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Screening of Trichoderma strains for maize straw degradation
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Abstract: [Background] Species of Trichoderma are common cellulose and hemicellulose-
degrading fungi in nature and play an important role in the degradation of agricultural wastes.
[Objective] To screen out Trichoderma strains that can degrade maize straw under low
temperature. [Methods] This study determined the growth rates and the diameter of hydrolytic
transparent circle produced by cellulase and xylanase of 111 strains belonging to 31
Trichoderma species under low temperature, as well as the relative degradation rate (RDR) of
the representative strains on maize straw. The cellulose filter paper enzyme (FPase),
carboxymethyl cellulase (CMCase), and xylanase activities of the representative strains with
different RDR values were determined by the DNS method, and the relationship between their
enzyme activities and RDR in different fermentation stages were further analyzed. [Results] All
the tested strains were able to grow at 15 °C, whereas, 100 and 42 out of them could grow at
10 °C and 5 °C, respectively. Among them, 19 strains produced hydrolytic both cellulose and
xylan transparent circles with diameters more than 60 mm after 6 days, and their RDRs on
maize straw after 10 days were 0.45%—8.09%. The activities of FPase, CMCase, and xylanase
of the strains 9145, TC425, TC505, and 8987 showed a dynamic change with the cultivation
time, of which the tendency of FPase and CMCase was basically identical and closely related to
the RDR. [Conclusion] The strains of T. atrobrunneum, T. atroviride, T. hamatum, and T.
simmonsii show high degradation rates of maize straw at low temperatures, which will provide
germplasm resources for subsequent development of ripening agent, degradation mechanism
research, and resource utilization of maize straw.

Keywords: filamentous fungi; biodegradation; cellulase; xylanase; hydrolytic transparent circle;
relative degradation rate
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BE S U1 el B 3 HE IR B2 B G kK B
(Trichoderma harzianum)Jis , fEKF & B2 I 23 d
i R 14 dMY; LFEVUR 0L AL R FOKREFF
WINEE T AR (T. koningii) &K B% 6 d J, ZF4E%
I 27 45 R 5 4 B AR 19.37%H1 63.54%),
M R B & LA HLA 5 R 10 P AR e E e ) AL
M R4, Barc )z TR e H e
YA A g

KEBEFEMRLZ . 4T Z, 505
LA B0 IR ROE LR A5 B A A A R
FZH ARG = B R B R R, a0 B R AR AR
T RER . KA gERMARMR S, UK
R R AT Y R UG ACHE . PR SL AT 4E R
R SR TG M S L 5 R A 14 A X6 e i 2%
H1A5 VA B A B P R R A 6 KRS T 1) oL P v
T3, WEFEEE AR X HE AR A RS F (0 BT IR AL
FH R s A % 52415 G AT 23 L

AR

1.1 #HiRERSERE

PR RS 31 Bl & [HE IS 2R
%% (Trichoderma afroharzianum) . & # K %
(T. atrobrunneum) , LK% (T. atroviride) . {4
¥ K % (T. chromospermum) . 3% W} Hr K %5
(T. gamsii). BRIEFHIAZE(T. globoides). Ml A
#(T. guizhouense) . FRAEE(T. hamatum), /b
AFE(T. hebeiense) . T AKE(T. koningii) . #LIHET
KA(T. koningiopsis) . JEFEAEE(T. laevisporum).,
¥ E K 2 (T. neosinense) . i IR & K %
(T. paratroviride) , T #4¢ AR E(T. paraviridescens).
BT (T, perviride) . HASARAZE(T. petersenii).,
i % ¥ K 25 (T. pseudodensum) . #fR K 7
(T. pulvinatum) , B A% (T. pyramidale) ., &%
Wi A FE (T. rossicum) , PUJI| K% (T. sichuanense) .
PUSEHTARZE(T. smmonsii) . ZSHAREE(T. sinuosum) .,

Bk 1 K % (T. sphaerosporum) . H & K 7%
(T. reesei). HEARZ(T. drictipile). =R
(T. thermophilum) . 4§ E A% (T. tomentosum),
| PHT AKEE (T tropicosinense) FlIZE AR EE(T. virens)]
4 111 PR, IR R A B A P e T

JIT 45 5 B A0 456 5 40 55 2 W S B 4 7 0
(PDA). R L g R P57 (CMC-Na) . K
R RE #7 HE (Xylan) il B Al 00 K B 5% 55 (CBM)
2 HFCHI S BB SCHR[17-19]0 B KRS AP RS
FRHIEAE CBM KRB A 5% (B iR
B0 HARRT G et 8 B i 1 SOKRFEFERT . A
BIEFR MRS, 121 °CKE 20 min £,

1.2 FERFIFLEE

DNS 5 : NaOH 19.8 g, C-HiN.0- 10.6 g,
NaS,0s5 8.3 g, NaKCsH406-4H,0 306 g, CsHsO
7.6 mL, T 1416 mL 51 /K, BOGHEAE 7d
#H.

50 mmol/L FFiERZE ik : #rEBIR 10.5 g
% 750 mL £k, NaOH i pH £ 4.8, &
2% 1000 mL,

AR BN . oK ARIREN . 3,5-fif3E/K
MR . ARRBERAIRLL, A2 kA bl
A RRA R Kl . — KGR . AR —
BFR W L R A, 1 254 A b 2=l R A PR
Nl JEAR, M A R ERHE AR A A .
SHMHLET, BB RMUERA R A
e KR, BURUE T DA R A
1.3 BEMEKEBEERKERRKBAEZMAK
RESZHEERNE

T O 98 FT PDA R AR 8 B MR 5L 2 2
PDA “F-Hz 25 °CHE 5% 3-5 d, BURILAY T %
HAE 5 mm HHEERE 90 mm /Y PDA VAR, 4
FE 5. 10 Fl 15 °COLREE: SR (L12 h/D12 h)$;
7% 6 d, FHEAR R RO TR V& AR K AR Ok i 2
INER SR I ) o
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FREBGE L VR L % EAE 5 mm )
MHER 2 CMC-Na 8 Xylan “FHx, & 15 °C: R
FEFRAE(L12 D12 h)¥55% 6 d. e85 3% M Jefin
AWIRLAHER 2.5 g/L) 10 mL, EE 15 min J5
FEEYUR, FIA 1 mol/L LNV 10 mL
i 20 mine FHIEAR R RO W AR OK iR 4F e %
TR RO 7 A 1) 375 B P A RS f 1) /N
Wifii). iR A e SR E 3 MEKE,

14 BWFEZFRHE

6 UK A £F 4 2 FIR R 26 1 i D Bl .
BRT 60 mm W EHREEHEE PDA Vi, Zilk
FEFR R AAr AEA, JCERE/K e s V& R
WA BRI 20T & PR =0, 7S
SR, A KPR U85, FH 20 4
MO, PR TRV E 2 107 CFU/mL.
1.5 ERFEFFHEXTPERENE

A2 IR 1:15 (B Fu Bl A T
FRFEFFHAAR FE 3L, 15 °C. 150 r/min H53%
10 d KRS FFFR I 15 °C .4 000 r/min #.0> 10 min,
65 °CHET, M7 F K FEFF A AH X B £ 2 (relative
degradation rate, RDR), DA N 46 & Jo# K AE R
X HRAH
RDR(%)=(k BT E Wo—Ab 25 W)/ IR T
W,x 100,

1.6 BEEENE

PEH RDR AN [F] A 4 AR % Ak, #1LH DNS
TR POV5y BN 5 AN TR) e B B 11 2T 4 2 0% 4K it
(filter paper cellulase, FPase), & JFL4f4E K i
(carboxymethyl cellulase, CMCase)1A 5 4 i
(xylanase)ifi Pk, ¥RI ERFEFF A F B Ak
G S A2 AL
1.6.1 FEEGHE&

it 1.4 A FRBIR, R T23A 150 mL
T K FE AR RS FE LY 250 mL #EFE L, 15 °C.,
150 r/min 5557 35 d. BERR 7 d BOFE 3 mL, #k

WA E 4 °C. 8 000 r/min &5.0> 5 min, F 1§ EP
R FE R o
1.6.2 FPase 5§ CMCase &4 E

FPase I 2 IESCHK[20]: ¥ 1.5 mL
FPAE R 2% 11 (50 mmol/L) il 1 cmx6 cm (50 mg)
JEACE T 25 mL S AR AT, A 0.5 mL
FEL AR, X6 FEZHL i 25 47 100 °CK G HL R, 50 °C
K 1h; B HNA 3 mL DNS iR 73847, Bk
% 10 min, ¥ ddH,O £ 25 mL, &
ODs400

CMCase I Pl & 2 BOSCHR[20] : ¥ 1% (T
HRBSBORTPHAHZWET 25 mL RE
VENTEY, A 0.5 mL LB, xF A 2H hn &5 &
100 °CK G HLEHR , 50 °C/K¥ 30 min; B )&
A 3 mL DNS IFHI#E5), Wh/KHE 10 min, 2240
J5 i ddH,0 % 25 mL, %E ODsy0

HIE AR R R ] - FRE 1 g To7K CeH 1,06
T ddH,0, 100 mL &%, K HFEHR 0. 0.8,
1.2, 1.6, 2.0, 2.4, 2.8, 3.2 mg/mL % R 5|1
B o IAZE RS IR 2% 1h I (50 mmol/L) Il DNS
IRF], ME ODsao, LARIZIMEHR B ARG AL AR | Ot
WS AL A D\ A 2 il s o T 2

FPase 55 CMCase i X . 42 ElL
KA AR B8 1 pmol 4 25 4% A B R 1Al G ) PR
fE(1U),
1.6.3 Xylanase ;&£ E

Xylanase i P & 2 BOSCHR[20] 4% 1.5 mL
AREPAER (1 mg/mL)ET 25 mL B MERIE
Yy, I 0.5 mL B, *FHREZEINSF5 100 °C
KGR, 50 °C/K¥% 30 min; FfifEANA 3 mL
DNS #3524 , 37K i 10 min, 2 #1570 ddH,0
% 25mL, JE ODsyo

AREWEIREM L2 . 20 1.6.2, Bl 0,
02, 0.4, 0.6, 0.8, 1.0, 1.2, 1.6 mg/mL % &
G BE AR RBEA W, 73 5D E ODsgo, LAKRZR
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B B R B AR A L S ISCAE A 2\ A B 225 1 A o4
IS

Xylanase 6 & X [A] 1.6.2,
1.7 HiEHH

FH SPSS 26 #k4T B EME41HT, R SigmaPlot
12.5 1

2 BERE55
21 HAEKRERETHEKEBR

HER 111 DNEERAE 5. 10 1 15 °CHI R 5445
WRER, 5°CHRIFTA 2 MrkER, Ik o6d

F1 AREFRKEREBEERKEXEMKBEREERER
Table 1

HIH 75 EAEH 5.45-23.43 mm; 10 °CEKETA
100 MEHAK, H3F 6 d WEEFERN
3.76-31.24 mm; 15 °C&MF T 2R E K,
Horp 13 #R355 5% 6 d MEVRER T 60 mm, fx
KRE7EF12 15 82.25 mm (£ 1),
2.2 A EBRKBTHERFIAREERE LT
H T HIEPR LD W REYS CMC-Na #il Xylan 4
o, AR B TE 0K A% B B ELAR KNI TR
R PR K AT 4 22 UK SROBE I RE T, B oK A g
J3(D=0 mm). 55/Kf#HESI(0 mm<D<30 mm), H
K ARAE S1(30 mm<D<60 mm)Fl5H /K fif fE

Growth rates at low temperature and hydrolytic zone diameter of Trichoderma strains

L% A= WA KRR IK SRR W R 2T 4t 2R B AR SR A2 W 18 B4R
Strain No. Colony growth radius (mm) Hydrolyzed by CMC-Na and xylan
transparent circle diameter (mm)

5°C 10 °C 15°C CMC-Na Xylan
11338 0.00+0.00 10.09+0.37 48.554+3.67 37.45+£2.09 33.12+1.97
TC515 0.00+0.00 7.97+0.51 31.56+0.32 36.35+1.94 34.11+1.15
TC688 0.00+0.00 16.02+0.36 54.06+0.57 74.30£3.01 90.00+0.00
TC685 0.00+0.00 18.21£0.78 56.46+1.10 73.48+3.66 90.00+0.00
11328 0.00+0.00 6.16+1.22 44.84+5.40 29.95+1.14 27.18+1.03
11331 10.47+0.64 17.03+1.89 43.294+0.26 23.33+0.95 21.924+0.69
10088 9.13+0.68 14.43£2.08 70.80+0.79 27.27+0.13 44.66x1.07
8989 0.00+0.00 7.54+0.48 34.03£1.00 15.42+0.84 39.46+9.17
8234 0.00+0.00 9.55+0.35 62.34+1.21 39.89+1.12 27.124+4.58
TC621 0.00+0.00 14.26+1.60 60.71+£1.96 43.57+1.33 41.69+14.01
7985 0.00+0.00 10.55+1.22 69.06+0.65 69.02+2.16 90.00+0.00
9027 7.81+0.52 13.48+1.01 46.34+6.61 50.98+4.75 69.16+1.20
TC689 0.00+0.00 14.72+0.49 50.16+0.38 34.90+1.54 40.50+14.52
8704 13.8140.53 24.06+1.55 46.71+0.72 50.18+0.77 70.31£1.78
9869 10.85+1.45 17.94+0.40 50.19+1.57 37.68+5.50 66.57+2.77
9792 10.33+1.55 14.69+1.21 59.65+1.13 35.06+0.89 40.02+2.08
10173 0.00+0.00 14.20+1.82 33.11+1.81 39.18+0.82 56.66+3.94
11537 9.16+1.38 9.04+0.74 60.24+1.10 35.16£2.01 26.27+2.28
11166 10.31+0.80 18.37+1.26 49.63+1.02 55.15+2.77 88.33+2.89
TC966 0.00+0.00 7.59+0.56 59.03+1.78 52.21+7.37 18.2543.05
9244 0.00+0.00 0.00+0.00 28.01+1.53 16.82+0.47 16.82+0.47
7932 10.10£1.26 15.86+0.43 40.85+0.84 0.00+0.00 0.00+0.00
8019 0.00+0.00 14.3340.55 29.06+1.09 0.00+0.00 0.00+0.00
8085 8.95+0.95 15.30+1.11 33.99+1.13 37.38+2.29 59.64+5.51
9278 0.00+0.00 0.00+0.00 33.43+1.12 0.00+0.00 14.81+0.62
7896 0.00+0.00 12.03+0.75 29.21£1.23 0.00+0.00 14.09+0.27

(Fk)
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EE3))
L% A= WA KRR IK SRR W R 2T 4t 2R B AR SR A2 W 1) B4R
Strain No. Colony growth radius (mm) Hydrolyzed by CMC-Na and xylan
transparent circle diameter (mm)
5°C 10 °C 15 °C 5°C 10 °C
9704 8.10+0.62 14.54+0.72 23.18+0.79 0.00+0.00 14.26+1.79
10178 9.73+0.86 13.17+0.28 33.00+0.37 0.00+0.00 0.00+0.00
TC789 0.00+0.00 0.00+0.00 53.36+0.71 56.24+2.55 90.00+0.00
10648 0.00+0.00 0.00+0.00 26.36+0.90 39.97+4.18 56.32+3.24
TC680 0.00+0.00 10.80+0.42 36.58+0.73 36.59+0.76 27.68+0.72
TC810 0.00+0.00 11.79+0.26 43.92+0.59 46.61+1.98 35.14£1.55
TC521 0.00+0.00 16.41£1.29 43.00+1.56 50.92+11.66 32.43+1.32
8881 11.82+1.36 9.62+0.76 44.85+1.16 38.51+1.76 32.73+1.44
TC484 0.00+0.00 8.68+0.75 43.27+0.82 46.09+1.06 24.64+1.68
TC505 0.00+0.00 17.88+0.28 47.64+1.87 64.63+4.51 66.13+£3.28
TC96 0.00+0.00 7.64+0.95 40.87+1.19 41.47+1.46 48.00+1.63
TC110 0.00+0.00 13.06+0.64 48.17+0.47 54.56+2.80 58.31£1.10
TC800 0.00+0.00 9.32+1.25 44.41+0.57 52.27+5.26 58.95+0.82
TC292 0.00+0.00 19.82+1.05 51.83+0.57 68.34+2.51 60.17+0.28
TC835 0.00+0.00 14.02+2.02 44.40+0.86 51.50+6.52 80.42+1.92
TC425 0.00+0.00 13.92+0.36 58.08+1.24 65.04+3.19 77.65+0.88
TC777 0.00+0.00 0.00+0.00 9.86+0.08 26.52+0.30 31.87+1.04
7723 12.09+1.33 16.44+0.81 61.99+1.79 49.21+£0.96 27.44+1.38
9065 9.50+1.79 18.12+0.48 50.88+2.45 48.37+1.46 71.77+1.54
9024 16.89+0.95 15.16+0.35 46.68+0.53 24.04+4.29 52.56+2.51
11818 0.00+0.00 0.00+0.00 34.71£2.12 0.00+0.00 66.68+0.67
8985 0.00+0.00 9.48+0.41 40.51+0.43 53.85+0.46 46.65+0.44
7819 0.00+0.00 12.72+0.73 52.44+0.50 38.99+0.78 37.64+2.84
8706 0.00+0.00 0.00+0.00 40.97+1.74 67.64+1.69 70.43£1.78
9052 19.2246.03 14.83+0.36 57.28+1.55 73.53+0.81 66.91+1.59
9107 0.00+0.00 8.79+0.37 48.57+1.35 44.78+1.59 41.50+0.36
9715 14.60+1.25 13.60+1.54 40.12+1.46 41.43+£36.26 48.27+5.58
9708 10.01+1.31 25.81+1.48 49.354+2.93 49.57+1.06 58.79+4.89
9769 10.78+0.78 21.35+0.93 54.30+2.80 43.18+12.25 68.47+4.81
8942 0.00+0.00 12.15+0.80 57.68+5.33 33.05+3.25 46.62+1.42
8979 0.00+0.00 13.34+0.99 69.71+1.81 53.07+2.37 69.19+3.03
TC670 0.00+0.00 17.96+0.90 64.47+6.73 47.62+2.22 42.50+1.99
9868 0.00+0.00 9.24+1.64 49.56+5.15 33.05+1.09 49.254+0.80
9929 0.00+0.00 10.68+1.15 43.78+5.07 24.90+0.76 29.50+0.97
11401 0.00+0.00 8.78+0.27 68.30+5.82 39.80+2.61 17.05+£3.72
10066 0.00+0.00 0.00+0.00 41.26+0.79 58.49+1.27 90.00+0.00
10089 0.00+0.00 0.00+0.00 47.55+1.41 68.92+0.08 90.00+0.00
9195 15.05+0.99 23.53+0.33 43.39+1.23 0.00+0.00 0.00+0.00
8932 10.03£2.78 21.76+0.40 63.81+£2.94 65.59+1.49 71.95+1.87
9758 13.93+0.43 18.85+0.26 41.63+1.52 45.55+1.51 47.91+£7.49
11174 23.43+5.95 31.24+0.49 82.25+8.23 90.00+0.00 90.00+0.00
10783 10.78+0.78 22.71+0.56 48.49+0.91 41.23+1.46 44.89+3.75
TC275 0.00+0.00 16.22+0.38 34.27+4.73 36.27+1.33 42.75+5.33
(F548)
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L% A= WA KRR IK SRR W R 2T 4t 2R B R S A2 W 1) B4R
Strain No. Colony growth radius (mm) Hydrolyzed by CMC-Na and xylan
transparent circle diameter (mm)
5°C 10 °C 5°C 10 °C
11257 12.77+0.95 15.57+0.93 41.174+2.34 51.81+2.13 64.94+2.89
9152 0.00+0.00 8.55+0.14 52.90+£1.91 0.00+0.00 63.85+1.54
9371 0.00+0.00 7.44+0.77 30.77+£1.43 47.15+£3.24 53.30+2.67
11351 0.00+0.00 7.49+0.70 22.52+1.16 11.41£1.40 48.24+1.39
TC272 0.00+0.00 8.15+0.67 47.85+1.69 43.76+£2.25 49.27+0.62
TC223 0.00+0.00 31.07+0.22 59.96+3.70 43.924+0.96 73.98+2.83
10887 0.00+0.00 17.50+1.46 27.824+2.09 55.10+3.01 90.00+0.00
7921 0.00+0.00 15.63+0.37 39.20£1.97 61.42+1.73 90.00+0.00
8987 10.94+0.99 14.47+0.21 46.02+1.11 67.73+£2.28 62.18+2.03
TC84 0.00+0.00 15.54+0.36 35.36+1.64 42.01£1.67 49.55+0.32
9360 10.514£2.12 17.50+0.45 37.86+2.42 58.71+2.10 52.44+14.03
8931 0.00+0.00 11.05+1.14 37.84+0.85 49.72+0.59 44.36+1.62
QM9414 0.00+0.00 0.00+0.00 6.68+2.71 5.64+4.89 27.72+0.84
9754 11.56+0.55 16.40+0.49 41.38+0.30 0.00+0.00 73.65+0.92
9761 0.00+0.00 0.00+0.00 39.40+1.69 49.66+3.88 52.10£0.62
TC143 0.00+0.00 3.76+0.15 32.83+£1.22 13.80+1.34 15.40+0.56
TC772 0.00+0.00 3.85+0.46 33.55+1.17 9.19+0.12 13.56+0.53
TC774 7.79+0.96 12.98+0.49 34.12+0.22 70.74+2.02 90.00+0.00
10094 0.00+0.00 13.89+0.37 42.95+0.32 42.68+0.49 42.35+2.40
9154 8.92+1.71 17.95+0.22 47.55+1.28 75.69+2.50 77.98+2.15
9145 0.00+0.00 13.41+0.96 41.264+2.39 90.00+0.00 90.00+0.00
8798 0.00+0.00 12.00+0.65 49.65+0.59 60.71+3.23 60.88+0.61
10125 12.31£1.89 14.86+0.62 45.61+0.65 50.16+0.85 53.60+1.32
10132 0.00+0.00 4.16+0.15 21.77+0.37 10.99+0.75 0.00+0.00
11532 0.00+0.00 15.13£0.12 73.75+1.54 61.58+2.27 90.00+0.00
TC168 0.00+0.00 5.18+0.10 21.23+0.48 24.11+0.37 33.36+0.45
11667 5.51£0.25 5.12+0.14 35.29+1.94 28.64+0.38 33.77+0.85
11681 5.45+0.37 6.81+0.30 35.97+0.08 38.31+3.23 35.43+0.76
9947 9.10+0.79 16.85+0.32 39.70+1.17 0.00+0.00 0.00:+0.00
8056 0.00+0.00 11.28+1.52 45.00+1.42 35.46+1.17 67.87+2.31
10129 24.36+2.16 27.65+1.27 58.74+2.14 0.00+0.00 19.28+1.94
TC422 0.00+0.00 16.78+1.01 52.31£1.45 0.00+0.00 33.44+6.18
10363 0.00+0.00 11.91£0.13 61.52+1.21 10.02+1.17 22.244+0.25
TC420 0.00+0.00 17.66+1.62 57.00+1.40 13.40+0.66 32.49+13.12
TC335 0.00+0.00 24.38+0.71 47.74+0.36 0.00+0.00 90.00+0.00
11350 12.34+1.08 15.50+0.85 42.67+0.64 53.84+2.96 43.8242.20
11590 9.68+0.93 17.68+0.32 47.15+0.50 58.89+1.23 29.53+1.81
8082 12.21£0.40 16.30+£2.26 32.33+0.74 33.63+2.12 42.64+6.21
9304 0.00+0.00 11.91£0.69 28.39+0.84 0.00+0.00 0.00+0.00
TC12 10.71+0.61 20.904+2.35 44.85+1.67 44.35+1.59 74.93+0.92
TC923 9.53+0.29 29.17+0.69 56.41£0.79 90.00+0.00 90.00+0.00
TC897 10.70+0.94 20.52+3.39 49.50+5.00 55.01+1.02 90.00+0.00

TIHEL 7 1A 705 of 2T 4 28 R SOl L AT 588 K it BE

Numbers in bold indicate strong hydrolysis capacity for cellulose and xylan.
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(D=60 mm). Z5 L E~, EHE ERE KT 60 mm
PIBEHEA 19 ¥R 1, WG S, He,
Hikk 9145, 11174 F1 TC923 /K fi# CMC-Na Fi
xylan % B Fl B2 4435 90 mm.,
23 AREEKRM ERBFTFHIEXPERE
FORFEFFRAR I 2 25 50, /Kfif CMC-Na
Al xylan #E I HAA KT 60 mm 19 19 S E T E
KFEFF 10 d BIFHXT AR 3R 0.45%-8.09% (£ 1),
H:rp g 52 B K 25 (Trichoderma simmonsii) 9145
i) RDR e, 15 8.09%, P AREE(T. atrobrunneumn)
TC688. IRLEAFL(T. atroviride) 7985, #PIRAE
(T. hamatum) TC425, P45 i A% (T. sSimmonsii)

10 -

w RDR (%)
(@)Y
|

R ab abc
abcd
i bcde
[ — — I IR P

E1 KEFEMBEERZEXT 60 mm BARSEKN ERFEF 10 d BIHEXTPERER

P A A7 7 2 5 1 22 5 (P<0.05). T[]
Figure 1

8798 Fil 9154 ) RDR 433ll°H 6.28%. 5.67%.
6.23%. 6.10%F1 5.87%.
24 AHEZRERE. RPEFEZRMBAK
RIERIEM
P P A 45 SR S, TR RR 9145, TC425,
TC505 F1 8987 fi) FPase il CMCase 5 PERfi#E B 5%
A ] R BB, AR A — (K] 2A 2B),
FPase WGP TH, FE55 14-28 K], Wtk
TC425 F1 9145 ANWkéhn, 55 28 Kb # i KIE (5
519 0.378 TU/mL F10.196 IU/mL); 7E45 14-35 K
W], 8987 HI TCS05 #5452 FWE, £ 35 R MIRARME
(435124 0.094 TU/mL F1 0.050 TU/mL).,

Strain

ARG TR R AL

RDR of maize straw by Trichoderma strains with the diameter of hydrolytic transparent circles

more than 60 mm for 10 days. Different lowercase letters above the bars indicate significant differences
among isolates according to Duncan’s test at P<0.05. The same below.
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Figure 2 FPase (A), CMCase (B), xylanase (C)
activities of the representative strains at the 7-35th day.

CMCase {&PEJ7 T, Btk TC425 F1 8987 7E
55 7-28 REFLLTHR, FE5R 28 KK KA (5
W4 0.615 TU/mL il 0.413 TU/mL); 9145 7£%5
7-35 RERKE I, TREE, 7825 28 Kik
% KAE(0.539 TU/mL); TC505 7645 7-35 K5k

TREE B R TR, E5 28 RikRK
{£(0.351 IU/mL).

Xylanase i&VE 5T, FEBE 9145, TC425 Fl
TC505 7655 7-14 R TR, BEfE XG&H 7t
%535 K, 9145 Fl TC425 WG Mk B i, 4
54 0.113 TU/mL A1 0.137 IU/mL (¥ 2C).

2.5 BEEIESRMMBEMXR

HFk 9145, TC425, TC505 F1 8987 L4
7-35 R4 EAKFEFFAY RDR WLIE 3, itk TC425
19145 fit) RDR 7E55 0—14 K1 21-28 KRG K 45
M, FA 5 Rk FPase il CMCase [iff % i
HER B Rl — 32 26 35 K, FAk TC425 F1 9145
f) RDR {1k 18.95%F1 16.82%.

3 W54 ®

B 3 R B R (B R (R AR R
TR BT e RSEGROKIELY S EAR B L
P REFFIA R ORAP B L b ) TR AR
Z—, BRI, PR X B RAENES
TR 1A, R SR EE IO H AT 2 a7
o WEARIMXIAT KRR, H
TREFMBRAN TRAED AR, E1Fe

20010 g5 a
CTC425 a b
. Bl TC505 b
S 150 £I8987
g a
C
& N, b c
é iOO I C d d
o d
N d ab b
g 5.0 b c
C
0.0 7 14 21 28 35
Time (d)

3 KREHKRESE 7-35 X3 ERKFEFFHIEXTPE
e

Figure 3 RDR of maize straw by the representative
strains at the 7-35th day.
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RS T B SRR ff AR K L RTIIR, AR
AR TR LGRS, HIE,
SRR IR o e e S A ) T A ) B D e
RO PR - MRS AT A S A I i
BERTE,

R, K& . H8%. ME. BEW.
ZEAUATBR . 4R TR R A6 BT 45 A e AR UL 2%
THA R RE AL Y, Hd, K%
H1 T RE 23 100 1 2R 48 4 1) 27 4k 2 /K A I A 21 4
TR, FERSFF RN A 5 1 75 32 5 TR0,
[, 208 AR 5 PR BT IE N R, o Fh I A T
MRIRARE, B R A TRt T8 X P,
PRI, DR A A i O R 52 194 A AR g % U o O
VEMARTE = RS FT AR RR , PR AN [R]Ff
[ b [ B AR IR A T 32 4, IR i eI AE
AN B B i Bl G SRS AR R G R, B
A T2 NS SO SE BN AN

ARG ARREIE 31 Fh 111 4RI AR
i 52 A EORFEFFRE MR RE S P, S5 R, fr
B IR BRI RELE 15 °CA K, F 43 BB AE 5 °CHI 10 °C
A, —SERE R R ORAEFE, X B bR
LE THARAR . WEITARE . IRGARR AR
W AR FE ST, Fo PR B FPE SRR 8 T4
B FE RS PR EEAE I . WM L AL SE AN
MEMTZ 040, Je g RE AR,
KREARGFEFES, TSR R AR
TXTFERT B RE ) T B, S S A AR O
TAE AT B TR B AP ST R B S, [
IS A o B 473 5 TR e 2 — 25 i K RS A R £
MY

KT A RS FE R fR AR 01 0O PE I 7 T A AE
AL, o ZEMBUA Ry, AR /K A B 5 1 %
() LU AR SR T35 2 2 R TG 0 46 200T LATF-H 18T Bk
(P27 4E R BERE /). Baskaran Z5POHR RIS 4T
Y (57 W K i P KON B IR R & R 4 R

MERE ST o AR REBD], SWIRLIY Ak
77 A K S 27 I PR A T 0 A A TR R Y
PR YERBGRE T, UNTE AR 9145 B LAY % B 1 E
5% 90 mm, FHXFFEKRFEFF 10 d 10 HE X B fift
R m (B D). Hik, @i W e k™A
) 7K A 325 W P /DN AT s o A D e 1 R
B

A A7 T B TR 7000 6 T A AR RIR I A Y
el , WngEanpr 0 B oK L A
TR S A E AR, 76 15 CHRMF T X E
KFEFFIRE RN 32.21%. K85 0N k2
M44 EAH AT 15 °CE 32 20 d, X F KRFEFFRY
R i 2 L BB A 75 12.25% . F— SR P i 5%
T, LAl a B B BT 5 RS FF 0 R A 08 1 i
ETE . AR EN TREE 31 Fh 111 A
IR K SR AT e R TR R B AR . 194
BRI X 6 KA FF B4 AF X 4 A 2% Sz RDR AN [R] (1)
4 N TERRTEAS [ A e B B 10 21 4 2 il R0 A SR
PEmETs , O B AIRAREE TC425 T 15 °CHs
75 21 d % EKRFFFAY RDR K 13.21%, #5535 35d
f) RDR Al 3k 18.95%, LA b5 % BARE Bk G B i
R, MR R R AR . SR,
HR A PR WAV EA A SIS,
PRI L T 43 S0l 7 A A B8 ik 1 S (] B B 434
M, HHeisneeis, e AL,
R fR ORI 2 LT — bk, Je 2 ik
— 538 ) R R B S A T BRI

i 3 LA v 8 o R T 10 I TR R R A T R
PRild . BRI RS, HLEERIE IR, A JE )
WFFE I ORI T 1A W e e i AT i AL, B
W | pH J 42 J& B T X pii ik = 41 4k Z il e
(RO, B R B AR RS AT I 2T A R . AR R
it S5 FH ST 22 1 sBIL, AR R AN TR il P i
JE T 37 6 1P RE2E R 25 5, $ATC 2-3 R4
TR FH L T JE SR e B8 el BRI F
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