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Effects of microbial inoculants on soil microbial diversity and degrading process

of corn straw returned to field

LI Peipei'?, ZHANG Dongdong' , WANG Xiaojuan' , WANG Xiaofen', CUI Zongjun'*

1 Center of Biomass Engineering, College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China
2 College of Resource and Environment, Henan Agricultural university, Zhengzhou 450002, China

Abstract ; Returning crop straw to field is one of the common methods to improve soil organic matter and achieve sustainable
development of agriculture. However, corn straw is composed mainly of highly polymerized lignocellulose with a high carbon
to nitrogen (C:N) ratios, and it degrades slowly in the field. The difficulty of straw degradation in a short time hampers the
seedling growth and farming operation. In some place farmers burn crop straw after harvest in order to immediately sow the
next crop, which contributes to environmental pollution and greenhouse gas emissions. Acceleration of straw degradation in
the field is urgently needed, and utilization of microbial inoculants is a safe and effective method. To reveal the effects of
microbial inoculants on degrading process of corn straw and soil microbial diversity after straw was returned to the field, an
incubation experiment was carried out in the field. The experiment was conducted in the winter Wheat-maize rotation of the
high yield area located around Hebei Academy of Agriculture and forestry Sciences, North China Plain from Oct 2009 to Apr

2010, and three different microbial inoculants (ND, NK and NS) were used in this study. The residual weights and C/N
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ratios of corn straw in different inoculated treatments were measured to estimate the degrading enhancement of the three
inoculants at four different sampling times of 15d, 25d, 145d and 160d. The results showed that the degradation of corn
straw could be enhanced by inoculation in early period (first 25d), and residual percentages of corn straw in ND, NK and
NS were 14.3% , 7.7% and 1.6% lower than that in CK, respectively. C/N ratios of corn straw in inoculant treatments
decreased more rapidly than that in CK, and the decreases were also showed up in early stage. In order to find the effects of
microbial inoculants on soil microbial diversity, V3 region of bacterial 16S rDNA and D1 region of fungal 26S rDNA gene
sequences were detected by denaturing gradient gel electrophoresis ( DGGE ), and Cluster analyses based on the band
similarity in migration and intensity between lanes were used to understand the distance of each lanes. Furthermore bands of
the three inoculants were used to study the relationships between inoculation and soil microbial diversity, and dominant
bands of bacteria and fungi were excised from DGGE gels and sequenced to get further microbial information. The results
showed that most bands from inoculants, which matched to Bacillus fusiformis (97% ), Chloroflexus bacterium (87% ),
Uncultured Clostridiales bacterium (99% ) and Uncultured compost bacterium (92% ) were detected in early stage and
disappear in later stage, and some band from inoculants were not detected. Soil bacterial and fungal composition responded
to each added microbial inoculants in early stage. Compared with CK, adding microbial inoculants after straw returning to
the field could effectively accelerate corn straw degradation in early period, and soil microbial diversity was accordingly

different in early period and gradually went to the same level in late stage of the inoculation.

Key Words: microbial inoculants; corn straw; corn straw residue; soil microbial diversity
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TEFR LA L S B AL 2 e o A O3 b DA SR AR o3 il ) S X RSB 5 e (R TR AR EE, TR R
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1.1 Rk

BEIRATR A AL %= 4 (ND) |, i E RO B2 Be gt (NK) | IGSE R L R (NS) |, 3 3 Fhesisl
1.2 A

5T 2009 4 10 H—2010 4F 4 AU 4 Z 8 B E 0wl 647 120 XR T —F M2 42/
A -FERFCAE . BRI P R 00 ) A it R3O - YR RPN S RS AT e
LGRS ATATIE R 5—20 em Zedy, IR ERHE 3R LA TRIE MRy . pH (H 7. 8, A LR 15.3 o/ke, IRIEAE &
B (N-P,0,-K,0 &4 13-18-0) 1125 kg/hm’ , iR 7 5B R & 375 kg/hm’,
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1.3 {5k
1.3.1 HESER#ETT

RIGVEE 3 P AL BRI — A 2 IR, 3E 4 AN BR e FE R 3 R, /NX AL 3 mx4 m, 4%
ARk 3 B BEALHES |, Ak 38 1) (a) B AR ] T AR A R4 X B L B R AT G, WA H ) 2 R L T 09 s 1) B K A
L AESCIR = BT 8 . BRI IR AT Se g, SR UE R RS K B i, Al 3 R R RSy 107 CFU/
m® BEFERE RS AR, T 2009 4F 10 A 13 H 580 R 050/ NX N SRS BERFHLIERE 10 cm
W, INERFG , W —RKTATREEAZEA 10 g T TOKFEFFR 10 g 1700 3R JE B 4% (20 cmx20 cm) ,
LR 20 H 48 A - GELARSINASEFT 5 R B2k, 38 8—10 em, BAV/NX 4 4>, iREIF A5, 3k 4 &
IR ] AP A5 15 K 56 25 R BURERRAIRFITHE 10 C UL LIS 5 145 KAIES 160 K, BRI 45
AN NI — IR /NE FEAE 5—10 em 224 TREEBCE 3RS B R 3R DNA $25),

1.3.2 3 N AHFERE S AR BT 0

At 5 >R FH EE AR TR AR A 5 BRI S SR TG E Uk 5 3% pH {HIE oK+ 16 2. 5:1, W ] pH 3
(HORIBA B2212, Japan) ll5E .

1.3.3  FRFFIEE &

TERRABORE H ¥ JE T /NS DA HH TR IS 77 (] S 46 28 e 2578 1,60 CHETHRHE THA R B 3
1.3.4 DNA Hy$2HL

PR YRS 1) IR SR AR T 20 °C o 4 RIURESS A, iy ] 1243 DNA 42 B0 71 & ( MoBio PowerSoil ™
DNA Isolation kit, MoBio Laboratories, Inc. , Carlsbad, CA) $2H{ 33K 5 M 3 FhEE 71 6L DNA | BARERES UL
WA G S,

1.3.5 PCR-DGGE 77 - S8R E W ie ik A2 fk

IR 3576-GC 1 517e°7 ) HISRY B 4H1E B9 16S rDNA 19 V3 X H Bt, PCR KW AR B FI 5145 2% SCHkAR
518 % NL1-GC (5" GCACGGGGGGGCATATCAATAAGCGGAGGAAAAG-3' HoH GC-clamp JF %N 57 -
CGCCCGCCGLGLGCGGCGGGLGGGGCGGGG-3") Hil LS2 (5" -TTCCCAAACAACTCGACTC-3") " ™ 18 . B Ay
26S rDNA 1) D1 [X, B # PCR SV AK R MANE AR . PCR BV 4K :95 C A 5 min, 95°C A8 1 min,
52 °C Bk 45 5,72 CHEMH 1 min, 3 30 MG, S5 EM 6 min, P17 H 2% SRR,

DGGE Z&AF B b 5165 U Sciik ' A 4 T AR T B E R 35% —55% (100% B97E PEFI 41 RL R
JRZE T mol/L, HEEREARFSER 40% ) 5 FUB BT AR PEFBR B 20% —60% , TP TAEZRFT LA T A
TARFARNMRSS A R R 5ER
1.4 DGGE K&t L dE gt

fd FHl Quantity One %X {4 (version 4. 6.2, Bio-Rad, USA) X} DGGE 24 EATiR, FIH UPGMA (AEXTFR AN
BUR AR50 Bk MR 25 ot B B 7 B UEAT AL ER ) SRS, PR P BN AR R T 1 R 4 7 s L
BRIZE TR, 2T A TR (6% B K/ ) IS B2 B A i (AR G 2 B R AT 0 ok 3008 FH SASS. 0
HAT (ANVOA) 53304
1.5 FERHFF) 58

HRIE I P A AN 16S tDNA FIELTE 26S rDNA H& K A Bt 25 0 7. 5 (%03 %2 BLAST ( DDBJ ) #E4746
FARIUT H1) 8 S5 FOG R e KA AR %

2 HERE5HH
2.1 TR B RAEFE A R

FEARTEFRIALFE ND NS F1 NK 5 AR XTI CK 78 15,25 ,145 160 d [ EKFEFER B R UL 1, Sk L,
FUAAT R X B CK FL 3 Fh AL B A R A1 5k B SR 4 AR, R — 2 AR o R8Ok . AR B 43
F SR AR S 565 15 RIBURE | JERN T 7 ND NK FIT NS AOFE AT B3 R 43 5102 69. 8% (HIEAAR N 10g) \76. 4%
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Fig. 1

different sampling days

145
It i) Time/d

FEREFLET, FEEEBHEXEFIEEEEE

Percentage of corn straw residues of four inoculations in

®1 FREEFALEI EKRFEF C/N B2

Table 1

straw residues

Effects of microbial inoculants on C/N of the corn

st

N/% C/% C/N
7 77.94,ND NK Fil NS 43 3 He CK {I 7. 35,11. 25 Treatments
’ ) ) ’ ’ ’ 0d 0.55(£0.019) 48.62(£2.98) 87.97
5.92, 5 25 KEUFERT, CK ) C/N 2 54.22,ND \NK il 15d
NS 435l CK £ -0.73,3.4,2. 89, ZJ5 HYHBURE AL 3 CK 0.59(£0.081) 46.04(+1.93) 77.94
(6] C/N 2= St ke /)N . it AR A T8 500 oF 45 FF C/N ND 0.60(£0.002) 42.35(£3.00) 70. 59
E@%ﬁuﬁﬂj%ﬁ 15d ttﬁ%ﬁ,ﬁﬁﬂ?ﬂ]ZlEﬂ%ﬁ‘]ﬁﬁ NK 0.62(+0.017) 41.320(0.35) 66. 69
. e NS 0.59(+0.001) 42.39(+0.37) 72.02
A W .
L?JE%ZJ(:EEPN? 051)); rsd
2.3 BHERZHEENL CK 0.79(+0.004) 42.83(+0.86) 54.22
XHEM R ND NS NK FIR$EZEFP CK 2 25 KA ND 0.74(+0.001) 40.80(£2.31) 54.95
% 160 KAy 3 AE S #EHL DNA , # 47 PCR-DGGE 4% NK 0.77(%0.006) 39.09(+1.13) 51.06
%ﬁ*ﬁ,lﬁjﬁﬁﬂgf%l‘%‘]ﬁ%% DGGE EIJ%EZL#??ICE NS 0.73(+0.007) 41.60(+0.83) 57.11
. . . " N 145d
5. DGGE Kl 0 5517 28 4k S B T 1 A Wy B s 25 4 K 0.85(20.00%) 17.85(20.64) PR
YRR JEARTRR) S 5 25 DR 160 KA H I DGGE ND 0.89(+0.005) 39.54(+0.52) 44.26
P S SR 243 11 43 ) WL L 2 A FTIET 2B, 22 Sk 1 51 NK 0.93(+0.081) 37.91(1.21) 40.85
ND B94&47 ., MG % NL1 Fi1 LS2 % B F 19 26S NS 1.03(0.066) 36.21(+0.34) 35.11
rDNA HEATH 4%, 5] NK A1 NS A7 1 9% PCR 7™ 100
o e CK 1.01(=0.081 34.65(+0.70 34.19
Wy, T TR T A A 52 4 Pl AN B LR (=0-050) (=0-70)
. " o NK 1.02(+0.033) 35.98(+1.24) 35.44
X BR 538 B 25 X g B AR S4B B A 5 0 43, 4% ND 1.06( £0.071) 34.90(£0.27) 33,06
M1 XA Chaetomium globosum (98% ) H i PLAE $ NS 0.80( £0.034) 37.42(£0.73) 46.90

Pl NS B2 25 K5 5501 2 XN IY Fungal sp. (97% ) R
HITERRD NK 15 25 K5 4500 3 FIARAT 5 XY

.

Uncultured Sordariales(99% ) Fll Aporothielavia leptoderma(95% ) TE5F 160 K FA 4= HRFE i vk I E) BH 22 45747 | 78
B2Ah ND FIl CK BY56 25 RALGERINZ] ; 557 4 A ND 1) E 25507, HILLE A Pseudacrobeles sp. (97% ) 1E%
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A ND 156 25 K HCASIHAS  HATAb B rp Y 84 B WA HY | 2577 7 X5 I AL TR Ascobolus crenulatus (98% ) 15k
Y4 25 2540 6 XTI EY Uncultured Paecilomyces(99% ) AXAEEERN NS BUES 25 A Z B 52 2571 ; 4540 8 XTI
[ Fungal endophyte(92% ) AAE4ZFN NS (%55 25 KAGI | WI5 4571 , HAR 24 52 LB 25417 AR 1] 2B, 56 25
RILTH TS MR W4 A0 BRIA] A ARDL BE AR, 22 S5 40K, CK IR 3 o 7 Ak 382 ) 7 B 8 ) sl A= P e
TR, B5 160 K3 FIEFHERMAL IS CK RAE—AL , AL 3R] B TR 221 22 S B Wi i /)

25d 160d B
B — A

-~
ND ND NK NS CK ND NK NS CK

0.18 0.40 0.60 0.80 1.00

CK

NK 25d
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ND

CK

NS

160d
NK
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B2 PCR-DGGE #A MR 3 FEF (ND NK FI NS) FH HIEEE LML R DGGE BES 47
Fig. 2 Changes of fungal diversity after inoculating the three microbial inoculants (ND \NK and NS) by DGGE ( A) and Clustering analysis
result (B)

2.4 HIENEZAEAR L
RN G2 25 KA1160 KIUNE DCGE Ei% R0 WK 3 (A F1 B) , W HIA &) DGGE K522

A B 25d 160d
A

N\ r N\
ND NK NS ND NK NS CK ND NK NS CK 0.45 0.60 1.00

ND

CK
2d

NK

NS

CK

ND

160d

NS

NK

El 3 A PCR-DGGE AR M#EF 3 MEF (ND NK 1 NS) FHHMENTL
Fig. 3 Changes of bacteria diversity after inoculating the three microbial inoculants (ND NK and NS) by PCR-DGGE ( A) and Clustering

analysis result (B)
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Fbd, SRR SHAELEML, FEAR 25 K, 454 b B TA] + e 40 B8 A0 B s g i, B e F 22 7 R R, Bl
FRETE] 2255 160 KB 3 FhEEF R FIALBE A CK RAE—, A 1) ZFEM: 22 SRR /N, 7E411A DGGE i L [7
W 16 2% FLA BH 52 0 A5ty EA T 3 BP9 A, 3K 26 45ty BT AR R AR B ik L 2

5 a b Fl e MEF ND A B2 AT | 4601 e A1 N NK BYLLAT , 4601 d . f g 9 NS Ay 4
AR W AR A W 2, Horpr 254 a b Ml ¢ 76 25 d (19 ND AbFE P43 B8 (HEBR T 25 d i NK
AL FRVEAG X 25T R4 7R B Ab B b A HR R B SR I A5 H B 4571 e F 25d 19 NK b B i B 52, 2kl
d AR R IR R RN E] T 160 d AYARBRPAG 2505 B, 4545 £ {XFE 160 d 19 NS b BE R EE, BR T
VA A B b, B3 Bl e R B S5at , an gty h R IAE 25 d /9 ND NS il CK 4b 3,160 d 1%
FRGI R, 5671 AE 25 d BIFTA AL FErR R B2  7E 160d 57 B0 ; 457 § 76 25 d #Y CK 160 d %) NK NS
A CK i3 250 k U BIAE 160 d Y ND 15 2578 1 AT m HAE 25 d 19 ND AR 407 B2 450 o £ 25 d
f) NK AbFEH 52 3 4570 n il p 76 160 d B, 25 d WA RINE], 53 AN 1R 22 2571 A AR i e A 0y
BT, 4571 10 LR 3T 2 % BH S A8 Ak 2 7 200 TRTAE 7 25 R P A2

%®2 DGGE #&¥H X iz p 8 LB #k
Table 2 Closest relatives of bacteria excised from DGGE gel

S Bands 1355%% ifi?%ﬁzﬁ fﬁﬂi%
Accession numbers Closest relatives Similatry/ %

a GU645023 Bacillus fusiformis. 97
b HM467203 Chloroflexi bacterium 87
c AB198476 Uncultured Clostridiales bacterium 92
d FJ693705 Pseudomonas sp. 100
e HM467210 Uncultured compost bacterium 99
f HM467204 Uncultured bacterium 91

GU971616 alpha proterobacterium 99

HM467200 Flavobacterium sp. 96
i HM467201 Uncultured Flavobacterium sp. 92
j HM467205 Sphingomonas melonis 94
k HM467206 Stenotrophomonas sp. 87
1 HM467207 Uncultured alpha proteobacterium 100
m HM467208 Uncultured bacterium 87
n HM467209 Uncultured Gemmatimonadetes bacterium 98
0 HM467211 Uncultured Bacteroidetes bacterium 90
p HM467212 Cellulosimicrobium sp. 97

3 Hie5Eit

WIS ASCRYIEFE  FEFFAL 20 B 7 ND ONK A1 NS 3538 80— I PE iR, Horp L ND B 77 A 42 43 i 3%
REAF, 7215 d BP0 8 R & W, b CK 430l & i 14.3% ,7.7% F11. 6% ,25 d B35 b CK &
6.4% ,5.7% 1 1.4% , Z J5 I8 53 ff 0 20 00 55, 5 FT A s vl %) i 20 B 5 o L 280 02 T ) 08 ik A58 SR 11 £
WE, ND EFRASZI B A9 % 1T TR AT B3 T A 69 & A& bR 6 2 200 1l 0 L, LA AR 4 1
S, 3 PR AR R SCR B BUAE R JE AN A S 3 Ik — R R R ) T o i oK (b S oy £
Tl 0 Aot SR T e 4 AR 4 iofral B A1 790 ke A 0 R 4 - S B A W ) B — R B R B 3
G — ROV R 258 AR K B 5 T o0 ik R B A JEC 90 1 s/ A 7R i A i e i 2 2
PRIERLN AT S UE B AR A 34 F A2 2 e 11700 2 45 RO — s W B TR B, el AR AR FF AR 4 ik 11 790 7 01
e WA ) oA 4 S0 o A S5O TR SRR — 86 - SR s R I B . D3 A TERE IR & L R
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BB TN 16S rDNA PR R B TR W 03 5 AR 252 BOR A ) I Ta) X He oA ] 1 590 /5 17 - 33 1k
AW RETE SR HEA T 44T, G5 R R IR A FHAE— @ R L5 SR W A5 2 . 1 TS T DNA 1943
T A T 555, ARGk G TR R — i O R R Y S MR RE T R ) R . R
i FH 2 — T B A R, o R AR S R G B B R, AR Z W5 DGGE BORHIE 1 #5138 =
TIRAN AR Z SRR AR ARSI B T RS FRIA O+ S o) Z R R s, IR HE— 2548
FETNA 53 A T 70 BT 0 SR 200 TR P L TR 548 P A B A RE e, R SCES B TR R AR B 1 DGGE g B e d s +
SR A=Wy ) A2 A, 4 b L S0 AS I HE R TR AR AR B AR A F R RS B R 2F AT A ( Bacillus
Susiformis) \2%%5 1 ( Chloroflexus bacterium ) #2 [# ( Uncultured Clostridiales bacterium ) 13 AE ZH & ( Uncultured
compost bacterium ) 55 , BT TR HR 2 FIA BT £T24 28 At K W AR AR DG R BB P 2 B 5 (EL 5 A ¥ 0 T
AP R E], Qi NS Hh AR TR (alpha proterobacterium ) FIR HLAE TR ( Pseudomonas sp. ) 55, #RIA
FEAZRD L TP 8 AOASIN 3], it n] REJE ) NS A2 0 i BCR B RN 22— R, S 4 35 + 3= 1
AR —E 502k A TRA A S (A2 MAEA NN R FFEH— LR . A SO BRI T )
NK FI NS F 5 K 2 B TR 2H K, B AE 25 FOI T 42 13 1Y B A U HE T CK A — 2, X A As
AT RERK F T B R v B 20 B s e e DR 3R A R R Y S e A TR LR (B A TR A S EUE A R Y
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