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1.1 HRXER

PRI AE H R 22N T BRI 2 %0 2 A 1) 1Tl i =
AKHE— Al s ¥ i iR = K T (db4h 36021237,
R% 103942'39") o I X4k 1861.3 m, HIEAR
&, TRAN, iR KA, £
105 C, LA 150 d /it , S F¥F% K& 352 mm,
HZERER ., KF, FPHZEKE 1175.0 mm.
1.2 IR

AR A AT RE 958F1. REG T 2018 4F 3
H 19 HiEhl, e FEmai A =m—m>L, Efh
FEPRIERE 2 000 mL PRI 7K, 7 H 21 H R B2 5
Fe oS A B I IR IS TE) 4359 T (4 H 18 HD.
FRAE/ER M (5 H 14 HD . B R 6 H 7 H) .
BSZRS (7 A 21 HD HHTHRE, W an s
A KA S B S TR AE o VE VIR 22 M T A A 20
WA FRFE OV A IE R R B, BRI AR E, A
WA IEE P SES b, 2BSEE 2 40H, #7F
HIp bR Ea, KA 4 ZOMmEiEs M. Bl
Iy A% 1148 g/L, 4 05719/L, HHLF 10.31
o/L. RIGUR =N HIEFRL . RO RRUERL R 24 B0
55 40.12%. 38.62%. 21.26%. FAE TS 0~60 cm
REE LT IRML A AL 9.16 g/kg, 4% 0.612
g/kg , 4% 1.573 g/kg. 1 m L4k LB AR E
1.34 g/kg, HIEFFKZH N 23.25% (F &5 7/KZE) , 0~60
cm HIEF 5 K% N 15.35%
1.3 AWt 5HE

BB KWK 67 m, 84m, & 4m, /NX[EHE
1 m R RS BT E R RS, B 1%/ XK AEAH B
BIiE, RIS LG R . /NXCR F 24 LAY (1)) 28 7

FhkERE, HZEMAE, ZE% 30 cm, ATHE 60 cm, Pk

#H 60 cm, &N AL FEE R 11 Bk R E6 W B 5 ML FE(CK,
P1. P2. P3. P4 4b¥) , HANMIEST 3 Kk, KL

X HHEH . CK Jyxt I8, 7 4242 5 WK FH 4l K

P1—P4 KbBE 73 IE R A B TRAEVE R, SRSk
KHAFN RS A 1 0 4 WA GEW 2 K, R

t BRI RInE 1 PR, BRI A,

W=Kp>S>Ep, M Kp NEY-Z8KILRZE, A5

0 0.6; S A/hXHEMHHA, A4 H 30 cm>60 cm,

Ep A 920 cm brifE 28 & L 2 HE/K [RIBG ) Rt 28Kk &,
AR BB AR S1EYE 2 A s AL E o #EBE T XK

FUREMER, A UA B AL 27 AR R — 0, P

RIS )y 8 em &b, VEMSIRE Jy 2 dliXk, TV

PR 4dIR, ARG K (B D .

* 1 K&t
Table 1  Experimental design
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Fig.1 Experimental setup and soil profile detection equipment.
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Table 2 Application amount of biogas slurry per plant in each growth period

AR OKED /mL

AH W
CK P1 P2 P3 P4
T (5303) 1060.6 (4242.4) (5303) (5303) (5303)
FEAEAE A1 (4223 (4223) 844.6 (3378.4) (4223) (4223)
P N (6 100) (6 100) (6 100) 1220 (4880) (6100)
LS R (8197 (8197) (8197 (8197) 1639.4 (6557.6)
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JE R INRIAR RS B, A5 RS I TR 2 5 K

H AR VB EE R P AR, AR Bom T
fln A3, Z35ItE CK. P2. P3 ALFEFD P4 Ab3E
15.56%. 15.24%. 15.74%F1 16.09%, A4t [a]
ARG B 22 s FRAEAE S IUR FH VA WORE AL B )
P2 Ab3E, WTHAKHESE T, NS AB R, 2nltt
CK.P1.P3 AbEEF P4 4bFH 5 50.75%-10.02%-49.93%
H1 48.96%, P1 b3 PAI7E T IR VA REE b2, &5
P2 AbPH 2 ) 22 SNy FESERE R P2 AbHE - THIAA
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Fig. 2 Effects of biogas slurry at different growth

stages on leaf area of tomato
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M 3 T CAE H, A FIACEEE A ) T AR R
RN P3 AL FESP2 4hHI>P1 4L FE>P4 4 #>CK, P3.
P2.P1 Al P4 Kb AR CK 43 3G N T 47.18%-+39.22%.
17.67%- 17.32%; REMTFYAR R =L T AR
REMIKNRIN P3 AHE>PL 4bBE>P4 Ab3>P2 4b
HI>CK, P3. P1. P4. P2 A:HEAT CK RS T# iR
RE AT E S50 68.68%. 67.30%-
65.07%-. 64.51%-. 60.06%. 27 KT 50 & 5
RITERSE . N AHE ST & BT E
DA RS TR AR R ST & R E, P3
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Table 3  Effects of biogas slurry at different
growth stages on dry matter quality of tomato

REER i S i 3 BFYR Al
CK 5.74% 54.68% 49.94% 165.96% 276.32%
P1 6.11% 52.44% 47.76% 218.84° 325.15°
P2 7.31° 63.96° 65.26° 248.17° 384.70°
P3 7.24%® 62.12% 58.01° 279.32° 406.69*
P4 5.61%  50.37%% 57.24™ 210.95% 324.17%

7 FBIARTBERIR P<0.05 KF FZ5 53 (Duncan 8% , .
23 FEMR

Kl 3 NAEAN TR AL B AT FH VE YO0 2 i
Wi o Z 0 B N 1 AR S R B 5 B R, HdE
Giit 25 5 PRSI ACRIE AR . Kl 3 FTLLE
CK ik, P3 /B & . EEANEEFEMN, Hhr-E
e Ay P3 AL FE>P2 4bFE>P4 kb3E>PL AbFE>CK, %H
TRALFEEL CK 43375 22.57%-16.25%-11.06%F1 4.97%.
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Fig.3 Yield per plant in each treatment
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PE iR TR AT X EE i, o, BERREL R AT R &
ARRR SR FERRCY 4R C AN R TR
FUE IR b S R b s 2 i 2R SRR R /N AN 18
BoRR, MBS R R T B4 5200 3k 8 X
RAE TR AR R 4 RIS [F) 2R & 9%

XPRE A R I, K 4 FTUUEH, AT RE DL
CK ik, DL P3 Ab¥iifmm, P3 AbFEE: CK 3N T
55.83%, P1 AbHLA P4 KbHLTE i 25 1 2 5 (P>0.05) ,
3R CK HK: T 34.97%. 33.06%; T ERRLL P3
AbFEfR . CK AR, # CK KT 17.10%; HEEREL
PL CK ik, P3 Ab¥ifwim, P3 ALERER CK M40 T
33.02%; 443K C LA CK ik, P2 4bHifm, # CK
BT 24.42%; WTEVEREDEYILL CK &K, P2 Ab
By, B CKIEINT 30.0%; & DL CK ik, P34k
i, B CK BT 48.73%. 5 CK MHLL, VHWAE
T A R A B B Bedt AT K AR ARSI, nl i Ve . bR
FRLL. AR C. IR MERETEY . WESE IR .
£ 4 BIRAE AT ARG
Table 4  Effects of biogas slurry at different

growth stages on quality of tomato

A AT L, BEERC app

b C PEIR )

e % SE Y% L (mg-(100g)")  E % BERE
CK 2.574¢ 0.269"  957° 32.52° 5.10°  5.11°
P1 3.474° 0.306°  11.35° 34.54° 528°  6.38°
P2 3.559° 0.301°  11.82° 40.46% 6.63°  6.51°
P3 4.011° 0.315*  12.73° 38.96" 556"  7.60°
P4 3.425° 0.287°  11.93° 38.08° 536°  6.16°
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FHER R (AHP) , SEHUH AR THR &
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2.5 BB —IEFNENHE

1) AHP VL3 8 IR A K AR AR IR 5
JEUA T (AHP) J&—Fhe MRl e BEAHSE A 14T
Jiid, ARIEFEM R TR R IR R R, MEEA
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P L-A-Medal bt k7837, Sl 7 9 2 6] H
PR R FUBTAE R, AT T 555 2 UCHE R F8 A 14 Jo5 3
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W
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FARTEI71:2 CHR[39D - WE 6 ATLAEH, &
4% B — 8 F7 AR K AR AR AN [F) 2B B B BOK AR A 18 Adb
H TR 5 AL HE N, I RS Rl RS B T 5
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Table 5 Calculation results of AHP weight based on Judgment Matrix and AHP

ARA R (BL) EHIRMF IR (B2)

N -
M C1L  FEECI2 MR CI13 AEERR C21 MEEREL C22 AIVEERE R C23 REEF C24  4EZEE CC25 W HMENE C26
W, 0.082 0.343 0.575 0.037 0.065 0.097 0.146 0.253 0.402
oj 0.022 0.094 0.158 0.027 0.047 0.070 0.106 0.184 0.292

W R A RT RN HARZ | B ERUE, RFACE, Wi A1 Wip AR w87 | EAERIGF N 6 H bR A 2% S EAERUE, wop F1 wp BLIEZEHE.
k6 AT EATERE—FRERBIFORE
Table 6 Determining the weight of single vegetative growth index of tomato based on entropy weight method

b MRERVem®  BTMIBEG PR ATAMEREc  TRMERR%  BERRLL 4R4EE C(mg (1009)Y)  AIAMEREDRAN% A
o 02075 01710 0.047 6 01791 0.0275 0.0799 0.058 8 0.083 6 0.1450

3) i —EFRAKIINRANE. AT HE
T WL VAR & FE br ) BV, A AT AR 4R
1k, B 48R 1 M CAHP 1) 1M G, EWM)
AL A AT A, 18 B ik B — B IR AR KR AR 1 B
KRE (KD

Vij:ijj/Zjﬁl 0/_60/_ (J:1,2 ...... o)
e o) F1 6 53 BRI AHP YERUBALE & 1 j

VPR E
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Table 7 Final weight of tomato single vegetative growth index based on analytic hierarchy process and entropy weight method

febs  MEAVem? ST R FeRElg ATV TERE %

A E BRI

WERRLL 4R E C/(mg {100g)™)  AIVATEREIRMI% R

;i 0.0390 0.137 4 0.064 3 0.4470

0.006 4

0.0321 0.0500 0.0470 0.1314
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(SRR P & 82 ¥ 8 a0 T

4% 8 TOPSIS k42 & 46 47 & A HE 7
Table 8 Comprehensive evaluation indexes and
their ranking by TOPSIS method

A di* di fi R
P1 0.0170 0.024 6 05921 3
P2 0.0128 0.028 5 0.6897 2
P3 0.002 2 0.040 8 0.949 2 1
P4 0.018 2 0.023 3 0.5615 4
CK 0.0410 0.0000 0.0000 5
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The Effects of Irrigation with Diluted Biogas Slurry on Growth,
Yield and Fruit Quality of Tomato

ZHENG Jian'?*?, ZHU Chuanyuan®?®, QI Xingyun*?®, WEI Jiafang®, YANG Shaohong"?3, SUN Qiang"%?
(1.College of Energy & Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2.Key Laboratory of the System Biomass Energy and Solar Energy Complementary Energy System, Lanzhou 730050, China;
3.Western energy and Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: [Objective] Irrigation is an environment-friendly way to treat liquid wastes of biogas digesters, but how
to reduce its detrimental impact on soils and improve the use of its nutrients is critical to its sustainable application in
agricultural production. The purpose of this paper is to study the impact of irrigation with diluted biogas slurry on
growth, yield and fruit quality of tomato. [ Method] The experiment was conducted in a greenhouse. Biogas slurry
was diluted by freshwater at volumetric ratio of 1/4; it was then used to irrigate the crop at one of the following
growth stages: seedling stage (P1), blooming and fruiting stage (P2), fruit expansion stage (P3) and fruit ripening
stage (P4). Irrigation with freshwater was taken as the control (CK). For each treatment, we measured the growth
physiology, nutritional quality of the fruits, as well as sugar accumulation. [ Result] Irrigation with the diluted biogas
slurry promoted growth, dry matter accumulation, yield and fruit quality of the tomato. Compared to PO, P2 and P3
increased the leaf area index by 48.32% and 36.89%, respectively, P3 accumulated more than 47.18% of the dry
fruit-biomass. In addition, P3 also increased soluble sugar, titratable acid, sugar-to-acid ratio in the fruit, as well as
fruit hardness most; and P2 improved vitamin C and soluble solids most significantly, compared to PO.
Comprehensive benefit evaluation shows that fruit expansion was the key period for yield formation and fruit quality,
keeping soil water and nutrients sufficient in which is hence essential. During the fruit ripening stage, the crop did
not respond to irrigation and fertilization as noticeably as it did in other growing stages. [ Conclusion] The optimal
irrigation for greenhouse tomato is to dilute the biogas slurry with freshwater at 1 . 4 volumetric ratio, and irrigate
the crop at the fruit ripening stage.

Key words: tomato; biogas slurry; growth stage; analytic hierarchy process; entropy method; TOPSIS
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