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Abstract: Aerobic composting is a physiological and biochemical process dominated by microorganisms
and is widely used for the recycle-aimed treatment of organic solid wastes. By microbial fermentation,
organic wastes can be mineralized, humified, detoxified, and finally converted to organic fertilizers.
However, traditional methods of aerobic composting have several disadvantages, including long
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fermentation period, nutrient losses, and emission of odor and greenhouse gases. Addition of microbial
agents during composting process can effectively overcome these disadvantages and improve the quality
of composted fertilizers. In this review, the main process of aerobic composting and the major factors
influencing aerobic composting were briefly described. The recent proceedings in microbial composition
and community succession during aerobic composting, and the application and effects of microbial
additives in composting were summarized. In addition, problems in the application of microbial additives

were analyzed and possible solutions were discussed.

Keywords: microbial additives, aerobic composting, organic solid waste, organic fertilizer
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Figure 1 The basic model and main influencing factors of aerobic composting
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AR S 3 B T3 A AN B b il i A AR
I IZARYEAT HL TR R i HENE 7 i 1 P ik 36
BIE M REE YRR
3.2 EMRMTRYEM E 5 AT E

N R A s IR ) FH i — B 7E 0.05%-5.0%
Z ST M M F S [ I ST A TR, 0 P
WA 225, FEHERE R A T e 2R 500 e — Ry
0.1%—1.0%., #ZF it 2 S ma i A= B s S D se i A7
BUORAE, FEARJEE R R 2 T . Duan SF4iiA,
FEAFEMERGIR G HENE b, B2Fh 0.5%H 5 27 AF
i (Bacillus subtilis) il 571 i 4% B AT i B A A 55 K]
(I=ERE, F#AK TCA T3 ATH BefCil it g, ydisb

CO, M7 A=, I 254y MENE rb S AL R 4 o e
o, IREN R H 0, B e AL B
TR R N E] 2% , 2 T3k CO Him g el

A= s R B s ] 22 A HERE R 8, LAAR
VESENE S, da R ] A SR A 4B B
ZUAF T, DA S IR ) AT g
4n Poorsoleiman 457 38 13 HENE AL B TS YL i5 e 1Y
s R, eSS TE— ORI OB 2 1B
PR YU SIS ST I (Acinetobacter radioresistens),
A LS AT R A bR s Chen 457 1o H
NEEEAR B 5 e 4 R 1 SE g b, A s ZEHENE
- IR B | BRI - AR B 4y 2 IR B A
SP- B (Phanerochaete chrysosporium)®, 4 #F5¢
R IRAEHENE 5 B2 A0 A 0 PT DA e HEIE 7 o 1
At BTSSR TE HENE Y VR R I VR T L B
WA M 50 2 FFF T (B. mojavensis) B282 B fif
TR AT (B. amyloliquefaciens) B4216, 1% 2 £
PUE A VI REAE R R R IR N3 B, v DASR &
SR B B0 L B 220020,
3.3 ARINAE XS HERR T FE RS2
331 MRFAREE, LR IE

A 2 SV PR NE SOk DL R ARV RS FT 45 %
2T 24 ZR 2 W) Jo 1) JErUAR M P S A7 T PRI | A T L
JIEARG 70 [ 0581 7 v 1l DA THENE B, AR A
SRR i R R A, MEREAAAE TR R e 2
Te vk TR B Tl B9 S i S (HL S B0 e
M RIEE , T BRI FA HLAEH T3 AL ab 22
TEHENE P} b s 0 e 6 2 ol A AT L3 i 3 A
WA A D B, R T D R A DL Y
T, AR TR AR, SRR, K
EARIEF ] LI SEFERE 2SI ORAEFE A S5kt
JE RS 0 B RS SIAT B (A pittii) o AR ZE AT A
24 ZFh(B. subtilis subsp. stercoris). & 1L ZEAAF
W (B. altitudinis)ZH Smy & 455, HFHEIHM 4 d
BiRE 2d, WIRMERKT 2d, e 64.7 °C
ez 67 °CP. Wei SRS A B, TEMEWREFT S
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TR TR G MENE rh S I B A o £ 4 25 Tl 0 M Y B
5 14 (Streptomyces sp.) H1. Z3{FF i (Mycobacterium
sp.) G1. /)NRFIEE (Micromonospora sp.) G7 FHE H.
f#1 7 (Saccharomonospora sp.) T9 ] L4445 FHkL A
], e i R A s ] — Lk
WEVR IR M TS e LA B MEREZEARIR T s 3l XF
A ZEHENE S AIGIR 25F T B HENE A s A s S5 X
Sun ZFR B, TEXGHEFNHE AR G HENE h g 12 il
AW BE, A $5 %8 ¥ FT 1 (Psychrobacter sp.)
b110-1. “i#F [ (Arthrobacter sp.) TSBY-50., fifizk
W&V ¥ 13 (Psychrobacter pulmonis) LMG 1012 #0175
¥ (Arthrobacter sp.) G8, 1EAXIRIAEE F(10 °C)
HMERE, AT LSRR R DO IRLRE , b T is eY
Gou “FEMIFFR R B, FEARIL PRI T HE bl (9 2 21K
FERE AT A TR A HEAE TS I v v B W AT AR , i
Y5 1% MU B (Brevundimonas diminuta) CB1 ., 358 #%
FF 7 (Flavobacterium glaciei) CB23 LA K FEH EL B
M il % (Aspergillus niger) CF5. 17 % (Penicillium
commune) CF8, STtk T 11 d, =ikl
FEK T 7d, femiR R T 7 oCl LR mimrsE
AR S e i T NSRRI RS T fa 3,
TNSE T I R T A T IR B B B A] {HEAR
BURIFATERE
332 fMIRBNMORE, REEHERFH
RAEFEFE . AR ) 5 A K& iy 21 4
R.CPAER AR R FY T, X 268 o 5 HEp
O3, Lk BELRS HE AR B ) — KBRS . H &R
(Penicillium) . #h % J& (Aspergillus) . K % J&
(Trichoderma) . )& (White-Rot Fungi) . jit £k i H
(Actinomycetales) A K53 2 AT 7 & (Bacillus) | 1
A1 B )& (Pseudomonas) #6542 412 18 5 22 1 RERS = 4K
WA ifp A SR 2T 4 22 26 ST R A 2 4 el g
E A K TAEHENE o B U IR B 27 4k 22 259
5T 6% e 1 A Tim SR BIL A 0 AR 2 HE S s i Bt
o Hu SF7EE 1 i AU FE IR A HENE rh B3RP oR T 21
I I N R A R TR SO S
(Brevibacillus) . 2% 2ZF U T 15 (Paenibacillus) . %1

FF 14 (Bacillus) . #6124 iR 2 4T 14 (Lysinibacillus) F1
o R G (Cohnella) %5 7E N i 30 A A AE
WA, (HREERDH LR IE Ay, P 4ER I
i 35 R A ARG = B 7 HE A F 30 2 o T X BB AL, &
ez | PAYER . KRR KGR N T
19.64% . 8.77%F1 34.45%01. [Hit, ALY
AT DABIPRA 52 25 2 3% 0 5 A , (2 a2E HEE T 2 . Wan
SETE RS ZE N FOK A AR & MENE rh S 042 465 A
ZF #1 #F 18 (B. licheniformis) . fi# V& ¥ 2F /4T 14
(B. amyloliquefaciens) . F K2 (B. megaterium).
S /NZEHUFF R (B, pumilus) . FERRERIE IR ZE AT IS
(Ureibacillus thermosphaericus) . & [ 2 fo T i
(Geobacillus pallidus) LA K iz % &l BR B (Paracoccus
denitrificans)ZE 76 N (1) 32 MREF4E K I, KPR
TR P mT LA ARAENE s AT AL 08 3t L 4 e il
SIFI], B AT A S B . Chen RS
R, TEIM SR R EOKFS FHE A HENE o 72 i B By
BRI B 4B (P. chrysosporium), AT LR
o AR T R T 28 3 AR A A Tl R e 3 AR A G 1) T
P AR IEEFYE R AR T2 A L B 5 5 TR B
T A 0 J G AN S R e T 4 R 2R
JoT (R e SRR T [ 2R B B A= Wy R R RV T T i
AN R W) R TR 47 45 2 25 W) o o i o 2 vp R 4
MIVERT , i b3k — 52 2 B AN [R) s A= 1 0 DR R A
FAMLH, KA R T S HEEROR , A 4 e A
Ty
333 RAFELME, REHERBK
AHEFY A T E A B SR MaHL
BT, G A HENE 25 R BOR A SR A i 2% o HENE iR
R FEoE A CO, AR, TEHENE TR AN i
W, o R 2 BONE 28 SRR A rh 18] 7= Py w1 Ak W
fife, 77 HEREIY COy; AR BL, WA
RfhE v LIs e CO, =4z, R AL
WAL A JE I, A R0 S v i e 2 T840
Zhao SFTEAZEFN FORFEFHR A HENE 1) 45 B Br b
T $ACET 2 25 R A 71 £ 25 144 (Streptomyces sp.) H1.
Gl. G2 M4 id T9, 45 REW, TEHENEK P B,
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SR R B B R AT A 2R A T, T DA R
LFAERWRETE, (e LY 2R %, JF BReisIE m et
AR BEAR e AL SRS B BT AR, 3 I HENE i
FE ST & i, DT A RDRE 43 15 i) CO, BT,
IRF AR E O NHg 2885 Ry 7 A T 2
HERE rh A R PR B B A HEIE R, B A AL
YWITERALVER T 4 NH,-N, B & R4k,
HENEEA IR BE, Y0k pH (BB s, XA
ZAAFIT NHS -N 5462 NHs % s N2O 455
A 32 B2 HE A 1A S 2 A 1 A i AR
R AEACAE R 7 26 o Bl & AR A, AR 5
ARG mtoe X, LA RO AR M)
SRIOT88] | Guo SEWFSE R BN, TENE RN A T IR AT
Hrs I 5% B ZF AU (B. megaterium) Al DA fiE
R A SR AR B RS fE ] amoA
O SN AN T RVE IS K f b S VR SR f R u S YN TR AN o B
il ON,O o HERCST . Tu 544 £ % th LR AT
(Lactobacillus) . 5 #T [ (Flavobacterium) . 7% ¥k B
(Candida) . %F 7 #F I (Bacillus) . = #k 7 it £k 71
(Actinomadura) . 35 21 #1 7% (Solibacillus) 1 /& 2
F 1 (Psychrobacter)ZH i i) i b A= 90 v 57 5 A )
RAGTE—E, WMEEES ARG A,
X RAA L, Wl NHz p9 23R T
70.50%, N,O 11 Z e i T 29.00%,NO; -N
TPt T 50.00% , AL HILEC AR AR
59.00%, AACSEH T REME . LB R,
FER A P e i vl HE AT iRl L BT R DAVRRIE K
R, fedk 2 FhocgR ke etk DA &5t
FEFRr o A7 TSN 1 5 i S N e R0 24 ) ELAAR
BLAR I A 58 AT A o S AT AN Ak A e HE A ke
REAL T AR R, X F A B RS i
AR T R B RO A B L

T 38 o D AR HE ORI 2 7 4 i R
FEHENENE L, Ao A B 53 3 2ok 45 00 5 1 T R 8 4 Ty 39
THENE b Ty W 7 43 0 5 1, A IR v HE A 7 i
Ao Wei SERF5Y & B, FEIT AL 5540 SRS AR
B MENE 9 B2 s B BRI I B, VS Il s LA B e

M A 2F #1FT 5 (B. licheniformis) . A 5 27 # 4T 14
(B. subtilis) . FLER#EK T (Enterococcus lactis) . 7%
SEARIRFT T (Corynebacterium variabile) . 28 72 {5
11 [ B (Klebsiella variicola) . Zf 4 4T 1% (Bacillus
sp.). oA S B (Klebsiella sp.)25 7 B4 4 Y
S GV BETR R, BRI INHENT 7 i R e T LA B
PR A, FF SRR o SRt DL R AT R8O Y
B AR KT RIARTIRS B R b (i
B AR AE )R G HENE R A B A A, AR
FEANEIP AR TR R AT AN LA S R TS 5 R A Flont Mk
NEE TR S E e, 25 REW], 78 L FRT#%
R A B AT LA R S A 8 240 B 1) B, I
P2 R M 7 5 rP AL RN SR ALCE ) o, v A
77 I AT A X e IS v S Al A S5
PRI, T ZERF R e R 7EHENE th I R AR . it
A, I N A AT 4 v VS e TR AR B TR A SR E
MAAFRE ST, A4ERp HAEMEIE th 85, 183 R
HREAEMW BB
334 FLRERSAFIRESAEHK

e G b A HENE 2 A8 v 2577 A KR T LRI
(FRAEY . oAb E Y LA A K A L)
Fl % UR(COz. CHyy N20), e A5 e Al
TR o BFFEIESE , ZEHENE s s i e o] LA /b
R AR FNR = SRR HE . Gu Y T TEHEAE
F A INHERR 7 AT 7 (Thiobacillus thioparus) 1904 Fil
BB X 5 RURN & B AR HE RO 52, 25 RSB, 88
A AINHERBAT B 1904 sk, — &SRR
AT VA RO HE R NH; . NoO % R FHHE KL
iy RS I HEE AR AT TR 1904 FEU /> HoS.
FmiAedy . HaimE . W E Y SRR DL
SR AT 7 it A ASORE  TE FARCR B
HEBLARAT 7 1904 G B Tai i 84k, e A HLai A
TUER R M R R EL Ak , A AR R HE R T A R A EL
I, i A 2 SRR IR A AR P Rl 0.3%
() A il B2 A i A= TR R R 5 B R IR = AR i
M5 , S5 AR, BERh A 1 TR 550 AT ek il &= S
B HEL, 5725 I BRAEAR EL , 2R CH, AT N,O
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HERCRE A B0/ 33% 1 45%07, HENE Hh BLILR A
IR 2 AR 7 A S A R S B G A W A T 3 1
G55 I 2 A 7 VRS A o MENE 2 T
A A T 2 BURNB5 R4 152 0], £ HEE i e
PRy A B AR A Y258, Reg A &
X 1A S Bk /D R AR = AR HE R B
335 ERMAERFMERMEER

bt 7 & FRA BV & R, oA R {2
KIgHEm, HE & XHiAE ZMELL 58 WO,
Kimhid: 1 S IHAC ) Py B2 s PR HE o HE
P R WA, NMEBY TR, 88 %
BB A 40 AR R Btk 5L X (Antibiotic  Resistance
Genes, ARGs)HY™ A= FleE 4, Ha s i G A= Wy if
IR A R o B 2 P b AR R AR
Tl 29 7 HGIRACFIH , © LN R A A P (]

U AEENE VT DIE— R bR fRbiA R, Hif
AN AR TP AR R RO A2 BIME IR EE | L
AEWTEE . BT BRSO AR |l Xy AR
KRS, AN A e AL R,
HEHE ™ i FP AR R AE e AE KR BT — 2 A 3R
By B I MR e i KU, AT RGE
TN 33K S R A A i v HE S 2o R P A 3R A R A
MR, Liang MR LB, 7EHENERR LGB B AE
BBy 2 AR AR v 8 R T B (Burkhol deria) |
& [T 1 (Ochrobactrum) A1 /& 2k 1 (Candida) 2H k%,
MEGEN, XTI ERNEREE N T4
7.13%, 1M HLAERSIR(R USRS B RE LR 1 XU,
M ALZEFIE T 7R3 ZEHENE A s 1 8 B0 DA & A
J& LA 2 A AR AR TR A TR A TR RN A 2 v D R
REVAERMBEf W, SIS RRY], WINEEH
AT LI e R o 2 P DU R R A RO HR, X
TU A N 2 AR v oA 2R A R LI DL R A 3
TP DT i AR AR v R 2 S 2 AN AR IR A
580 WeAb, S AR S A A R e
A R MR FR R R R R RV T, ARSI 5T
AT A R OHLEE, T v B S A A K%
TR , R AR IS T A 3R B A TR PR A #5 ) RE  HENE

SR, AH RN A S A

bR T RBRPUAER P AR BRI 1 — R
BRI ARGS, {H [FIFEAFTETCTE 58 42 TH R
9 TR, A5 S AT i FP R SR A7 ARGSPO®H
ARGs F % DL /K F Bk [ % #% (Horizontal Gene
Transfer, HGT)Jr =\ &4, ©A 1A LIS A S FTRL
BB RN - 4 W] B8 2 5L K T /4 (Mobile: Gene
Elements, MGEs)H, HETI7E itk AL, 1
TR 25 T8 77 Az B KU o e s 25500 1ok HE A AP A
ARGSs B K F KM TE 5 . VF 2R e
HR R INEE Hp ] LARAARR ARGs HOFE B . Hu 20158
S B, A S P H S T T 2 25 A At TR RE R4 i 3 L
VEAERR IR, AT/ ARG YEEE £ B,
WEAR T 7% 3h3s A% T0 1 (MGES) A X 288, AT
il T KF S PR RS 1) e A=, 35 19 T R 2R A ] 523K
HEAE T ARG AN =1 BFEAEPY). Duan ZEF5E A
[F] 2 b 5L (1% Al 55 2F 761 FF T (B subtilis) % 3 JE
ARGs Fll MGEs = BE 52, 45 0, 435 0.5%
(A B ZE AT PR AN 232 ) ARG 48 %) = 1, {H AT
PUREFREAR ARGS (AR 2 B LA K HEIE 7= iy oo
JEUB B B AR UG, RN A B A
H ARGS (WA R A FERTHAB B , S&F Ut L4
£:Bx ARGs MIBLEMAFFIR AT -
336 fUHEREERE

o E e E AR E & A KA S G
PESTSEAERT, DR SRR AR TR T Y
Cu. Zn, As SFE4JE, MAHMDEEE AR
PRI ST B 2 (5 HE 1 (A5 B 2 2 (e v ik A7 7E B
SRR IS . LAk, HEUEYe . A TG BRI ESEM
RS — 2 B E AR X e FUR IR AR bl 2
AP A 3, RS RS RIS Y, faE
R A DA B N AR

HAT, XtFHESEGRWRIEEZES 2 MR
M, BEGfLER 4R MR E 4R, Bk,
TN AT LS E 4 s i BlAL BRI & R 1 2E
Wi PR MENE L TE 4 R Y SR
HEAE 2o T v e A T B AR AR R B SR 45 A2 2 1Y
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KAFIBEFEY 0, v LA S AR 0 4w R AR 4%
&, AR AR A SR sh, HefRe
T AT M 2SR T LK R 4 i A R R RN e A
W 4 B dE e RS Ny, MERRSS oS o
RN RIS S B A S E 4R,
PR 2 T A HLIE RS HE) AN

T Y N 2 AR R 0 Ak 00 AT DA o 4
TR, BRARE &8 B ek, I AR
15 YA H ETR A AR A FE B AR ) L b
SEEEARR R AE a5 . o, Wy ERE L R AR AR
ETHERE = S e B L AR A R, AT E
— A AR o Al B AR X 4 TR At Ak Ak
T, B XIS I —kIE Yo 5 RS A
RUHE, AWERI A Z R B TR
Y IR ZRE TE SIS, BFIA B KW
K R SO A B RS £ T
HENE A 0564k 7] . Zhang Z5BF9Y & TR, 7EHENE
VRN 765 B S HE (P, chrysosporium) AT L 42 7
XFZn, Pb, Cu. Ni FEfbECR, RORM$EF 7T BE
58 7 I R O S B R E A Y T
Chen ZEMWFFTIIZEH , ¥ 0 8 7 )56 P 5 mT LA
P& Cu. Pb. Cd MEIALACR, BXF Zn AYEEfLAL
SEARE RO Ay B SOR A Ak ) S A
MAEE A, 1EESE AR ReR . 25 A
FERIL, FEFEHEAL RIS 24% 464 Fe A I 5 1%
A FLRR A RE . BERE B RE . ZEFAT B RE . 6 A Al B R
R o S L 52 A TR RIS P R0 AR X%
SRAVEEALRE ST, BUALRLEN 74.60%; WRIN 24% K
JB B 1.5% B FIXT Cd FEH H A X B A Bl A A
F, Alifbsicsesy 58.13%0%, Wei 2543 ByHENE Hhi
O I 4 B A B 3 R B S P
PIE T 48 1) RBREE T, SCIAE R, HIME
HES YA S A M AT DUE A R 2 B
& JE FEHE = AN R R 1 Z R R AR R A
IS S 43 5 ) R R X R IR IR R B A B
SRy AR R B, T W A W R R S B AL
T 2 R ) T 4 A W R DG B DR 3R S SR UE

IR HE N J AR R S R 5 4 Jm i 4n i
AR AT LI EE 4R 1 2B , s /D HERE H EE
G SR TG Y B T — R ER RS T R T B,

H At T A i AL 5 I F AR AN 1 Wt
AT HEAE 4w 1 B AL RIOCR © AR AR e R R
R I0E, B T4 s RO HLEE 4 JCIR A RO T
5%, E— PR RAEW LT R HEAE AP, 7T
S A A A L PR AR BRI FE R . B AR, A8 R
5 T A A R0 A A Ak A R 52 (R B A
5%, WERBT R m AR A, et A m Al
&S

T 4R (R Atk v] DARRARE (R 8 4 1wk
I/ HERE 7= i B IS 15 G RS, (HL AN RE S R HE
P ESE; ERESMT, EENESES
J& P RE PR L AR A G S A A B A\ g
P Yang 24—l ) FH A= 4 R B A 2
B NE H 4 S A 7, RIS ESENE B s i o sk
AW R L ) B 4 R B SRR T4 R T
A 3 3 0 RO B, AT 22 R R 4 R . i
Je W SE G 25 SR SE , FEMENE rh s I HLA R AW i R
J1 A 125 2E AT T (Paenibacillus sp.) WP-1 Al
FF H ZE 704 (B. gaemokensis) EB-28, L4241 a4
EVE N B AR, AT LA R BRMEAE H () Cu, Zn,
Pb, Cr. Cd, {HXI Ni A EBRECRE, %5 R
TE BRI B B4 JE AL TR S, N — 25 gk
Y8 AR08 7 HE N b A3 I w5 50 B B 4 A A T
R, VAR AN RS e 9 55 W B A R T X 4
JEBIEBRBCE, AT i A SEBR I B8 e A
337 RSHE~RAMINE

B 7 FAVE R A HLIERL , 76 & T by (R 3k A
fmn FRUS IR R DORE (140 L Vil L I3 48 A= 9
2 b I SRR TR B AN A T R I, S P R 7
AR O DI RETEAE YA DUAE s e . Tahir 45
DITRE | HERE ™ 5 LB Ky A JEORE, S5 s s
W B4 28 780 4T 8 (Bacillus) MWT-14  Fil [ 20 12 B
(Azospirillum)iEA T 4 S8k T il A= 1A HLIE
ZAYA NIRRT DL 5 s R T RSN
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i, TRAZ NSRS 708 T — At A 3R S
BT Chen ZRMAEZOMERR AL . AR RS
AR LA K B % B fiff BT 45 v 5t (Atrazine) (1) 79 4 T
(Arthrobacter sp.) DNS10 {R & 7E—ik2 , 4 24 h X T
Je AR A AU , 1A WA AUIE T LA R0 +
b 8 25 AR TR S AE D R RS AL 90 NIERA = N1
JRE AR R A PO R A5 Th B R
YHRG e A 3, — 5 AT LR HENEAE R e A
VT, J73 — O Tt RE A AR 0 TH B D RE G 2R ) Bl
fit AR 22, B b R R D BRI W AR
S IR JE 7 it %) e BB o A= W8 BILIE e #4F
FH BRI $2 2 T BE A W 5 HENE 7™ it S B s B e —
T, FETH I RERUE D S HEAE = S AR A R T — 2
) TAETE .
34 MERMEMEFSRHERZRZPRINA
SR FAFTEVT 22 RE A8 10 i A 0o D L TR A
I, K X A 5 | 538 0T LI 2B jA AR
Yo FERROR o SRMTESZ PR I, b 2 +
S rp Ry SNSRI A Y T B SR IR R R A
oM, Z2RO0CIETE T e S B , S ETARL
RRFHAR L LP%. Cucu SRIBFTERM, %
PR B399 I (Phytophthora capsici)Bge i + 3 i
Jiti K 25 i (Trichodermar sp.) TW2. R E 724
HERE = i DA K P B A 5 ™ i, 40T i 2 AR
T P AR R R A R, T HAEESE 2 Y
FH A f i TR 5 7 o 2 VG 07 7 92 0 1 i 1
SRR EAT T o i TW2 287, Zhang 250 s%
FEMENE 7 i AN LR T A JEORE, TS AR P AR PR
12 A T f#% Y€ B 2F 8 FF 7 (B. amyloliquefaciens)
NJPRHSDAQ-1, £ 6 d i R ARG il A H
PUIE, 2R AR g R B, 8 A A HUIE A]
DL BRI AR AR e 1 e 32, (R bR R A
P U RS, SRR wu S
X ZEMENE 7 i AR BIR 5 K, B i e #2176
¥ (B. amyloliquefaciens) Ljx101 il & 25 AT 5
(B. subtilis) Lja002, 4t 4 d [&44 k& [ 5 il s AE 9

AHUIE, RN A 5250 R, A WA HUIEAT
REAZ 57 16 SRR 239 , 1T ELRE A (2 E B 1K 4
w AR AR R, PR MR
EGHERE S ARG B A 3, BERS Rt & b EL
TR A 00 B T R 5 5 A R3S LA B I 7= i F) i
AERCR, AT DME S — RS A P 35 R g, 2
A R R AT

DL BIFY 3 0 38 Ao A AT ST 5 e
PN I B R A Y A T I G SR R RSN iR A T &
WESNC A P AT HLIE , R FERT AR P 35 1SR
PO REEMAEYE TR Z | MR S
AR 22 SR N, Rl FRATT A S T —RhE A )
— R B S W HERE FR s b B DA A B A T R
R TR A 41 v S S 777 st 0 L TR 2452580 R it JBE P
25 INE B FRIE TR IR HEA SR o s AT
PLECHTEVERIEY, IR 4 RRBUBEE T A
3 3o AT VA I S 30 T ¢ LA HE R R R R R v
IR, A5 EoR, SO ECZEHUAT TR (B. mojavensis)
B282 il fiff UE By ZF 6 4T 14 (B. amyloliquefaciens)
B4216 R LATE R K eI Py 2ok 10-20 d ) & 8%
SEPH 10-100 5 a0 SRy vk LI AT
(R ARy BE TR A TG 2 T2 O ) R T S 3, ok
T AL G AT MUIE I rh i S0 v A It K
FARAMEZEAN R, [EREA I .

4 GiESRE

U SR NIE S S BUA ALK 0 SR A M 22 5
ARETT I AN T Pl AR R T £
VR, TR AN [ S NS Py A2 SR JEAS [ 9 6ol A 4y
SRR FN I RERT S, X T2 m AL AR A
SEAE 7 ity it J5T LA 90 HERE 2o A v R 5 % X
PRHEMCR A T 2 S ARG SR HE N A7 A 19 )
W SRR 2 | RN = UARHECE R IR
RBOEARAF AR, 2 T i S HENE R R o AESERE
ALY AT R E IR 2 SR mAERL . AR
PRHERL ., e At | 32wl ™ ah B 25 2 05
AR, BA BRI N AT
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SR, TR A T S IR I I A AERCR
AR RIHOR | EAREE SRR, F R N
TUSIA A o) HENE PR3 PR A 22 DL S HENE Hp
+EWEY S IS 2 WA A s O g
fiff DX L[], — TR S A e 4 v S AR
PITEMERE Th A AE TG D FE I, FEAAE. (1) Y
MR R pH, CIN. &K%, ARSES
B, AR TIIEA KRS (2) i
FHOAHERE v fir 23 8 1) B A 58 o T 1 0 3
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