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XTEG, 453 g 0 B ) 7K OCEERA; Jensen AL H 1)
B B K 2 BURRFR 25 2 mT S5 A SR ] ¢ S — s K
Z, A 2Ot Jensen R R A AR LE (14 o)
FI A K R B i 2B XK o SR TR AT LG, 4K
A3 U B B B Ak A B T =X et i S AR A Y i
T2, 20k TAHEAR 2 N B KERFR . 7EK
BRSO b, B AN K 7 24 7 B Jensen
A (A S NJREHRT-, #4iE 78 T 7K A = iR
$it) Jensen B fihvag APl S FE R RIK 43 AR
REFH B0 /KR = B B RE IR, BN T /KRG /K AR 7= R 3
(1) Jensen AL, 19 BE G A TUIART BIA
o IS S E S5 A T K 20 RN AR 2 3 A A K I R i A
RECNRZGIRN, (BRT AR5 E G BOEKER
TG S FLK A P BR B R B o . [ 1 oK
i 8 ] AR SOOI AT R E T A IR R B iR

A= BRI, FEIRAE Jensen AL 7 5L T A HAVE
KR AT K B A ™ R 1 K 7 BB R RO A
2k, FFX A BEAT IR, SRR = B ™ s )
IR BRI, DAYy 2 3 28 3t b ) P e 8 i i
BEER AR .

1 MRE7EE

1.1 REXEXRFR

PRES T 2019 42 5—9 H7E P64 RO AL F F 4
ARV ATF FEH O BH BT A 56 22 R U = R L R
WHEAT o ZHE IR KR TR RS, SRR
5~7 °C, -1 %K & 459 mm, bR KHE KT 5 m,
e 24 TE 6—9 H, LML 144 d. 50X 1%
KA ke L, F i e HT M 0~60 em 3g AL Vi
W 1.

R 1 BEEAHIR

Table1l Physical and chemical properties of soil

TR M AABEE/(mg kg  AEEN(gkgY)  BHPTE(gkgY)  BEGTEI(mg kg  HIEARFTR(gem®)  WEEKE/(cm® em®)
0~15 46.6 0.91 13.7 173 1.39 0.31
15~30 16.0 0.31 8.0 95 1.50 0.31
30~45 5.25 0.40 4.9 61 1.60 0.35
45~60 3.22 0.21 5.2 55 1.65 0.42

1.2 {E¥ERE

R MO EAMEE 8 5, T 2019
5 A 1 Hor Bl 0 g = A e A,
2019 4 9 A 8 HfuMk. % DL ke e il
1628 M, BRATFE 0.5 m>0.5 m, Pl 25 5 K 2.5 BR/m?,
TR RO “1 B 2 & 2 477, RN X AR
9252 m? (3.6 mx<7 m). ERBTEKEANLIE (20 000
kg/hm?). BEAE (P,0s, 200 kg/hm?) 415) 3L, AR
(K,0, 400 kg/hm?) 55 Z&ATHEIE JRE) &
Bt 12, T 1RSI, 58 3 MR LR
W aaiElE U4, FaAEE RS o8
(20190501—0612) JF-{EAL H 1 (20190613—0726 )
HE (20190727—0908).
1.3 ¥t

BEKEBERENERKEMNERE 2 M
5, ERMEI e R E 3 MK
K, 4351 1, 0.751. 051, Hid | 7840 HEK, W#E
AKHTINSE B /K2, LATE/K RN TRV RE K 2R 1 90% K
TR 1 ISR KA N 10 d K 10K
it B E 3 ANKCF, 400314 1504 250, 350 kg/hm?,
A 4 R 3 AKPKEME EACRE, L9 AMbe
(T1—T9, HMEHEKE 3IRER.

KBRS R E R A E FREMER 2 4
AFRWEEF. AEREEEBEAREKTN 0. 150,
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250, 350 kgthm?, #5255 WIRE K BB N FE 0 HEK L,
3£ 4 AMbFE (T10. T11. T12. T1) #HAT7EAEIEHI.
RIS BT WK 2.
k2 KBkt s %
Table 2 Experiments design

FEKE/mm
hb3R Tt B/ (kg hm?)
HiH FFAEH A

T1 | | | 350
T2 | 0.751 0.75I 250
T3 | 0.51 0.51 150
T4 0.751 | 0.751 150
T5 0.751 0.751 0.51 350
T6 0.751 0.51 | 250
T7 0.51 | 0.51 250
T8 0.51 0.751 | 150
T9 0.51 0.51 0.751 350
T10 | | | 0
T11 | | | 150
T12 | | | 250

14 MEMBESH*

1 BHEEKE, B S KRR TR
BEATIE, AR E N 60em, £ 15ecm il 2. T
BERHE K ATHEAT Bk 25

2) K BIHEKET R . 78 K AR B )
KBRS K1) 90%, 15 0N:
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[=10(0.9,-0y)*Z,x0.6, (1)

X AT KABE K E (mm); Op N ]
KR Com¥lem®); 6y A HE /K T i 3 5k %

Cem¥em®); Z N RIEIEE R (em), HHE Al
ALK, ARIE I 40 om,  FFAE AL SR Ak ik
HAHEY 60 cm; P2 ELEY 0.6

3) 1EFEKE. FKETEVEIT EEMED T
K&, HHHEA:

ET=P+I+W-R-D-AS, (2)
A ET EWHFEAKE (mm); P NFEKE (mm);
| AREKE (mm); ROAMIEZT (mm); D NIEE
Bl (mm); W O F/KRMAE (mm); AS i
LKA NE (mm), HitERA:
AS =033+, -0y (3)
A 0 AR VEKHT IS KR (em’lem®); 6y,
N FHBGEKRT S KE (em’fem®).,

FH T3 25 P AR e SR W A REL R » 33 5 P P R
AT, T KA TS RSN, iR A AT,
BLREEKEAR, TEERHRAN, REAN 60 cm
+ERTEBR. EREA:

ET=I-AS. (4

4) FER. FABENKRH, 2 UCRH IR

90.01 kg L7 FEIINE REICRAR 1077 &, Seit i &

5) F /KB AR BILK 9 F HFE (WUE)
AEAEIR A7 71 (PFPN) X5 38 5l ) 2o AL B3 AT 4
AV, HHE N

rVUE=£;x10Q (5)

fvvnw=§xlooo, (6)

Y AR (hm?); ET /EHRE/K B (mm);
WUE J97K 43 R FH Z (kg/m®); PFPN BB MmAE 77 77,
(kglkg); N ALEFBEELEIRN (kg/hm?),
1.5 KEE =R HIRE

Jensen LAY JE H HT N BN T W) —Fh A E

B B 07K o 2B 7 R HUE R, 2R
Ya_ n ETai /li
=T ] 7

X ET, AR | BRI SEbr 28 Rk 28 & (mm); ET,,
HE T BB R AR (mmDs n {EAEE
B | O NEMIAE B B S s Y N SE bR &
(kglhm®); Yo AAEMDEAE & (kglhm®); 2,95
BB BURTR L, IR Bk KO = 5
Wi 2

A E T K BUBFR R FR e 1, % =
A6 e P B A TR R e, B e B

Yo PSR F 055 A i g A0, A,
CLAE & B B B K78 R 25 s BN R R R RIS B
ET» SR BN B Y, BT U5, K
A R B B A F

Ya — n ETai ii
m@fnﬁbm]’ ®)
Yo (F)=aF*+bF+c. )

LK - B SO S R 2 2 o A A AT 1Y,
TEVHRAHARAE B WG S B R K Bl AR IR 2 .
IR BURHR S RAN R BURE K K 7 BB S b B i
BEORESEARAY, I K o BB R R A R AT DLV
B BRI K M BB R O R iR 2 . BRI aUARY,

2(t)= Yo M=
A i NAEBIEBF S n NAEFTHMSNEG Z(e) N
55t I ZILLRTTE & BUK S BURS R S R e s t oA
EEEISAE BN BUEMIRE: AL By CARFESEL
1.6 #NTERR

KABITHRIRZ RMSE. “F¥JAHXTRZ MRE Al
PR LENT R ZE MAE SRR AYIGIE 25 St AT P o
1.7 #iEALIE

¥ H Microsoft Office Excel 2013 4T 44 kb3,
K H SPSS #EAT402: 74T, K Origin 2018 #1742,
K 1stOptl.5Pro HEAT S HK AR

2 HFR5TTR

2.1 KEIBEIEM 2R

KUK R JFEHIEKE . BRI RE K E A
TR 3 MK FRARE MRS 1. 2. 3, XFIER
WRIG R ZACF A TYRlS, Wk 4 for. B 4 0I5,
BT T LY 72.92~60.83 tthm?, Horh T1 &b
TR B f oK, I %) 72.92 tthm?, %5 T3 AbFE i 19.88%.
F 3 X AT AT ZE T, T AN R R
B R IR R A T A 7K > T B K > it e >
FBCAHIHEIK, 152 TE “BLA2DICL” , B HA
VK BN 0.751 FFAE R K BN | BREATE K 2o 1
Jiti% 9 350 kglhm?e FFAE SRR SIE K Btk %,
AR TN, A0 B T K R AR s
Sy N o T NP O i o V== 2 NI w0 2 AP
s, b, #E%EEA 350 kg/hm? fSE LN
66.77 tthm?, 4355t % & 250 kg/hm? AT 150 kg/hm®
(TP B 0.33%. 4.17%.

T IEAC R PR BB 2 A5, SRR /N K
PIREK B RRZES, X P BT T ZE .
B 5 ZE M Al S, B IR R 0 B S R BN T
TEIHHE K & (F=34.011) >TIH#E/KE (F=5.539) >
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g E (F=4.248) > AHEKE, HhIFEHREK

R IL 22 2 K (P<0.05), BYIVEK .
it R B SRE KO 2 P A — s R, (ERIK

R E K

4B A FFE KR AR BRI R th#k 4 W41,
FKER A AT K FIHBCERDN T2 kb
FEST3 AbPESTE ALEESTO AbHSTT7 ALBESTS ALFHE>T4
AFESTL AbFE>TS Ab3, FALWA=™ JIRI N T4 4k
H>T8 AbHIST3 ALFESTT AbFEST2 AbHESTE ALFESTL
AbFESTS ACFESTO AbHE. W] 17K 4 F FH R FEVEYIRE K
B PRSI gD R A = S i it e PO K v 9k
b, T A 350, 250, 150 kg/hm? [ & AbER 7K 43 F)
P28 53 9] 27.72, 30.41. 27.20 kg/m®, ZUIE
L= 1 EME 53 518 190.76. 266.21., 427.31 kg/kg.
AU, RO i A 7 77 B 2 R B T s/, HL e
BN 250 kg/hm?, ARS8 i ZUR0 % 2 3t 0 7= e (444

* 3 MESH % ANOVA 5%
Table 3 Range analysis and ANOVA test table

INBCRAWIE, HOR ARG PR ZRE5E

22 =]

T
HEK K HEK (kg hm™) (thm?
T1 1 1 1 1 72.92
T2 1 2 2 2 66.55
T3 1 3 3 3 60.83
T4 2 1 2 3 70.11
T5 2 2 3 1 65.65
T6 2 3 1 2 64.64
T7 3 1 3 2 68.46
T8 3 2 1 1 61.36
T9 3 3 2 3 61.73
¥IE 1 66.77 70.49 66.31 66.77
Mg 2 66.80 64.52 66.13 66.55
¥IMH 3 63.85 62.40 64.98 64.10
W% R 2.95 8.10 1.33 2.67
K= ER 2 1 4 3
SV WIE S B1A2D1C1
ANOVA 56 F
F 5.539 34.011* 4.248

FEEL KRR MBS 7, T2 A3 GEEK
B 1. 0.751. 0.751. W% 250 kg/hm?) IZEE 2%
-

S

Bk

o

o

RS R R R 2 5 B35 (P<0.05), *FoRZE Sik 38 2 KF
(P<0.05), **FR%EFIEFIREZKF (P<0.01), T,

k4 SRR E A IR Fo K BA R F
Table 4 Crop water consumption and water and nitrogen utilization of tomato in different growth period

b3 Hiimm FHAE# MM RS mm SFEKEmm WUE/(kg m™) NPFP/(kg kg™)
T1 56.50-40.29a 153.2444.58a 77.6740.25¢ 287.4142.28a 25.3740.13b 208.332.91d
T2 55.72+1.14a 92.4740.56d 62.94:+1.06d 211.1343.93d 31.52+40.58a 266.2143.25¢
T3 57.9540.89% 71.8841.13¢ 52.1640.40e 181.9943.10f 33.4240.23a 405.5145.08b
T4 43.9740.07¢ 1442143 57a 72.5340.72¢ 260.71.13b 26.8940.60b 467.3742.39a
T5 49.0140.33b 127.0640.97¢ 61.6540.13d 237.7247.65¢ 27.6240.38a 187.581.29d
T6 42.4620.48¢ 78.4342.38e 93.0840.86b 213.97+2.68d 30.2140.24a 258.5845.77¢
T7 29.6240.60d 135.8840.21b 66.66£1.37d 232.1645.71c 29.49+40.55a 273.8547.69c
T8 28.600.40d 116.0342.24¢ 107.90+1.60a 252.5340.180b 24.3040.59b 409.0422.51b
T9 29.7340.99d 81.7341.21e 93.3040.13b 204.7645.67e 30.1540.92a 176.36:44.33e
o 11.37 29.02 17.17 30.46 2.79 100.36
2.2 Jensen 1REI N HHURZRH Rithik Yo(F)=-0.244F*+151.1F+50 379, (1D

Jensen 7Y & H i FH A B o ) 7K 2 2 77 bR B
FAEA, DMEMSEEMBRBRENTE, FHA
542 BB B 45 SRR 4 = B R 0 R o 7E
IKGFHEF= R 5 N BN R L, BF A R K B AL
T2, feF R /KBRS, $EmKEFR A
B A O K U R AR e R
Al & N TARE, FRAATEARRIFRIRE T K
BURFR B AR W, w TR A .

WK P2 BRI Jensen BT 5550 25 A0 BRI 5L
SEAER, MEFR MK EAE R R ARES
AEFHRRL (T104 T11. T12. T1 AF) fiRE Kk,
W IR AT R Yo(F) S HIEEF 2 8 1)
K7, MR (9) THEE R RN K (R°=0.984).

50

sraliEida (8) —aU (100 Kb = F K &
HAHE (T1—T9) MiAEEE R A 1stOptl.5Pro i fH:
BT SHANE, 193] Jensen WY K HARURFE R 2B ih
R AR (12). K (13).

Y, - [EETI ]0.096 ' [;Tz ]0.200 ' [;Ts ]0.059
-0.244F2+151.1F+50 379 LET,, T2 T3 ’
(12>

0.361
1+¢3-430-0.057¢°

Z(t)= (13)

A RIK BB S R R 26 S5 AL B C 733
N 3430, 0.057. 0.361; %A FHAFA K UL
NOCTFER (J2=0.200) > (11=0.096) >k ZAIH
(J3=0.059) 7, BEEAEFALIAZE A= ] K oy F R
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Fig.1 Water sensitive index accumulation curve

Bl 1 K s B = AR R it 2k . i 1 mp
CLF t 7 i 7K J3 B5URR AR Hi 2201 B IR ] 1) 2% Ak 2R IR
REFERK, JEREER, MEh&E TR, 1
TSR E B, T atizK o BUBFE R RAUE SR T
0.4, KA BURFEE EAEIG KB [ BN CE
5 60~80 d), 7KAHBURIEELLF] 0.093. FHAIEAE
B A KR, B B A R B TR A KR A
FAAE KRN AT, W 281 BGE, XKa FKkE
BER, BRANIK S 7 SR EEIRZ T B3 i AL 78 Bk S Al
R, WA RWHIER—E M. B, £F
RO R LR UE 7S R R HE K &
2.3 IKEE R S BYIIE

# 5 NRMAKERE A RS F ok 2 1 SeillfE 5
THEAE. B3 5 nl%n, S AbBE pRs R TH 5= & A STl
FrEaR . BRHETRZEFJ7H SSE 4 0.010,
YU ZFR? N 0.793, HEHE S ST 37 MR 2
RMSE 4y 2.34 tthm?, “FHHH%HE 2 MRE A 2.71%,
4t 2= MAE 9 1.38 tthm?,
k5 & F RN LA

Table5 The measured and calculated values of tomato yield

by H B/t hm?) STIMAE/(t hm?)
T1 57.07 56.04
T2 53.05 50.77
T3 47.81 52.04
T4 53.10 51.39
T5 50.32 51.33
T6 48.12 49.70
T7 54.77 50.44
T8 53.99 51.06
T9 49.03 48.04
SSE 0.010
R? 0.793
RMSE/(t hm™®) 2.34
MRE/% 2.71
MAE 1.38

Pl L 7K 7 U R SRR i e T SR

(17K 73 BURFE £, I Jensen A2 rp (1) 7K - BUE Fi £
AT, AR WAR 6. HEE 6 AN, I8l R
th & TH SRR BURARES Jensen AR K 7K 3 B
BRI 4axt iR 22 /T 0.01, AR IRZE/NT 10%. A
1 7K Gy SR e 5 SRR il ) K o BBURR H R B A U
MRS RO, AT RION h 7K 23 BB Rk i Bk A7 T30
&6 KOHMBBHKREE
Table 6 Error calculation of water sensitive index

TiH HIH FAEH B
Jensen 17 0.096 0.200 0.059
BRI 0.087 0.195 0.064
PR 0.009 0.005 0.005
AHXF R 2% 9.103 2.481 8.151
3 it ®

KRR EREMEMNZEN 2 NEERER, &
PP K RN it 502 SIS 0 Ry A P R OB, K
I 5 i AR ) L& AR . KA T — e R
Wb T B ERY, Cui 2PN I AN [F AR E A
KAy pia ) e AT I, AR SR BT
B A R . 2 i PR o o AN A K
A T AT B TT, TR AT AE AL S
KBRS 60% HH Al H /K 2, 2 Bk s Hi K TR Ny
75% H [ FF KR, i /K _EFR >y 90% H 8] R 7K T,
FrE R, ARG RS 2K, E T A4
B K _ERR Y 9 H R EEACRE) 90%, 7= & s
Nunez-Ramirez 25125 i 51 55 4 Fofvie 260 Bo0) 26 3 72
Hszm, 45 RREE SEYr=EIEAHK. EEBR
< l2403 ) Sy BG4 M 0~360 kg/hm? B, 77 i i 28
it B R SN T R B T E RSP A R, A
B4 0~200 kg/hm? I, 5 K F 7= 6 I it 60448 o T 48
hn, M ZVE R KB B R . AR T
7B B i U I N R b, (BN 350 kg/hm?
(I A e, 0 B B 250 kg/hm? AT 150
kg/hm? [ F- 3572 B 78 0.33%. 4.17%, 1X -5 2k 2 frh 22
(RIHIF 70 45 FARRL o AR I AE RN 250 kg/hm? )3
fitth b, ki n a0 AE 0] 2% A5m 114 7 B 3 I R AN B
HASYFI R A T IRAR, X5 Eabat &P w5t 45
AL FBOE PR 5 R IR K B R 2L 7 )
I it S B N T Rk /S 5 T A SO 3 A A = )
g & AR, 8585 2B AR SRR ZEE D
MrHter &5 s KR HEMERmE 7, T2
Ab FRAE A IE RO BB 26 T, BB K 3 F
R NRAT 77,

YER K B A7 BB A 7K A3 A 7 BR B Bt _E 5

NBERBOS PR EL, 758 B PP FH ALK 73Rt 580 M He 5
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AR ERIF B0, SHAESEPE AR T2 R, HRSFI MR, sk Mg B
FEEEWT FURARAE K - BUBTREU M, S5 RRWIRAE & RO M AR B 71, ARSI
HI7K 7 BRURIRECR Iy “HERWI>T >t 220017 o WRE KBRS & i IO 7 8 e IR I 78 0 e K
ZhangPPV A X AN K T BRI R AR FFAEIIR A 75%78 40K IR 75%78 4 HEK
ARECRUK o3 £ = BT IR FE, A3 BIETFIER, 3/ A% 250 kg/hm? 214

AR M BB B, OO BRI, A Koy

WSRO RIS B A s e BRI

f%j‘jﬁﬁ/ﬁﬁ (42=0.200) >_§3‘/ﬁﬂ (11=0.096)> >EE§/%,EH [1] GAOY M, TIAN P, LI J, et al. Transcriptional changes during tomato

(13=0.059), Zhang[zsl%ﬁﬁﬁﬁﬁ'ﬁjiﬁﬁ% EI/‘]7J(§J\§5UEE ripening and influence of brackish water irrigation on fruit
Yo HOAE T C R R, T AHT 58 BA K - UskdE 5% transcriptome and sugar content.[J]. Plant Physiology and Biochemistry,
KT SRR BUde S, X5 Zhang®™ 25T 7t 2019, 145: 21-33.

CEROR 3 X TTRS R TR B IR G ety [ TURE g, D S SRR SRR S LR
ERE D H T KAMBURIEBAE & BN BRI 3. FEER D], BEBEHEK 244Kk, 2018, 37(S2): 36-39.
Iﬁé[?’o]%wﬂ Jensen *ﬁﬂﬁﬁ7ﬁ$§§ﬁ@fﬁﬁ%*ﬂﬂﬂéﬁ , WANG Qilong, LU Nan, PANG Zhe, et al. Effects of different
#XUL Jensen *ﬁﬂq:‘ﬁ/‘]ﬂ(ﬁj\ﬁﬁ@zfﬁﬁlﬂiﬁngﬁlﬁ, ?%@J irrigation methods on soil physicochemical property and growth of
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The Effect of Water-nitrogen Coupling on Water-nitrogen Production
Functions of Greenhouse Tomato under Mulched Drip Irrigation

LI Wenling®, SUN Xihuan', ZHANG Jianhua?, MA Juanjuan®,
GUO Xianghong", LEI Tao*, SUN Ruifeng*, SONG Tao®
(1.College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. HKBU Institute for Research and Continuing Education, Shenzhen 518000, China)

Abstract: [Background] Tomato is an important economic crop planted widely in both north and south of China. In
addition to its effect in antioxidant and anti-cancer, tomato is also nutritious and rich in VC, lycopene and other
nutrients. Water and nutrients are two abiotic factors determining tomato growth. Irrational irrigation and fertilization,
especially when they are used excessively, not only waste resources and contaminate groundwater, but could also
compromise crop yield and quality. Understanding how water and nutrients combine to modulate tomato growth is
hence critical to its sustainable production. [Objective] The overall objective of this paper is to determine the
production functions of water and nitrogen of greenhouse tomato in response to water-nitrogen coupling under
mulched drip irrigation. We can therefore find its key water-demand stages and provide guidelines for efficient use of
water and nitrogen fertilizer in tomato production. [Method] The experiment considered four factors and three
levels, with all designed using the orthogonal test to study how yield of the tomato responds to change in water and
nitrogen coupling. The Jensen model was used to describe the change in tomato yield with water and nitrogen
applications. [Result] The tomato yield calculated by the model was consistent with the measurements, with the
squared sum of the model fitting residuals being 0.01 and the determination coefficient being 0.793. The root mean
square error, average relative error and average absolute error between the calculated and the measured yield were
2.98 t/hm?, 2.53% and 2.39 t/hm? respectively. The water sensitive index at each growth stage was ranked in the
descending order as flowering stage (12=0.200) > seedling stage (11=0.096) > ripening stage (13=0.059). The water
sensitive index calculated from the cumulative curve of the water sensitive index agreed well with the estimate from
the Jensen model. The factors that impacted tomato yield was ranked in the following descending order based on
their significance: irrigation at flowering stage>irrigation at seedling stage>nitrogen application>irrigation at
maturity stage, with the effect of irrigation at flowering stage being significant (P<0.05). The highest yield was 72.92
t/hm?, achieved by triple irrigations coupled with 350 kg/hm? of nitrogen application. The partial nitrogen production
decreased as nitrogen application increased, and when the nitrogen application exceeded 250 kg/hm? a further
increase in its application did not result in a noticeable yield increase but reduced the water use efficiency. The
water-nitrogen production function was accurate and can be used to predict yield of the tomato fertigated by
film-mulched drip irrigation. The cumulative curve of the water sensitive index was adequate for calculating water
sensitive index, with the water sensitive index at flowering stage being the highest. [ Conclusion] Considering the
yield and water and nitrogen use efficiency, the optimal fertigation under film-mulched drip irrigation was: sufficient
irrigation at seedling stage, 75% of the sufficient irrigation at flowering stage and ripening stage respectively,
coupled with 250 kg/hm? of nitrogen application.

Key words: water-nitrogen coupling; tomato; yield; water-nitrogen production function
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