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Abstract; Taking 4-year-old Ficus carica as materials,using three different microbial agent bacteria (fermentation agent,

photosynthetic bacteria agent,and compound bacterium agent) of piggery biogas slurry once two weeks since bud stage.

The influence of different microbial agent bacteria on the shoot length,diameter,yield per tree and quality of Ficus carica

was studied. The results showed that,compound bacterium agent was the best for Ficus carica. The length and width of

shoot was 66. 81 cm and 0. 54 cm respectively,and the yield and quality of Ficus carica were the best.

Keywords : microbial agent;piggery biogas slurry; Ficus carica ;growth
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BALRKATRL, A0 H MRS . T (b Rl R SR
3P TLLAMT ,ELJE Pb.CuZn 3 FEEIFYITTREMN
JEOREEI AR dh B 2 4 8 ¥ M2 1k, LB R R AR

[Fl P T 250 B < R A B AL AL ] 4R AR U » [ I D 48 7
BEFEREAYLR RN T L kRMS%, A
A EE B E AR A HE.
1 #BEFE*
L1 sk

P FEAN FRFEAT B A LRI RN XHE =3
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Table 1 Physical and chemical properties of the test material
Wkt BIKE KBk A BRAL Cu Zn Pb
Material Moisture rate/ % Total carbon/ % Total nitrogen/ % Ratio of C/N /(mg + kg—1) /(mg+ kg™1) /(mg e+ kg~1)
¥%%% Pig manure 66. 33=40. 01 8.8240.29 0. 57+0. 04 14. 42 253.16 720.75 54.13
FEFF Straw 13.37+0.01 42.4340. 87 0. 82+0. 03 51.74 4.15 12. 22 3.42

L2 Wk

BT 2013 48 8 H ZER L BRALRI BB 5T e K%
XM B T, DI IEAE N AT, LR 1 em K
HFEFF I BRIR . 4% C/N h 25, &K R PEHILE 65%0~T70%
HEATEC LR &, 20 A HEAT B AR S I 2 ) 2 XL & T T R
AT RBE,3 Fh kBT AL R HI7E 60~100 L, & 458
MEALIE o B AR KR AT e T, o IR 4 4R K T 3 ol A
FEp k35 fin 2] 25 P S AT Ak 26 B o SR 3 o 58 Kt A7 %
B ENEEFIFE 0.2 m* « min ' » m A, REKEE
R FRET REEHAT. B IR R BEAL P 5 58 XK B AL
PR E] R 30 d, IR T A BEAL By 20 d, Al T
2 3 HE R IR W8], 45 K90 R kOB IR
B, AZE & B2 0,1.3,6.10,15.,20.28 d BUAE, il & & B
Y pH E. SR, REERENEM FREFR, &
BER G SR A 5 28 B IR RE 5 200 g, 7 RE 5 H AR KT 8
H4E Cu.Zn.Pb REIESZ.
L3 THENE
L3 1 REHINEEE TR KR B 208 A S S L
e B R RN TR S 453 R GRS I ), A8 XL K T8 T
ZRRE R L 2 K E R IR B AR
1.3.2 pH/{E.EC{H(HFH) GI(Fh¥F R HFFREEO M

M BRI EB TR R (FWLL 1 ¢ 10D,
e PRFETE 4°CYkAa . pH {6 PHS-3C #I pH it &
B2 , EC {3 ] DDS-307A # g SR N E, Gl
MR T W 8 mL iR R, B T HE IR 4L 1% 37
LA, ZJF B 20 BN EZERF, 26 (201D CHE 34
fERAENRIESR 72 h R &5, GL I HEAD 2
GI(Y0) = QR T & R XK/ Gt BFh 7 & 2F
FXHRE) X100%,

L33 HERHESMME ZFoP ERFA B bR
S5 REHAFARERE P ORI, S ESELR
43 B SR G A9 BCR 3 8 3B (& 2) iR A
HR A S B TR R T R 5% 3% % W % (Optima
5300DV EIEEAD .. BB A SWE & BIRE M H
ERANZESBAFRESS TR, Zik S EYy LA
FEEANA RS E RS RS BRIES RS HET
WS, A SRR RS BG5S
BRI 50 B R J A AP RUR 2 5 i R Rt
B AEROD=AFRAESELBETE/ELREL
B X100% s B SR () = (CRBERT TR — &
B 5 S B BR) / KR 4Bl 3 X100 %%,

x2 Bzt 9 BCR IR FF R ENE
Table 2 Modified BCR sequential setraction method
iz B b (9 p7
Morphology Extractant Operation method

T A # 4% Exchangeable state

AEJEZ Reduction state

0. 11 mol/L BEER

A 4k7 Oxidation state

R Residual state

0. 50 mol/ L 32N MEAR , WeMIAR I8 pH (EH 1.5

5 mL 16 mol/L ¥M§ER+1 mL 12 mol/L &M

B 1 ¢ 40,3% %% 16 h,3 000 r/min B.L> 20 min

B 1 ¢ 40,4E% 16 h,3 000 r/min B> 20 min

B 1 ¢ 40, B1A 8.8 mol/L 3t A4k 4, 85°CKIRZE T, -4 B Hh
1: 5080A 1 ml/L BERR% ,4%% 16 h,3 000 r/min B.L> 20 min
TR AR B 1 8

8.8 mol/L 44,1 mol/L BERR%  WRASRRVATY pH E0 2
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T RBEANERIRE— HAREE 40CER .

H1 I 1b AT 7 R BT ol T R R 4 B O AE A
i pH B TR BlJS i T DLRRE MR 3R 40 3 AR
FETE i pHAE BT, EJR55  3d XA e Ak BB B X
A TFRET R BEALEE , th T LABRYE YR 57K 9 40 B 78
AR AT BRI Y A 4 A0 S50, 7E M AR 7 A
TRE NH, 20 pH BT+ BB T & B A AR
Fr93REE i Ja pH ([EEATRELE 8.0~9.0,
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3 LU, BERE B R AT 2 FR) ¥R 4R R AR HE I 2 10 4R TG
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Fig. 1 The effect of physical and chemical properties of different fermentation process

2.2 ARRBELZINERBIEERE MR

2.2.1 ARRBELZAIENESE Cu MK 0
H13R 3 AT, M Cu S AR R T, 56 il 188 X e I Ak 2L
F1 VR PR PR 9 U VLA 7 s A IR AR BRI 249 10. 93065 IR
ATEABELL.BRRBEL 2 Co BRER TS,
HYFARRBTZABE Cu A REFAREHAE. 9
42. 786, IX T B K B 1 AR T A BB A L CO, FIE &
PYIFAR RIS N Cu XIS ERME, R
A B AT SRS Cu WRBEREAIR , 1B RS R LS AR i A5 v
JEA T TR » 56 Al 308 XL 4 A TR ALk T ] SR e A N SRS

WBEA FTREAR, 5 2 MR HE 2 B SWE TR RA
SR TENL PR AT ST B SR AN A AL SR BE T R B S R
THm FRIESEER. WATEE Cu M BLRE , HEALIE 7
J5 S BRIREEMENL 4 FhESIEA RSN, Hor 2 Fh T L Ab 3
RS HLE RS R Cu 43 B3R 2 A 2 AR, o B
SRMERCFEAR 14. 18 AT 20 A%, 47 S8 6 T Adb PR IR 19. 70
ANEIr R, 5 Z X RS R S 0 Bl R Z Tt
F o WA Cu BBLLHORE 3 PRI A T 2402
Hyxf Cu BA PR  HEEALRE J7 i R BI/IME U 38
38 KA B> AR B >R AT kB, H AR & BEAb B
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(39. 60 %) FI3 i 38 KA B (45. 42%0) 4l AL 35 SR 15 2 4y
FRETEEE(3. 08%, P<<0.05) , 35 i 18 X & B 4 3 )

HAR R BEAL TR 22 RVE A B3 (P>0.05) . PRI, 58 il 3@
K& BT AN Cu 230 H AR B 4T H 4t 1k B

= e
*3 AEZRBEIZAETESRE CuiFEnEld
Table 3 The change of heavy metal Cu activity by different fermentation treatments
Bk T 32 #i 7% Exchangeable state i JJAZA% Reduction state RS A4k Oxidation state BRI Residual state
hb3 Fedh Total HeSE SRR HRHE SRR Available HRHE SRR HRHE SRR
Treatment Sample concentration  Concentration Distribution Concentration Distribution passivation effect Concentration Distribution Concentration Distribution
/(mge+kg™1) /(mge+kg~1) ratio/% /(mgekg 1) ratio/% /% /(mg+kg™1) ratio/% /(mgekg 1) ratio/%
H R K BE A 192. 21 56. 60 29. 45 12. 23 6. 36 35, 60ab 107. 68 56.02 15. 70 8.17
. 60al
Natural compost B 274. 43 32. 87 11.98 26. 49 9. 65 193. 00 70. 33 22.08 8. 04
55 KUKk B A 171.19 13. 34 7.79 60. 92 35.59 542 87.95 51.38 8.98 5.25
Forced ventilation B 152. 48 10. 54 6.91 25. 56 16.76 s 107. 24 70. 33 9.14 5.99
RET EBE A 207. 20 40. 34 19. 47 41. 60 20. 08 308 97. 88 47.24 27. 38 13.21
. O
Anaerobic compost B 244. 10 42.12 17. 26 51.44 21.07 ¢ 124. 80 51.13 25.74 10. 54

L ALTEE T RNE FRERRER BT 5K BEKT. ARBREENHG BRERBEES.

Note: Values followed by different lowercase letters show statistically significantly different (P<C0. 05), A represents before composting sample,B represents after composting sample.

2.2.2 ARIRBELZALINE SR Pb & MK

1% 4 A1, ) Pb i SR BEAAL KT » B AR A B b BEAN
56 1l X AL B ) o B A T b T T IR R R A /S
R BE T e PR EARAEERA A TR A B AT A e A
Pb, iz o3 M v R Rl s RS sk S . M
RN & BT A PR Pb #IE S EZME 3 Fhib s
RIS IIA PR, A S TRES A TR, W%
& Pb M BLRE , AR & B L LA 38 RS 2
P ARAER A B . F) P AR, JHL v i ) R iz e Ak L 1 e
KA 18. 12 AN 0 5 RE T R B AL B AR 4. 08
B HARRBEALEE N 6. 98 NE 43 455 5 2 X I A 4R
WS TIERAE I BRI o PRI H AT 32 #e s P,

HFLE Pb AR R Z MR JESRIE. M
Pb Wb R E .3 M AB T A ELJE Pb HAH
AR, EL5E @ KR BEAL BEST Pb S ILBCR B i, 16
60. 18%0, 64t H AR ZBEAL BRIR 2, 28.68%%, RE T &
BEAL B /N, Ry 24.19% 3B XHAJEZS Pb H4IL AR
H17 SPSS Giit LSD 5 , 58 il i XU & BE AL FEXT H £ 8
Pb EILBCR B E T T 5E 2 fh & B3 (P<<0.05),
RETREBLEESEGEAREBLEERERNDE
(P>0.05) , HA L 68 77 th KB /ME IR - 58 il 38 K 4b
> HARAKBEAC > IR A T R BFAL T . PRt , 58 o 38 X
REAL XS B 4 J8 Pb RILH A XA 1 ik s

x4 AEAEABIZAETESE PbHFEHEL
Table 4 The change of heavy metal Pb activity by different fermentation treatments
TR R A Rl
BB Exchangeable state Reduction state AR Oxidation state Residual state
Ab ¥R BES Total Auvailable
Treatment Sample  concentration REE B GLES passivation effect B S W S
J(mg + kg 1) Concentration Concentration ~ Distribution /% Concentration  Distribution ~ Concentration  Distribution
/(mg « kg™1) /(mg+kg™1)  ratio/ % /(mg+kg™1)  ratio/%  /(mgekg~l)  ratio/ %
HR KB A 40. 22 N.D. 9.79 24. 34 15.03 37.37 15. 40 38. 29
Natural compost B 47. 63 N.D. 8.27 17. 36 28.68b 19. 46 40. 86 19. 90 41.78
i 1l 8 XU & B A 34.50 N.D. 10. 39 30. 11 12. 39 35.92 11.72 33.97
Forced ventilation B 35.10 N.D. 4.21 11.99 60. 18a 18. 59 52. 96 12. 30 35. 05
RET KB A 35.73 N.D. 6.02 16. 85 15. 56 43. 55 14.15 39. 60
Anaerobic compost B 34.76 N.D. 4.44 12.77 24.19b 15.70 45.17 14. 62 42. 06

E:N.D. RRKKH .
Note:N. D. represents the shape was not detected.

2.2.3 AAEBTIZXNEEPESRE Zn KW H
5 AL Zn BB RBEARALRTE , 3 T kB T 2403
AR BE YA BTN X R R R h T R B AR A AL
e, WAFALBERTE Zn SIESWERMLE, AR
DR R AL BRIVt 8 IR\ B T A2 4 25 A SR A ok B R A1
SFAAS TGRSR BT, IR AT R B AL P ] A2 e 25
R AR BE AR, A SRS A B SR BE T /. &I
S In MO ERENE AR LB L Z A5, ol 2
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Table 5 The change of heavy metal Zn activity by different fermentation treatments
Yk EE T 32 7% Exchangeable state i JiEZ% Reduction state AR AR A A7 Oxidation state TR Residual state
hb 3 B Total HRE SR WA Sy Available WA Sy WA Sy
Treatment Sample concentration  Concentration Distribution Concentration Distribution Ppassivation effect Concentration Distribution Concentration Distribution
/(mg+kg™1) /(mgekg™1) ratio/% /(mgekg~ 1) ratio/% /% /(mg+kg™1) ratio/% /(mgekgl) ratio/%
H R K BE A 670. 65 228.41 34.06 299. 88 44,71 76. 67 11. 43 65. 69 9.79
Natural compost B 696. 30 224. 97 32.31 289. 56 41. 59 6.1% 114. 24 16. 41 67.53 9.70
B 1 KUK B A 536. 13 365. 32 68. 14 68. 32 12.74 86. 24 16. 09 16. 25 3.03
Forced ventilation B 719. 67 333. 20 46. 30 61. 40 8.53 32 2l 298. 52 41.48 26. 55 3. 69
RET EBE A 698. 28 211. 68 30. 31 369. 60 52.93 60. 85 8.71 56. 15 8.04
Anaerobic compost B 761. 81 187.59 24. 62 453. 60 59. 54 ke 75.24 9. 88 45. 38 5.96

(P<C0.05), HAA R B2 AL T 5 IR | T R B b # 22 R MR
W (P>0.05), PNk, 58 M8 R KB T2 E 4
J& Zn I FBLH AT EGR AL RE S .

3 WitE4ie

IR 3 AR MM LR T 2B AR RFK
HACERAE ., AR R BEFGE S E KR B T
SERE , IR 5T BoR , HEAR IA o FE AL AR vE R R IR B3 AT
TR R 50°C H RSt AR EFE 5~7 d, 45 M AL st
pHETE 8.0~9.0, B R R A# 1T 4.0 mS/cm, Gl ik
80 %054, FEZYKIRIG H , B AR5 i 388 X R YL AT AR & R R
H AR KR BEAEHRFTE 50°C LA RIREEMETRIZE R £, #7E 9 d
Ze Ay (B 8 a8 XU v YR 21 7 YR B LR S
H7E 55°C UL R 292 B AR EAL Y 2 £, 338 A WA
B AR R B9 , 78R B R IR R SEHE B B A 2 A
FARKER EEmEE . RETREBEAERESHAKR,
FARGERAE 37~41°C, RRERIF A S ERE. KB
SETRS R E X R B H EC (R 1. 79 mS/cem, i B
RE TR FIR AT &R ab 38 EC (HER 43318 5. 67,
6. 36 mS/cm, ¥ & EC {HA HLALHE A 158 278 R I 7E
TR AR AT TR AR .

AR K EET Z AT E 4S8 Cu.Pb.Zn ¥ HA A
BEMEAR. AMRRV, ELBLEEAXNHY &
PR AMK IR A AT A 25> 0 A > E AL S > R A,
Hrpp 2 FIEAXEYAE K BEAEMHER, G 2 IES
HARG PR RITEED . KR 58 8 XK
AL FENT Cu Pb.Zn M8 ASEIILRR 4 B3k 45. 42%
60. 18%6.32. 21 % ; AR K BEAL BEST Cu.Pb.Zn A A
BARSIR 43 B3k 39. 60%6.28. 68%.6. 19% ; R4 T & %
AbEEXT Cu.Pb.Zn B9 RS EILRR 43 4 3.08% .
24.19%.—1.11%.

LRAOKTE TR HE R R BERE BE A A Ik B AE BT R
) e I o ) B YL BE  pHL L3 P14 47 5% 400 71 BV R AR
BB, 5 WA Y S R U B R PR AR B TR BR B, B
FIFFEASA B9 55 076 1, 3F BAR X M FP 7 R R &
F. HESBESUR I, 158 5 X R BT EE 2
PR BE T2 BB L

AR ERETZN & @ XEAILE AP ESR
HHERARFRERMZEN, MY TRAT KB, b
SRR AL RN ) 38 XL BEE A A T 8 & R A TE R
R RS RS BRI B . R BERY il BOBOR
& VA SR8 KUK BEAb 2R AT A B A 4 A K i TR E b
FRuE. ZRATIR SR 3 XU B SR 3R T R ™ i R
BB
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Influence of Different Fermentation on Activity of Heavy Metals in Pig Manure

HOU Yue-qing"** ,SHEN Yu-jun®® ,MENG Hai-bo*? ,LIU Shu-qing' , WANG Fei* ,CHENG Hong-sheng®*
(1. College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding, Hebei 071000; 2. Chinese Academy of
Agricultural Engineering, Beijing 1001253 3. China Key Laboratory of Energy Resource Utilization From Agriculture Residue, Ministry of
Agriculture, Beijing 100125;4. Rural Energy and Environment Agency,Ministry of Agriculture,Beijing 100125)

Abstract: Taking pig manure and straw as raw materials,the speciation changes of heavy metals Cu,Pb,Zn during three
kinds of fermentation,such as natural fermentation, forced ventilation fermentation and anaerobic dry fermentation was
studied. The results showed that the passivation effect on heavy metal Cu,Pb,Zn for the forced ventilation fermentation
treatment were 45. 42%,60. 18%,32. 21 %4 ,respectively. The passivation effect on heavy metal Cu,Pb,Zn for the natural
fermentation treatment were 39. 60%,28. 68%5,6. 19% , respectively. The passivation effect on heavy metal Cu,Pb,Zn for
the dry anaerobic fermentation treatment were 3. 08%,24.19%, —1. 11%, respectively. Compared to the dry anaerobic
fermentation treatment,natural fermentation treatment and forced ventilation treatment were more conducive to heavy
metals transformed from the higher active forms to the lower forms. From the fermentation quality effect, forced
ventilation fermentation and natural fermentation could take advantage of the high temperature period effectively which
could kill the pig pathogen and weed seeds during the fermentation process,and the high temperature period more than
55°C for forced ventilation fermentation processing was about twice as great as natural fermentation processing, and
anaerobic dry fermentation processing remain about 40°C during the whole fermentation process;after the fermentation,
the EC value for the forced ventilation fermentation treatment was 1. 79 mS/cm, the other two treatment values were
higher than forced ventilation fermentation treatment, which were 5. 67 mS/cm, 6. 36 mS/cm, respectively. A higher EC
value has the potential risk of soil salinization. The natural fermentation need to extend the natural fermentation time due
to inadequate oxygen supply cannot be completely harmless. And the anaerobic dry fermentation needs to continue the
aerobic fermentation in order to realize completely rotten. In all,taking into account of the effects of fermentation quality
and heavy metals passivation, the forced ventilation fermentation process may have more competitive to enhance the
quality of fermented products.

Keywords : natural fermentation;forced ventilation fermentation;anaerobic dry fermentation;pig manure;heavy metals
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