AES A IR Jul. 20, 2024, 51(7): 2312-2325

Microbiology China DOI: 10.13344/j.microbiol.china.230819
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved
N
Tt 554

[KiRtE i iEREMT RER

Fa&B, ARE ', REE, FaEr, &Y BELR?

1 KR R TS5 R 2B, K 300457
2 dEAE R RIS TR BE, TR 5K 132013

Aa¥e, MBI, SRR, ST, (Y, IR A IRIRASFT AR TSR ()]. WUE2AiE 4R, 2024, 51(7): 2312-2325.
CALI Jinling, HU Qinbo, ZHENG Weilin, LI Yangruoxuan, TONG Tong, SHI Junyou. Research progress in straw-degrading
psychrotrophic microorganisms[J]. Microbiology China, 2024, 51(7): 2312-2325.

W OE: RAELFTRRXARLAEFEIFR, FFEFEXERARFN. BATESHRRE.
fEAF A GEN R RO Z M FHERBRE, KT EORETHE K, AEIK, ##ﬁ
WRBAGRAEE., FTEAREAANRIBAEHRAEEXTE. FTLOKERAEBREA OIEDR
Fo A H, HF, ﬁ%ﬁﬁ?%%%ﬁﬁ R ME KRBTSR TR, (AR, 2
AEMh ZHBANR AL FHE—ARBERR T, SR EARAERILTRIEL T LY
YR, BT ARMBE. ATEBRAREHEELFHER, HARFTREGELEGH. KREEHit
— IR S RHAEATEME 7). AR S TARAF LR LB FH T RAA ﬁ]%‘ﬂ%&?ﬁf‘%
KBEIR: AEAT; B, KE; WAR; B A

Research progress in straw-degrading psychrotrophic
microorganisms

CAI Jinling"', HU Qinbo', ZHENG Weilin', LI Yangruoxuan', TONG Tong', SHI Junyou’

1 College of Chemical Engineering and Materials Science, Tianjin University of Science and Technology,

Tianjin 300457, China
2 College of Material Science and Engineering, Beihua University, Jilin 132013, Jilin, China
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microorganisms could promote straw degradation at low temperatures. Straw-degrading
microorganisms include bacteria and fungi. Among them, fungi are powerful in lignin
degradation. Bacteria have low lignin-degrading activities but high tolerance to low temperatures.
Because the degradation of straw is coordinated by many enzymes, straw is difficult to be
completely degraded by single strains. Psychrotrophic strain combinations with powerful straw
decomposition performance are widely used in straw degradation. These combinations can be
obtained by screening of strains from the nature, mixing of strains, and acclimation to temperature

gradients. This review provides technical reference for efficiently screening straw-degrading

microorganisms and promoting straw utilization under low temperature conditions.

Keywords: straw; degradation; low temperature; psychrotrophs; microbial agent

TR R AP K 0 HR AR O £
Mt 1542 t, MERSERIE 60%, EFEE
LR E =X, SN E R AL 2R
70 PEBEE A A = P A KR AE YIRS R,
FEGEUR 7 ROR FH R e gkt RS FFE &K
JRZE | YR PAgE RS, REEMN ] AR
TR o R FF A 5O P S AR Al A b ) 3%
1, AN St ™ B R IR IR B, RS AT LSRR
B, ASRMEMACRIER, 1eah, b mxigKr
K2R L KR 7 SR M2 A E IR A 35 < B s
MR DRI R 12 | BRE BRAC, RS FF R R
AR AR AR Z B IIE] MRS AT 7R IR A%
PF R A S R ME . DRI, (RIS T I A I 5T
LA B ) 7 R (B o FF 2 3 o7 ARG B B A S
R A R A 0 T DA i RS T R A A 503 2 X B0
B SRIE I, (RO AT RS R R . AL F
AV TR T o e A P R 2 N 52 D R R
Oy T 5T HE R A A

1 RIRAE AT AR A M R

FEFFESHIARTTR | PR AL 4ER S5
B, XL HARI ST I 2 —HEA ), 8k
FEATARMERAE S . BIF5E 8 L e pRAT R RS A
SR, BIRRZ RO REEARIELIR G A A AR
FF, ABWFFEN G i e A F A3 T B
BT N RERRRSAT AR , CLRE AN R I R (5 1)

11 REFEFIEREE

Y T WL RS AR T 2 — , a2
A W R (Bacllug . 1 A AT W R
(Psychrobacter)™ | {5 il 5 J& (Pseudomonas)'
& M — AR E AR R, R SR
TR A A LR R R RS AT U 2
TERE T R AR 20 D S04 17 R o T
1.1.1  ZFEAFEJE (Bacillus)

ZEAOFT PR B A — 2 L 1% AR e A 5 e 2
P o A SIS 43 B AR A5 — bR I FE ZF M AT 1R (B
cereus)ie e 4 °CAMEF 25 d /KR s FF [ f R
K] 50.71%M . A ZEALFT FE (B. subtilis) K1 A]
DATE 10 °CHAM T Ea IR R W15 1, fe ik
S B T AT DA - 4 v o S ) — R AT PR
SDB-20, £F4ERMHGVEAE 16 °C T 155 3 d iK%
728.3 U/mL, fE 6 °CHF FNEHETIIRE 60%L
DA G e D X A e S ) N ZE AT
i (Bacillus pumilus) GBSW19 7£ 4 °CHl 10 °C'F
¥R K e P, Menshawy 2005y
Paracoccus kondratievae CX9 (¥R FH B2 44 iy
(carboxymethyl cellulase, CMCase)fHf fix 5 7] 15
F 71 UmL. BN ZEAAF IR 246, Al LA
KW FE S IREE AT, BT LSRR AT R A 5 1
IV RE TR, RERSTEARSTE AT AN pH 3 Fl R A7
T R
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# 30.3%1 . DR MR b IX 3 Y R A AT R
(Psychrobacter nivimaris) 7E6 &g Ff fif iR £
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FIR TG . -8 A0 T e A A N, B e O,
W Ve A TR TE A I T BB % 2 B A U 1 il O
HAE YA e

( onstruction of
the consortium

S F & Bacillus

W5 V5 ¥1 16 J@ Psychrobacter

AR
| Bacteria

{5 171 J® Pseudomonas
\\BEZE R Strepromyces

\H {8 2 Others

KEE @ Trichoderma

\ ,H_L_ﬁl_mfu_! LiA] Others

R
Enrichment screening

e (OF e i
N Complex spices

‘;l'lllljll”f’{l ”'J fl
Temperature gradient adaptation

ESEUATRne
‘Strain screening

| REFFRE AL AT

ragsi! Straw degradation mechanism
Prospect

RS
\ Strain improvement
\lﬁffJ Hi

Application expansion

Research progress in straw-degrading psychrotrophic microorganisms.

1.1.3  {REME /& (Pseudomonas)
BB e — 2K I E T H RIS
FIAHTR , HATFom AR FF R B ) R 4 o 1
TR 2410 7 (Pseudomonas sp.) PS3-1 FIR & i i
(Pseudomonas sp.) SC6-1 1Y 5t id A K Ik FF 2
20 °C, fI% Bl 4 (Pseudomonas sp.) PS3-1 (¥ N 1]
RN . SR . - A AN AT
Fil & 4391 K 404.9. 457.6. 467.2 F1397.0 U/g;
15 B B (Pseudomonas sp.) SC6-1 14 N H] 75 B4
ity . AT SN | B- 7 25 W AN R AR S
WM 263.5., 196.4. 500.9 Fi1 399.2 U/l 7£ 5 °C
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i, BT 48.2%-63.8%FH1 45.0%—72.9%[%)
it 3G 7100, RS {5 PR B TR AR AE AR A 1 T
R BIFMAGER AR R R ), X1%
g T ) — RN FEFT A il . 3 SE AR
T PRI TR AR BR S PR A e S P, AT 4 g
ol A AR TR e i 2 %

1.14 $EEEE (Streptomyces)

HERE R R  ZAAE T LIERMEF Y,
HA S a (RS FF IR RE 7 o bHE ) 0 s 3RS
549 STONEEEEE AR, 16 15 °CHiF 12 d
I KRS FF MR RN 52%. Gong ZE!/3 B 3515
Sreptomyces sp. G1. G2 Fl G3 Z5 A oA & s
LT AEZR T . BETT BERN N V0 SR PSS P, AE
SRR T KRB FT A ST 7 4 K A 4544 . Danso 45"
LA B By B o 8 3 — bk B a5
(Sreptomyces sp.) MS-S, 7E LL/NZZ FE R A e — ik
U 2040 °CHEFR AT T HBRE MR A AR TN
MEFYER MG, TERAEIGTRFRMT . ARRWEBG LT
HEZ RIS 143 5M 6.560 U/mL Fl 0.866 U/mL.
VT 224 25 TR TR PR B A8 TEAIRL AR 10 T I A A
HLFYER | PR AR, Ik 2%
fe T o A, BT TR R B A P A R R H A,
A= WiE P T e
1.1.5 HitAEHE

BT IR TR AR S, HAh A Bt H A B
ARIRAEFTIARRE ST BN, DA s hgRas—ik
XEFEE FIFF R (Ochrobactrum gallinifaecis) mgz-5,
TE 1625 °CIN £ 4 58 52 5 Tl v ) G B l—— 1N
D) 45 S A V5 M 39.52-36.48 U/mL!®, A
el B e R O A v B o = o L
B T BRFS AT R A I A AT LA T 15 cCoRAE T
FEEF AE R -NISR 20 A b Pl AR 1 U AR A A A
REREE A 14%17, 5 A #3108 3115
5 BRARIE AR BT X FE M an w , Hrh g s gm
Ji4 7% (Stenotrophomonas sp.) LS-1 7E 15 °CH: 77
3 d I A S5 2R AR A il TS ) e, FLrPgR i L K

Jo 2% 1L AR AR il RN R o S TR A B 3 7 4 ik
24.49 9.78 1 50.86 U/mL, Bk LS-1 £ 20 d
RS L, FFFREEN 18.85%, A&
REARRIE 36.14%. 18 5 5 B3R 1 Dok
JEK T (Pediococcus pentosaceus) OL; . [ HEFLIT
I (Lactobacillus pentosus) OLs, FlAH 91 7L AT i
(Lactobacillus plantarum) OL ,,, YJfE Z{%iE . T
FREPOVBARAFY 3 MR IC RS FF R A 2R A 53 31
hy wg G EE O JF B W (Senotrophomonas
maltophilia) X24 . #j [ # T i (Flavobacterium
johnsoniae) X26 17 [ J& (Pantoea rodasii) X37,
FE 12 °CIEA K % 45 d JG FRREFF R F 25051 0
32.25%. 27.61%7F0 36.84%; iX 3 #RIFLE 12 °CH
KRB 45 d J5 B OKRFEF A9 K 8 250 5 N
44.95% . 38.73% 49.26%", M 1L ZRAR I+
5 b oy B AR A5 19 7 BCFF T (Bacillus mycoides)
AR20-61 7EREIREE 10 °CHEMF T Mkl
CMCase {2, Bikk NF6 1£ 4 °C4F T IH
75 HAR IR B K HAR Y 28.6%, & B HmH A4
B, AR A 7E L U7 R 22 3R A PR EE A5 21 1
P 2 e s PV gk 8] — bRl B W
(Sreptomyces azureus) T23-B 1] LI7E 15 °CA K,
IR Id 7 WA T 2T HE K T ik 123.43 U/mL.

P HA R ER BEFRA S i MR |
S DR AR F57 58 S5 0 a5 o EE: RS 2 7 1T X IR
U, LR AR AR S M P e 2 32 B (1 PR
il o WEAh, AT 0 R A BE 32 240 40 S5t 55 4
MAEIR R, XY R R AN -
1.2 REFEFEEER

TR ) — S B RIS T AR A 1A L 78
S0 S A T o = N S SV L NI 9 =
(Trichoderma)*! . # % J& (Penicillium)*! | #h %
J& (Aspergillus)®®! ., %t 7] T J& (Fusarium) 27145
1.2.1 AKZEE(Trichoderma)

AREEAFE R ZHEETARAE
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PRIR RS FFRE R B . D, — RIS AE
(Trichoderma paratroviride) C47-3 7£ 15 °C4AF
TAREBERREFE 15 d, BEfRRN 22.28%Y, #E AN
FPTE 16 °C 21 T 0l 1 1 — bR K B K B
(Trichoderma longibrachiatum) SDF-31, X} #% #F H.
AR E BB ERCR . W K K B (Trichoderma
harzianum) L8 7 30 °CA5fF T r= 21 4 2 il Fnjg 4%
BTG M dRc e, 7 S OCH £F 4k 2 A 1 2K A o) i
T 65%F1 63%%, A% BAT 38 K AIFEFT
VEfERE ST, BENE O F RS T v (0 21 4 R RN 2 27 4
R, e 2R R, LA, RIS HA LY
XEHUAE T, AT LAl Hoph B A KB (2
— SO R B A RRAE IR A A T 1 2E KR 5518, [
FERCR AR,
1.2.2 FERE(Penicillium)

HREEEE AT HARE T, K
5 I AS AF R AR RE T . LR 7 & (P. oxalicum)7E
10 °CE&MF NREA UK Lr e R, A BEm
FH2 (Penicilliumsp.) JiTFO1 7E 10 °C&&{4 F Zb 3
25 d K FEFEFF B2 iR 1k 44.3%51, TS
BARS— kT & (Penicillium sp.) SW-3, 7Efkil
SRR 20 °CHY A L A e R BHE M, Re
LR AR R FEFT R AT 4 R HMIRE (P
oxalicum) SDF-25 fz {7 £F 4k 2 il 1 K 75 0 0
10 °C, CMC i 4 993.3 U/mL ; ¥4 ik SDF-25
1E 10 °CHI 16 °CH;iF% 15 d JEREFFREmERD 5N
39.5%F01 44.9%, HEF (Penicillium sp.) C1 7E
18 °CIEF% 15 d Ji EARFEFFIBEMRZA 55.6%,
UEACEE TG CMC G 400028 18.4 U/mL F
54.3 U/mLPY, F % (Penicilliumsp.) D5 7E 15 °C
Rig% 7 d RBEBEEE . CMCase Ji§ I 4T 70 5]
K 52,7, 31.5 F1129.6 U/mL; 15 °CE&AF TR
F5 25 d, FORFEFFIYRER R 28.0%, BIRH
#H2(P. olsonii) L11 7E 35 °CH} =21 4k % F FE
UCH IR 57, 5 CCHT £ 2k 22 B RN & R AE X RS 23

Bk 60%F 58%, WIL, R T AR A
FLAG i W 21 4 25 i P 8 AR T M A R
B s R, T DAFEMRIR S5 N IR AR AT 4R . (1
JE T BRI HAT 7 AR AR 2R A AR W 3 )
FIBETT, il —LB i i A
1.2.3 HEE(Aspergillus)

b2 8 LT — 2 L AP R A R . 4]
fn, B E(A. niger) CKB 7 10 °CRERF ML 4 2
MR, &7 HEae AT DAL 0.2 g/L, &
B2 B 8 CKB 7EMRA R N3 HA SR RS

FRREARAE 100, 5 0 20— I LA e 1
WEARE S , B AT AOSMIRS FE P 2 4 2 Ak

ez, Hred ZFEmEEDT. YA, hER R
A R A A R R E P MR SR, — Sl
B & TR A i i a2 A BRI RN AR T 0
e,

1.2.4 $RJIEE (Fusarium)

Pk 1 W E ., W R A TR )W (F
pseudograminearum) ] LIfE 5-35 °CREfEAYILF
YT Bl ] B B ORI TR AT R A R =B
fife, (B R) RAZowm e, BIanREN
S, BRI T HAERSFR A H AR R
125 HitMEMER

MG R 43 25 ) Cadophora sp. TS2
Emericellopsis sp. TS11 F Pseudogymnoascus sp.
TS12 fEFGEIRE 20 °CHF| L2 2 R mE—hk
P K0 A #0454 (Cladosporium sp.) ZS-7.
HEA% 7175 i (Alternaria sp.) ZS-8 FIMG AR ZS
(Trichoderma harzianum) ZS-10 7£ 10 °C&4F T
YA R R ALLFAE R BTG 7 . B-H 0 1 TS
TELRHEE WY, Bikk ZS-8 7E 15 °CLIF T 5
30 d X EORFEAF OB IR ) 47.96%), 15
WSV B ARAR 47 4 R B RE I B 3 fk
H oW, f # & & # ® (Cladosporium
pseudocladosporioides) FB1., FB7 11 FBS, It
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BT 0. 5,10, 15 CHMT 3 MRERAENIRAL
i Lz R 5 T VR AR LA, Bk FB1 .FB7
I FB8 RS FFRE A0 ) 0 27.66% ., 21.53%7
23.01%, Mik#f%2%(Neurospora tetrasperma) L14 7£
40 °CH 7R H HL2F 4k R W FIUE AUREHS 5c /. 7E
5 CCHF T iR (4 AR X T TG 5 BB AERE 50% L 112

18 T H i G s F A &%
FEREAR T, ©REMIR AN MIRE | UIWT AR 5474
R CPAER Z R EREE, B AT 4R R AR AT
YR, SRIRW s B CE IR, A
4 = A AT R A PR FE SR A, (HIZEE R
DREAEARTR AR T IR B R AT R e 0 ™Y
3 A F- 4 (Pleurotus ostreatus) . Ht Pl B
(Ceriporiopsis subvermispora)fl 5 % (Volvariella
volvacea)7t 21-23 °CHAM T FEM /N AZFEAFH Y
ARTEE, HiEE BURAHST,

L HA B R RS FT R AR RE ), BERS AT 355
RS AT RO LT AE R MR BT R S50 - b, ERH
A BRI EYIRERR ), AR A T BERS R E A=
KAEAFFREFT o R0, ELIE B SR AR E A X 52
¢, KR K BAYER BN I, B
T X 55 77 R B0 RN R 25 A SR A iy, Wil S
R B BV EAZAEY), AHOCRZE A
N, AFITIF DA LAV AR o BURAT
KA BT 184, 3k 1 PR,

— PR 20 T A R A PR, LT A AR
18 5 T — 20 A RS AT PR AR RCRAR T 1A, (HEH
T RE AR R , 7RI SE 0 AR IR BAT A R i T
1o &5 TR, ARG AT M 1A G 4% A o A
FL o AR A RA & A s . H
th R TR RE Bk, AR RS . A
B AR, (HAN " B AN 5 U AL
SR KA RE I FIERENE , BAEK S, I HIESFRA
BAER S TESEBRI IR, RS IE R R
R 2), WILAFE o RARARIRAS AT R T 1

WEMRE ST, SEHERSAT R IRAA S

2 HMEREFERLCEANER

BTN LA i ZR . R | R R 1%
fifp MR 2SN = i i R, R FF 1 52 2 4500 5 BUR
SEFI FH SRR IR PR AR RS AT . 2 BT R A
T AR T A R T 2R, 0 e TR R [0 D ) S BRARS )
A RS o O 16 PR T LA OA A A B R AL A 4R
PRAP SR, JRUET TR Z LG, FEERRAS Bk
R RS AT RO AR TR R 2R, DA T A 255 8 1 o)
FEFF R R RE ) UAE D B A T R R R —A
IR, DUR 28 J LRI B RS 94 i A A 20
GAFE
21 EEFIEEMEKETETIEER

Wit T AR E SRR E RN R,
A DAYGHR S S AR FRRE R T R Bl B AR
¥ H TR R R AR [l B 2 A AR A A R I A
PRIAFE, KPR 2 2t S 2 BEAF IR . AT IR . M
PR TFFEA L S R AR SRR R S AL
TE 15 °CHRATT, BEAUHIFS T I BE A R 430l
21.8%F1 52.0%, oA -2 4k 28 i A il oy
84.9%F1 82.8%, AJTZFEMEASHHN 16.5%F
20.2%™, TE 10 °CHMF T RTIB Ay b & S 55 57
SEEEFERE, IR 10 AEREE IR, FOKRFSEFF
R A 2R FH AR T 1) 18% 4 i 5] 58%!12) 5 T filn g )
AT REER 5 1L R R 8 | SR T, ST
FEUFF A L [ 280 P R A 5 55 A T T i APRRL BT %
FABERICIXHEN, 4 ™ H EKFERFRE
R 60%. WUEPIBE LTF-27 76 15 °C&AF
TSR K FERSFFLF e R P42 R TR R &R A %
RFHN R T1.7%., 65.6%F 2.5%47, &AL Bk
PRI RS FT R AR B R 10 7 i HA A /N e
{7 B PG A o R A o S AR AT 0 (I TR RS T e
R TIE L2 R UG & S EUE ST E , A
M-S BREFF AR RE ) T B o
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Table 1 Enzymes associated with straw degradation

TRRT A A O 1) Tl R RS AT b 280> B EE BTN
Enzymes Main components Degradation mechanism References
PR R i FYERAE DI BB B RE L D) B 27 4 R ZHEBE NI R JCE LXK, 774 [48]
Endo-1,4-B-D- Cellulose ASTRI K B B SR I B 118 2R ity
glucanohydrolase, Cleaving the amorphous region inside the cellulose
EC3.2.14 polysaccharide chain, producing oligosaccharides of different
lengths and the end of new chains
NGB YRR BIMDT) A SRWE EAE ] T 3X S 08 U PR R SR M O 2T 4E R 20 (48]
Exo-1,4-B-D-glucannase, Cellulose BRI, RS B AT A
EC.3.2.1.91 Acting on the ends of these reducing and non reducing cellulose
polysaccharide chains, releasing glucose or fiber disaccharides
-] 4 i YR B~ 41 25 Y A A 2T A A L R 43T 1 A [48]
B-1,4-glucosidase, Cellulose Hydrolyzing cellulose disaccharides to produce two molecules
EC.3.2.1.21 of glucose
B ACHT YR DELRHERG I S LT R 3 FloK A, ENSMIIHRIERG . N [49]
Filter paper activity, FPA Cellulose VIR SRR B-# SR T i s R S B R I RIVE S
B eI

The total enzyme activity of an induced composite enzyme system
consisting of exoglucanase, endoglucanase, and B-glucosidase

KBl PAYER IS T K AR BT 10 B-1,4-FETF 48, B AR MK AR A /N [50]
Xylanase Hemicellulose BEAIR "SRR AR, DL R /D R A AR IR . B-A

R T 3 7 AR AR SR A ) A S A AL B A W R
Hydrolyzing the B-1,4-glycosidic bonds of xylan molecules,
xylan is hydrolyzed into small oligosaccharides and xylobiose,
and small amounts of xylose and arabinose. B-xylosidase
catalyzes the release of xylose residues by hydrolyzing the
ends of oligo-xylulose.

H 2 R pn RPN o RENS KR & B-1,4-MT R N DI B AP 4E R, R Ll [51]
Mannanase Hemicellulose RAEE 2-10 (A H 22 MR H 220 &

Endo-type hemicellulase capable of hydrolyzing -1,4-glycosidic
bonds, producing mainly mannooligosaccharides with a degree
of polymerization of 2—10 and mannose

B UNTEES T ANRE T ZH AR, DI E OB EE, R [52]
Laccase, Lac Lignin N HoR LR JRUSOK , BEAESS G ASUG . BT I ARG Y

A T A e e ) A58

After the enzyme binds to oxygen, the reduction of the
oxygen molecule and the regeneration of the enzyme are
accomplished through two intermediates

VNESUERa7] ENTEES Lip RESEMLE & H P Bade Ay & e, el [52]
Lignin peroxidase, Lip  Lignin R BCRRYIET, REMCRB S AEB 28 M 285 - 2R I — e

T, BHEARR A B, gk AR SON A2 AR A
St SBURY T Th EESRISRL, INIG KA — RS SO
Lip can oxidize phenolic or non-phenolic aromatic compounds rich
in electrons. By attacking the substrate through an electron carrier, it
can snatch an electron from the phenolic or non-phenolic benzene
ring, oxidizing it into a free radical, which then generates many
different free radicals in a chain reaction. This leads to the cleavage
of the primary bonds in the substrate molecule, followed by a series
of decomposition reactions

i SR AT RITHEE R, Mo e b M®, RGP EEB A FIR YAl [52]
Manganese peroxidase,  Lignin NS, B SRR . ORI T RS RN, 1R
Mnp BT AR R R i ALY A T AR R

In the reaction, Mn?" is oxidized to Mn>*, and then diffuses or
permeates into plant cells. Subsequently, it undergoes
chelation reactions with oxalates, acetates, and other small
molecules, promoting lignin degradation by lignin peroxidase
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Table 2 Partial microorganisms for low-temperature degradation of straw
S KA FeEfitE ) Weefipe il 2 KA ] Reefir 272 3k
Strain Sampling location Degradation =~ Degradation Degradation time ~ Degradation rate References
substrate temperature (°C)  (d) (%)
Bacilluscereus K%Z205 1 HE JCRIAEHIRIK 4 25 50.71 (4]
WI118 Soil in Daxingan FEREFT
Mountains Rice straw
without
pre-treatment
Pseudomonas WL B BE U84k 5 10 7.00 [6]
sp. PS3-1 I 13RS Filter paper
Soil of the
experimental field at
Zhejiang Academy of
Agricultural Sciences
Bacillus subtilis Fif i A X 39 JoaabBEK 14 10 30.17 [9]
GBSW19 IrE FAREAT
Soil in Tibetan Plateau Rice straw
region without
pre-treatment
Psychrobacter  ZdbAel KRG TR E 10-15 50 59.30 [11]
nivimaris o KAEFF
CHL-A Soil of the Corn straw
experimental field at ~ without
Northeast Agricultural pre-treatment
University
Qreptomyces sp. TR KZHRTGH TR E 15 12 52.00 [13]
49 e KA
Soil of the experimental Corn straw
field at Jilin without
Agricultural University pre-treatment
Senotrophomona KM AR AR TCRTALIRAE 15 20 18.85 [18]
ssp. LS-1 JERARIT R AR KAEFT
Permafrost under Corn straw
long-term naturally without
decaying leaves of pre-treatment
broad-leaved forests in
the Changbai Mountains
Trichoderma K %24 + 3% TR 15 15 22.28 [24]
paratroviride  Soil in Daxingan KFEFT
C47-3 Mountains Corn straw
without
pre-treatment
Aspergillus  ZRUEEIRTTKARE TIELFIOKAE 10 35 49.00 [26]
niger CKB TR aee ] FEFFHE
Rice cultivation soil in  Well-dried rice
Xuancheng City, Anhui straw powder
Province, China
Penicillium WS SRS L. TCRTALPIRE 10 15 39.50 [32]
oxalicu SDF-25 )4 KA
Soils in cool climate ~ Corn straw
areas of Inner without
Mongolia pre-treatment
Alternariasp. - TCRTAHERE 15 30 47.96 [40]
78-8 KEGHF
Corn straw
without
pre-treatment
Cladosporium  MpITAZACHIX Y TCRTALIRE 15 15 27.66 [41]
pseudocladospo 3% KFEFF
rioidesFB1 Soil in Suihua District, Corn straw
Heilongjiang Province without

pre-treatment
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22 EEEMEMERFMERER
W53 B B R EA T S IC , ARSI (R AR AT
MR R BN, T—SRECWERTIITRR 20 tk
PATH TR B R 125, TR IR B uE— A
BCEE A CIZ1 M1 CIZ2, #E 15 °CHE3% 12 d J5 £oK
FEFFREAR RIS R T 30%. IREZ 108 8 fRep
43512 M B B (Comamonas) SDB-12., 8%
ZEFFT T (Bacil lus siamensis) SDB-17 ., ZE & T 1
(Bacillus) SDB-20 . # = 4 #F I (Bacillus
thuringiensis) SDB-22. R [ifi% /& SDF-4. 2
% J& SDF-15. # #J8 SDF-22 Fl R H &
SDF-25; el 4 akAs 31 AR, 4 15d HA)
AR ERFEFF R PR R 30.4%. TR
FPUNBARAS 3 MR IR AS FTREAR BRI , 50501 A 1
7 2F 55 3% B I 1 (Senotrophomonas  maltophilia)
X24 . 24 [ # FT [ (Flavobacterium johnsoniae)
X26 177 & (Pantoea rodasii) X37; ¥ 3 HEASFF
2 BC RS AT R D R C 7E 12 °CRA A & T A 1A
KW 45 d )5, FORFEFTREMRRI500 44.69%F
58.49%. )85 ELI 5 8 B 0 96 25 2 T AL TR AR
TEA- AR AN I SO0 T T R AR AE RS T
REARIRIS , SO d ARAEREFFRE AR K 5] 29.93%4,
MK Bl T5 U 43 2 4R A5 B B T (Sreptomiyces)
AX1 . BT (T. asperellum) AX3 . AR AT (T.
asperellum) AM3 Fli % (Aspergillus sp.) AM4,
¥4 RAERCE GEAR, 18 15 °CHRF P IRAT
FIEAREFF R E AR50 69.96%F1 60.12%5),
e FEAECOUE 10 °CCHIT, FE K ARLT A & ok
15 8 R R AT R AR TG PR B TRT , L 2 2 2 G 1
IR IR E] 47.0 U/mL, FFR75 1 BRI 5 50 06 28 5t
AHREER AR 2, 76 10 °CHREG R 15 d
FRRR MR 31.8%, TEZ ANy 6-10 °CHY 4
H 60 d FEFFREMERN 45.1%5°, sRab F 40
Achromobacter deleyi strain LMG 3458 |
Pseudomonas plecoglossicida strain  NBRC .

Aspergillus terreus Fl Phanerochagete chrysosporium
BHRIRAHE AR, 78 15 °CE;3% 30 d 1 EKFSFF
FEffRIR 38.79%, SRMIA NI 15 °CHiFR
30 d Y FOKRFEFFREME RS 51 15.12% . 14.21%.
13.97%H1 14.09%, W] WA FLIRA TR 2R 1) R i o
I TR AR o K B TR A AR AR Y O R
HARMTAEE 4% RERH A Bt o (HE AT LK
Wik A=, BERSPRIEE R R IIA AL
2.3 REMEERGEMEINERREIIERERR
H AR 3 A B, a0 SR R
PP EL R P BN AR |, iR 25 K& S 8%
I AEWIR T AR S % TR R B R ASR IR 0 A i i 4%
F, UG RAEMOR 218 AR FR iR B, BRI
BT 3 AL o X e 4 I R I TR B S it
PRUE B BR A7 TG , TR B £ 4 F BR R T
REZ I BRF , 2835 B A5 (IR A AR A5 T (I A AT
Fefrm . flan, PCEEMEN, 20t 44 £
PR R FRARAT TR R M44 7F 15 °CHE % 21 d, £k
Tl FT A& A R BRI 30.25% 3 155 %) 34.89%°%,
IR BE 7 1 2 AR, FERTEK o R
2 R RR A R BE i 32k, 38 1 k22 W I Rh S fE 2
WAL R £

3 EZ

IRAGTEMRE SR T BB R LT Y R P44k
TR 5T 2 1) TR )2 AT IR AR T oo A 1o DX ik ) Al
R P AT LA 250k o3 S RSO ML) B RN 33
a5, Pk HIEIE R, DR HERR RS
geo RTARRB I m, FATE S 4 L
3.1 HEMFIE

TS FF R 7 T RPN Th ek & 24 . H
I 2 28 58 0 A 9 AR AS AT I A TR D A PR
R AT DA R TV A TR S T v A A, 54k
FLAG 1R R o P B R o 1 AR TR, it — 2030
Dt B RE MR A 20 PR RN EC TR A o 8] L O 22 1 9
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B IX B A ZE A AR, B AR R . R
LB | B R AL S5 T B, $R RS FF
Ra figk DX B TRT 771) R0 DX SR 1) PR B3 107 1A RN 1 o
3.2 TEFTPERRAYIE RN

XoF T s 6K Tk 4% A T A0 1 Qi 3k 420 0 gt ML
il I FEATS A T A o REFT A A 75 2 22 T ik 3 [R) A
L MR T EE S A B BN R AR £
FE R FHEY B AR R S S5 FF541L %
i 04 S S R G A W HIL T AN 22 Bl A 2R ELAEHILAI
AN T B LTy 1], E— 2 ) B RS A A AL
il o 38 2 A P R A A AR AR A b, 48
TN LR ARAE A AL, DRI B 5% TR ik 5 A
FEFFHLEE, AR AR T Tk P R A A AT S 1t
PR
33 EMME

MR RG Y . S TR . A TR
e DR TR AR 3 R e A% 8 1 S5 0 R T B R T IR TR
DA R A ARG AT PO A B | o R OB TG | 3
PR T 32 45, o R PR R 1 B 05838
PR AT R AR, ST 0 R T R AR R AN R
B
3.4 NMHAHERE

T UK Tk 4 7 T A T R A S0 T — 2
HIAEFE RN o AERAS [A] b X RS AT . AR AS FF
P (0 40 S5 L RN 454 25 S, T HLR [R) 2
RGBSR 7S 3L NS % oy 281 3 ]
S ZYE T, SRS F IR T R R, o
T4 R e i 1 LR A iy P 400

B2, R FFAVG I B e TR 2 — 2 HLA Ty
1A R, R EHESE 2 R A P v R AE
PR RALER, $E RS FEAC TR T 2 R Ak
T E— A T8 AV RS R A A BT 50 04 O RN R 7
[F] o %o PG U 2 T A JB & 4 2% g 1 A= AR L
FROFSY o« RIS AN T AERT LLE P 8
WA, BEREAREA . AR AR AL

R 1) 11 B A i 5 41 2l HL A B 35 AR Al 403 14
M, ARk RIS Ry, AR IAET RS
AR P i A B A B AR S
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