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Evaluation of Cellulose Degradation Ability of Trichoderma asperellum
and Degradation Effect on Corn Straw

WANG Shanshan, WAN Bowen, WANG Haoyu, LIAN Qirui, ZHU Zhenyuan
(College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: The degradation rate of corn straw is slow under natural conditions, which is easy to cause environmental pollu-
tion and waste of resources. In order to improve the return rate of corn straw and improve soil fertility, in our current study
we used a variety of methods such as Congo red staining method and filter paper disintegration test to comprehensively
evaluate the cellulose degradation ability of Trichoderma asperellum ZZY , the strain isolated and identified in the laboratory.
The results showed the three cellulase including carboxymethylcellulose (CMCase) , 5-glucosidase (3-Gase) and filter paper
enzyme (FPA) produced by Trichoderma asperellum were (22.67 + 1.95) U/mL, (14.96 + 1.11) U/mL and (14.56 + 0.79) U/mL
respectively. Subsequently, a pot experiment was conducted to apply the hygroscopic powder of Trichoderma asperellum to
corn straw. The results showed, compared with the control group, that the degradation rate of corn straw accelerated signifi-
cantly within 15-120 days. After the degradation of 120 days, the dry weight, hemicellulose, cellulose and lignin degradation
rates of corn straw reached (82.87 +5.12)% , (81.96 +5.02) % , (86.75 £ 4.72) % and (65.11 = 6.21) % , respectively. More-
over, the nutrient of soil was also improved significantly, with organic matter, total nitrogen, available phosphorus and avail-
able potassium reaching (30.83 = 0.22) g/kg, (3.03 + 0.12) g/kg, (21.82 + 0.13) mg/kg and (410.30 = 0.84) mg/kg , re-
spectively. The results suggest that Trichoderma asperellum ZZY has a good ability to degrade cellulose, and the prepared
wettable powder can significantly degrade corn straw and improve the return rate of corn straw.
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Tab.1 Basic physical and chemical properties of tested soil

HOURT o R ARG AW R B AR
(g'kg™) (gkg™) (mgkg™") (mgkg™")

23.38+0.25 1.82+0.03 10.59+0.24 306.80+2.13 7.36 +0.01
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Fig.2 Changes in Trichoderma asperellum activity on
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Fig. 5 Degradation rate of hemicellulose in corn straw
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Fig. 6 Cellulose degradation rate in corn straw
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Fig.7 Lignin degradation rate in corn straw
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Tab.2 Effects of different treatments on soil physicochemical properties in potted plants
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D 2432 +0.23° 1.98+0.11% 13.14+1.2° 320.20 = 1.21¢ 7.78 + 0.04°

AL P 23.38 +0.25° 1.82 +0.03° 10.59 + 0.24° 306.80 +2.13¢ 7.36 £0.01°

A 25.01 +1.12° 2.34 + 0.34" 16.47 + 0.64° 365.40 + 0.34° 7.01 = 0.00°

30 B 28.13 = 0.06° 2.49 £ 0.08° 18.33 + 1.72° 383.80 +0.21° 7.38 £0.02°
C 25.16 +0.43° 2.39+0.17% 16.24 £ 0.07° 364.90 = 1.86 7.00 +0.01°

D 24.91 +0.75° 2.11 +0.14% 14.83 +0.55" 327.30 = 1.03° 6.95 +0.03°

HAbPE 23.38 £ 0.25° 1.82+0.03 10.59 + 0.24° 306.80 = 2.13¢ 7.36 £0.01°

A 27.31 129" 2.67+0.23° 17.59 + 0.35% 375.60 = 0.51° 7.03 +0.02°

60 B 30.20 +2.21° 2.77 £0.15° 19.61 +1.32° 396.40 = 0.63" 7.40 = 0.04°
C 27.62 £0.35" 2.61 +0.63° 17.86 + 1.76" 373.80 = 0.37° 7.00 = 0.00*

D 26.10 +0.34° 237+0.17" 15.69 = 0.84° 354.40 = 1.13° 6.96 = 0.02°

AL FH 23.38 £ 0.25° 1.82+0.03° 10.59 + 0.24° 306.80 = 2.13° 736 +0.01°

A 28.55+0.81° 2.84+0.18 18.79  0.26" 385.20 = 0.56° 7.26 +0.03°

120 B 30.83 + 0.22° 3.03£0.12° 21.82+0.13° 410.30 + 0.84° 7.41%0.01°
C 28.64 £ 1.57° 2.80 +0.34° 18.70 = 0.56" 376.90 = 0.24° 7.25+0.03°

D 27.79 £ 0.62° 2.69 +0.07° 17.99 = 1.04° 379.40 = 1.67° 7.21 +0.02¢

3 & iE ZZY SUAT B 72T A R R

AT GE T 2 56 % i R A% 3 v ) i % )
(AR P P 4 R RE I T T 22 &1, IS
TR AR W SR 21 S50 B 7E AR S 05 I el AR F (R K
H 3.89,15d WXTIEAR MR 4, R RRLFHER
i BRI WETY I . G ARHG IS JI7E 3d B3k g
B KAE , 2 9 K (22.67 + 1.95)U/mL ., (14.96 +
1.11) U/mL #1 (14.56 + 0.79) U/mL , 75 B ik 761 K 25

VT A 2 1) A9 ) P T IR R R B 5
FEBOE LN B FORFEFF R, 25 RR I S
BRSO A X T EORFE AR ARSI AT, 76
120d B REffRIiR S s, ThiE PR | 44
R ORI R R R O ]k #) (82.87 £ 5.12)% .
(81.96 + 5.02) %, (86.75 + 4.72)% ., (65.11 = 6.21) %,
2% U TR 760 A 2 T My R X A A B R A IR R
U G, MG MR pH WRAT



+ 30 -

AL, Wt FH R 2H SR P A BIL | S AR |
RO R R R e PP A RO R B R FH 4L R

HAE 120d BFHEA

8 R TR A 5 i R TR 2H

pH S5 ETVE N RERHE TP g 3, At A2
pH PN o 3 Ud BTt TR R bR S R AR AT ) e
fifp, TSR i T SAE 7, HRA —2E M8 E 3% pH
(P o ASBIT 5 P ot FH P A0 AR 2 T R A £F 4 X
HIRE S AT, Bl FORFE AT RORCR 2, A MRS AT
RS BER PP IRAR 225

SE k-
(1] S, 50%, £, 5. RIEREMREFTZES R

[2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

PR BB B HE B 5 ). P Rl BR I5 5 XA
2017,38(9) :32-37

FoelE, B, AR AE S REAFIL FOX SRR
JB S (AT 5 0 J (30, VIS R4z, 2021, 33 (1)
33-39.

HAVE R T, TEUNISSEN P J M. Oxidative mechanisms
involved in lignin degradation by white-rot fungi[J].
Chemical reviews, 2001, 101 (11) : 3397-3414.

CHU X, AWASTHI M K, LIU Y,et al. Studies on the
degradation of corn straw by combined bacterial cul-
tures [J]. Bioresource technology, 2021,320: 124174,
ZHENG Y,ZHAO J, XU F,et al. Pretreatment of ligno-
cellulosic biomass for enhanced biogas production[J].
Progress in energy and combustion science,2014,42:
35-53.

LIANG Y S,YUAN X Z,ZENG G M, et al. Biodelig-
nification of rice straw by Phanerochaete chrysosporium
in the presence of dirhamnolipid[J]. Biodegradation,
2010,21(4) :615-624.

Wik, YRR, WSERE , 55, MUEYIRRAR R AT Y 2
A ) IO A R S R (D). A e A, 2015,
42(8) : 1569-1583.

VR, 3037, S, S8 ORI 4E R M UE Pk
fige[J]. A= LREE4, 2019,35(11) : 2081-2091.
PR IR, ZH08, 55, MR A2 AR R 1Y %08
Hr B g R mg o [1]. ARl 2022,
47(5) : 67-71.

CHEN K J, TANG J C,XU B H, et al. Degradation en-
hancement of rice straw by co-culture of Phanerochaete
chrysosporium and Trichoderma viride[J]. Scientific re-
ports, 2019, 9(1) : 19708.

WANG Q,CHEN L, YU D,et al. Excellent waste

biomass-degrading performance of Trichoderma asperel-

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

AEHEAREEE H398% Hs5W

lum T-1 during submerged fermentation[J]. The science

of the total environment, 2017, 609: 1329-1339.

O, B0 0E , ThE W, A5, AR RS FF R A L 1

e K AEREFFIA A g R JH D] o e 23 41, 2020,

36(21) :53-60.

UL, EORET, BRI, S5 AT R A T N R AT R A

A A T R R R s (1], AR bR E AR

2019,34(S1) : 161-167.

ZHU Z,SONG Q, DONG F. Taxonomy characterization

and plumbum bioremediation of novel fungi[J]. Journal

of basic microbiology, 2018, 58 (4) : 368-376.

TITSC. AR AT T Ay 70 ) o o S LR A KA

FHIFFE D], KA AR, 2022.

TLFRFR , PINHRGHE, 7 40, S5 AT IR At T2 100 97 1B S X

PR A OCR (1], A7 20ik, 2020, 39(4) - 1198-

1205.

HE Z,DING B, ALI Q, et al. Screening and isolation of

cold-adapted cellulose degrading bacterium:a candidate

for straw degradation and De novo genome sequencing

analysis[J]. Frontiers in microbiology , 2023 , 13 :

1098723.

SRME T, e, R, S 2T 2 R IR A T 0 07 1k K

X KR R g e (0] ROl A A L 2022,

50(22) : 52-55.

EAE BRI B, & ST Y R R R 5

TRl FT R A 2B s (3. v ol BHEE R4, 2019,

21(8) :36-46

GHOSE T K. Measurement of cellulase activities[J].

Pure and applied chemistry, 1987, 59 (2) : 257-268.

SILVAJ CR,SALGADOJ C S, VICI A C, et al. A novel

Trichoderma reesei mutant RP698 with enhanced cellu-

lase production[J]. Brazilian journal of microbiology,

2020,51(2) : 537-545.

KA. ARl 2T 24 2 Ak T 1) i 08 S HE S R A AT ik

RBFFEID]. IR : ARALAfl R, 2018.

FEET T, ARBTEFYER BRI B ) vh 27

YER L YER IR R BE AT (1], R am

#i2,1987(2) : 81-84.

POLY N, MAMTAZ S,KHAN M, et al. Isolation,

documentation and biochemical characterization of cellu-

lolytic bacteria from rumen fluid of cattle[J]. Journal of

advanced biotechnology and experimental therapeutics,

2022,5(2) : 433.

e NRILFNE LS. Lkl 25 5 &4 1A
(F4% 55 )



2024 4 10 A

PR, A JETEUE AL E VR YRR K MPPT $E 5 ik

«+ 55

(8]

[9]

[10]

(11]

SWETHA K T,REDDY V,ROBINSON A. An innova-
tive grey wolf optimizer with Nelder-Mead search
method based MPPT technique for fast convergence
under partial shading conditions[J]. Sustainable energy
technologies and assessments, 2023, 59: 103412.
KORANY E,YOUSRI D,ATTIA H A,et al. A novel
optimized dynamic fractional-order MPPT controller
using hunter pray optimizer for alleviating the tracking
oscillation with changing environmental conditions[J].
Energy reports, 2023, 10: 1819-1832.

LI H T,ZHANG C X, WANG R. Modeling and simula-
tion of marine PV inverter system based on MPPT algo-
rithm[J]. Journal of physics: conference series, 2023,
2584 (1) : 012123.

BAATIAH A O,ELTAMALY A M, ALOTAIBI M A.

[12]

[13]

[14]

Improving photovoltaic MPPT performance through PSO
dynamic swarm size reduction[J]. 2023,
16(18) : 6433.

REZK H, ALY M, GHONIEM R M. Robust fuzzy logic
MPPT using gradient-based optimization for PEMFC
power system [J]. Sustainability, 2023, 15(18) : 13368.
SEHIRLI E. Comparison of the input filter effect to PV
panel by SEPIC MPPT converter[J]. Energy reports,
2023,9:34-50.

RAJ R D A,NAIK K A. Priority queue-based switching

Energies ,

matrix algorithm for adaptive neuro-fuzzy inference sys-
tem assisted MPPT controlled PV system[J]. Energy
conversion and management, 2023,293: 117519.

RIEHRIE: ARE

(E4% 30 W)

[26]

[27]

[28]

[29]

[30]

[31]

HUETEIMIAE : NY/T 1121.6—2006[S]. db5¢ . o EAx v

H AL, 2006

rhAe A B AR b3, B A AR S

M %E : NY/T 889—2004 [S]. b5 . o [ b5 i H R AL

2004.

rhAE RN E AR, G 55 7 3. Lis

BB B AE - NY/T 1121.7—2014[S]. dt3T: hE R E

AL, 2014

A N RIEFIE AR, L pH A9 E  NY/T

1377—2007[S]. dbat: HEbRAES ARt , 2007.
THRREN. FEFE R 0 0 S R AR A R B9 (D). Ik

FH: PLBHKEE, 2019.

W Es. TEF AR 22 T RE 5 G TR0 07 L | R IR A

X Catellatospora tritici g*ﬁﬁ%‘@%ﬁi [D]. WA/IREE:

ARAbgl K2, 2022,

20, R T HIEE, AR, ANIECE ML IR A

FH 2 =5 LI A 3000, s B AR FHAILER (D], A e

[32]

[33]

[34]

[35]

[36]

Agelr 2R (th3E30) ,2023,31(10) : 1588-1601.

,J%%££@ﬁ+#3ﬁ1 KT KRR A A

my s [T, AR, 2018, 27(11) : 2134-
2141.

B, RAFEN, 225, 45, S A TR RN EORFEFT (1 R A

&i&im%%%%mnli%ﬁﬁammw@h
323-332.

VAN KUIJK S J A, SONNENBERG A S M,BAARS JJ
P, et al. Fungal treated lignocellulosic biomass as rumin-
ant feed review[J]. Biotechnology
advances, 2015,33(1) : 191-202.

. IR RS FT R T AR T | AR SOR o s R
oy HHEREZ (D], KF BRI, 2015,
KRG, B £, EREF, 4. FORFEFFRCM 5574 H
Xof -3 R 0 KR FE BT A LR [T, VLR 4
2019,35(4) : 834-840.

ingredient : a

EEREE: O 4F



