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MR ik, BAR ZF PRSI EAGE, BB EF R, WRLZRATT, 72 ZF80% + HF20% 4b 3
e, 9l CK, CF. HF, ZF, ZF50% + HF50% 1 ZF20% + HF80% AbFEAY 2.58 . 1.05, 1.02, 1.05, 1.01 Al
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EARILRFFE I, A i it VA IR R Ak
HEA R A AU, i 2 IR B
FW, R P VA TR AR R A 7 it A L 8 T 4 s SRR
PRI o 3 Ul A [R] ) T 0k DR A [R] ) T
TR0V FHEA RS A 7 i Jot 0 0 - S BRI (9 5 Wi AN S AH
), VRWGE BOR RT5 AL, AWFFERET N -
JEER, SRR S A REAS ) e B C e i) 5 1%, BT
TRV FH X U2 6 KM 2 if - ( Lycopersicon esculentum.
Mill) 74, b s S R, LU TE R
(Rt P B 2 4 KR A S B 2%

| MRS T®

L1 5

AT 2016 4 4 H 1 HEESER R, K
Bt s A LIRS MR 6 T AR P X R B s o (121097
~121°56'E, 37°4' ~37°30'N) , {56 Hb 198 Jy ke dge
d, HCAR A AR A S i 96.7
72.5, 88.3 mg/kg, A ML i 3.64%, pH {H
6.5, IR B —AFELE T (Lycopersicon escu-
lentum. Mill) , ShFPARY T 56 T FHTE W

RIENFRE, R&EEWreE, Hear, 2, 2
BIERN 5.7 x 107, 780 1 2.5 x 10° mg/L,
pH {E4 8.24, AHLETE 54 0.82% , H 4 )& 4,
B LOORL. L, B EIIN <0.01, <4 %1077,
4.0x107*, 0.097 6, 6 x10° mg/kg, MWIEH LA
BN b A7k A E (NY/T 2596 - 2014 8
FEY T R I VA TRAT B VR B AR P AR
1.2 it

KR 7 & MALIX A i1, 37 SabB, 3
WEE ., 73R CK (AEAt) . CF (CF AL ) |
HF (24biE) . ZF (2WHW) . ZF80% + HF20%
(80% VR +20% FLAE) . ZF50% + HF50% (50%
TR +50% 1LAE) . ZF20% + HF80% (20% 1AW +
80% LAl . /NXTH AL N 10.4 m* (1.3 m x8 m),
FioRe #5947 4 44 Bk, H FR 7 2 8 150 000
keg/hm*, AEELEEA R N - P,05 - K,0 =570 - 570
-1 140 kg/hm*, HERAHE A S EETHHE,
S BFR A DM RN ST, VRO T XA AT R
B, FrA Ab PGB IE AR A, JEIE 558 I8 1 00 3 W
#®1ME2,

x1 RBEAELEFAERE

b3 ANXTTFR (m*) T (kg) R#E (kg) IR —E W (kg) BB (ke) R AHUL (ke)
CK 10.4 0.0 0.00 0. 00 0.00 0.00
CF 10.4 0.0 0.13 0.08 0.11 15.59
HF 10. 4 0.0 0.81 0.38 0.53 0. 00
ZF 10. 4 64.97 0. 00 0.28 0.27 0. 00
ZF80% + HF20% 10.4 51.98 0.17 0.30 0.32 0.00
ZF50% + HF50% 10. 4 32.49 0.41 0.33 0.40 0.00
ZF20% + HF80% 10.4 13.00 0.65 0.36 0.48 0.00
*2 FMXWERTEZSERE
I8 AL i) NXTEFL (m?) il (ke) R A (ke) BRARH (ke) N:P,05: K, 0
25d 10. 4 3.59 0. 034 0. 00 21:21:21
354d 10.4 2.57 0. 008 0.04 15:6:30
45d 10. 4 2.57 0. 008 0.04 15:6:30
HEH 10 d 2= 5 TR 10.4 2.57 0. 008 0.07 15:6:42

1.3 FEARRESIET A

TE T e (U 2SS A AT 7 B SRS B
HAE BN E, B PEEHLEE 10 PR, 8 &Sk
AZEREL, TR R R 2 45 R 8 BERLE R 10
AR IR AR, PRI R TR AR, Al
PETEAR i = B T ARAR K > SRR SR x P24 3
R x FERL (0.9), MRS R IE R T
FAOBA0E, RS Ve MERM 2, 6 —SHEBH &

e, HRSER I SR A AL vk S
W, ERMNE MG N 40, 80, 160 d R ARG #E [
BHIF I 28 S il e, 2% 28000 e >Rk FH TN
FRPEER T, TETEHARIAIRAE 0 ~20, 20 ~40, 40 ~
60 cm JRJE +IEH T AL PRI BT, SRR
R HROE SR I 43 SR B HL
E I ZEL E I R AL I D€ ) )3 v S 5| W i = WL
E SR FH SR TR AR A A 38 BH B8 - 2 8 o 1 U
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UL HF 4 fey, HAROY ZF20% + HF80% |
CF. ZF50% + HF50% . ZF80% + HF20% . ZF Fl
CK; 40 ~60 cm - 258 fif & A A8 & 4TS LA HF
AhER R, BA SO AL BRI C I B 2% L FE
ERJGHI 160 d, 0~20 em +)Z AT AL AR
HAE SR L ZF80% + HF20% Ab B, 20 ~ 40
em TR AR, B A A UL HE 4
P, 40 ~60 cm 2RI A AR AL
B E A b A S E MG A9 80 d AL, 0 ~20 cm
2 A9A LT & AR E AT 1 40 F180 d ¥JLA CF 4b
Pifge, (H5 ZF B R &2 R, fEEfG
1160 d, LA PN LA ZF ¥ S, JFHS
CF AbPH] 25 5 B3 20 ~40 em +EH W& HAE
EAEIGI40 d 50 ~20 em LR LEEAML, H
FEEAIG B 80 A1 160 d W L CF AbBRA HLT & B
i, ZF80% + HF20% ALK Z . 40 ~60 cm 1 )2
M)A HL T & & 7R M 5 1 40 d DL ZF, CF Al
7ZF80% + HF20% Ab ¥R % 5 ; 78 & #H 5 19 80 Al
160 d W A ZF . ZF80% + HF20% A1 ZF50% +
HF50% b BREG &, 22 AT R, 3 HLIR
i 5 TE WO R R IE A GG R
2.2 B A IEAS R e b 3 it %o 7 i A R] AR K 30
W g i 2 B s

TEFRA IR RN, i e R 5w ih
L) ZF80% + HF20% AbFif iR, CK AbFRERAK, 7F
EREJE 40, 80 F1160 d, ZF80% + HF20% Kb
M2 % &0 I 1 CF A HF A FETHE T 19.60% |
11.91% . 2.92% #1 184.25% . 23.08% . 35.30% .
F3IMLIAEH, AALE 2R 2 & i s (E Y
WL A G A0 80 d, He IR AH s BLAE 2 M IS 1Y) 40
d, Hh, fEEHMIG 160 d B CK, CF, HF, ZF,
7ZF80% +HF20% . ZF50% + HF50% 1 ZF20% +

x3 BEMMHAMERESE (mg/kg)
45 TERE (d)
40 80 160

CK 0.550¢g 1. 930e 1.418f

CF 1. 464b 2.192¢ 2. 160b

HF 0. 6161 1.993e 1. 643e

ZF 1.297¢ 2.241b 2.089¢
ZF80% + HF20% 1.751a 2.453a 2.223a
7F50% + HF50% 1. 069d 2.062d 2.033cd
ZF20% + HF80% 0.909e 2.044d 1. 960d

TE: AR/NGFRFREBETE 5% KF FER B, TR,

HF80% AbHRfY it 7 4 22 3 12 43 1) L e M/ 80 d
TRET 26.53% . 1.46% . 17.56% . 6.78% . 9.37% .
1.41% F14.10% ,
2.3 ARSI R BC B FE i X 4 39 BH 25 738 e
oAl

TEEMGH 40 d, 0 ~20 em + 2 BB s
DL CF b ¥t g, HAKOh ZF #1 ZF80% + HF20% At
;20 ~40 LUK 40 ~60 cm 1 JZBHE T3 e A7 LA
CF b PRI, (H5 ZF F1 ZF80% + HF20% 4t 3 [H]
M 25546 /N, fEEM G 80 d, 0 ~20, 20 ~
40 DL}z 40 ~60 ecm HJZ2¥LL ZF b PR i, (HS CF
H1 ZF80% + HF20% Ab¥H [H) JCH i 25 5% FE e )5
1160 d, ANFERE + 20 PHE 7284 & i A8 ki
PEEMIG 80 d AHL; 5 CF AFAHLL, ZF,
ZF80% + HF20% . ZF50% + HF50% il ZF20% +
HF80% AL FEAY 0 ~20 F120 ~40 em + JZ ) FHE T
A M HE 4y & CF Ab BEAY 105.79% . 98.94% |

82.39% . 62.41% #F1 104.69% . 98.50% . 87.05% .
83.499% (K2),
2r B K g CF
@ HF S ZF
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2.4 VRS ACIER A b SR ) 1 e A R
F14) 5 M)

MWE 4 vUEN, UG L E SR &
YILL ZF A H i, CK AbBR Ak, ZF Ab ¥+ 3
BB R, B WS BE CK AAFEAY 1,26,
1.30, 40, 1.47 1 1.33 f%, 5 CF fil HF &b 2 AH
tt, ZF80% + HF20% Ab ¥ 1 ¢ vh () 45 A 4% 7 5 3%
Thi, BEHSES HF A LR 2R, KaE
53 L CF F HF AbBRREAR T 7. 419% F134.21% , it
S CF ANFERE N T 28.62% , {H I HF 40 B AR
1 25.25% , f oW ST HE A3, (HE5 CF 4
PG EEE R,

F4 0~200cm RETESEEESE (mg/kg)
pieL i % K it 5
CK 18. 3d 44.71  0.004e  7.48c¢ 0. 12b
CF 20. 8¢ 54.0c  0.027¢  5.80e 0. 16a
HF 22.4bh 49.2d  0.038b  9.98b 0. 12b
yA) 23. la 58.2a 0.160a 11.0a 0. 16a

7F80% + HF20%  22.5b 58.8a  0.025¢  7.46¢ 0.15a

7ZF50% + HF50% 17.8d 57.9b  0.018d 6.02d 0.12b

ZF20% + HF80%  16. 8e 46.0e 0.019d  9.52b

2.5 RIS P EA [ BC e 3 i ok 26 7 2R 55 4 )
R

RS R AT IR, AU ZF AR R 52 P G
I R AT, B ARG, OB AL B R AS I
fEfTHEERE (£5),

x5 BMREPEEERE  (myke)

Ab B it % XK i i

CK ERH S H S S I S o R N R

CF PR A IS US4 S 0 I N GR

HF ES U S H S 0 (I S 0 N R

ZF 0.16 0.19  RfH  0.07  0.021
ZF80% +HF20% ARAEH ORI ORI REH RE®
ZF50% +HF50% oRMeih  REH  REGH  REH R®
ZF20% +HF80%  ARAuily R R KRR R

e AR 4 B R <0.05 mg/kg, % <0.05 mgkg, K <
0.02 mg/kg, M <0.02 mg/kg, f <0.05 mg/kg,
— 112 —

2.6 VRIS AR R BC B 3 it X 78 0 S B R
)52 M)

ANFEAEBEER S Ve FIATEERE &R UL ZF 4b
A B, il JE CK AbFERY 3.65 Al 1.50 £,
Z¥80% + HF20% AR S rh Ve AT i PEIE & 5%
TZF b3, HoHZRESBE, Sitairkm,
ZF50% + HF50% 5 7ZF20% + HF80% Ab¥E . CF 5
ZF20% + HF80% Ab BB HE 5T Ve FIml A PEbE & 53
JoEMEZER , RS AE R 5w DL HF AP
W, CKAMFRYKRZ | ZF AbFREAC, B, Fas
HATE E TR B S Ve, R MERE S R UG,
SR i & 2 ARG, SRS DL ZF80% +
HF20% 4t # % &, 40 4l J& CK, CF, HF, ZF,
ZF50% + HF50% 1 ZF20% + HF80% &b FR ) 2. 58 |
1.05, 1.02, 1.05, 1.01 1 1.01 {%, £ 6 AILLFE
i, HF., ZF50% +HF50% il ZF20% + HF80% 3 >
ABRIEI LA K CF Fl ZF AbBR[E] P o R E 2 5

Fo EMRELRRMN=E

Ve o HERE WER

Jisi
(mg/g) (%) (%) (kg/hm?)

CK 0.17e 2.60e 0.39b 48 210. 90d

CF 0.40c¢ 3.40¢ 0.27d 118 738. 05¢

HF 0.32d 3.03d 0.45a 122 316. 00b

7F 0. 62a 3.91a 0. 20e 118 305. 60c
7¥80% + HF20% 0.53b 3.55b 0.27d 124 351. 65a
7Z¥50% + HF50% 0.40c¢ 3.43bc 0.29¢ 123 069. 60b
7¥20% + HF80% 0. 38cd 3.39¢cd 0. 30c 122 691. 15b

Ve AL FBL R = ALE R < HRSE A < PR
x GRHRKL (0.9).

it

WG A B, i EAE )G 19 40 F180 d, HF 4b#f
)0 ~20 F10 ~40 cm MR R . A0, #
SRS B B ST CF AL BRAD ZF80% + HF20% Ab
X2 CARRAA HUE b5 — 2 R A LS
F20r, A TR AT R, SR AR
O3 AR T AL b B 1 AE b E AR S 1) 160 d
(SEBH) |, ZF80% + HF20% Ak ¥ + S i A5 5555 4%
SRTEST HF AT CF AbFE, T3
W s SR A KR EY R, R T R
A RLEE I R, [ B VR ) B A e v S ikt
TR AL RTREI, Wb Ry U R R
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Rk, $Emisng & &, st T Ege
SR KT 5 CF AbBEAR L, ZF Ab
RN ZF80% + HF20% 4b R + A5 HIL 5 7 1 i A8 1k
G AR AR L, AR TR E MR 1Y 160 d,
ZF Qb+ BE A ML & e T CF 203, ZF80% +
HF20% Ab¥E A AL & & 5 CF Zb 3T W 3% 2
5o XFTRFEBR TS AN RET4ER | L
MR | REREFEYIRS— RN o i TR
Al EHEE MU, TR RO 49 R AR KR e e
PERGEHEAE T, oA DL R T RuE IR 75
B, (EVARACER A A ML A I BT
YEYI B S 3R 5 o S B T AR ) A N SRR
O AW LB NE R, KA RS IR SO A HR
WY, HAEER W E AR A KNS AT
FRLER I ZF80% + HF20% Ab B (1 i B i 23 2%
TR, WTREIE R TR WO - R A
HOAESYER N, SR T RHEREE, fEdE T Rrh
MER R ST AT BRI R TR R AE S —Fh AT AL
WARNE, SALIEECHE, AS{CBE PR UER il Az 4 X 5%
JERMTE R, BEAKT 3550 X & R A R i a1
H, i HBERE DA SSRGS A T
JICE Zn, W BEREIEYDCETIRING, ek
YK LT, BRI SRR MR, L
FH 5 2c 4 S e - 4 92 v e R, 2P 1
HARARE ST | ol R SR B A Y EE A B
PSR TSRS g R B, I A A LR
M R SR m, HEEE e @k, X
EARMFFR A« TR0 G I R e AL, B2
o EIEPH R Fac i i A — B, 7R 2 A S 1)
80 F11160 d, ZF F1 ZF80% + HF20% kb ¥ + 2 ) BH
BT A BT CF AL B, 5 9 R 4
T RSt R SR g, U T R
WK DIRe A B L PERE, #4973 ] AR Ry
R B, MRS T PN E TR
;}ﬁ%%m-zo] .
BRI, B w15
VR iR NI By S alll A Sy B S P w5 )
RO o i axE, (EAR S b e N R [ K bR v
(GB 15618—2008 + I IF 5 ik prvfi) ), FAJE
SRR BN, ZF F ZF80% + HF20% 4bFH + S Ay
HEaEAT, B, Mm-S EU RS, O HS5HER
iR IEA R, WUEW T &A —EmEn
HEJE, ZF B SPRNE] Ph, Cd, Cr fil As 4

R4 8, (HARKG IR Hg, XAl AEE K AR PEA
THEE, Bl T S R S, S —
4 R T AR A B S R KRR i R
HR A e N R ILFNE [E AR i (GB 2762—2012 &
s YR ), BRI ESE S SR
MbR, — 5] BRI A Y A, XTI
EEEREAHBIEN, H—hma e EERhmE
MU R BS AR 25 A HLE RE AT 1 4 s B 1 B 3ok
() L P B RN T e VR, 7 8 P RB B TR 1A 1Y
gﬁ%%[é&—%] R

VB G T e e o, BE5R T
PILRK AR RE, VEMI R A K kB B4 T 34 1
724y, RRIFR R AR FOCAER, BT T8k
(R SRR [l A 4 A2 a7~ 3K AT R VA Rt
IS Ve FURT OB S T R R B R
Z¥80% 5 HF20% Be i BE 4 = 1 - b G 83k o0 &
SOFPHE Facfe s, oGE T RS, EHETH
EAVER, HI S T -5,

4 #5ig

ARG EEC e s T 30 Ty, oo T 4
ASIEE, HA EILIE TR B e, e
Wom g At F, ZF80% + HF20% . ZF50% +
HF50% . ZF20% + HF80% kb Bfif i 2% itk 3% 7 &
MARICE SR, HA@RRhE SRS B
bR, ZEEHTINN, ZF80% + HF20% Ab ¥ mf 4
R 7 GG Tt ot SR G IE 75 AT LU 2800 H]
BWFRSY, RIRWIEALR SR T V)88l 47 i
Mok,

SE Lk

(1] &% R, fRIEm A x5 bk B R v AR | P A
A BRI (D], dest. spELLEARE, 2010.

[2] WAL VA SAEEC GRS AR AL AS [ bk B B K RO & 4
PR R (1], bkl 24k, 2016, 25 (1):
16 -24.
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I (1], BRORIFRISE, 2013, 41 (4): 1501 -
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Effect of biogas slurry combined with chemical fertilizer on the yield and quality of tomato growth in greenhouse

XIE Han-you', DONG Ren-jie'?, WU Shu-biao>, YANG Shou-jun', YANG Jun-xiang’* (1. Yantai Institute, China
Agricultural University, Yantai 264670; 2. Engineering College, China Agricultural University, Beijing 100083; 3. China
Animal Husbandry Station, Ministry of Agriculture, Beijing 100125)

Abstract: The effect of biogas slurry combined with fertilizer at the different ratios on the yield and quality of tomato were stud-
ied. A completely randomized block design with 3 replicates was used in the experiment. Seven treatments were applied inclu-
ding CK (control), CF (conventional fertilization) , HF (chemical fertilizer application) , ZF (biogas slurry application) ,
7F80% + HF20% (80% biogas slurry combined with 20% chemical fertilizer) , ZF50% + HF50% (50% biogas slurry com-
bined with 50% chemical fertilizer) , ZF20% + HF80% (20% biogas slurry combined with 80% chemical fertilizer). The
results showed that the greater proportion of biogas slurry application, the stronger the inhibition of biogas slurry on available
nutrients and organic matter contents in soil in comparison to HF treatment on the 40 d and 80 d after tomato seedlings were
planted. However, biogas slurry improved the available nutrients and organic matter contents in soil on the 160 d after tomato
seedlings were planted. Compared to CF and HF treatments, application of biogas slurry combined with fertilizer enhanced the
chlorophyll content of tomato leaves, especially ZF80% + HF20% increased chlorophyll content by 19.60% , 11.91% ,
2.92% and 184.25% , 23.08% , 35.03% . Biogas slurry combined with fertilizer increased cation exchange capacity and
heavy metal content in soil and positive correlation was found between application amount of biogas slurry and cation exchange
capacity and heavy metal content. Also, biogas slurry combined with fertilizer improved fruit quality such as increasing vitamin
C and soluble sugar and decreasing titratable acid. Although heavy metals were tested in soil and fruits, its concentration was
not exceeded the national standard. The yield of tomato in ZF80% + HF20% treatment was 2. 58, 1.05, 1.02, 1.05, 1.01
and 1. 01 times those of CK, CF, HF, ZF, ZF50% + HF50% and ZF20% + HF80% treatments, respectively. It is conclu-
ded that ZF80% + HF20% could increase available nutrient content and improve soil environment, and therefore enhanced
yield and fruit quality.

Key words: biogas slurry; fertilizer; tomato growth in high plastic tunnel; soil physic-chemical property; yield; quality
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