR o BIE LR, 4 R
NEREUN K MFR AR LIRS 20, B 5 P A A SR A T REE T BRAE RPN, 3K K&
Ko B WIARZ LRI BIRL S5 1, 358 SRR f i b i S E R 0 i AE L SR AE R A
AN, 3 2 0 vt I T R R & AR TR IR WA (E R R, s SR T R IK
FEL iR, 5y 3 BUEYE TR R R BB VX IR 70 R AW TR M, R — K N BRACE R Bt i &
AT DL 2 B v A T SR (E R e I S T AN T T R AR R R v T A K A
AT B (R D 2 e AR AR B ) AR, FRAT s K AR A L B & 2R AR AR KSR
WA A0 A B RE , R &S R B B B F AR 2 e, I I v, SR R E S
Zete i B RN, B TTA RS A2

1A% GEIE VEE By T P 5 v (R REL AR 7 B 7R R — A A K 98 ¥ 5 PR 7K 7K P BT 7Y VB  RURS ok v R i
/0 2RI it B AN A S B R 8 st e v A AT — e SR 5 B BT A, SO A A P i
22 S BT D/ B AR T TRAT TN, bR KB . BV EZKIE — (A A A T I f AR 12 AR G TR R
— PR,

)P NZM A K2, AL EE B R TR B S A KR, MBI N )7 Um0y, HAE K IE—f4
TR NELE B S AT T, HEE N PR, it 0 B AN A0 B R R B %

3)FETHE AR NE —ARAG S5 AF T, WETBE T PR it 00 At 41 R xeh 7 B R M P4 AN S 3 5 VR 2 R T 7 T F
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Fertigation of Autumn-winter Greenhouse
Cucumber in East Liaoning Province

DOU Chaoyin"?, MENG Weizhong’, CHEN Wei’, YAN Weichen’
(1. School of Hydraulic Energy and Power Engineering, Yangzhou University, Yangzhou 225009, China;
2. Water Conservancy and Hydropower Science Research Institute of Liaoning, Shenyang 110003, China)

Abstract: [Objective] Drip fertigation has been increasingly used in producing vegetables from greenhouses and
this paper analyzes its efficacy in east Liaoning Province. [Method] The experiment considered three levels of ir-
rigation by keeping soil moisture at 65%, 75% and 85% of the field capacity (referred to as W, W, and W; respec-
tively), three nitrogen applications at 70%, 100% and 130% of the potential nitrogen requirement by the plant (re-
ferred to as Ny, N, and N; respectively), and three potassium applications at 70%, 100% and 130% of the potential
requirement by the plant (referred to as K,, K, and K; respectively). The model plant was cucumber. [Result]
Compared with conventional furrow irrigation, there was no noticeable difference in height and diameter of the
cucumber under different treatments, but plant phenotypes were more uniform. Fertigation improved the yield
compared to conventional furrow irrigation. The irrigation levels and the amounts of applied nitrogen and potassi-
um did not have an significant effect on yield. When the difference between the potential nutrients requirements
and the amounts of applied nutrients did not exceed 30%, different combinations of water, N and K did not have a
noticeable impact on the yield. Variance analysis indicated that the yield was most sensitive to water, followed by
nitrogen and potassium. The yield maximized at W.N.K,. [Conclusion] In drip fertigation of autumn-winter vege-
tables grown in greenhouse, keeping soil moisture at 75% of the field capacity, along with moderate application
of nitrogen and potassium (compared with their potential requirements by the plant), gives the best yield.

Key words: drip irrigation; fertigation; cucumber; yield; plant growth
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