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1 MR5REE

1.1 RIemt

BER AR “EMM S, ATEEFEMESA
FRTE A E SR, RO E A (FKF
FF 50%+1Pi 30%+4-2% 20%+4 M5 ) , mH A

IRREZ LA AR EATIR A7) 477, AL

SVE P20s. K20 5 &40 #1053 7118 3.2%- 0.6%- 0.2%.
2.15%, ¥/KEA 16.1%. B 3 MRk JRE (F
N 46%, Hilixith (BEED HIRFTAF AL  3F
£ (N :P0Os: K0=19 : 19 : 19, KEJLEKIHIE,
55 E R R A B A A PR A A ) | L (N -
P20s : Ko0=16 : 6 : 26, m#i/KIEAE, kL T4
H AR AT A=) .

1.2 It

RIGT 2020 4 8 H—2021 4 3 H A4 EWHEY
el H Ot &= 3047, EARVEK 30m, mdkyE 8 m, /K
JE—AAb BB, RIGILBE 4 DAL OK IK IR
TO: N.P20s. K20 Jiti FH &4 71l v 615.315. 750 kg/hm?,
KR 6000 m¥hm?; Moo, JRE. FE. dHTREME
B &2 ) °0A 179.40. 971.10. 2 175 kg/hm?. @
KRR S T1: N. P2Os. KO Jiti FH & 43731y 435.
150. 600 kg/hm?, #E/K & 4 500 m3hm?2; Hrr, JRE&.
S5 Rk & 23008 130.50. 78.90. 2 250
kg/hm2, O LKA T2: 5 T1 Ab#EAHEL, JEAE
. HKEWYTIF 10%, N. P0s. K0 jii &4 5l
4 390, 135. 540 kg/hm?, /K &4 4 050 m3/hm?;
Horr, JRE S5 E i RRERL FH & 4308 114.15,
71.10. 2 025 kg/hm?, @OMEAKAERER T3: 5 T1 4b
HRAAEL, MEARE . BEKE EIF 10%, N, P20s. K0
it FH 49 514 480, 165, 660 kg/hm?, /K &N 4 950
m¥hm?; b, JRE. ZFE. lETRAER 5
A 146.70. 86.85. 2 475 kg/hm?.

TR0 8 o R 7 3K, R T A DY ol 52 2 £ [l
SHbAT, FEBE 40 cm, FE[EFE 80 cm. BEGK H FEAL
XAHAERE, BMMEEEIANEL, L 124DX,
XA A 15 m?, 2020 4 8 A 10 H &1, Bt
KRR —HWFALE T 9 A 17 HEl. iz
M 14T, FRATEE N 40 cm>80 cm.

TO—T3 b3, RS 40%N . 80%P,0s
JE 30%K20 I T-FaiFp AT L, Rk TIE
Jiti, JEAERTLERATE I FFAEAR A SRS .
g B ISR N P20s. KO JE 835 #E EL 45129 7l
J912:6:7.15:8:10. 15:6:19. 10:0: 19.
8:0: 15, fEFEMBANEG I, MG Lk 25
HATIERE, WAETREEZE N 7~10 d/ik; TO—T3 Ab¥E
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TEFEA I TFAEAL M. RS KA. 45 Fas A
WSCHI SO P R /K 2 o R FEEE /K == 1) BB 43 ) 29%
10%- 30%-. 19%. 12%. iRIGICRKFEM . e
AL JESERE O 4h SRR R SOGIR B 1) 4 2 e [
4394 53, 104 25. 32, 40d.
1.3 MEFHZE

BRVEBEIE AL, 242k E WK F AR B
PR, FRTINE KR IR M I A KR, AN E L
HELL A AR IR UK > 5 ENAMNRIEE . ERK R
R HTTH, BE 5 AR, A KM Lbi 2 R0 F.
WRIGHUEIE, FA/DNX 3 EE 9 BREEA, 1EH .
FEACAL I, SRS I, a5 SR . US4y )
SEMRE CEESRIAEK KR 2B CGEEER
L)  MRHIAURI- SR . PR S R, 250
FAUiE bR = RO &, i AR R A T AR A (fE 3%
YMI-A) e, Mg s SRR (fEE
HM-YA) Wll5E . 73 /NXCRBURSE, HIEIFRFTE, 4t
THRSE R, RRUCRI T R RSPk, &2k
NN SO

Z5 i 1 A B AR AR SR S B FE B o AT A B T
KRR F T TE K. A NIEALEE (SOD) Flid 41k
VIl (POD) v&YE. FZEE (Pro) AN & (MDA)
B MR AETEIME (NBT) V£, @OIARm . ik
IK IR T AR B b 22 B 5 2 5 o SR AR At AR
55 2 BB SR e B R AR, A TR
R AIVavERE . 4R CL nATEERY . RRE
Oy IR 2 T me s G-250 Ytk ML ik, £
MR RETHE . OB HEREA . ER B VA E o
1.4 #IEAIE

% FH Microsoft Excel 2010 A1 IBM SPSS 22.0 #ff
BT BRI B 5 Ge 2 # o K FH BRI 25 ANOVA £ 58
5, VA AS [ AL ) 22 S B 1, BB KT 5%,

2 ERE5HHh
2.1 FEMIEMEF RS, 24, HEREHEEN

A

B 1SR, fERANMEEY, MER MR, &t
PR AR SRR BW A 0 . i Ab B 7
Hikk b TO b F sy, T3 Ab¥idg s, T1 Bk,
T1. T2, T3FES TOMHE Y MERTE. ELEE
WIHERE, AR N 2R I S, T3 Ab3ZE
MoK, TLAF R, TO AFRH/N, &Ab3HE A% R
B IR KR TR E SRR, &
REERH AR BIZESR, TIAFRK, T1 MK,
TO Ab¥Efm . 45 R AEAFIBOGRIA, & A3 HE-
TR 2= 5 0 25 B e 0 B A RE K B, B anik
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Fig.1 Effects of different fertilization and irrigation models on the pl
2.2 AEAREFEMMH SOD 5EMEF POD &1 Pro
£7F1 MDA E/Y520
M 1 o] LLEH, AR e A O F kA
SOD. POD %1% Pro F41 MDA & {52 EEANE .
TO AbFEF A A SOD. POD %Al Pro B4 T
fli kb3, T3 kPR, T1 AFIRZ . &A4bFEE SOD
EHEZEFALE . T3 AP POD i S TO b= R B
F, 2 T1, T2 ib¥5 TO M ERAEE. T3, T1
AP Pro B35 =T TO AbFE, T2 4bPH 5 TO Ab3 2 R
ANEE . TO MHEFE /L MDA &R 5T HAhk 3,
T3 AbHEEAG, T1 Ab#kz, T3. T2, T1 4#5 T0
AR R[] 25 e 2 o X UL B A SOD POD JE 1k
F1Pro. MDA E5/KIEMRRT5Y], 1E1EE PHE
W AR, 7 SOD.POD i Ti& Pro &1,
MDA =&AL, AR THAEERERK. 25 ERTR, T3
SO IR A AR PR IR L, MR AE KR T 5
%1 RR4A &K SOD A= POD &%, Pro 4= MDA &
Table1 SOD, POD, Pro and MDA of

tomato folium under different treatment

st SOD &1/ POD i/ Pro &/ MDA &/
(Vg7 (U g7 (ug g7) (mmol g*)
TO 28924352  152.844.7b 333.7:444.7b 14.342.3a
Tl 344.3#97a 172.948.2ab 521.6431.6a 7.341.4b
T2 3016#242a  161.3#2.1b 471.1424.8ab 8.6:£1.5b
T3  381.3#31.2a 198.56.8a 538.2437.0a 2.040.8c
W FASAR R AR 2 5 B2 (P<0.05) , TH.

B, T1 ACPEAT T2 AbEER 2, TO AbHEEK. Z5%
FEHA—USFR ], SPAD {EiZWE /N, T3 4bHE SPAD 18
B, SHAWAIEYZE SRR, X T3 4 T FK

e ER SR, AR THEM =R
24 s, mT0 mTL = T2 O T3 a a
El.g A b, I
=14 a bbc b
£
gl il
0.4
T JV“F“%EHH %EHE/J\HH %%%H LierS il
(b) 24
65t mTomTL » T2 0 T3 a
b, 2 a
a aa b b
3 & L] q cli T
< c :
Bl m 3
b
. RS .
T TR Rl KM 45 R SR
EE W
(d) SPAD 1

ZH4., t @A SPAD 1E6 %R
ant height, stem diameter, leaf area and chlorophyll content of tomato
2.3 FEAE T EMNRELMERAIF T
ANTR) 7K AL 2R X6 7 it SR S VA A BT RTVA
PERE. 423K C AIEIEREDEY . SERAEERR LR
WAREEEANIE] (3R 2) o ANIF) IR i IS Ak 38035 30 2R S
R bR RS S DL TO AR RS, T2 43
T1 ALK, T3 AP, T3, T2, T14LE5 TO
AL R AR SRR R 4R CL MREE R
w3, T3 ALY TO AR VA It Y& . HERR L
R . T3 EEEARENHEE ST T0
LhHE, 7K 2.7 mglg, T1. T2 AbHET TO AR, &EH
RIBEIR LU 2 TR el UG I S 4 — . %4t
BPERRLL YN T 6.0, RUIE MR LAWK T3 AR &
T TO ALER, YA KNS A AT e A R SRR
WEEE. XUCH] T3 b A A 7 0 i E B AR
PHIRRER, o ELE, B IR ME R
k2 TR &5 R E &R0
Table 2 Effects of different treatments on the

fruit quality of tomato

EES
W R
o PEE%

(mg g

gerERC o mEk
BESH EIRY
(mg kg /%

BRIy FERRLE

4.6820.1b
4.8240.2b
4.7840.1b
5.13#0.2a

TO
T1
T2
T3

1.840.2b
2.530.1ab
2.440.3ab
2.740.2a

178.5+.0d 3.840.4b
194.642.1b 4.440.4ab
187.9#1.6c 4.3#0.2ab
209.6#4.3a 5.1#0.3a

0.6320.1d

0.72#0.1b
0.6940c

0.81#0.1a

2.9#40.1c
3.540.2b
3.340.1b
4.240.1a
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2.4 REACEEMREMERIF M0

M 3 ATLAE Y, £ 7K A0 A B 6T 7 7o R S PR R
T i 2R () S IR B AN R o A 50 SR S MR TR AR (B A
tia%s—, HAh AR S & T TO AL 3, T3 AL &K,
T1 ACFEFD T2 AP R Z . T3, T2. T1 AbFEF i H sk
AR B TO AL PRI N 1.3, 0.5 0.8 cm, #-4bFH A
ZREFE., BuAl T3 MR, N82em, &
WP (B SRR . SRR AT 09, E
FAR/N. T3 AR RS i K, 9 2.7 kglem?, T1
AR PRFN T2 AbBR R 2, TO AbH A8 /T 2.0 kglem?,
T1, T2, T3 4b#5E To MHEWEHMEEREE, T3
AbPREK (87%) , T1 AbEEAN T2 4bPEYRk 2, TO Ab#E
/N (82%) o A H IV e AR X e % B e it

BMmA = 715 TO AbBE 72 S Al i 25 T3 Ab B = B f =1,
ik 152 489.25 kg/hm?, T1. T2 &bFERZ, 435N 135
254.25. 123 689.25 kg/hm?2, T3. T1. T2 kb= 84
TO AbH4> 38 0 27.8%. 13.3%. 3.6%, T3 AbFEE
At T, T2 403, U AEE A HERE R A AT A R
Fhire. 5 TO AL, LA A AR = i 2%
P EWE K 7 I Z AR 22 77 77, T3 ALFRI#E
WBE7K 73 ) F 2 A NE R 4 7 1 85 9 i K3l 30.8
kg/m3. 116.9 kg/kg. w07 FEE At AR AR 20 mT D 6k 25
PE A B AR IEF &
% 3 RRAEA &5 R FE KRG o0
Table 3 Effects of different treatments on the
fruit characters of tomato

T/

AR SEAA, 2 S A WA R RIHRIom TR
25 FEAIExER~E . KAEF RN TO  6.520.1d 7.040.2c 0.9340.0a 1540.1d  82+.5¢c
M3 4 W1, AFDKABAREL T = B K T1  7.3#0.2b 7.740.1b 0.95#0.1a 2.340.1b  86+l.5ab
FIF R Z R . TO AHE THEmAR R, RS T2 70401c  75404b  093401a  20400c  84+5b
R B R, ECT HARA R, T3 AbF T3 78+#01a  82403a  098400a 27401a  8740.6a
e T3y T2, T1 ACEEM™ & BEBIK S FHZEFE
4 TRZES e E . KIEA R EQR R
Table 4 Effects of different treatments on the yield and water-fertilizer utilization efficiency of tomato
Eistan TO kb3 T1 Ak T2 AR T3 b3
FARF g 16241 5¢ 1801.7b 170+40.0c 216+ 5a
HpREE A 14+1.0c 161.0ab 15+1.0bc 17+#.0a
bk R/ kg 2.2640.18¢c 2.880.16b 2.5540.27bc 3.6840.22a
778/ (kg hm-2) 119 355.7542.33d 135 254.2546.47b 123 689.25:44.07¢ 152 489.2542.07a
1% - 13.3#1.5b 3.640.4c 27.840.9a
FEWE K5>RI 21 (kg m3) 19.940.1¢ 30.140.3b 30.520.2a 30.840.1a
eI A= 73/ (kg &g™) 71.040.3¢ 114.14.2b 116.120.9a 116.940.4a
W TR RN S AL AT P<0.05 /K F & 7 53 .

33t iR

DR K R R KRS L DI % . Xk
RN L, &3 Ny Py K BHKEIE R
BT AR AR, $E AT SR R AT,
N. P. K ttN 16:7: 35 N &M SGEER. &K
Wi, FAEANEFTY, SR/POKIEEAAMEE, B
Hi R AR R D, Bk S 22, AR
ISR g &3 2 e RGN A&, H T3
ARk (51.7~216.7 cm) . 254 (0.97~2.21 cm)
AR (81~138.5cm?) . SPAD 1 (50.13~55.9) #
K, T1. T2 bRz, TO kbEifg N, ANE AP EZE
R, XATRERE RN T3 AL ATE IR ML T 7S 2
IR RFR S, Koy WRTGRMEN R L, ROk
W AN AR S 1, AR T & AR AR K
A TRt A B R E. Ak, T3 421 SOD.
POD J&1E K Pro &, &AL3EHAT N T3 A>T
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ACBEST2 AbFE>STO AbEE, X 3 & R kRS 56 5 Fh /K
Gy FIR )5 76 2% 25 5 1N AR A0 B R R PR ) AR AR
tho T3 AEEM/KAL AR G R, &5 T AL
R R R, AR EL . X 5XH R
SEDSTRBIF 5 45 R — B
IKRERIZHAN T, ASFK S 24T S 7% 5
AR SO FH B AN [ X6 7= 0 AR O (1) 5 M A 2 R 300
5. ik, AHEIKIEERE, ReHS0n4EFEE
BERAKSAEAKFE, @A CUE-E X
FIR B3 P AR v S S H R0, A SR B,
e oK RERE A b, B A T /K R it A = b
b= AN R el SR A E s, B T3 AbEE
e, Tl T2 4b¥Rz, TO Ab¥fHE k. T1—T3 &b
HE RIS AT ATV TERE . VO R R RS
MIRAT TO Ab3E, DL T3 AbFE A, T3 AHEHERR
bt 5.13, KPR L. X2 F N T3 AbBAM R H o 1
AR R AR TUKIE A, EEE THAEFH
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FERREL B4, AR T2 AR 7K 4 F 753 IR
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4 25

1) Bt e A K B>, wAAEE . EA
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Integrated Effects of Irrigation and Fertilization on Fruit Yield and Quality and
Water-fertilizer Use Efficiency of Substrate-cultured Tomato

WANG Weijie, WANG Fadong’, ZHANG Xiaoyan
(Jinchang Academy of Agriculture, Jinchang 737100, China)

Abstract: [Objective] Water and nutrients combine to mediate crop acquisition of resources from soil. This paper
studies the integrated effect of irrigation and fertilization on yield and fruit quality, as well as water use efficiency of
substrate-cultured tomato. [ Method] The experiment was conducted in a solar greenhouse at Hexi in northwestern
China. The substrates used in the experiment comprised 50% of corn straw, 30% of slag, and 20% of cow dung and
biological microbes. There were four irrigation-fertigation treatments: N 615 kg/hm?, P,0s 315 kg/hm?, K,O 750
kg/hm?, and irrigation 6 000 m*hm? (TO, used by local farmers); N 435 kg/hm?, P,0s 150 kg/hm?, K,O 600 kg/hm?,
and irrigation 4 500 m*hm? (T1); reducing the irrigation and fertilization in TO by 10% (T2), reducing the irrigation
and fertilization in T1 by 10% (T3). For each treatment, we measured fruit yield and quality, and its water use
efficiency. [Result] Irrigation and fertilization affected fruit yield and quality, and the water-fertilizer utilization
efficiency significantly. The biomass, oxidase activity, proline, quality indexes, yield, and water-fertilizer
utilization efficiency of the crop were the highest in T3, least in TO, with T1 and T2 between. T3 gave the highest
commercial-standard tomato fruits (87%) and best fruit flavor, with the ratio of soluble sugar to organic acids
being 5.13. Compared to TO, other treatments increased the fruit yield by 3.6% to 27.8%. T3 gave the highest
yield (152 489.25 kg/hm®), the highest irrigation water use efficiency and partial fertilizer productivity, which were
30.8 kg/m® and 116.9 kg/kg, respectively. [ Conclusion] Irrigating 4 950 m*hm? of water coupled with fertilizing
480 kg/hm?® N, 165 kg/hm? P,Os and 660 kg/hm? K,O was optimal to improve growth, fruit yield and quality, and
water-fertilizer use efficiency of the substrate-cultured tomato grown in solar greenhouses in the arid areas in Hexi,
northwestern China.

Key words: protected tomato; irrigation and fertilization; yield; quality; water and fertilizer utilization efficiency
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