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o F, RWiE, E ¥, RER, IEH
(R Ak B R -5 PR 5 T, K8 300192)

WE. NEREESM N ARRIEB RS AR KR AR R ARCR B, U R E 3w i &
RO R K BE SR BERL A, B 5 MR AR BE(T1: 117. 5 mm/hm” ;T2:160. 0 mm/hm” ;T3:202. 5 mm/hm’ ;
T4:245. 0 mm/hm* % ( CK)287. 5 mm/hm®) , $EATI % PN /1N XIS, 73BT AN [ R A ) 73 7=t B K LK 43
FHECRAG R, S5 R, R IRERE AL 0~ 40 em JR LI /K & A AR 3R AR K 240 9 &2 T3>T4>CK>T2>T1 FICK>
T4>T3>T2>T1 (A H; [R]45 A 2 - 0K et 78 fh £ B e SRR 355 BoF ) A 4 T T e IR U1 S 0 A 3, Ol
T 2 A B K A3 R FIRE MK R HBCR B 5 TIST2>T3>T4>CK Byia#, #E/k & SREM 555 0. 01 B3 1EAR
FeIKNE, 5K A3 F AR BEE KR ] 2 B3R ) 0. 01 0. 05 5 MAHSEKFE , FEKIE/NT 253 mm/hm? i,
e SR R SR EA R AR E S K B SIE G R T4 b BRI 35 55 6 BT | [F] R E mp
K 14.78% , BEUERL H YR E TSR AR BHE MK E B 245 mm/hm?,

KGR . ENE; AR HEMEE; FEAKG KO RIAIRCE

FESES: S152.7 XERFRIREE. A MEHS: 1000-4440(2016) 03-0656-06

Water consumption and water use efficiency of drip-irrigated celery with
different irrigation amounts

YANG Jun, LIAN Xiao-juan, WANG Yan, ZHANG Yu-liang, WANG Zheng-xiang

( Tianjin Institute of Agricultural Resources and Environment Sciences , Tianjin 300192, China)

Abstract; Five irrigation treatments (117.5 mm/hm” for T1,160. 0 mm/hm’ for T2,202. 5 mm/hm”* for T3,245.0
mm/hm? for T4,287. 5 mm/hm’ for CK) were set for celery irrigation in a plot experiment to study the effects of irrigation
amounts on water consumption, water use efficiency (WUE) and celery yield. At the soil depth of 0-40 c¢m, water storage
and consumption followed the order of T3>T4>CK>T2>T1 and CK>T4>T3>T2>T1, respectively,and soil water storage de-
clined over time and then picked up at harvest. Both WUE and irrigation efficiency of different treatments followed the order
of T1>T2>T3>T4>CK.Water consumption showed a significantly positive correlation with irrigation amount (P<0.01), and
significantly negative correlations with WUE ( P<0.01) and irrigation efficiency ( P<0.05).The celery yield had a signifi-

cantly positive correlation with irrigation amount under 253.0

oS H 85 :2015-09-15 mm/hm’. The output of celery also exhibited a significantly
HETE A% (Rl BHIFS 512 24 5 0 (201303133- positive correlation with irrigation amount. With 14.78% less
3) s KRN %) 55 B (14ZCDGNC00108 ) ; K i water consumption than CK,the income of T4 is equal to CK. Irri-
AR B R A S HET T H (201203030) gation quota at 245.0 mm/hm” and 30.0 mm/hm’ per irrigation
EE®N M 4(1982-), 55, =wa A B N, Wi, B BB 5T was recommended for celery in greenhouse.
By, EEWEGE DT A KIS — R Ak e A B Key words: drip irrigation; celery; irrigation amount;

(E-mail) yangjun821104@ 163.com water consumption; water use efficiency
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o R | DX T R EOK A 2 R
b & RRAEAR KRR BE O THEME Bt v AR
FHAKAETE 27 5 10 H 25 28 H, 5 K BE 4L AR B i 2%
A K IR I EE BB Z —, 73K (Apium
graveolens ) J& I ALY A A 5 52, SRR Z AT
HRNGRZ — WP E AL X A FE HOGIRE
BB E SR, A ST BoR, Hh E TR
P I AT T LAE AR A 5. 5%x10° hm® 247, iR
SRR 3% , Hoh REF SR TN 8 000 hm?, 4
B SRR 1.5% Y, 4 R Ar % e 3 Ak 0
B UHIE KM B = LA i b e R, B2
S TR 7 H G 28 56 VR, ok R VB K AN H 3 K
JRIR B 0 H45 R HOGRE s SRR,
s L K R Rk BRI AR A B s A
FRRRRE R e sk 21 E K A% 1R kR A
ORI T 825, A 7 b 0 D i G
J*)

TR — TRy B8 B R AR RO, 255
Tt BB ELAT S5 7K A4 R, I 0T UG AR AR X AR 45 e
VBB DA B A 35 SR A W BE R A R TR AR T
BRAR AR D) P B0 B N AN AT 45
5 I 5 b R 0y 2R b B 2 4 1R K 0 A
ROR 14%~35% 1, HET, TSR R R SR RE K
B KSR BGRB9S ZEAE p e i I g
AR AR~ 0 Gl Y (27 W S B O R O e =
Rk e " PrRmS R EHh iR
Whig > D, A DR R R T 53
SRR AT BRI, AN EL IR S Y B 5T T A
JEVD FE T WA AN R B 3 Fh AR A O 20RO
SR KRES ; SR AE A BT T K A
XA KRB KR AR I E R R T
AR R E PR T ok E KA e
FOKRAIER ik B2 50 fFse g s 1 Bt e i
T K 25 F T K RO & 35k iy A R0 5 Bt 26 R
3 PR ZE R TR 3 BE e AL A e, A5 T A
TR e P 82. 44 vhm® I AU HE K B4 103.5
mm/hm® , {HEFXF AR R HE BT T SR RE K FK 43 F
FHECRIATSE 1 0 WLAREE . A58 R B/ X8 58
GBI AN IR L 1 X0 )3 A B IARE AR R FIK 3 ) R
RIGSZ LAk 2 07 3 e R Rk B
KR B AR

1 ARSIk

1.1 RBEXEER

I T 2014 45 8 H F 2015 4F 1 A fE KA
BT DXOR T AL B} 2 B A1) B b N 647 3K
DXl Ja 1028 I vy 2 W 1 A i e 2 KU, O 2 A B
SAESEHIRE 11.6 °C, 4 4F H B B2 810.4 h,
SAETCREW 212 d, HARFETH B 606 mm, i T 7K
WA m, WERGK 70 m, FILYE 8 m, A4
ToREGEFY ) IR A e S S o R A, R
T 0~20 em HIEA RN 1.37 ¢/em’ , A UL &
#oON17.0 g/kg, 1€ pH {H°h 8.21, RIZEAEY M
Y1\

AT A 22, RIEFIBEG 1, 255 Bidit
FHAHLAE37 500 kg/hm* 5 85 FR 45 300 kg/hm* (7%
P,0, 12%) Wl&> 15 kg/hm*, A HLAL K 7 A HLE
(FZWSr HAGZE) , HF7 0 (N P,0s K,0) & &>
2.09%.3.17%,2.67% (1 3 ), A HL R & & A
44.17% K5y &8k 21% . 3R5 Tt FH 1 7 s Tk
JIE ER AT N AR 4% Lo A5 FE A TR : IR 2R (3 N 46% ) |
WEIR A 8P (& P,0, 52% K, 0 34%) FIRSEREP (&
K,0 46%) .

1.2 REiEit

HR A 24 b e BB AR T4, 7 ROKIEHER 7R,
FrR A BN B R K & 49 300
mm/hm?®, A6 DU B AIK T (B Ry 0 BE R R K
A E 5 AL BB 3 RE R N E
S 1A/NEE TR 30 m* . /NXEH 40 em BB K
+ AR R, RS R  PE AR, 2014 4F 8 H
HRIE T, 10 AWERE, B IE B — Sy R
B HEHREE 0,15 m, 47FE 0.20 m #HA75E M, BN X
6 A MR B — B, PR % 8 1 hm® 140 000 Bk
2015 4 1 A RjloiR . PSR AE B IHREIE 7 YOK 43
SR REREIK (2014 4210 A 5 H) 5~6 M-I 1
W (2014 4E 10 H 23 H) [ 7~9 M7 2 ¥k (2014
1L H3IHAMIL A 14 H) 10~12 MEHIEENE 3 Ik
(2014412 H2 H 12 H 15 HAT12 H 29 H), fr
A b FEEAKIERE & 75 mm/hm?®, HiAth 4 & W15
A AT, ELAARE R R LR 1, KT K
STEHE B/ E AT 3 4%, TR M e A TR
B, R AR 6 1T, TR IR ] KR
KA A TR W A A B AT — 3, it
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FET7 X i o RV e i P S LT A 45 A i it
AE o g B B i S Bk w5 H R AR B IR 2 Mok 1 )
TRHEAT

F1 KWAEIET

Table 1 Design of experimental treatments

e YA R =N 2 . e
LA SPUCHERE Rt (mm/hm”) T
AbFR B (mm/hm?)
(mm/hm?) 1 2 3 4 5 ¢ ‘mwvm
T1 75 50 7.5 7.5 7.5 7.5 7.5 117.5
T 75 10.0 15.0 15.0 15.0 15.0 15.0  160.0
T3 75 15.0 22.5 22.5 22.5 22.5 22.5  202.5
T4 75 20.0 30.0 30.0 30.0 30.0 30.0 245.0
CK 75 25.0 37.5 37.5 37.5 37.5 37.5  287.5

1.3 NWEMBRFE

FH A5 56 1 R 5 AR R KT 43 0 ~
20. 0 cm F120. 1~40. 0 cm P2 KA AR 4L 5
37 R 1S 56 2 AL IR AR,
FERTFHPR TR E IR i, RISk, B/
DX S i, HA SR LR AU, 3
K W(mm)= FHERFIE K EX )2 R (mm) )t
KIBARAE AS (mm) = RN KR -PIER I KR, EY
KRG K ET(mm) = [+P+AW+U , VEY)K 23 F)
FHRCR WUE (kg/hm*) = &35 77 1/ET, 30 1
HEHEBE (mm) , P RAEWAEF KR (mm) ,
AW SRR 5 5 R AT 8 1 7K R (mm )
Z2,U RN TR & (mm) o T IRE A ZRE
S, S TR I KA R R, X 0~ 40.0
em BRI B P AL U HERN 0,

AHFFEF ] Microsoft Excel 2003 F1 DPS 4i -4k
PEHEATEHE 53T

F2 FEEHEN EAF AR

Table 2 Celery income affected by irrigation amounts

2 HERS0r

2.1 AREBRENFRFEMI

FHIE 1 RT LA | VB 2 6 7 352 110 7= 2 2 ) i
NI GBS e i T
B, 45 R (K 1) Bon: 48 =L T 253.0
mm/hm? I}, J7 35 77 i 5 A 2 ) SRR 0 2 R A
KK ZR s BEWE R 253. 0 mm/hm? I | P32 77 1 ik 5]
i (83 872 kg/hm?) ; ML &8 1 253. 0 mm/hm®
B, s it TR, B 2 M I AR il g™
g ETR I

20000r 107412+ 56 722.00(x<253)
T 85000F Y =83 872.00(x=253)
=
< 80000} .
=
ﬂﬁ* 75 000}
"~ 70000}
#R
i 65000F
60 00—

1 1 1 1 1 1 1 1 J
100 120 140 160 180 200 220 240 260 280 300
P 5/ (mm/hm?)
1 AEEREXNAFRFENHN
Fig.1 Celery yield affected by irrigation amounts

2.2 AEEBETHFENEFHRE

AN 7] TR TR 2 A AL FHGT S 22 U A8 2 1) s i) L 3R
2, MR 2 AW, 73 E SR & BUE G R,
T4 A PR = A 5 X BAH 22 A K, 1 hm® (UMK 1 316
TG, TR K H R =, IR E] T 1 hm® 7 475 T,
1M T4 A0 PR K B A 1 hm® 6 37070, K 1L T4
ALY 1 hm® 25 AR T-XF R 211 0, £ 40FEE
NFRATIK YK RLE 14. 78% & 59. 13% 2 6], T4 Ab
PRAET K 14.78% WG LT, B A ] DLk )ik 25

s e i i Am o wl WA ik
(mm/hm?) (kg,1 hm?) (76,1 hm*) (75,1 hm*) (75,1 hm*) (75,1 hm*) (%)
Tl 117.5 69 379. 12 104 068 1175 1 880 101 013 59.13
T2 160. 0 73 181.02 109 771 1 600 2 560 105 611 44.35
T3 202.5 79 539.75 119 309 2 025 3240 114 044 29.57
T4 245.0 83 433.34 125 150 2450 3920 118 780 14.78
CK 287.5 84 311. 11 126 466 2 875 4 600 118 991 -

T1~T4 43 CK W 1, HFRMEHE 1 kg 1.5 781, K% 1 m® 1.0 78; M 600 m SFH4RTF 1 m? KT 2 B, Hi 3% 0. 8 JT/ ¥,
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55X BT RIS 45 1 T AT T IR A 3
23 AAEBREXNTEFKEMFEREKEN
=AU

AR HEBE AL FE T 0~40.0 cm +IEI K HAY
AL 2, ERESE 10 A 23 HES 1 RHEM
AT, R T1 ARERAN  JoAth 4 A4S b B2 [R] 7K 2 25 55 AN
B, 7E 315.00 mm £ 335.00 mm 2Z i) ; B J5 Y 3
URTREBE AT, B T1 AbERANY 4 A AbBRIE] 4 307K 22
SEYIRBIE ;12 H 2 HEERES 200K, 4 A b B E
K2 T B AR R T3>T4>X% I >T2 4b 3
s HEME RS Y T3 T4 FIX IRIGTE 12 F 29
H WIS oK 2 52 B i ad ka5 B 7R WSk g
TP K 5 e R A 2 s A 3G, Be Ak, 3R 3 AT
DI A /IR T AT T2 AR B2 K £ K
R 2 S D 50. 95 mm F 27. 32 mm, B %
W, BHOK & BRI, nTREX AR IE
AR T3 A T4 LB THEB R ROR, TR
K ARG 43 3 0 1. 53 mm A 11, 55 mm,
FEI I 2 AT SR KRR

T RN T SRR i B T R
FIEW KA, SRR /K kB T DR
i, 4 A b BEAR YR 4 ) BR O D T 42.24% |
35.77% 31. 09% A1 19. 95% (% 3) , T4 AFRFEFEK
T 19. 95%FITEOL T, 3891 A Hh BE B b 3l ™
JEAC AR A A
360
340+
320
300 -
280 F
260
240

220
200

7K & (mm)

N

1 1 1 1
10-05 11-11 12-18 01-24

FIICH-HD
——T1; -0 -T2; --v-- T3; ~=- T4; -= CK

T1~T4 4b3 CK W& 1,
2 AEEAETLEMKE

Fig.2 Soil water storage affected by irrigation amounts

2.4 FREEBEX Rk ST AR
AT (3R 4) WoR, v 3K R R &2

T1>T2>T3>T4>CK Ay %, R EEHEME & pg s in, 7

SRR TRCR AR, T1~ T4 AL FE5 5 L CK 1

Jin 40. 19% 34.71% ,32. 97% F1 19. 40% , Ff- HLBx T2
55 T3 gb PR AN, HoAth b B [R] 22 52 243K 5 0. 01 B 3%
K-, HEE KR FRCR R FE 2 T1>T2>T3>T4>CK
(Rka e 25 4b B R) 25 S 3K 5 0. 01 3 /KF Tl ~
T4 ZbFR435) b CK #4890 101. 34% .55. 96% .33. 94%
F116.12%,

£3 TREBRETHAEREKE

Table 3 Water consumptions of celery affected by irrigation a-
mounts
kG TR Woke AEEW FER
AEEE Wk ki AEfR(AS)  HEBEE FEAK
(mm) (mm) (mm) (1) (mm) (ET)(mm)
T1 293.89 242.94 -50. 95 117.5 168. 45
T2  293.89 266. 57 -27.32 160.0 187.32
T3  293.89 295.42 1.53 202.5 200. 97
T4  293.89 305. 44 11.55 245.0 233.45
CK  293.89 289.74 -4.15 287.5 291. 65

TI1~T4 Zb¥ CK WL 1,

F4 TREBRETHAERKDFRALE

Table 4 Water use efficiency of celery affected by irrigation a-

mounts
e i KIS FIRIBER E‘Zﬂ@k,
Aib B (ke/hm?) (WIZJE) MFH;&%Q
[kg/(hm® - mm) ] [kg/(hm? - mm) ]
T1 69 379.12 D 411.87 A 590.46 A
T2 73 181.02 C 395.78 B 457.38 B
T3 79 539.75 B 390.67 B 392.79 C
T4 83 433.34 A 350.81 C 340.54 D
CK 84 311. 11 A 293.80 D 293.26 E

gé%mgm WFE 1, B AR FFRAE 0.01 A 122

TN, A Ak BEFE K S ANV I 2 (R 28 B AR
WEIEAME (Y =0.688 3x + 76.988 0, R* =
0.916 6" ,n=5) , FE7K & Fl7K 53 F AR Z ] 3k
FIM R A (Y=-1.014 2x+590.190 0, R* =
0.992 7" " ,n=5) , FE/K & AR AKR) AR Z B3k
FE FH MM (Y=-0.369 3x+369.570 0, R* =
0.780 5" ,n=5),

3 3

AR — R K BRI, EN 3R 1Y
ARABEERER, A RERFK 76k SR+
b K M SRR WA 2R A i, FE A
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IR R K $5 R K o R AR B A A
WA ST SR AR R R B E YR UL, T 2
VR 5 A 0 BE R 1 v (A ROK 43, BN i T
TR KR, 5 — 7T, A% A
(117.5 mm/hm*) REEXF HARIE K B AT A RN,
AR B AE T 3AE B W RS T R R BRI R
AR R B SRR i, A2 R R0
ANFFEME AL P ,0~40. 0 em T AR /K 2 5 3
M &= 202.5 mm/hm® > 245.0 mm/hm® > 287.5
mm/hm*>160. 0 mm/hm*>117. 5 mm/hm” &b P (1) #4
P IF R PRERE WL RGN, I KR BT R
A U B A R A T MK R X S L
AREEL) B BEGE 45 18 A0 A5 202. 5 mm/hm? FT 245.0
mm/hm? FIFEE AL FEAE 40. 0 em T4 PN H 3K
TR K T AT RIE SR A IR AR K

Wit 255 VEE W 184 T, P R K BB N K
FIHBCRE W, Sun %2 FFFE 45 R E W 1EAE
Py 7= B KPR I 7 ek B AR 7K o 1 1 ) 4
BT, Mk B e m K OE JE  BEFE K B BN, )
MR, BRI HR . ABFIE, Bl o 0 & 19 1
T, SERE K B 2 B, 3 5 N A R 9T 4 R —
5 BEVE W 7 A3 0 7K 3 ) R0 2 ek 1
POX MR ARG b AR R
A BB oE 45 R — 8, FE K B xR
(287.5 mm/hm?) 1 245. 0 mm/hm> &k BRARAEH 1 3%
FE R, O B A A BT (H T R 2 A G
#5245, 0 mm/hm® 2B AT I 7K R FHRCRAIK
A3 R HRCR R R, BARXT K 14, 78%

— RN e A A — BT R, R R Ak
5 VR o B BT o, L K B R — PR g
PB4 R R, aRmi IR 2" WF I35 bl
=R WA Y R e 3L M N SN R = X Y
S5O AR A EE S A S 7 e S b R i v
ARG, W TR A | AR SR A R A 2
5 AR FEHREEHE T 2518 22 AR K, Qw2140 F
B E MR R R L T R KR P 45 Rk
FESEREWE E &M 270. 0 mm/hm’ B Al {R- 37 = 7 PP
2797 500 kg/hm® , MITHESMT , BBk 1
A H DX B 9 45 SR R O SR R R T i 82 440
ke/hm? IS BHETE £ 12 41 035 m®/hm?, FAe ) 351
12 AZWAE 4 A, RRGZR S ERSS R A KM
L, B 255K, BRI 5 4518 78 S bR v I, 38

Tt — L IOUEE 3% , AT F 46 5 2 1 b =

R HEWEE BN 245.0 mm/hm® | B UK B
43 30. 0 mm/hm” 1) T4 Kb 0~40. 0 em HARIKE:
e, HBe ke, #E/K &t H X BEAIR 19. 95% , B AR K
43I ORI K R R R AR T Al 4 2 {H A
i 2 i TR O B i, e A AT
ST 775745 7K ) e P T R i
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