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(CK, #KEMRA 123%FC) , IR T ABEAKp s FRaFEEREAR, T2, SRAERSLEZHENY R,
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s DRI 7 R B 24 10 7K 49 5 R A 4 e 7 it 2 T
RS, KRN T5%PREZS R 7S K =,
FAHI R FALLR RS AT E R E R K.

T LA SR w0 R AR PR,
FER B BRI R IR 0 T2 . X T i
R, TR O B 0 A v 1 R T 2 U
i VEE T TGP 7 R A R R T T B 2 e
29.3%:; “F ARSI TR, T AL VE A 1 7
IR 3257 2803 AT 35 VR 26 0t 7 ) . 25 B v
2.9%7H1 21.7%.

COIN R Y AET RHX, G RESORAE Bt i
2 FH EEB R, (B ESR I T BRI A B AR 24T
oI, RN T AR AR, i R S R A
o TR, 2 i K BEIRIR SRR R K R A A A
e R, T L 1 I 5 5 SR 5% Wt i 98 7 S5 L P A S At
FORCRIRL D, PR K 0 2 15 BEAT 788 JI R i S A AE
U DRI, it B A i 7 5 A A A
FCo  CABU R AR B e L] A6 it L A i 55 A
BBEAEN, AFUKEHI B AR PR,
J5t AR 7K G P 7 03 1A R T SR BRAS 5 B v 28 1) e T
R T AR BEAR

1 MR5EREE

1.1 RIEXBER

LT 2018 4E A1 2019 4F 7—11 HE T B H Bili
FIILRARICR B AT R IEH (RE 105°6'49", b
7 37°28'13", gk 1233 m) #H47, IR HE TR
2 B il M 2 RS A A S, PR
5.3~9.9 ‘C, HIKH 2250~3 100 h, T/ H 105~
163 d, MK E 166.9~647.3 mm, &K & 1312~
2 204 mm. 58 T R E= N AN AR A5, ZRPEE A,
ApdbEIEg, K85 m, %115 m, TWHR7E SR LG
JEFI RIS, PRI B ZhEmALES], R
BRI A A . W0 oL, 0~80cm +
HCERRUR B 153 glem®, SEXIH AR KE N
31.03% (MRFIE/KE) , HIEEEAN 1 560 mg/kg-
FASEON 10.62 mglkg. AHAECN 59.08 mg/kg. H AL
%4 63.05 mg/kg. AL 227.80 mg/kg A AL
080N 22 540 mg/kg A1 pH (&4 8.25.

W P L
X p .
| |.30cm. | N/i
J 80 cm
% 110 cm L20 cm L 110 cm
LO)|
i

(a) A7 AL EE

1.2 I

TR0V B I FK 4 ] 2 AN AR FE . 78 AL 38,
HEME (M) AR (NM) A3, ez st
)N M, — AN B 2 P T =
ANHT X 53 78 R A B SR A K B 52 m, R[]
—RKMARERE 1 MERATE ., 2 ARSI,
2018 EIT A AL BEASS, 2019 AEFEAH R M
TF B MR AR o

KA A K (W)« HK (W) L KK (W3)
AEFRAN L AR (CKO , BN EFE 3 AN E A (RL,
R2. R3) . Wy AR FE/K FFRY 100% FC, W, ab3E
(RIHE7K LR A 80%FC, W4 AbFE (137K _E IR N 70%FC,
CK 2 iy FH 1 3 8 E o B CHEK B PR M
123%FC) o JHE K AR H i g [X 5 FH K ] B i
TR, FEASIRA 7 dIR, FEFFTEAL SR — 45
G, BB N 10 d/iR. 2018 4, HAEFAGT
FFFFEAL AT 1 4 IHEK AL B, MOERE)S 36 d,
FACFEE K AR IR A AR B R 4 A
MrE: T (2018 427 H 13 H—8 A 3 H, 20194E 7
H2—23 H) . JF{erL 34 (2018 48 H 3 H—9 H
12 H,20194E7 A 23 H—9 H 4 H) . 455 #HH (2018
F9OH12H—-10 H19H, 201949 H4H—10 H
12 H) Mg E1 (2018 410 H 19 H—11 A 13 H,
2019 410 H 12 H—11 H 10 H) , MFEAEMEIR
S5, S AR HE KB R 1.

PSS L ES 2

Table 1 Irrigation amount of each treatment mm
bR W; W, A CK
AN 118.9 137.6 160.5 197.4
B 98.8 1225 152.3 187.9

IS AT AL R ED 3 5, SR P ZE LRk
MR, 2298 110cm, & 15cm, H2BRHE 2 1780,
FEHnAMAEATPE 30 cm, FREE 50 cm, FEATEANAGE 1%
TRERT ALK, R (R TR SIS A PR A
Al R NN WSk E 2.8 Lih, BEE 0.2
mm, #3k[EIEE 30 cm. 7R AL, Fank
WEL B S, BT 120cm, £ 0.012mm (K1) .
RI/PNXK 11.5m, % 3.9m, FAMLFE3IANES,
12 ANX, BANX N C352235 T RITTRKER .

LR 70 R

o
J L 30 cin L _[22.5 cmy
80 cm
Uk 110 cm 20 cm 110 cm \
Te]
—

(b) FEALTE

B 1 & A X
Fig.1 Planting pattern of tomato
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1.3 MEIREATGE

1 H3EKS

G 3 d LB IREEKATAIEEK 24 h J5H
TRIME-PICO i 1f 38K 734 (IMKO, fE&[E) Wil
+ 38K A4k, MAIREE N 20 40 #1 60 cm. FMb
) 22%5 3 TRIME %, TRIME & 2235 76 & ik 18] o
H T 2018 4F R 7R Al i SR TE AL S BAEAT 7 EK
AEE, MEME S 36 d FFUG, A AT 8K g R,
BfEfR)E LIRWBGRE G, e T %2 HIES KK,

2) HKIar

TN IEEL 3 R EA R FAE, £35
BT (2018 4E, EAH)E 4d; 2019 4F, EfE)E 2d)
MITFAEAA R (2018 4F, sEfE)GE 24 d; 2019 4F, &
MG 21 d) WM/ Ak A ZEi . bR (bl Ak
BEAL) KRG RNE, 2 Ghimbl -3 em 4D
K bR R RE -

3) FEERE MR

A 7 50 LB BT (B FEAT SR, R R AR SR 5
Je s KGR /NX H ] — 2B s ) SR S A R, SR
HPAE OBENS g MR, tHEEmG %=,

7£ 2018 4F 10 A 19 HA1 11 A 11 H, 2019 4£ 9
H 28 HAI 10 H 18 HARSCRAENS, EHUEEASAL BN
X ORI B EE— B RS 3 AN, WE Ak R 1 4
AR C (2, 6-“EMEEm A e « ArE T RE R
Y1 (ATAGO FH#¥#fFit PR-32, Co. Ltd., Tokyo,
Japan)) . TIVEVERNE (BRERBERE) FIATE 2 iR E
(NaOH ¥ &%) 0,

4) IRGH PR R RN K K o R 0%

80 0

c\\c’ 60 20
3 £
x £
4T 40 40 L=
= <
_}ﬂj 20 6o
] —a—CK—e— W, —4—W, v W,
SEFE ok W, W, W,
0 80
0710 0730 0819 0908 0928 1018
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80 0
o\\° 60 20
B g
% £
<1 40»0% o g0 IE
& : ¢ %
&= 0
i 20 60
. CKe— W, A=W, v W,
M ok W, -
80

0
0710 0730 0819 0908 0928 1018
Ep

(¢) INEREALFE 20~40 cm
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IO A P2 3R 5 HE K K R 2R 5 Ok
WUEg=Y/ET, (1)
WUE=Y/I, (2
s WUEer MTEI/K 34277 2% (kgl Chm? mm) ) ;
ET NEMABMFKE (mm) 5 Y REMN L&
(kg/hm?) ; WUE, ¥ /K /K 4 F) I 2% (kg/
Chm® mm) ) 5 | VEDAE B IEBKE (mm) .
TEVIFEK (ET) SRAKE P 7 FE T
ET=P+I+AW-R-D, (3)
X P ONEENE (mm) , S KT E RN,
P=0; | ABEWI/KE (mm) ; AW NAEFHRIALESF
Mg H G 0~60 cm L 2B KEZMME (mm) 5 RA
HRERE (mm) , AR XIEEH R AR, R=0;
D N4 H WM ZE B T KR A= (mm)
ARG DX I P P2 R KR 2.55 m, A 2 HE R K
#hE, D=0,
1.4 BURALIE
BEME MR SPSS 18.0 Gt AT HEAT 20 H
{34 R A Microsoft Excel 2016 5 Origin 2017
BEATHIE

2 BZRE S

2.1 HiEEKE

T R AAS T IS EE T A6 E 0~20. 20~40 cm FI
40~60 cm )2 (1) TR FR E oK AR Hh 28 1] 2 fir
N, HE2 ATLUEH, &2 RIS /KRR KR
KiK. BELEHNET, TEEKEHRZE
Y UANIFEE SR

80 0

FHURFE KA %

MR o -, -,

0 L L L L L 80
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F 35
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(e) AERALEE 40~60 cm
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Fig.2 Soil moisture content

0~20 cm £JZ, 7/BALBER) 13 5K R AR IR
RN, SAEBRAFAAEL, Fiiets -yt
S KRR T 1.4%~12.0%; 20~40 cm )2, %
AbPRAE A v W RS OK R RE R, &t
ANTFAEAR IR, IR EKER TGS, & An
b KA ZE IR R 40~60 cm b)E, FAbH
3B E KRR A v AT AE AR SR AE TR IR
& HEMPEAGREIE, TSR T,

k2 RAHRES G EA
Table 2 Plant height and stem diameter of tomato

under drip irrigation in greenhouse

Fs/em 22 K/mm
L6 b3 " I - I

A L AL

CKNM  10.0#1.labc 8l4#56a 3.4202a  9.840.4a

A WINM  107405abc  71.2422ab  3.7402a  7.840.6¢
;f WNM 2044181  77.847.4a  3.6402a  8.320.46hc
W:NM  201422ab  75.9+4100a 3.6402a  8.51.0bc
CKM  180#l2abc 60.4427c 3.840.6a 9.040.9abc

m WM 10l#gabc 624422bc 3802 9.3:0.6ab
B WM 17.640.4bc  61.6b43.6c 3.640.1a  8.9+05abc
W:M  17.1406c  59.5450c  3.640.2a  8.820.4abc

F e 051NS  08LNS  050NS  244NS

F amis 1051  5119%*  147NS  238NS

FiseerF gsue  LIBNS  120NS  0.86NS  3.19NS

VSRR R BRI E R E (P<008); *#R
0=0.05_FAKTHERES: ~Fr =001 LKTEREE: NSRRERT
B (LSD ). FHl.

2.2 Zhntrm 5 =M

TR WA A AL B AE B R bR 3R 2 FTos . H
2 AL, B WoNM AR R CKNM AR EE 3 0
T 7.4%, WiNM A3 2260 45 CKNM AL 333 i 1 8.8%,
85 HAL AP 2 R A EE (P>0.05), CKNM Ab#
TETFACAL FHA TR A 2R Bk, 2R R 38w T SLAth
AbEE (P<0.05); 78 My E 75 Ah1E 1 Bikk s, JHAesk
SEHARE A 2R A B A K IR s g ok, 5

CK AHEL, Wi AbEEFEHAMK SN T 6.1%, FFAEALR
WP A 2R N T 3.3%.

T MG X5F 5 it e S RN A6 A S 0 bR v s e
(P<<0.01), HARIEIRAZIEME 7K o451 R 52 AN i
Z (P>0.05). W,NM FlI W5NM &b FEFR = 78 1 B¢
W,M Fl WM b3 535 = T 15.9%H1 17.5%, {EJF
AL bR R T 26.3%F1 27.6% (P<<0.05) .
Wi M AbERAE T AR AL S 220 b WINM b B 2 v
19.2%, HZRik#|EE/KF (P<0.05),
23 BEmrrE. FRKESKPEEYE

T A= B A K A R R anER 3 Frn. ISR 3 1)
DIEH, MLCTAEACEE, 78 I = T
e T 18.1%. e s BERE K E I I e s
BREARR VIS, AT FEE G E 75 73 W NIV A ) 7 e 1
£ W3NM.W;NM FI CKNM 4L EE 351 H4 111 5.1%-.7.7%
M 15.9%, HESAEE (P>0.05) ; FIEMER
W,M KB = fEf s, B WM AT WM b 73 51l
I 8.5%F1 11.7%, HbEEMZER, HE CKM A
FHEG, WoM AbER )= 5 B2 1R 5 T 21.4% (P<<0.05) .

e b FEIK SR HEK S I 2 &S, H CK
BT W, 1 W 463 (P<<0.05) . FEAHE K04
BN, B FEKE T ARG, HERAE
% (P>0.05) .

T MK A= 20% (WUEgr) FIREME /K 7K 73 )
B (WUED 327K 73l 520 i 2% (P<<0.05) , WUEgr
AT WUE, Fifi #E7K 2139 I 280 % . #HEE T CKNM
AbFE, W3NM ALER ) WUEgr 1 WUE, 73 51 B35 1R =
7 79.6%71 83.1% (P<<0.05) ; W,M 4LFHAT WUEer
5025 kg/ (hm?mm) , T CKM 43, W,M
Ab PR ) WUEeT 2 42 1 63.7%, WM ALEE ] WUE,
SEREE T 112.6% (P<<0.05) . S AL FEAH L,
BRI WUEer Bimy, (HERARE (P>
0.05) o X+ WUE,, 7 EAbH i FABERALEE, W,oM
A WM AL FREE WoNM AT W3NM AR B () WUE, 43 71
BERE T 36.5% 41.6% (P<<0.05) .
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k3 EHFE. HAKE. RSEF KB EBAKSF) B E
Table 3 Tomato yield, water consumption, water production efficiency and irrigation water use efficiency

AbFR 7o (kg hm?) ET/mm WUEg+/(kg hm? mm™) WUE/(kg hm? mm™)

CKNM 63 774.542 757.64d 230.848.9ab 276.3+11.5d 323.1214.0d
- WiNM 68 611.343 173.8cd 188.828.6bcd 363.416.8cd 427.5419.8cd
R W2NM 73 918.6986.9bcd 160.422.6d 460.845.8ab 537.247.2bc
W5NM 70 345,524 465 9bcd 141.842.9d 496.1429.8a 591.6437.6b
CKM 74 034.0411 628.2bcd 241.240.4a 306.9445.2cd 394.0461.9d
_ WiM 80 430.56 094.8abc 211.1410.8abc 381.0430.5hc 528.140.0bc
e WoM 89 844.8+2 629.1a 178.845.9¢cd 502.5+14.7a 733.4421.5a
W5M 82 778.4212 605.9ab 164.940.8cd 502.0472.4a 837.8+127.6a

F ks 3.7* 6.3% 23.6%* 27.1%%

F 20.4%* 24.3%* 1.5NS 28.6**

F o >F g 0.2NS 0.2NS 0.1 NS 1.9 NS

2.4 EhhGR

FE i AR bR ISR 4 BToR. HHER 4 WA, AR
TRETR AN IE R 4R R C & Al M R B R AR L L
I VB 7K S I PG, WNM AR B PR3 i P 4 AR 2R
C b HAh A HE B 3 T 6.3%~29.7% (P<<0.05);
W3NM &b ) AT ¥ 14 B & L WiNM AT CKNM Ak 3
SRR ERE T 12.3%FM 21.0% (P<<0.05); ANFE7K

535 1 1A) RO R IR LU 22 e IR TS B i 3 1 K- (P<
0.05), A P ¥ e [ TR A7) 2 B 7K 2 184 I i S 39
Ja FEAK, WoNM AREE [ mT v v [ e P& Lk WiNM Al
CKNM 4bERE EHE 5 T 8.9%F1 16.8% (P<<0.05),
5 W3NM 4 HE 7SR (P>0.05). FihnliEE
B CKNM ALFE N 0.47%, EbHfth b B B 3E 8 hn 1
23.7%~27.0% (P<0.05).

& 4 &b i AAR
Table 4 The quality index of tomato

st R C Bimg 402 ¢Y)  WUAMERAIRGe  ASHEABERY  AIEER % HRRRE
CKNM 17.9340.48f 3.4540).07e 2.1940.01e 0.4740.02a 4.6240.18¢
o W;iNM 18.9540.95¢e 3.7040.03d 2.3620.09d 0.3840.04b 6.1440.28cd
AR W,NM 21.8840.07d 4.0340.14c 2.5340.07bc 0.3740.02b 6.8440.61bc
W;5NM 23.254).15¢ 3.9140.10cd 2.6540.08b 0.3840.02b 6.9440.56bc
CKM 23.734).48¢c 4.3040.15b 2.3740.01d 0.2740.02d 8.9240.64a
. WM 25.6340.03b 4.6440.17a 2.4640.17cd 0.3040.02cd 8.29+1.14ab
At W,M 27.734).23a 4.8340.14a 2.7040.05ab 0.2840.05cd 9.68+1.64a
Ws;M 28.2340.88a 4.7440.17a 2.8340.12a 0.3340.04bc 8.75+1.28ab

F koream 111.3** 21.2%* 31.1** 2.2NS 2.5NS

F wpuem 741.1** 264.6** 17.6** 73.5** 44,1%*

F o >¥F mmum 2.6NS 0.3NS 0.3NS 7.6%* 1.7NS

T R E TR A SR MR 2R 2 C B AV SR
BEWE /K B IE LB A, WM ASBRIE R 44 % C
AT VEME S E ) B CKM ARBE R IR E 19.0%
A119.4% (P<<0.05). W,M AbFH o nl v 1 B 4 &
FIFERR LL o> AL CKM AR FEEE & T 12.3%F1 8.5%, L
o, AT R 2 Rk B R K (P<0.05).

T W E % 50 (03 SR M 2 K C B A v ]
TE W & 43 ) b AS 78 JE AL BRSP4 T 28.9% Al
22.8%, HZRikF|BEMEKTF (P<0.05) ; HEE
WM T EE SR ELABELBEE I T
4.2%~8.2%, 7£ CK 1 W AbFH (1) 2 533k 3] 5. 2 /K
P (P<<0.05) 3 AHECTANZE BLAL TR, 78 M5 HE 2 it

52

F R S TR B PRI BRI T 37.0%, 3 {E CK Al W,
Ab B IR) R € PR B 22 ik B TR 2 KF (P<<0.05)
LRGN AL AR LG, 78 T E T 50 1Y W R LU P 3 42
&7 48.9%, FHELT CKNM 4bEE, CKM 4b B ik
FREL B H R T 93.1% (P<<0.05) &

31 i

TR 434 ) 0ok 75 T T R A A48 S 3 ) ke s A
EXGAL PN TE TS o e Y U AN ]
S 2 AL BRI R 2, ) P g i
VEE T DA 1 IR B R 43 251, 3RAE T AR TR
A KRk . $OREE . IS EPIR L2 i



W &

T 7K 7 s o e S Bt HE T bt B B

KRB it FH 2 CK EAT 7K BBl 2 B ™, 47K e
kb 20960 7 Al i b HL T B » T AR i )
INA, 80%FC 1K b PR mT {2 3k #5347 15.4%,
7K 54.9% . ARIR K I, EAHFIERGET, 3 Fh
VEWEAL TR (Woy Woo Wa) XN IR 77 B2 7 A
B3, H W, KB P2 5 5 WUEer 3 v 5 i
X AT g T X K IR it AN R i i e A SR
ST G

VRE 7K BB K SR R A1 P 1290 25 A 5 sz o g 0
JRPE4EE R C BRK, X RAT T HIE R 4EE
% C SWkEERHMER, SHEPETRE®R
Tl B - it T - A SR AU LA PR B 2 A 2 B /K A
MR HS H 4EE R C SHEKEE MK R
(25— & B 175 7K BESRE B 2% i SR S HH RE B j
PR R AR R TR 5 B IRV 1, PRI R M A A B N v
LB E, (R & ORI R, T
U, AHIEFEH WM AR B (1 7 i AT i 1 S b R
L Ko 72— Vafl N, K55 6o R F&hn wik
BRI R, (AR B e e R ED, 250
(17, ASHIFFE A 2t T E R R W AR B K, il
FEIK 1 PR S 1 it T s 1 [ T 40 8 b 2 M FE R
VE BE1S B W E R

X ORH BRI HE, 78 I Re W > LR R
&=, FNHTE8Ramsl e ZEE R, WERS
ANBERHENMEREK A ZEA K, R EYIFE
KT T AR 3 T A, AL
TANE AR EE, 7 N VR 5 At 1 3 2 R R/ i A1
T RHE &M, T 16.1%~21.5% 1)1 7 % B 25 il 26 s
BT, AR, BRERES LK ES T
AN AL P, (R SR T () WUEer 5 WUE, 3948 15
TAERACEE, BTN T DR S IR A, TR R
UFIIZKRE A, it IR R, 12 IR
PERUEYIAR 235G 0P, SRR R4 R C &
AL PR Y AR SO AR Lt 15 3
FE (P<0.05).

4 45 g

1) BT e m T IERE KR, B
IKALBE S 7K LIy CK>Wq AL B> W, A FE > W, 4k
., IS &N S WUE Al WUE, B85, 7
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Combined Effects of Film Mulching and Water-controlled Drip Irrigation on
Yield and Quality of Facility-cultivated Tomato in Ningxia

GUO Bin', MO Yan? WU Zhongdong'”, ZHANG Yanqun?®, GONG Yiteng®,
GONG Shihong?, WANG Jiandong®, LI Qiaoling?
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049, China;
2. Department of irrigation and Drainage, China Institute of Water Resources and Hydropower Research, Beijing 100048, China;
3. CIECC Overseas Consulting Co., Ltd, Beijing 100048, China; 4. Institute of Environment and Sustainable

Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 10004, China)

Abstract: [Background] Tomato is a vegetable grown widely across Ningxia in greenhouses with the soil mulched.
Drip irrigation is the main irrigation for greenhouse crops, but excessive irrigation is common resulting in not only
water waste but also environmental contamination due to agrochemicals leaching. Increasing water use efficiency
and reducing detrimental impact of the mulching film is hence critical to sustaining tomato production in Ningxia.
[ Objective] The purpose of this study was to find an optimal drip-irrigation scheduling and film mulching in
attempts to provide guidance for improving water use efficiency while in the meantime increasing yield of the
greenhouse tomato in Ningxia. [ Method] A two-year experiment was conducted in a solar greenhouse with the soil
either not mulched (M) or mulched (NM) with plastic film. Added to these were three irrigation levels by keeping
the soil moisture at 100% (W), 80% (W,) and 70% of the field capacity respectively, with the irrigation used by
local farmers (123% of the field capacity) taken as the control (CK). [Result] It was the film much rather than the
irrigation amount that affected the growth of plant height and stem diameter from seedling stage to flowering and
fruit setting stage at significant level (P<0.01). With an increase in irrigation amount, the tomato yield increased first
followed a decline. The yield and water use efficiency of W,M were 89 844.8.8 kg/hm? and 502.5 kg/(hm* mm)
respectively, up 21.4% and 63.7% respectively from CKM. Compared with not mulching, mulching increased the
average yield by 18.1%, reductive vitamin C and soluble solid content by 28.9% and 22.8% respectively, all at
significant level (P<0.05). The combined effect of water control and film mulch on reductive vitamin C, soluble
solids and total soluble sugar was significant at P<0.01, and the effect of film mulching on titratable acid and sugar
acid ratio was significant at P<0.05. Compared with CK, W3 increased the total soluble sugar content and the sugar
acid ratio by 4.2%~8.2% and 48.9% respectively, both at significant level (P<0.05), while reducing the titratable
acid content by 37%. W,M increased the soluble solid content and the sugar acid ratio most, by 12.3% and 8.5%
respectively, compared to CK. Film mulching also affected soluble sugar and soluble acid content at significant level
(P<0.05). [Conclusion] Our two-year experiment showed that keeping the soil moisture not exceeding 80% of the
field capacity using drip irrigation with the soil mulched was most effective to increase yield and quality of the
greenhouse tomato in Ningxia.
Key words: film mulching; drip irrigation; tomato; yield and fruit quality; greenhouse
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