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T AL BT AR, SRS — AL e R A,
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FHMB LS.

1 #MRE7E

1.1 fiaptdd

IS AT T B P 7 i P AL AR MR} 4 R 22 B X R
IR, AT 109°06'E, 36°18'N. EAMET-H)< i 14 C,
LA E KR 650 mm, K E 1500 mm. R
EEKE245m. BE 6m. "mE 2.5m, WHN27 AN
B ORXD) 5 WK 2m. 58 1.5m. IR 2m. MTIY
JA ZDURERIRS, KYEIKTH, AiEK; YN LN %R
+, AHE 1.35~1.40 glem®, TIEFAFNEFASE: pH
H 7.86, BAHURFESE 1.152%, & 0.123%, 26
0.078%, 4% 1.850%.

BT AN 802, TEPRA KA ) r e 24 ol
BERSEWE, A5RE, Wt AR I7mEER .

T AR & E B KR . K. VUK BBt IR 52
TS LK 18 RS . At b )i e 5 it
HK IO 25mm, & 20~2500L/h, /K& 0.02~
0.3 MPa. X F WM HEE , 512 16 mm, A£)F 0.20 mm,
TAEE 1 50~100kPa, ¥k[EEE 0.30m, #iEHE
2.0 L/h.
1.2 Rt

it 3 MAR K ZR (BEMAE T ERAEE)
BAREK 3 MKE, REER 3 K. BEAE 07
N VAT (T L 18 247 (T2) M1 347 (T3)
B 1 5T HER 0 IVEIR 1 4T 247 F0 3 470 WEKES
A 50%ET, (W1) + 70%ET, (W2) F190%ET, (W3) ,
A BT, ATE L7588 E (Potential Evapotranspiration) , 1
e T 24P H Y68 % Penman-Monteith /& 1E AT, i & 45
FN 310 mm; FERIEER 3 NACEAHIN 120 kg/hm?
(N1) . 180 kg/hm* (N2) #1240 kg/hm® (N3) , %
St b AR 6 1 I AT . R B IRER B B, ik
FIERE Lo(3Y), Wm&HiE 9 MRAKKNRAA, %3 KE
2, 27 ANNX, EERRE T RWE 1R,

F1 BEEMEXTREHAEFER
Table 1 Orthogonal experiment scheme of greenhouse tomato
[X| & Factor

=N
Ne THEAE  WWAR  WRUEE el
Pipe layout Irrigation amount  application rate/(kg-hm™)
1 1 147 (T 50%ET, (WD) 120 (N1
2 1 247 (T2) Wi 180 (N2)
3 18 347 (T3) w1 240 (N3)
4 Tl 70%ET, (W2) N2
5 T2 w2 N3
6 T3 w2 N1
7 Tl 90%ET, (W3) N3
8 T2 W3 N1
9 T3 W3 N2

¥ ETo ABEZABUR, mm.
Note: ETj is potential evapotranspiration, mm.

NI D = B e LB 21 o< SO = ek 1791
F & 20 010 kg/hm® Jiti A A HLE AR CF BLR 52 & 5 5
>40%, % W, BRECEE N 16:16:16) , TREH. 2018 4 6
H 15 HEM, FMmhmBRemn, %EFRMEkT
0 50 cm. #REE 30 cm, ST 6.6 Fk/m®, FALAT
HEATRPR, BANNXIE 3470 e AE G BT AL FE E E e 1
17K 30 mm. 2 JEFIREREZ 10 d #E 1 UOK, EFEM
BN (6 H24 H—9 H 25 H) LK 10 %, 5%
A W1, W2, W3 SERRE/KEES AN 160, 220,
280 mm. K EIELAKE T EREH . 50 HAF A N
JEAZE55 8 10 A, AEBGE b i b 5] i I 25 il 98 3% 7K
N . HNEPAE (120 kg/hm?, P,Os 43%) 4l FE i,
TE 45 S 0 56 — R A A AN 28 R AL KB il K
I (150 kg/hm?, K,0 50%) , oAt 5 74 58 R, 5 3% i
P HEAT o
1.3 MERBRFE
IS KR 5 P 43 ) W AE I T ARG G
fr M) . EEFEZFEF L 10 cm 4 AL M2) |
T EFREE AL 25 em &b GIIAZ M3) , FEAR R AL
AHEE Trim B, MWK 60 cm. H TDR /K4 & 4X
M+ JE 10~60 cm iR JE HIHES /KR, FAFE 10 cm
E1IR, HIERE 0~10 om T35 /K 4 % A EL Atk
M5E
TR A NOS-N M5E A7 A7 B A5 45K
RIAIATEAAFE . EFABGRAAE, BRI A T,
T, BEIE R, HLEAR S mm, FREIOHX (Auto
Analyzer-IIT, 7% [E Bran +Luebbe A #]) & TIEHER
NO;-N i 734
FEEIE: ERIRE, RN AR L,
FHF RSP R, W SRR B AR (kg/hm?)
KA FIHZZ (Water Use Efficiency, WUE) J& A
VEMAE K E BT I gr A AR FAE 28 T bR, IO T HERE
IKEGEFYRAEF2Z A5 &
WUE=0.1Y/ET (D
Xf WUE WK R, kg/m’s Y ONF~E, kg/hm’s
ET R#E/KE, mm. REFEKEFHEFEIE, 25660550k
L, AN R RARBE KA R Kb DL R s R AR AR
JFBIRL, FKEET N
El=[-AW (2)
o T A BHEKE, mm; AW ARIEYIIAFI A 0~60 cm
TR, mm. SKIRAEEDPIED T 1~4 Lh i
B ST SR NSRRI A B, W NS EE B A
i 50 em, H T HAERIRIEVIR RIRE Z A 2 40 om,
AR TR AR 0~60 em 15 .
JEEME A= /7 (Partial Nitrogen Productivity, PNP)
J S 2 b 3L 2 2 KPR AR it P R 2 S U T
HEFEbR, FRRR LRI 8%
PNP=Y/N (3
oA PNP NAEEMm A= 11, kekgs N A 0~60 cm 4§
JERIAEFESY (N %) AR, kg/hm’.
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2 GERESI
A KESWERS

7 319 H, #/KJG 48 h LIES /KR40, wE 1 pr
Ne WLUEH, HEKIEKSEE 48 h FIANBYEL ANH
EEME AT KBS aREAME ., ETE
R, 0~20 cm R 2 HIES AKCRESR, 20~40 cm REE
Bl 3 5 K AT i s, 40 em HEIRE LU T HIE S K&
ARk HIBESKERESAMIE 20~30 cm 2R
B, B/ EHEEIKESAMAE 50cm HERELLT. R
kiR, KSFJ7 I A KRN, WSk R 5 A B
KRR K. BHERHD (HERE<10em) , 50 cm IR
FE UL BRI E KR SR ARy T1 M T3 HiEE
KRB N IIAL MI>M2>M3, T2 H3EE KRN0 A A
TAL M3>M2>M1 .

2.1

35 7K Z Soil moisture/%

+ 85 7K Z Soil moisture/%

AFEEEAEHTRT, HELERE LS KRS
Hi I EATE . EVEKE W2 I, 20 cm IR+ E A M1,
M2, M3 HIEEKFFEME T1. T2 T3 KA 23.44%.
20.51%- 20.36%, FHi K&K g/ E KA ZE IR
N 435%. 3.93%. 6.26%. 30 cm ELENL M1, M2,
M3 HIE A K FE B T1. T2 T3 I 23.56%122.35%
19.57%, B K& KER RN EKEMZEN 1.37%- 3.63%-
7.59%. 1 20~30 cm L EIREAFEERE AT IEE
IKESMEFEAME, HRKEKERNEGKEEZHENAE
AR, T3 BT NEERAK, SAEE, H s KR
ARSI ZE, T1 A T2 BT REMBN, SKES
A ER S, XRF VK 48 h J5, T1 I T2 B
i B 7 IR B Y R ASIL, T T3 A B 7 2 i () P A
K, TEAZI A B B T BRI B8, K A A3
5o HAMHEAE LU R

44285 7K Z Soil moisture/%

010 15 20 25 30 010 15 20 25 30 010 15 20 25 30
'/ T \: T 1 T T 1
10 - \ A 10 oy 10 -
£ Measurement position £ ’ i =
L.
§: 20 —-—ﬁ; §: 20 t . % 20 ¢
5 o 5 o)
S30t v M3 230 Z30r
A A A
w40 40 + 40 -
250t 50 t ‘ K50 + ’
B = { = ’
60 60 r 60 r v
70 + 70 b 70 -
a. TIWINI b. TIW2N2 c. TIW3N3
+ 385 7K # Soil moisture/% 385 7K Z Soil moisture/% L3885 7K Z Soil moisture/%
20 25 30 010 15 20 25 30 010 15 20 25 30
10 | 10 B
§ 5 5 N
= = 20 =20 ¢ ) AN
g g B ) :
e S 30+ =30 o A
) ) 5 P
A A A Lo
4%( I::;( 40 - ‘% 40
ﬁilﬂ M 50 M\ﬂ 50
+ + I H I
N
60 - 60 F v%
70 - 70 - 70 L
d. T2WIN2 e. T2ZW2N3 f. T2ZW3N1
+ 385 7K F Soil moisture/% + 3 /K F Soil moisture/% ~+ 358 % 7K R Soil moisture/%
10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
0 T T ! 0 Y& T T 0 T T T !
|
10} 10+ 10 - X
= = £ A
22t 220 220} ;
) 5y 5 /
=30 =30 v =30+ x
40 + 40 + b w40 + ¥
& i I Ve ® i :
I 50 Ly Wsop o Wspl o
A>T E [ = \
60 | o 60 F v d 60 + oy
70 - 70 - 70 -
g. T3AWIN3 h. T3W2N1 i. T3AW3N2

e WA M1 M2y M3 2 BIBAERIGTH G SR BRI 0 10 om AL ELRERT R0 25 cm &8, FIALS

Note: The measuring positions M1, M2 and M3 were located at center of test pit, 10 and 25 cm away from the center perpendicular to irrigation pipes; Same as below.

Fig.1

A1

2018 47 A 19 B #KJE 48 h TR A HE A X 432 138 A K E A

Soil moisture distribution of different treatments under different drip fertigation modes in 48 hours after irrigation on July 19, 2018
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AAEEME TN, ANELEHES KRS A,
WE 2 for, W2 #E/KE T T1 A7 M1 AHHZE 0~
30 cm RN HIEEKERA, 18 23.71%, T3 &bFH M3
& KN, AUH 15.99%. T1. T2, T3 4i & Ay
EIK BRI, 231N 22.19% 20.20%. 18.86%. F
EAn B 7 AGHIA, M1 IS KR BE W, T,
T2 AFRAY M2 M3 A& /KRE T3 ZREE. 40 48h
KL T, T2 AR+ B BB XS, 1M
T3 A PR I IR A XIS, WA M2, M3 FEES

TSR0, T3 AEFRA M2, M3 A&7k R 2N, ANFE
EEME 7 A (A 2 5 23 . 30~60 cm R 1%
FOKFRABMIES 30 com L, HET LK NBE
%, 40 om PREDUT RIS /KSR B BIgN, BN T 0~
30 om VRE IS /KRME . WAL M1, M2 47K T1 b3
5T2, T3 #5753, M3 T3 45 TL, T2 ZRE%.
HEKE W1, W3 KBRS 3RS KR A . T1. T3
ACERFTIA, MLy M2 AR RIVREE Bk %355 T2 ZR B E,
M M3 A& /KE T, T2 AbF 5 T3 ZREE

R2 TRIEREALESKEHE

Table 2 Average soil moisture at different soil depths %
s 0~30 cm >30~60 cm

Treatments Wiz M1 Az M2 WAz M3 WAz M1 Az M2 Wiz M3

Point M1 Point M2 Point M3 Point M1 Point M2 Point M3
TIWINI 18.56+1.52a 17.46%0.32a 16.641+0.46a 17.06+1.16a 16.34%+0.31a 15.62+0.51a
T2WIN2 14.52+1.10b 15.4340.84b 16.03+0.97a 13.684+0.93b 14.7240.88b 15.61+0.64a
T3WIN3 18.41+1.81a 17.72+1.48a 13.79£0.83b 17.61£1.33a 17.09£0.99a 13.261+0.85b
T1IW2N2 23.71+0.71a 21.63+1.32a 21.23+1.34a 23.09+1.59a 21.44%+1.18a 20.84t1.67a
T2W2N3 18.91£0.35¢ 20.87+1.49a 21.83%1.11a 18.19£0.57b 18.04£1.07b 19.66 £ 1.45a
T3W2N1 21.02+1.40b 19.56+1.72b 15.994+1.17b 20.06+0.45b 18.60+1.55b 15.08+0.93b
T1IW3N3 24.15+1.56a 22.66+0.59a 22.24+2.11a 2341%1.72a 22.15+1.18a 21.85+1.71a
T2W3N1 18.7440.44b 19.54+1.46b 22.434+1.19a 17.1941.06b 18.5041.00b 20.0940.76a
T3W3N2 23.4240.85a 23.43+1.79a 18.24£0.96b 22.02+1.60a 21.094+0.87a 16.87+0.52b

TE: R AMREZE, FoK o AR R SIS T REROR A B ) ZE R i (P<0.05) 5 R

Note: Symbol=+shows standard deviation. Different letters in the same column for same water treatment indicate significant difference at P<0.05; Same as below.

BEME N AR, AR 55K S KA
. VEKE W2 I, W47 M1 &b, T1 AbFE A 4385 K
R K, 1K 25.93%, HUCN T3, T2; WAL M2 LIE4
IKF R KAE HREVNBFE A Tl T2, T3, W42 M3
AE BB K & KRR YN T2>T1>T3. A[ W, T3 fiEJy
REKEH RN, T Tl T2 AR R E & KE A B
B

B2 NEMBGER S, A A E RS A
(NO3-ND 3 Aii 5 o AR ¥ HE Bt AEAR 20 R, B L 2 IR
FERIBE N, ISR (NOs-N) i &3 2/
#, 0~30cm LEMEEMNESEIMEBH KT 30~
60 cm +E¥ME . 0~30 cm T EM AR &0 HIE
B KN 24.96 mg/kg (4bFE T3WIN3) , 30~60 cm +
EMAR RS ER KN 1671 mgkg (A
TIW3N3) . HTHFMEXRBIEVR RIREZ AL
40 cm, AT LA1Z 7K BB 43 A5 A FI T 7 At 0 7K 43 R0 BE 23 W%
R A .

R —+ERE, T1 Al T3 BEMAE TN, WES
B EMRAT, AR B K BN A6 5 Rk
PRESGURHOG, B Sk, MARRES SR, KK
AL M3>M2>M1 . T2 A B 77 XA, HEEEEME
TEAEARAT A TE) S A 75 U0 & 0 250 oK B /MK U O il 4z
MI>M2>M3. [Ei, H#E 3 aLUEH, T3 &b E R
S RET AL M3 A FIERFE ) NO3-N i & 0 U /EAS

it N /KPR 257 (P<0.05) o AL N ZKEEK
BB, REFREARLEPY, W5 S KRS
A WHSERS G LE, T1 M T2 FiEAmE 7
WL 35 E 6 AR IEAA AT, RIOK A ARl R
AP R TE RS b, A T3 A BT U A
A

% 3 a/78, [A— N &4# T, 0~30cm HZMAL
MI AT SRR R 5 T2 4 B 5 N T1 A T3 A B
K, AL TAEVIRR S, A S ElOEAE R T
RAEX N RIS . NS RECV &, T2 i J7
[f) CV {E7E N2 FI N3 A RE/NTF T3 M E, SRS
AR LYo A BN HR AR PR IR ISR P 15 e AN 43 A 35 2]
PESRE, MET T1 A T3 X 2 FhBEAE N, T2 fi
B
2.2 HEMAER K E NN ERT 2N

SINTHE KR 2 TR A B A E 3 3
Tl DRI 28X Tt e S (M R, i E R A T SO
B AREER (P>0.05) , BEKE RN EH &
AR ER (P<0.01) , it GRS 0 = A B 2 5
Mg (P<0.05) , 1 /KEA AR FFA ™4 B ZE P
(P=0.74) , WUIAT ERPL MR 4 Fros. . mKF
EKE W2, W3 F&RMF-EEA 5EZE R, FKHEKK
W1 REMEER RS, ANEEN KT &=
BHREER.
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S A BT R g A AU R R A AU R
NO,-N mass fraction/(mg-kg™) NO;-N mass fraction/(mg-kg™") NO,-N mass fraction/(mg-kg™)
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
0 T T T T T ) 0 T T T T T ) 0 T T T T T )
10 + oy WAL . 10 F 10 L
.1 Measurement position
g | g g
520t % —— MI 520t S 20t
£ [oem % £
= 30 x -v-- M3 = 30 = 30
2 ; 2 2
v v v
40 b = 40 | 2 40 b
x x x
L so ¢ I 50 | I 5 L
H H H
60 60 60
70 L 70 L 70 L
a. TIWINI b. TIW2N2 c. TIW3N3
e BN A BT 7 g A U4 e BN A BT 7
NO,;-N mass fraction/(mg-kg™") NO;,-N mass fraction/(mg-kg™") NO;-N mass fraction/(mg-kg™")
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
n n n
10 10 + 10 +
g g g
220 220 220
< < <
[y [y [y
< 30 S 30 - S 30 b
= = =
w2 w2 w2
40 40 | 40 |
% ® ®
i Il il L
50 50 50
4 4 4
60 60 60
70 70 - 70 -
d. T2WIN2 e. T2ZW2N3 f. T2ZW3N1
S A ST R IR AT S LR A U A o A
NO,-N mass fraction/(mg-kg™) NO,-N mass fraction/(mg-kg™") NO,-N mass fraction/(mg-kg™)
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
0 T T T T T ) 0 T T T T T ) 0 T T T T T )
10 10 |+ 10 +
= £ £
220 220+ 220
= = =
230} 230} Ss0p
3 3 3
|75} |72} wl
40 | = 40 b = 40 F
ISy &
3 I 50 1 I 50
H H
60 60 60
70 b 70 L 70 L
g. T3WIN3 h. T3W2N1 i. T3SW3N2
B2 MORE RRIALIE 2R A S Ao A
Fig.2 NO;-N distribution in soils with different treatments after harvesting
£x3 FRIBREIEHESRRENSHME
Table 3 Average NOs-N mass fraction at different soil depths
e FW AL 0~30 em WA P80 & 5 4L F 2>30~60 cm THASZCF 35 5 & 4050
Treat ; Average NO;-N content at 0-30 cm of each measurement point Average NO;-N content at 30-60 cm of each measurement point
reatments
M1/( mg-kg™) M2/( mg-kg™) M3/( mg-kg™) cv M1/( mg-kg™) M2/( mg-kg™) M3/( mg-kg™) cv
TIWINI 10.04 12.42 13.27 0.14 10.69 11.71 13.11 0.10
T2W3N1 15.92 13.72 11.28 0.14 12.08 11.63 8.07 0.21
T3W2N1 15.52 17.26 18.10 0.08 7.09 11.48 8.21 0.26
T1W2N2 11.61 12.40 16.02 0.18 10.89 13.04 14.68 0.15
T2WIN2 17.17 14.59 12.93 0.14 14.10 12.55 10.77 0.13
T3W3N2 11.60 16.45 20.64 0.28 6.92 11.89 13.28 0.31
TIW3N3 12.96 16.55 17.72 0.16 15.93 16.26 16.71 0.02
T2W2N3 19.32 16.57 13.26 0.19 14.20 12.80 11.44 0.11
T3WIN3 17.02 16.78 24.96 0.24 8.18 10.82 10.21 0.14
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x4 BNMFEREFHTN
Table 4 Significant effect of tomato yield

K 77 Yield/(kg-hm?)
Level T w N
1 93749.7415 863.5a 80263.744583.8b 85394.9+9290.2¢
2 93 896.5+13 216.6a 98 500.9+10 514.6a 92 816.3+10 866.8b
3 89 190.046 130.7a 9807154537422 98 624.9+12209.8a
F 1 FValue 3.53 53.43 21.69
P ff P value 0.051 <0.001 <0.001

AN TR R AR 2 2 At S AR 5 fs. |
R, MEAREXNARZERCK, 918 237.2 kg/hm®, &
FER PR R KR R o T R B AR R T
KE, H e s g . ARZE 2 Hrar i,
AbFE T2W2N3 7= &, A 107 104 kg/hm’s

*5 ARLEBEMmEFKEAFARERERES
Table 5 Yield, water use efficiency (WUE) and partial nitrogen

productivity( PNP) of tomato under different treatments and their
ranges (R) analysis

Ab3 [A 3% Factors WUE PNP 7= Yield

Treatments I(kg'm®) /(kg'kg")  /(kg'hm?)

T w N
TIW3N3 1 3 3 374 136.78 104 140.3
TIW2N2 1 2 2 46.3 17798 101 618.7
TIWINI1 1 1 1 41.5 197.36 75 490.0
T2W2N3 2 2 3 422 138.04 107 104.0
T2WIN2 2 1 2 47.8 139.73 80 670.7
T2W3N1 2 3 1 29.6 24422 939148
T3WIN3 3 1 3 42.1 110.63 84 630.5
T3W3N2 3 3 2 40.3 167.60 96 159.5
T3W2N1 3 2 1 442 226.90 86 780.0
k1 41.7 43.8 38.4
k2 39.9 44.2 44.8
k3 422 358 40.6
R 2.3 8.5 4.2
At T3 w2 N2
Optimal
k1 170.7 149.2 222.8
k2 174.0 181.0 161.8
k3 168.4 182.9 128.5
R 5.6 33.6 94.3
125 A
i T2 w3 NI
Optimal

k1 93749.7 80263.7 85394.9
k2 93896.5 985009 928163
k3 89190.0 98071.5 98624.9

R 4706.5 182372 13230.0
Hﬁﬁ T2 w2 N3
Optimal

F A g hilr (Cobb-Douglas) “E 7= R Bk iz FH £
S TR IR A P R R AR S AR R AR AR R R
TR Z PPN R Z S P B SRR . BT BT A
B SO e A TR, R DA K R
NEARE, DA RN R, SRR Y
BT, AR @) Fik:

Y — e7,98[0.3677]\[0.2722 (4)

M (4 mran, R, EEKERAFHERT
B N AR A PR, BDE K BRI 1%, Fahre sy
INZ)36.77%, jiti N JE &=/ 0 1%, A= =127 30%.

W22 53 W AR AT —TEAS TR AU G 45 R R, B
IR0 KTt AE
2.3 EEMAER X FE KRN A E N

AR RE R ARAL K R F R Wik 5 fin. WUE i
HIEH] 47.8 kg/m®, RARINA 29.6 kg/m’ IR ZE M AT AN,
XF WUE SN 5 K [ PR 252 E /K &, ME VIR R iR,
TWEEEME T i/, 4 T3W2N2 ) WUE &
Ho 5 MY ALK FEAR WUE AN, PNP SRR
NERR . fEFTA AL F T, PNP AL A4 FEZ T2W3NI,
N 244.22 kg/kg. X T PNP, jifi ZAE K 2 (% 94.3 kg/kg)
SoM iR, HEAKKT IR, B A B U i),
H. PNP i 25 e JE 5 (34 i 9 )~

3 it it

Fe e E AT LAY A =, AR KR R 8 1 KR
AR . GRS R A K R A A B S A B AN R4 v 2
B, BESRHEEN R KRR R, 35
A EE U REMA, 1A B A 2K IR 3 AN AT DA R A AR
K, AR A e i e A R UIR R
AL RN 30%5Y, Bk iE E R 20 N 5 54
HAZUMSERARE T LS, Wy EEER.
BARRERERREY, @Gl e S N . RIEY
AR R PR AR AS,  TE R R R AE, AT A Ak R it
RER B AN FP S, T AR T AR X, PRIFAR [X 9%
IIRIHERL, IR TR RS, B R AR IE 4 R
FH#% ., Lazcano ZPVRILZE 25 cm UL B 12 T 150 20
R EEARLAR K (30~200 kg/hm?) , & ¥ N 2= RUE
FIF R E B . AR, 6 AR KE. i
RILE VLB E AR E T, AT FHIEAR X K 50 Fl
FEOMBERL, $REKERIH R, 1 H TR SR

T R R I AR D B ER h R B I s R, BRAE
TRE /K R 8 Wt B PR AT 47 3 T2 B S POV L o e A 1
A2 K R IR AT LUE B IR EmE AL A E R, T
YRR R, o E IR T AR .
3 N A EGR T N JEAEN B TEIE R RE 1 DA K
WX KD AER . AFRBAE, N RERFBEKNBIZ
B Hoor A AR LIRS KR A A — B TE L ERE
30 cm VG P IR E KR AR R, TIERAZ (NOs-ND
b L ERE I E NS, 0~30cm LEME
A EKT 30~60cm LZHE. Zhou HEFMAET
EBRRER TR R, EFLER TR, B
SRR NG N, KR HSRIEB R Ak,
WA LERSEA SRR LRE, SRR, K
IET N RpiKkis®, 5 TRRETREALEEY, HitE
o VRS e 2 o) R DX YR A TT AR K R R R Y,
B NP bk 2142

FH 161 3 VR 5 A 7 SO AR X K 3 F N & A oA A
HEERN, PRI, EREREETRT, SR
KAE 20~30 cm G PR, SRS BIER)E 30 cm LA
K, 30 om PAURREERE N BTRIEEE AN,
EARFREE LIRS KR EEAMF, 2158 147 (TD
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A1 2 AT (T2) A B AR I8 5 K E 2 H A
N, EIKEAEAR X oA U SR R34 5], T 18 347 (T3)
B RNEERK, A E. B TERBXFER
ZAEVHAR REHTE L ZIRE 40 em LAY, IRZK
FEOARTEVR R BRI, #13 T3 4iE 5
30~60 cm AR RRRER AN FHb, HRWHE
A TR B YD i E R AR BB R R 22—, Satpute
L0 5 e By D 3 R R AR A A O 50 1 R 24T
ME 18 VATME AT 35%~41%. KRE5H
1 2 A7 EEME TR (T2) MERT T1 BT EE
i BRI D, BORARIR D« BRI, T2 i B 5 R
5 T1 A T3 MRS, T8 # 5, RIK R TS
R HIS, REMRBUR RN, AR TS &
KB

TR FR B, HEK A R X e A i
Hiom, HEEKEERKTHIEREZR. KRR E
B A7 F1 2 K BRI N IR EAE RS2, AT
KRR B EAR HAR . XSRS I g R — 5 [
FELE HABAE M FIRE K e AR _E A AU E5 18, 25 m 4]
BT 5% 2% W 4 S0 A0 it 2R A X 4R SRR P . ARBUK R
WUE Al PNP §Z0i 4 FI 3553 5 25 7K T o 1) A B2 41450 i i
ORI AR BB UE1S 2, BHAZ BF 7= S A0 K 20 R FH R
WUE Fifi #E 7K S 38 0 2 e 38 5 980/ N34 o /K 43 ki mp
PER A AR TR R AE, R RR I BRI
Daniel U7 & DU R HE S 1E T, B UH R A
AKX T = RN . T Li U OhE 2 MR RAER (B
JEJR ZARIERE) A1 2 FHEKKT (RoriE, THUE
(90%) ) MIBFFL, RILFE A= S s K R, Hk
K e IS8 A AR S 264 T AN A 1 s ) AR 72 J1KF
I R o

4 % it

MR HE R A B a0, HEKE . M N IEEZSSHEE
A LIRS KRN WERRES . T &,
K BRI FH 3 S5 350 AN [RI R FE R 52

D RIEEKBEEHAE N E S B2 EE A E T
. N RERFMEERKNSZERE, Hofiaiat
K 3 A FE AT 20~40 cm +ZIREVEE IS KR
Iy AitEr s T1 A T2 A 87 U5 T3 A B IS 7K R A1
Bi51. HIERAR (NOs-N) i B2 BbE 1 2 B i3 hn
BI/NER, 0~30 cm L EMSERESEEIEB AT
30~60 cm LJEIMH; T2 EiEAmE XA T T1 F1 T3
i BHSEGEYE.

2) BEIK R R At AR O 2 i e i KRR R
Y RERw, &K E. FAEHEH R & SIS H
Vi) 35 VP A AT B 7 AV B A AR IR 1S =7, b RedEdr
o AR RE R KR FH 2R R I I 2 72 7 o TEAR IR 26 1F
T, REGFEAME KRR R, AR DK B A
BB A N W2 (T0%ET,) + N3 (240 kg/hm?) <
T2 (18 247) 5 AT M IR = 25 o0t i R it JIES A 7= S e 2

BeZ2 o (H M R HE R 7K R FH R0 A B R 2E 7= 7 £
FEZE &, 2 T e IE A ) e R K25 7 o W2
(70%ET,) ~ N2 (180 kg/hm*) . T2 (14 247) F1 W2
(70%ETy,) « N1 (120 kg/hm®) . T2 (1 & 247 .
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Effects of water and N-fertilizer supplies on the distribution and use
efficiency of water and nitrogen of drip-irrigated tomato in greenhouse

Zhang Xinyan®, Wang Haoxiang®, Niu Wenquan'-2
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and
Water Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: This study explored the optimal mode of drip fertigation system of tomato in greenhouse in Yangling, China
(109°06'E, 36°18'N). Three factors with three levels each were considered including drip irrigation pipeline layout, fertilizer-N
application rate and irrigation amount. Three pipeline layout included single-plant row, two-plant row and three-plant row of
one pipeline. Three irrigation amounts were 50%ET,, 70%ET, and 90%ET, (potential evapotranspiration) and ET, was
calculated based on Penman-Monteith modifier formula. Three fertilizer-N amounts were 120, 180 and 240 kg/hm”. The
experiment was carried out in 2018 following the orthogonal test design. During the experiment, soil moisture content and
nitrate nitrogen content were determined. Water use efficiency and fertilizer utilization efficiency were calculated. The results
showed that the drip irrigation pipeline layout, irrigation amount and fertilizer-N amount had different effects on soil moisture
content distribution, nitrate nitrogen, tomato yield and water use efficiency and nitrogen utilization efficiency of greenhouse
tomato. The distribution of soil water content in different drip irrigation pipeline layout was basically the same, the water
content of the surface layer (0-20 cm) was lower and higher in the soil layer of 20-40 cm. The soil water content below 40 cm
depth was decreased. The soil moisture content was low in the area far from the emitter but high in the area around the emitter.

The moisture content distributions of single-plant row of one pipeline and two-plant row of one pipeline were much uniform
than that of three-plant row of one pipeline. The soil nitrate nitrogen (NO;-N) content decreased generally with the soil depth,
and the mean value of the nitrate nitrogen content in the 0-30 cm soil layer was greater than that at 30-60 cm. The maximum
value of nitrate nitrogen content was 24.96 mg/kg in the 0-30 c¢m soil layer, and it was 16.71 mg/kg in the 30-60 cm soil layer.
Under the same fertilizer-N treatment, the nitrate nitrogen content at the center of the test pit in the 0-30 cm soil layer was
larger in the treatment of two-plant row of one pipeline mode than that in single-plant row and three-plant row of one pipeline.
It would be conducive to the absorption and utilization of nitrogen by roots. The irrigation amount had an extremely significant
effect on the yield of tomato. The fertilizer-N amounts had a significant effect on the yield. The tomato yield was not
significantly different for the treatments of irrigation amount of 70%ET,and 90%ET,, and both treatments were significantly
higher than that with the irrigation amount of 50%ET,. The irrigation amount and fertilizer-N application rate had significant
effects on water use efficiency and partial nitrogen productivity. The optimized mode of drip fertigation with high yield of
tomato was two-plant row of one pipeline, irrigation amounts 70%ET, and fertilizer-N application rate of 240 kg/hm’.
Considering the high efficiency of irrigation water utilization and N-fertilizer partial factor productivity, the optimal
combination mode of drip fertigation on tomato was two-plant row of one pipeline, irrigation amounts 70%ET,, N-fertilizer
amounts 180 kg/hm” and two-plant row of one pipeline, irrigation amounts 70%ET, and N-fertilizer amounts 120kg/hm?,
respectively. The result can provide some technical guidance for the production practice of the greenhouse tomato drip
fertigation.

Keywords: soil moisture; fertilization; greenhouse; nitrate nitrogen; drip irrigation; yield; water use efficiency; partial factor
productivity



