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(1 B A 2 Al R A PR B U/ TR o R 92 %, fi st 210095)
(2 B PRI ARG EZAR Y , 485 R T 1525 K Jé [ X T Sc 0 28 (P [ R 2 e 1t LRSI ) , M a0 210008)

S

MR T MR AT A (C,W,.S) FHERFTE R (C, W.S) AT AEE(C,W,,) FIFHERS

FEARBL T (C, W) DUFP OR300 M B A il xoh 30 9 Vi P J ot 00 ) 4 b 27 46 3R B 1 2 AE PR 2 M . >R PCR-
RFLP £ AR 735 X 25 4 2 B i B cbh 1 B AT Z A0 o S5 R0,C, W S 5 C, W AL, 45 4E 3 B i

B BRI T 148% 1 C,,W,S 5 C, W Ml kb, £F 4 28 F5 i B (0 BB 36 hn 1 130%

OF U 2 VR AR cbh 15

4 BUTE DU A A BN X L8R F 5L B A 44 4> OTUs, Horp €, W, S.C, W S .C, W, C W Ak B 435 4 35,34
30,30 4> OTUs, Z kT8£I 7 7R , Shannon-Wiener $5 £ 1Y £ (66 [l 4 3. 09 ~3.36, R R F &Y,
SCHE T £F 4 R AR 18 53 5B T Basidiomycota ($1F- T 177) il Ascomycota ( F2ETT) , [FB & 3+ 8 b £ 78 K
R IE SR AR R B o R, S Bk A RS AT B S S DR M B A RE 05 B I B e o R 2T 4 R IR R 0 A

cbh I B ZHEPE
ES A0
HESES Q938. 1 3 AR AR IR A
AR Al AR 5 R ) T A2 5 D RE B e Ak
T AERN ARG A TR0, SR, T
R TR AL, RS P N T
Yy 2 REPE R AT 45 ) B IR FIE O B AR, b 3 IR Ak ™
o, PR PERE R S i AT B D B AR A T
77 20, LLIS B R 37 B0 5 | 2y b 48 5 R 2
AE P A BERE . U W A R
T Wy AN A T R A0 TR T2k R A A T
Y, VAR A A W 0 B 2R (R R A1) R Ml AR
AU TT B HEAT HILBROR M R A  4 R
31, AT A R i A R
[F) P B B 1 B0 1 i, Xk = 3 B 0 22 A T 1) 2 i
CAME ", HIER A EERAY R, G
28 B 22 10 28 4 3R W ik 1T . A1 U R B 1 ( exoglu-
canase ) X @ #K Sk 75 8 A £F 4k — 0% /K f# il ( cellobio-
hydrolase, CBH ), # #& CAZy % ¥ J& ( http://
www. cazy. org/ ) 4325, A U1 4 OB B 43 A TR K
fi# B ( Glycoside hydrolases, GH) &M% 5.6.7.9

TRAPAE B 5 27 4k R A 147 5 cbh [ 3R ZHE 1 ; PCR-RELP S3 47

GIENE S A e S 3 5 g F iR R N
Oy AELTHERBE M Fe bR 5 MR . R
BT D) ) 25 4 2R 03 1 o I v 0 B R A U A 3R
WEBEPR 2y CBH T [, Ho 2 % i) JE I FR S ebh 1 HEDA o
KT 2T 2 2R i 3 3 T A S TR A A 5,
AN R B R E R AR T PR
KHEMEZ — NI, B 5E cbh T 56 X BE A H) T 56 3% £F
Y Z BEMHLE], XN DL 7 4 R R 3L N 2 R
BFFE SRR AR * o T A O A 4k R
fiff TR T Je T R LA B SR, DA X £ 4 3% R il 1 0 53 B
i 16 N G 21 4 2% i AR DF SC B A F R 2 o b x
HIRARGAERGERNI K N2, bk T
eg I .cbh IV cbh Il .cbh I.cbh Il .eg I .bg 3L 7 4~3&
R IFI S T X S N R B A i
SR T BT AT R cbh 1D, IR A
TE R SRR R R FF R h A AR A . B2, A Gt
Herp £ 4 AR A cbh 1 DR 22 1 BIF 5T 66F A 4
o P, LT A R R A R TN A R AT TR

[ 5 BB nd FE R AT 5T % S A T H (2011CB100504 ) 1 [H 5 [ AR B2 FE 4 Tt H (42371262,41471239) B¢ Bl

T M IHAEH , E-mail; hcao@ njau. edu. cn

FEH RIS Bk 3 (1988—) , 3 TLIR AR M B AT 9828, RN Se i 0 7 AR =

Wk B9 : 2014 - 06 - 055 W B & M fis H 1 :2014 - 09 - 06
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REREWREARRES, BRFHh A KR
(9 £F 4 2%, 0 4 B A W TR A0 R, R T
VIR S AR S e S JLAR 06 TR FE A H Y BF
5% B PR RS FE A S 4 8 B Ak 2 1 5T L 40
A H7 | T 3 AN A A A K S T
AT A8 5+ 2T 2 2 A S N 2 R I BT 52 0
3l o AT LA 0 45 3 1 A 3K 6/ 1K i
K JH PCR-RFLP J5 5 4087 o Bk ARG AT b 5 A 26 4% 1
LT Y 2 AR B cbh 1 36D AN, S B B4 1
HEVE B0 A D HL B 3R R R 2 ARl

LBk ik

L1 R XEER

PRAPPEREAE A 0 16 T o [E R 2 B g et - S
FEHT B AR A A5 5 3 N (35°00°N, 114°24E) 3f
7o M DAL T g 4 B e B J T2k T PR 1

W L R REME TR XS, 1 AT A BSF 3 R 2 B
A =1.0 CH127.2 C SR 13.9 C 4R
M 615 mm, FLAERTET —9 F;JoFEl 214 d,

KR 50 16 T 2006 4F £ oK 2, AT /NE-H
FORFAER — AT, I i e T 4 b FE (R
D) g 4 AEL, /PMXEHR 14 m x
6.5 m, HFYEALELR N T 84, B VE TR E By 20 ~
22 em, FEFFIA H b % B Ry 0 LR AR B RS FF R i
(EARFEFF 2 ~3 em, /NEREFF 6 ~T em) , FEBHAE L
T K 1 AR A AT X ST HHOPE b 3% 9 b i R b A
TR b SR A 3 s D) AV 9 4 I S A S AT
Py e e W 3% R Wbt R | E A R SR A P it
Fe Y M E R AT, T 2013 4E 4 R s
ek B R 2B+, RE 0 ~10 cm 2+ 48, BT
Hrpderh A I S = T 4 C R -20 CHELEA S

Pl g S A, BF )2 T R 0 1, R
RUFNHEAE ) B A 2k i °F bl 2 AR vk, Y
A3 /N X R AR BT AN R 2 s o

®1 AWwigit

Table 1 Designing of the experiment

Lb PGS

Treatment code

12 46 4k B

Experimental treatments

G W,.S BBV SN L TR RS R I TR N g L S|

€. WS FORRR PTG B /N KRN AT B4R R AT R BB S A
CuWo, FR N RRAN T S B AT AR T

C. W, FRIEFN AT S /N HEFOATHEAE AT B R ERE )

WL C,EK W, NEE snt, Sk o, BEVE S, AEFFEE 3518 11 Note: C, Corny; W, Wheat; nt, No-tillage; t, Tillage; S, Straw mulching

F2 AELENMRBTEBELER

Table 2 Physico-chemical properties of the soils in different treatments

\ N ) R R
A L L - T ,
Qb PR AR A Readily Readily
Organic Total Total Alkalytic
Treatment  Total nitrogen available available pH
carbon phosphorus potassium nitrogen
code (gkg™") . . . . phosphorus potassium
(gkg™) (gkg™) (gkg™) (mgkg™") . .
(mgkg™") (mg kg™")
C.W,.S 0.91£0.03a 8.14+0.43a 0.90+0.0la 22.98 +£1.0la 66.92 +3.13a 18.31 +0.35a 123.1 +2.6a 8.35 +0.04a
C, WS 0.77 £0.03¢  7.66 £0.12b  0.88 +£0.03b 19.55 +0.92b 58.16 £3.29b 16.21 +0.44¢ 114.5+1.9b 8.41 +0.05a
C. W 0.81 £0.01b  8.32+0.26a 0.83 +0.04b 20.47 £0.63b 63.43 +2.02b 17.74 +0.64b 103.6 +2.9¢ 8.26 +0.09b
C. W, 0.73 £0.03¢  6.85+0.31c  0.77 £0.03b 18.58 £0.22b 54.17 £2.61b 14.50 +0.76d 84.7 +4.0d 8.26 +0.02b

H L FSIARNG PR F R4 E 22 3 B 3% (p < 0.05), FIAl Note: Different lowercase letters in the same column mean significant difference

between treatments at p <0.05. The same as below
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1.2 EFESEF

CMC-Na J% 3% 3£ . CMC-Na 10.0 g, NaCl 6 ¢,
CaCl, 0.1 g,MgSO, - 7H,0 0.05 g,K,HPO, 2.0 g,
(NH,),S0,0.03 g,pH 7.0 ~ 7.4, KWK E 1 L
([E AR SR RN 1. 5% W3R ) o

Taq R G i .pMD-19T # /A& [ Takara /3], H
A AR 35 R A AT gl . 3 S DNA K PCR =4
4lifk ik 7] & 4 Biotake, PCR 5|¥1 i b3 15 E W)
BORABR A A G B Wy e s 4 30 B 4= 9 B4
ZE) SUNEIRTY
1.3 TEGRFHEZEMBEITES

X FAS [ B FF #F 1 b 21 4 558 o 2F 2 3 R il B
HEAT B, R BT AR BT R TR T B . B
P MFREC10 g 1A E T &4 90 ml KA KK =
M, THR 120 v min ~' 4% 30 min J5 #E4T AR
JIE i R, MG A B (4T 4 R I T — il 1077
107210 ™) 9 = HE B 0. 1 ml ¥k A 4 1 14 3 3%
FoFAR b 7R 30 C Ry E R AR ThE B R AR
TR H] CMC-Na B 32 56 5558 4 ~6 d THECNH
FRe AN AR H A 41 4 3% % A e ) 00 TR AR O BETE
CMC-Na #5558 [AEK L, # AR L e v Ak 34
VO N £ 2 3R WA 1T, DA TG 2 4t X 4 9 o 2 A 3R B i
WA KR — DS E R
1.4 TEAEZERMBERSFELN RFLP 547

LYk Z W R FE IR cbh 1 Y PCR ¥ 384 . DL 1 543
AW S DNA S B, cbh 1 3@ FH 51047 3 cbh 1
DNA F Bto BI¥ES R:cbh I F (5°-ACC AA[C,
T] TGC TA[C,T] ACI [A,G]G[C,T] AA-3") A
¢bh I R(5°-GC[C,T] TCC CAI AT[A,G] TCCATC-
37) 7 TR R (25 pl) 110 x Taq ZE whifE 2.5
pl, MgClL, (25 mmol L™")2. 5 pl, dNTP (25 mmol
L2, 5 wl 5% cbh T F(25 mmol L™')0.5 ul, 3|
¥ ¢bh IR (25 mmol L™')0. 5 ul, -4 5 DNA 0. 6
pl(#y 6 ng) ,Taq DNA A5 1 U, HIJCw K #b 2 25
pl, P HESEM:.94 C 3 min,94 C 30 5,50 C 45 s,
72 °C 90 5,35 PMEH ;72 CZE{§i 15 min,

cbh T rDNA g [ SC Y 1 57 S 7 51 49 A - %
FH DNA %E it 4 Ak i 71 & ( TaKaRa Biotechnology ) 4fi
R 38 5 1 cbh T FEH 5 W, ¥ 446 5 19 DNA
HEAEAE pMD-19T Ak -, % 16 K #F B ( Esherichia
coli DH5a ) , ¥4 2 72 & C ). ] pMD-19T simple
Vector i JH 519 M13F F1 M13R #5441 36 A A B,
O Gk B P R R T . R

cbh I-PCR 7)1 RFLP 43#7:PCR 7 ¥ ] Hha

TR Afa 179 B BRI 9 U G 26T RS U . U0 IA R
7 :PCR 724 1.0 ul, 10 x TBuffer 0.5 pl,Hha 1 0.2
pl,Afa 10.2 nl,0.1% BSA 0.5 ul, KEFEK 2.6
plo 37 CAKWGREYI 7% . BV DNA Jr B JH 8% 1)
5V M Tt g B R P vk (130 V.3 h) 43 BSR4 0. 1%
i TR A % 0 R 0 0 S € VAR 0, P R S R R B
BLAS R J % TS DNA 7 8BS L35t 24 LR
it U0 T AR A 1) JE R RS AH [) B, DA B AT 2 A TR
MYEER A, B — A S R R FR O — A A4 25 T
( Operational Taxonomic Unit, OTU ) B FR Ay M — & [A]
A, SEREF 2 MI13 514 PCR Fl RFLP %5 f5
P — i e R 7R X I 1) e B AT DU, 0 ) 4 R
AT F) 4b B 5, 5 NCBI W 3 9 Blast [b X} 43
Bt , -3 6] U5 B = 1 )7 8, SR B MEGA 5.0 4K
(RB3ED) WERGEKEW.
L5 ZitaHm

K EXCEL F1 SPSS19. 0 #4757 #H 3¢ ) i s Ak 2
S8+ 5501, 1 MEGA 5.0 #1724 & B WA R 2t

2 4 R
2.1 TEGFHEERBEITH
S I B SV B 04 A 1 X SR B 1) DY A 4 A

HH Y £ 4 2R A T A R AT O R, ORI e
Jir 5 B ARCRE o 1L O R MRS AR R R T

sk
a
C
Cm“/t C m\Nm

Log cfu g dry soil

57T
C mwms

C WS
Ab AR5 Treatment code

L1 e A o 7 4 3R R AR

Fig. 1 Counts of cellulose degrading bacteria in the soil samples

SR 55 FF G0 T A 30 A 98 i 2 4 K W i 7
Hodd Y im TR AT I8 H AL BE, S B Ak B 0 v i £
2 R R A R X s TR AR B X5 R SR
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IR R — B B S A PR R A A R
FFH3 iR 34 HH A B 55 G FF AN 340 T Ak BEAH L, 2 2 35 F%
AR K K m., Hd,C W, S5 C, W, M
o, 2F 4 3 B AR T R B R 3 1 148% 1 €, WS &5
C, W AL, 2F 4k % B i e py Foa W m 17 130%
RERIT T A FF 0 T b PR ACHS AR AN 36 b B4 4 %
M A R 3 I T 141% o o7 WL, % B A 38 it A AE
YIRS FF I, AH N R il U 0 S FF 00 DD e 2R ) B e 2
KRR, A Bl T 20 85 FF 00 J A A 5 4 00 B
G Bk Ab B 5 B A B L, £F 4k 2R I R ) B0
KRS, H,C, W, S5 C, WS I, 24K FE
fil B AR N T 47% 7 €, W, 5 C, W AL, £F
A R REAR R BRI N T 36% o AR E , b
Qb 3R A Kb PR T AE 2% A AR B 0 T 44 % T
FEFF A6 AL 2R E S0 Bk B A 52 W 2T 4 3 RE R Y
2.2 HIEFHERESE cbh I EETESEESHT

S R ) 2 4R 4 HE B DNA, 28 4fi 4k 7] i Kk 24
fE23 kb e 4y, ELHELL EHE L DNA SRl 3 34 1
cbh I x'DNA e Jy BL 297 650 bp, PCR 74 25 BR 4
PN VIEG Hha 1 J2 Afa 1 EGY), B Y179 H 8% 11 5
TR s T P 5 e L UK 53T o

M 4 Folr b SEEAE R AR BERL PR E T 572 AN BE A 5
B, 2 HE S PR 1Y 5 A 350 D rifE . Hh €, W S,
C,W.S.C, W, .C W 454 100.96 88 .66 1, £
By e K 4 Bk 69.93% . 67.13% . 61.54% |
46.15% B4 # %% 61. 19% , K Hha I F Afa
THEA Y], b 328, L5 8] T 44 4> OTUs, H o
C,WS.C, W S C, W . C, W 454 34.35.30.30
A OTUs, K/ RER AT S8k, 75 A8 H A0 3
OTUs % & fix 22 5 5 K 55 Fh i S BF /N 22 46 Fh En B A
R FF R AR A0 Ab B YR 2, LAt P Fb b B OTUSs 22 5%
AN . B BE, A M P 2R 4 R R B cbh 1 R
OTUs Fp 2 52 B4R 7 XA FF 2 75 16 H A 52

Pl 2 g DU A J 2T 4 3R it 181 cbh 1 25 D ST
SCPE 9 b 28 55 B 24, piy P Al JRin DU vk S22 B e 5 2
P TGN DUl ST B P R 2 LB A, e
C.W,S.C,W,S.C, W, C,W, K ICHEERED 5
K 90.74% 93.39% 93.61% 87.84% (# 3) ,iX %
B JT 8 S %) ik [N ST i 6 450 5 B b S e - e o
T 24k RSt v O R v 2

45
40 e WS e CtWinitS == CntWt — CntWnt
" 35
= 30
F
I o 25
s
= 520
=8
OEI5
5
Z 10
5
0
0 20 40 60 80 100 120
SRR

Number of clones

B2 DU - LT 2k 3R I A T cbh 13 TR 3 I SO %
F RN
Fig. 2 Rarefaction curves of the c¢bh I gene clone libraries

in the four soils

SCEERETR A1 Z AR MR8 B I n 3R 3 iR, 4
A cbh I BRSO 25 2K Z R BOBE A — € 1)
5  Shannon-Wiener 35 5 [0 £ {8 36 Bl & 3. 09 ~
3.36, WIS mAERIFZE LI cbh 1R £
FEVEFRROmS & THHEH H 2 % 2. ERfH b s
RO Y & TR AT E . X R NEZBH
VEXT - 49 cbh 1 FE R ZREMESZ 0 1 3 . N3 5 E I
Fw RIS BORTE , WU cbh T 5L PR SC % (44 5 1 2445
L AR AT R B HE AL B cbh 1 3N S REVE S8 B 5
TH Al = FhAb B H 22 R W K B R S B/
27 WG FOBE A A 1 38 H A 38 34 59 B 0 A T At =
FhAbBE, SR, AW RBCRE A RS X R
FRAE HERPEX S REM RS

I =A
—E M,

F3 MALTEHSR cbh | ERXERN#ESHELEHERY

Table 3 Community diversity structural indices of the cbh I gene libraries in the four soil samples

Z FEE 5 %0 Diversity index

; ; [CER(E
P OUT Fi% - :
. Coverage BA-B AR B T AR gy FEE
Library Type of OTU
C Shannon-Wiener index  Simpson index Evenness Richness
cbh I-C, W S 34 90. 74 % 3.09 0. 964 0.817 7.05
cbh I-C, ‘W S 35 93.39% 3.36 0.959 0. 888 7.28
cbh I-C ‘W, 30 93.61% 3.24 0. 955 0. 856 6.39
cbh I-C,\W 30 87.84% 3.26 0.957 0.861 6.74

http ; //pedologica. issas. ac. cn
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2.3 TEAHZERE b | BERNREXRE ST 1(9)(0)6;6 [ Uncultured (REf3F)
N N 8 90% ¢ Pluteu.
TEH 44 /l\ OTUs ﬁﬁ{)ﬂﬂ J? 5 % NCBI H X f5 _5 80% lLelpleolsthaeria
IR IR 5 DU AS s SCPE F i cbh T ZEHEE 43 2 Zg; 'f\’;””f’“.
o % rothecium
RSB 3) o AT R, DO e A B b oK B SR 09 £F 4 £ s0% = Viovariella
FWEARTH 7 38. 86% %%Hﬁii%ﬂf“‘tlﬂﬁfﬁﬁzﬁ% o] = Aspergil
30% ussula
lﬂ“% E/J Q:F Qﬁ? Fk% B, ﬁ ijl} }»’ ﬁ:’ o T @A 7/{ S/ ﬁ 20% u Chaetomium
1 A, @Ailﬂ*/\ﬁﬁﬁ%ﬁﬁ Amanita | Rus- B 0% = Cyathus
0% B Phanerochaete

sula , Phanerochaete | Trichoderma 1 Aspergillus, 2y |5
ST TUERY 37. 9% |, U BT IX B8 2 5 B A J7 U RS
%jﬁ S JGk ., F5FF A H 438 B Russula . Phanero-
chaete Fl Trichoderma vilE 40 HE W 2 2 T AL
b 4 0, 35 9 B T 256 145 0 -+ B o
Russula . Phanerochaete FlI Trichoderma W) 4 K 5,
Russula .Phanerochaete Fl Trichoderma TE F FF 1) B it
ARPEEFREEH . FHHAKEHLE Ananita 73
W5 W] W 22 T A AT A6 3 B R AT a0
AHITF Amanita A< 5, WA 7T B8 B 65 55 T 09 B
f# o Humicola JFEFF AN 6 H AL B P 3l A B9 28, Ut
RS AT (0 78 36 7™ A0 ) T Humicola W) K . e #k
T8 Cyathus 3EFE 7 %t 0% 2 T HHE L4, W]
WALHE A M T e Cyathus B4R S50 o Plute-
us B LIE A 2R, L] Pluteus T35 T 1E
S 5T M A ) BRI TR AR A S B A Pluteus
AR R SO . 5 R B Bl Al S i /0N 22 3% b R Bk 4
Tl AT B 148 30 1T A B A 3 P A DL SR BEA Russula
Trichoderma Amanita I Phanerochaete , 2] 5 54% ; &
K /N VB Bl OET S B, A AT R A R R P
A HEA Chaetomium Russula  Trichoderma F1 Am-
anita, 295 41. 7% ; EKFERIAT S BE /N Z2 46 Fh i B
VB FEFT A 38 Y+ 3 rh iy L B R BEAT Chaetomi-
um Russula ,Trichoderma 1 Amanita , 295 34. 1% ; %
K /N B Bl R S BE, B AE R i H Y 3 b g AR
PR BEE Volvariella . Russula , Trichoderma Fl Amani-
ta, 2917 39.4% . [FI, PUAS b B 22 18] 21 4t 3% B i T
TR A AR LM SCAT 22 S, 66 AT 3 FHRBE A 24 AN []
TR 52 W) - 598 v 2T 45 3K R A TR 0 2 RE

H RSk & WAL BT S 29 A7 80 43l JE T
Basidiomycota (YT B 1) A1 Ascomycota ( T [])
(F4), HiF,17 488 T Basidiomycota (5 F
Bl , 8% Amanita (%8 )8 ) . Phanerochaete ( “F-
FwE) Cyathus (B EREIE) Russula (L4 )8 ) |
Volvariella ( 5.%% J& ) . Pluteus ( YA 45 & ) 512 >4 Bl
J& T Ascomycota( T3 1]) , 045 Trichoderma ( R %
J& ) . Chaetomium ( & 5% & J& ) . Aspergillus ( il % &

C, WS C.W, S C.W,
Lfﬂ’ﬁv Treatment code

B3 YR FEARTE cbh TN 5 RE SCHE i & 26 @ 40 1L

Fig. 1 Percentage of each phylum contained in the cbh I gene

B Trichoderma
B Amanita

clone libraries

J&) . Myrothecium ( 1 3¢ & J& ) . Humicola ( J& & 5
J&) \Leptosphaeria (/NERIE T J& ) o #1171 M 10
wHE . Hrh 5 Amanita MU 73244 B P L, HAH
MR 75% ;5 Trichoderma UL 53 B4 C W, H
44 )y 83% ; 5 Phanerochaete AL 073 WA D . X,
FARIE S 78% 545 Cyathus ML 70 BUA EAM, AH
WIPEN 76% 3 5 Chaetomium FHNH) 73 B4 G R,
AKFARIES 86% 555 Russula ALY 73 BA H T,
Z AHALPE g 86% 3 N 43 B Y Aspergillus AH AL P
84% ;T 4315 Volvariella A1 K 80% ;Y 43 %15
Myrothecium ¥ J 80% ; AF 43 Bl 5 Humicola #H
IR 79% 5 AT AN 53 B 5 Leptosphaeria 1Bl £ Ky
84% ;AO /3B Y5 Pluteus ¥R N 72%

3 I ®

Xf e AT AE R B T BB, A b B C,
WS E’J%%%Fﬂﬁ’i%ﬂﬁﬁgﬁg C, W 2F 4 % [
ik T Y BB B b o BT A AT AR AR B v 2T 4
B0 fire AR B 0 TR AE AN I Ak B A A A 3 e
2T 4 2RI A v RO B e T R A B X U B AR U 2T
%%E’Jbﬂ)\ﬁ%ﬁﬁﬂéi,\\%/‘bE’ﬁ%%ﬁ%i‘bui
S v 2T 2k 3 W A T O B0 KT BB T RS AT
%%ﬁiﬁnTi%ﬁWﬁ%inﬁ&Tﬁéﬁi%,M
i A F R R R

3 A X DY AN [ A B A 2 2 3R R
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EFFECTS OF LONG-TERM CONSERVATION TILLAGE ON DIVERSITY
OF CELLULOSE DEGRADATING GENE CBH I IN FLUVO-AQUIC SOIL

Chen Kun' Li Chuanhai' Zhu Anning’ Peng Wentao' Qian Mingmei' Cao Hui'’
(1 Key Laboratory of Agriculiural Environmental Microbiology, Ministry of Agriculiure, Nanjing Agricultural University, Nanjing 210095, China)

(2 State Experimental Station for Agro-Ecology in Fengqiu, Chinese Academy of Sciences, State Key Laboratory of Soil and Sustainable Agriculture
(Institute of Soil Science, Chinese Academy of Sciences) , Nanjing 210008, China)

Abstract Conservation tillage, a new kind of cultivation technique or agricultural practice includes no-till, reduced
tillage and straw mulching. The aim of conservation tillage is to protect the environment, improve soil quality and save
farming cost. Straw degradation plays a very important role in implementation of conservation tillage. Therefore, it is of
great significance to study diversity of cellulose degrading bacteria in the soils different in conservation tillage practice.
Currently, scholars at home and abroad have been doing a lot to study cellulose degrading bacteria, focusing mainly on
screening and isolating of cellulose degrading bacteria and cloning of cellulose degrading gene. But little has been reported
on diversity of cellulose degrading gene cbh I. It is, therefore, necessary to do something in depth on diversity of cellulose
degrading gene cbh I in soils under different conservation tillage practices. Hence, effects of four conservation tillage prac-
tices, i. e. C, W S (tillage with mulching), C, W S (no-tillage with mulching), C, W (tillage without mulching) and
C,, W, (no-tillage without mulching) were explored on diversity of cellulose-degrading bacteria in typical fluvo-aquic soil
in the Huang-Huai-Hai Plain. Cellulose degradation bacteria in soils of different treatments were counted using the tradi-
tional plate colony counting method, and diversity of cellulose-degrading gene cbh I was analyzed using the PCR-RFLP te-
chinique (Polymerase Chain Reaction-Restriction Fragment Length Polymorphism). Results show that Treatment C, W S
was 148% higher than Treatment C, W, in population of cellulose-degrading bacteria, and Treatment C, W S was 130%
higher than Treatment C_ W, too. And the four treatments were all quite rich in ¢bh I genotyping, amounting to 44 OTUs
in total. Treatnent C, W S was found to have 35 OTUs, Treatment C ,W S 34 OTUs, Treatment C, W 30 OTUs and
Treatment C, W, 30 OTUs, indicating that straw mulching could increase the number of cellulose-degrading bacteria that
can decompose the straw, releasing nutrients into the soil. Analysis of diversity index shows that Shannon-Wiener index
varied in the range between 3. 09 and 3. 36, and that straw mulching and no-tillage improved the diversity of cellulose deg-
radation bacteria. Phylogenetic analysis shows that the cellulose-degrading bacteria in the libraries mainly belong mainly to
Basidiomycota and Ascomycota. And Basidiomycota is the dominant phylum. Tillage and no-tillage have some influence on
Basidiomycota , but almost none on Ascomycota. Meanwhile, a large number of uncultured cellulose-degrading bacteria
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were found living in the soils. Therefore, it can be concluded that conservation tillage, like no-tillage and straw mulching,
can significantly increase the number of cellulose-degrading bacteria and enrich its ¢cbh I gene diversity.

Key words Conservation tillage; Cellulose degradation bacteria; The diversity of ¢bh I gene; PCR-RFLP
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