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Cellulase Production by Mixed Fungi Solid Fermentation and the Application in
Soybean Straw Degradation
SUN Dong-mei, WEN An-yu, LI Xiang, LIN Zhi-wei, XIAO Cui-hong, ZHU Li-wei
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versity, Daqing 163319, China)

Abstract: In order to improve the decomposition efficiency of straw returning to field and reduce the diseases aggravation, an-
tagonistic fungi Trichoderma aureoviride, Chaetomium cupreum and cellulose-decomposing fungus 7. wviride were used to study
the cellulase production ability of different strains in mixed culture and its effect on the degradation rate of cellulose and hemi-
cellulose from soybean straw. The results showed that the cellulase activity, cotton enzyme activity and carboxymethyl cellulase
activity of three different strains and mixed fermentation at different fermentation time were measured on rice straw and bran as
basic medium. The cellulase activity of these three strains mixed fermentaton was the strongest. The cellulase activity was
385.12, 454. 30 and 495. 12 U, respectively. The changes of cellulose and hemicellulose contents before and after fermenta-
tion showed that there were significant differences between the two treatments, and the degradation rates of cellulose and hemi-
cellulose were 66% and 76% respectively. We also found that the degradation rate of soybean straw was the highest when the
length of soybean straw was 3 ¢cm and the buried depth was 10 ¢cm by the burying experiment. The degradation rate of soybean
straw was increased by more than 50% , the strength of soybean straw was reduced by about 5 times and the puncture force was
decreased by adding mixed microbial agent. The results showed that the three strains mixed could be used in the degradation of
soybean straw, which could provide effective microbial resources for decomposition of soybean straw.
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Fig. 1 Treatment of bury soybean sraw
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Fig. 2 Cl enzyme activity of different strain after fermentation
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CxMf% Cx enzyme activity/U

FPAF§1% Filter paper activity/U
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Table 1 Cellulose and hemicellulose content before and after fermentation (%)
U S S E R LU B L R MR
Ab P .
Cellulose content Cellulose Hemicellulose content Hemicellulose
Treatment
0d 30 d degradaton rate 0d 30 d degradation rate
TR Mixed bacteria 16.25+0.15 b 66.71 b 10.45+£0.45 b 76.53 b
(R4l
48.82+0.15 18.56+0.21 b 61.98 b 44.52 £0.42 12.34x0.52 b 72.28 b
Commercial inoculants
CK 44.56 +0.96 a 8.73 a 38.76 £0.79 a 12.94 a

RNR/NGFREFRIR 2 5 83 (P <0.05) . T,

Different lowercase indicates significant difference( P <0.05). The same below.
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Table 2 Weight and degradation rate of bury straw after treatment

REHEFNALF Treated by mixed fungi CK
R Rt K - -
Bury depth /em Straw length/cm g Fefi g FEfi ¢
Weight /g Degradaton rate /% Weight /g Degradaton rate /%

10 3 11.5+0.3 b 61.7 b 18.4+0.6 b 38.7b

6 12.3+0.5a 59.0 a 20.1+0.7 a 33.0 a

20 3 6.5+0.3b 56.7 b 10.5+0.5b 30.0 b

6 7.4£0.3 a 50.7 a 11.2+0.5a 25.3 a

25 3 5.6+0.4b 30.0 b 7.1£0.2 a 11.3 a

6 6.5+0.4 a 18.8 a 7.2+0.3 a 10.0 a
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IR G i, AR MEA KL i 24, RFS
FERILAR 8 2 A 55, 22 190 B A8 /0N, W 3 K B &) e
MO8 e BT AR A B O G FT 41 235 i T L, 48
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YYD-1 ZEAT i B2 0 72 ASO0E A [a] 5 A 00 5 AT 470 4 o
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(K 3) MR Ty th T LT e S R , HRAE 10 0
20 em ELES I A 20 2 E 220 i

. _ T, ™ -

- =

A1 FI A2 RACBEAFE AT BL A0 B2 B AL BRAORS FF
Al and A2 Untreated straw; Bl and B2: The straw treated by mixed fungi.

ES5 ERIELESWREMBRE (40 x10 £5)
Fig. 5 Micrograph of soybean straw with the treatment and control (40 x 10 times)
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Table 3 Strength and piercing force of bury straw after treatment

B i R B ET Before bury B 771 4b H J5 Microbial agent treatment CK
Bury depth  Straw length g e3Pl B PSP 1 SEfl S
/em /em Strength/Kg ~ Piercing force/Kg ~ Strength/Kg  Piercing force/Kg ~ Strength/Kg  Piercing force/Kg
10 3 25.38£0.54a 9.25x0.32 a 2.35+0.16 a — 10.4 £0.27 a 3.56 £0.25 a
6 26.59£0.49 a 8.42+0.35 a 3.12+0.21 a — 11.5+£0.34 a 4.13+£0.28 a
20 3 26.47 £0.58 a 8.43+0.28 a 4.57+0.23 b — 13.97 £0.26 ab  6.63 +0. 32 be
6 24.29 £0.59 a  8.52+0.36 a 4.74£0.25 b — 14.45+0.32 b 6.42 £0.31 ¢
25 3 26.63 £0.48 a 8.21x0.22 a 14.3+£0.32 ¢ 1.74 £0.22 a  20.32+0.35 ¢ 7.52+£0.41 ¢
6 24.39£0.53 a 9.16+0.32 a 16.7 £0.22 ¢ 2.56 £0.31 b 22.65+0.31 ¢ 7.33+£0.39 ¢
“ =" RN IO
“—" indicates the data can not be measured.
3o PRI F 2R A AR Y B iR aE 7, )R T AR R IR

RIREFYEFR A 25 X FNAR S Fh X, 45 7 B0 Ak
PR , 1T E SR T b A A o 288 B 22 1) 2F 2k 22 ik T
Ay, e A A L A T LA 43 0 R A1 T A 2R Tl S
ARG RN AR RE 2, EERF
BRI DL R EE R B, WF SR IR 5L E B D)
g (EG 1 -EGV ) AMIEE(CBH 1 A1 CBH L) #1 8 -
TG (BGL T A1 BGLT ) ™™ IR 2L AN A £F
YE R RS AN 2 — 3, R 8 B AN R R A
PR Z B2 4k 22 W0 1 22 S e ok, fe Xt ih & )& 5
YA IR I A SRS T W NI B2 E 7 SO N
] JEE M KA BE T3 A TR] , 78 2T 2 2% W fige v vl ol 3k AS [
i BB 7 K A 5 B e A1 IR e X 3
AN Ta) PR D00 2 21 248 2% TS P IR 52 13X — A, HL
FEXS 19 B 58 DA LR it 0% 1 20K, (F 2% T 30 e
KRB 5 B 50 AN [RGB g AN o8
L AR EARE T 3 FOR R R TIR G K B

A B AL K 59, A2 T fE AR A 5
U, R — R ST IR TEFRS AT 21 4k = A 7
T AT T2 B4 vh o £F 4 B ) AR E
KT LA SR A & B 7w =72 K
ERMES K Mg E A ERNR
PR BESEIEAT TR 5T, IR SR TR 5 % 48 1 R o —
PRFP A TR LT 2 MR AH e, HL A B i 6 v L A TR )
) A RS R R AR A I 46 A — 5K
AR E G GART ROAKRE S ERE, I
SE MR AE T TS P DR AU I M 5 R Y AT Y 2l
UESCIR B 1Y) 3 Fh 2 4 Wl s M3 v F o — R R &
P, ELRH T 25 R 2R A B A 2 K A

kT R M ST BSOS FE A AR R, — S
3 B AR A 0 B ARG AR AS IR Hh R S R A 15 1
PRI I I E LT A R AR
S AL AT 5T T O R R CR Y . ARBIESE Y 3

TRERH AU HA 4R R ae 1, i L
KR EREAT ARRL, PR K B A 4R S
SELF AR TR IR R, 45 R — RS TR R K
LT A R A A83, ha R A T BAR ) — A0 10 T 4 A3t
THARSH

4 & it

PR AREE | Bk (O R RE A B ST T LK B A
DR VTS SR T A S AT T T O T 7 A 21 4 3R T i
LT B BRI B A I, TR T A TR A B LB 4K
TP AR AR TG A 5 2 2 3 P 2 d s, BAE R
TREATRR R P2 e R R AT YER SR P REROR,
USR0S DR S R A 25 AT 00 8 A o
RT3, IE W] B SR 5 | 2k (R
B BT R T A TR WO RS AT A b A2 5 B
fO RIAT P, ERIFZE 45 SR B R A AT AR R A AT T
TRt 5 A Y BT

S 3k

(1] CRKA, BHEMS, 75, 5. rPEFSFFFR oS LB
RN TI[T]. Y E I SR 24, 2018, 24 (1) 1-21.
(Song D L, Hou S P, Wang X B, et al. Nutrient resource quanti-
ty of crop straw and its potential of substituting[ J]. Journal of
Plant Nutrition and Fertilizers, 2018, 24(1) . 1-21.)

[2] Z=&EW, IMBA, W30, A5 FEFF SO IL i
FEAT BRI T L] RIE SR S IER 2R, 2009, 15(2) .
374-380. (Li F Y, Sun X F, Feng W Q, et al. Nutrient release
patterns and decomposing rates of wheat and rapeseed straw[ J].
Plant Nutrition and Fertilizer Science, 2009, 15(2) ; 374-380. )

[3] R WFFERA R ET - DIER B AFID]. 5. &
AB Tk K2#,2010. (Tang P. Evaluation of mroposals of straws
comprehensive utilization; For example of county of Feidong[ D].
Hefei: Hefei University of Technology, 2010. )

(41 EFT, KM, DR, % FEFFE R L R R PR R
WFFEL]. AEAFRBEAR, 2010, 19(10) : 2489-2492. (Hua

L, Zhang C, Ma H R, et al. Environmental benefits of biochar



14

PINACHGER IR TR R N 7 £ 48 3 4 S0 L T 7R T R LA AT A v e 55

[10]

[14]

[16]

made by agricultural straw when applied to soil[ J].
Environmental Sciences, 2010, 19(10) ; 2489-2492. )

WAL, B, IR T EERAS TSR 2
WHMGGITMIT]. BER2AP5Y, 2018, 31(1) : 179-
186. (Cao Z H, Huang Y L, Hao J M. Multi-suitability compre-

Ecology and

hensive evaluation of crop straw resource utilization in Chinal J].
Research of Environmental Sciences, 2018, 31(1) ;: 179-186. )

Madari B, Machado P L O A, Torres E, et al. No tillage and crop
rotation effects on soil aggregation and organic carbon in a Rhodic
Ferralsol from southern Brazil [ J]. Soil and Tillage Research,
2005, 80(1-2) : 185-200.

Zhang Y H P, Himmel M E,Mielenz J R. Outlook for cellulase im-
provement: Screening and selection strategies[ J]. Biotechnology
Advances, 2006, 24(5) ; 452.

Abdulla H M, EI-Shatoury S A. Actinomycetes in rice straw decom-
Waste Management, 2007, 27(6) . 850-853.

Ma H,Liu W W Liu P,et al. Enhanced enzymatic saccharification

position[ J ].

of rice straw by microwave pretreatment[ J]. Bioresource Technol-
ogy, 2009, 100(3) : 1279-1284.

Lundell T K, Mkel M R, Hildén K. Lignin-modifying enzymes in
filamentous basidiomycetes: Ecological, functional and phyloge-
netic review[ J |. Journal of Basic Microbiology, 2010, 50 5-20.
Fang X, Qin Y Q, Li X Z, et al. Progress on cellulase and enzy-
matic hydrolysis of lignocellulosic biomass [ J]. Biotechnology,
2010, 26(7) : 864-869.

SR T HLPR AR 2T 2 il s 7 T bR 38t e o i ORI RO Y R A
MRz D). g AR TR, 2017, (Zhang G X. Ge-
netic modification of trichoderma reesei Hyper-cellulolytic mutant
and mining for new glycoside hydrolases[ D]. Shanghai: East Chi-
na University of Science and Technology, 2017. )

ZRUbbk, XU, SRR, A5 R I X KRS 0 5 R A
s ], fEYIFSE, 2012, 26(1) : 7-10. (Li HL, Liu F Y, Gong
Z P, et al. Effect of straw return back to paddy field on occurence of
rice major disease[ J]. Crop Research, 2012, 26(1) : 7-10.)
RGN, WK, Wwam. (RIERHE SN E EE LR E
[ REANE BT S [T ], VU bR MROBL B 2z 2 4k, 2005, 33
(Sl):4748. (Zhang X S, Cao Y S, Cao K Q. Management of
wheat soil-borne diseases under the conservative farming system
[J]. Journal of Northwest Science and Technology University of
Agricultural and Forestry ( Natural Science Edition) , 2005, 33
(SI) . 4748.)

NIRRT A TP HEHE I H X AR 550 B ( Fusarium graminea-
rum Sehw) F1 AL ( Chilo suppressalis Walker ) 4l 81 7715 1 5%
WL D], FEATHE AR K, 2012, (Sun X J. Effects of straw
centralize-buried in soil on suevtval dynamics of phytoalexin ( Fusari-
um graminearum Sehw) and stem-borer ( Chilo suppressalis Walker )
larvae[ D]. Nanjing: Nanjing Agricultural University, 2012. )

T, BEM, FRY, F FHRES R AER A YRR
AL T]. A9 TR, 2010, 26(7) : 864-869.
(Fang X, Qin Y Q, Li X Z, et al. Progress on cellulase and enzy-
matic hydrolysis of lignocellulosic biomass[ J]. Chinese Journal of
Biotechnology, 2010, 26(7) . 864-869. )

INSEYR, SRALIL, KR, 5. FRAERSFFET 2k 3R A o 1 o 2k
HE G RERARFT ORI ()], Bkl Bz, 2018, 55(1) .
16-23. (Sun M N, Zhang F F, Wang Y Q, et al. Screening and
identification of cellulolytic srains from cotton straw and its effect

on degradation of cotton stalk[ J]. Xinjiang Agricultural Sciences,

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

2018, 55(1): 16-23.)

Baldrian P, Valof P. Degradation of cellulose by basidiomycetous
fungi[ J]. FEMS Microbiology Reviews, 2008, 32(3) : 501-502.
Adsul M, Bastawde K, Varma A, et al. Strain improvement of
Penicillium janthinellum NCIM 1171 for increased cellulose pro-
duction[ J]. Bioresource Technol, 2007, 98(7) ; 1467-1473.
TR BIRAR SRR S AR A R MNP [D].
BB A BT A, 2012, (Fang X X. Study on cellulase pro-
duction by mixed fermentation of Trichoderma ressei and Aspergillus
niger[ D]. HeFei. Hefei University of Technology, 2012. )
INEMG, B, REHE, 55, BEORTR [ E A A 7 e YR R K
B RSEROBFIEL 1] R AL 5 Tl 2006, 26(2) : 79-82,
(Sun D M ,Yang Q, Song J Z, et al. Studies on cellulase produc-
tion by immobilized cells and characteristics of cellulase [ J].
Chemistry and Industry of Forest Products, 2006, 26 (2):
79-82.)

INEAE, A, SR B R 5 78 T R o R AR s e
TR B (T]. KRER,2005, 24(3): 171-175. (Sun D
M, Yang Q, Zhang J Z. Antagonism of Trichoderma aureoviride
mutant strain aganist Fusarium spp. the pathogen of soybean root
rot[ J]. Soybean Science, 2005, 24(3) . 171-175.)

INEA, A, ARG B AR TR N AR I o e ] T Y
FEOUEA L], b MORE 227 i, 2005, 27 (3) @ 59-63.
(Sun D M, Yang Q, Song J Z. Antagonism of Trichoderma aureo-
viride against Fusarium spp which causes soybean root rot[]J].
Chinese Journal of Oil Crop Sciences, 2005, 27(3) : 59-63.)
SRR, B MBS AR AR BT SELT]. TR T
WK FRFEERT) 12006, 27 (4) 5 15418, (Zhang H
Y, Yang Q. Study on cellulase ferment production of Chaetomium
cupreum[ J]. Journal of Henan University of Technology ( Natural
Science Edition) , 2006, 27(4): 15-18.)

KGR, il MBESEAYBAMCR K MET]. b
A5G, 2007,23(2) : 191-194. (Zhang H'Y, Yang Q. Selec-
tion of biocontrol-related genes from Chaetomium cupreum [ ]J].
Chinese Journal of Biological Control, 2007, 23(2): 191-194.)
Lan T Q , Wei D, Yang S T, et al. Enhanced cellulase produc-
tion by Trichoderma viride in a rotating fibrous bed bioreactor[ J].
Bioresource Technology, 2013, 133, 175-182.

R, WY, A, . IRIRAT R 4R SR 4R
ErEE)]. fEWITRGE, 2012, 26 (1): 53-55. (Tang G T,
Xing S S, Huang R B, et al. Determination of content of cellulose
and hemicellulose in stem of Sesamum indicum [ J]. Crop Re-
search, 2012, 26(1) : 53-55.)

s, %, Ti, & MAEYERSRERGFTILHELT].
A FE L, 2015, 42(5) : 928-935. (Yang T T, Zhou H,
Wang X, et al. A new microbial strategy for cellulose degradation
[J]. Microbiology China, 2015, 42(5) : 928-935.)

Beguin P, Aubert J P. The biological degradation of cellulose[ J].
FEMS Microbiology Reviews, 1994, 13(1) . 25-58.

Dashtban M, Schraft H, Qin W. Fungal bioconversion of lignocel-
lulosic residues, opportunities & perspectives [ J ].
Journal of Biological Sciences, 2009, 5(6) : 578-595.

AUERER, R, KA, A, K ERFE LT Ak K WA A O K
WELT]. KRS, 2016, 33(1): 95-81. (Shi NN, GuY

H, Zheng Y, et al. Screening and identification of cellulose de-

International

grading strains of soybean straw[ J]. Agricultural Service, 2016,

33(1):95-81.)



