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Induction of Thiram-resistant Isolates and Chitinase
Biocontrol Properties of Trichoderma harzianum
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Abstract; Four mutants of Trichoderma harzianum Th-30 were obtained by UV-light and thiram stress
on PDA medium. They were resistant to thiram and could grow normally on the medium mixed with thi-
ram of 2. 0 x 10’ pwg/L. The result of toxicity test showed that ECy, of thiram for the mutants were 10
times higher than their parent strain Th-30. A mutant, UV4, could grow well in in high thiram stress
and produce biocontrol functional chitinase, which inhibited 85.43% of sporulation and 68. 88% of
pathogenicity of Colletotrichum lagenarium, causing cucumber anthracnose, and degrade cell wall of
the pathogen. The mutant was stable genetically, suggesting that it should have the potential to be
mixed with thiram for vegetable disease control.
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MR AREE T Th =30 ( Trichoderma harzianum Th
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JUT T (SIGMA) 5 N - Bt - D - 4%

B (SIGMA); DNS i{5: WAl g, 3,5
- TR K AR 3.15 g, NaOH 20 g, 2K} 2.5 g,
T RERRSN 2.5 g, dH,0 1000 mL; 75FEEhVAN :
KH,PO, 20.0 g/L, CaCl, - 2H,0 3.0 g/L, MgSO,
+7H,0 3.0 g/L; IR EAE: MnCl, - 4H,0
1.6 ¢/L, ZnSO, - 7TH,0 1.4 g/L, Fe (NH,), 5.0
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28 Papavizas 2517 )5, 7E 50% 426 WA
P 1.0 x 10* e/ L KR PDA 85552 5674 1
TRIK 1.0 mL HESRE A BRI (1.0 X
10°cfu/mL) , 25°C TG 24 h 5, L &E T 20
W LHMTE T 30 em b, ZiR 20 ~23°C i KT+ AR
5520 ~50 min Ji5 5 bR % RIS 5C &4 N,
WHETREE20CTERT 4, i FiEik, %
IR IE FER 5 1.0 x 10* ng/ L 50% 4§ 36 L
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pg/L AR BOIEH A KO R RS Wbk, 7>
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JE R (K1), 50% 48 36 XUA] {4 7 % 4
AN RASTHIRI EC5 3518 2. 51 x 10° pe/L, 2.127
x10° pg/L, 2.333 x 10° pg/L, 2.567 x 10° pg/
L, RAWFEAE Th -30 (EC, N 2.1 x 10
neg/L) w110 £,
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B FEHEE I SR L 1, FEFSEARE T,
SRR UV -1 5 UV -4 (KR 518 1. 641
mm/h il 1.806 mm/h, FbH KBRS, 2855 HEk
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Tab. 1 ~ Growth speed and sporulation capacity of
different resistant strains
- AR R/ i
AT it IR i
. (mm-+h™") (cfu - mL™")
strain
growth speed spore number
Th - 30 1.576 1.34 x 10°
UV -1 1. 641 1.31 x 10°
UV -2 1. 546 1.23 x 10°
UV -3 1.451 1.29 x 10°
UV -4 1. 806 1.32 x10°

2.3 fiif 4 98 WU B PR L T 1 B 5%
2.3.1 AFEIRFERERRILT BEIETE

FIFJUT Wi 5 s 95 X AR & 47 )L T I
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TEFESE, AESEIR UV -2 %8 96 h JLT i 71
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JRMEE /11K 2. 11 U/mLs A2 5 R bR UV -1 LT i
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FEI R ATV ERT P /N TR AR AR ST, R BRAURE S
BR . BICHIELNA B R P TR 22 9 T 14 400 74 Pl 2 1)
KF[11.3, 22.2, 14.7 mm, ¥ RKFEARRFI Th
-30, SR UV =3 X5 7 i 0K 203 A 1 300 o 4
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Tab. 2  Antagonistic efficiency of chitinase of different strains on several pathogenic fungi

— B E 45/ mm  antibacterial circle diameter
strain BT 22 1 A KA AL T BB VU TS 229 1
Fusarium oxysporum Botrytis cinerea Phytophthora capsici ~ Colletotrichum lagenarium  Fusarium oxysporum
Uv -1 13.2 £1.57 aA 18.2 £1.18 aA 10. 3 +0. 85 bA 18.5 0. 80 bC 12.3£1. 14 aA
uv -2 12.6 £0.72 aA 17.4 £1. 66 aA 11.5 +1.83 abA 17.1 £1.56 ¢C 14.1 £1.91 aA
Uv -3 13.5+0.79 aA 18.8 £2.19 aA 13.1+£1.02 aA 16.4 +1.51 ¢C 13.1 £1.60 aA
Uv -4 12.7 +£1.92 aA 18.1+1.35 aA 11.3 £0. 87 abA 22.2£2.36 aA 14.7 £1.42 aA
Th -30 14.4 +£2.31 aA 18.4 £0. 82 aA 11.2 +£1.47 abA 20.7 +0. 56 abAB 12.5+0.92 aA

TE: Bl “PRME £ ARERT R
SR (P<0.1), M.

FIFT B S A R/NG FRER R 225 B3 (P <0.05), ARIRE FhRERR 2%

Note: Values are means + SE. Different lowercase within the same row are significantly different with LSD (P <0.05), by

different capital letter are different with LSD (P <0.1)

. The same as below.
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2.3.3  SAEAREEJUT JRMEEXT TR 1™ 7
2 L BE ) 5
USSR, WLIE R RER UV -4 19
RS, PrRH UV -4 AR RERE, AR5 H X
TR IELIA T 7 F0L R ) B A BE AR A . A
KIWLEN, UV -4 JUT R B 8 I
JECS B =AM 3k 74.73% , Zead b HR Al

=3

JLT RGOS SR 6%y 64, 67% , Tt 2 L
TIRAPHERE (50% 4 0 EC £t 1.0 x 10° pg/
L) X35 B A A T s, 3k 85.43% ., JLT
TR . LT RRHLA . 25 L T e
ML AL B 2 TSR A 2 PR 1 TR
B 1130, 870, 1370 ng/mg, FIHR 22 401E
BEE AL T IR

REEK UV -4 LT Rl &N RERENER

Tab. 3  Effect of chitinase of UV —4 strain on Colletotrichum lagenarium

4k 3 P/ (cfu - mL7Y)  MHIR/% B ERES R/ (ng - mg ")
treatments spore number inhibition rate reducing sugar content
JUT il % % % Chitinase fermentation broth 1.18 x 10° 74.73 1130 +88.20 bB
JUT RS HLEE W Crude extract chitinase 1.65 x10° 64. 67 870 +30. 32 cC
T 25 LT R (& 4835 X0 Fungicide tolerant crude
extract chitinase ( includinj thiram ) 0.68 x 10° 83.43 1370 £61.26 ad
Xif B control 4.67 x10°

2.3.4 Tl EPUKE JL T BB 8 IS B 1l
SO ) B

25 PEILT B MR SR M (R E XS 4 1.0 x
10° g/ L) ok 8 JICHIECR 90T B0 1 (90 5 g
53.10% ~68.88% , A S0% 4 3 XL EC {4
HR N 51.33% ~67.86% , RNELMILT HEERE

RSN B TR AFL I B8 965 00 1 59 40 ) 5 Ay
44.25% ~ 60.20% #F1 38.94% ~ 55.61% , i 5 ik
W], TR SR UV -4 7R SRR DL T
REIE R A B LT -5 A8 900 A i RO 4 i
XA ERHERIBOR (F4) . hgRal [, JLT kR
BB R R A TR T ILT oA AR

Fd4 ETEK UV -4 JUT REs # R ER B 8T 3R R0
Tab. 4  Effects of chitinase of UV —4 strain on pathogenicity of Colletotrichum lagenarium
RBE B A2 R/ mm A/ %
AL treatments diameter of disease speckle inhibition rate
7d 11d 7d 11d
JUT Jifif /& e 5 Chitinase fermentation broth 6.3 £0. 62 beB 7.8 £0.52 beB 44.25 60. 20
JUT R 42 Crude extract chitinase 6.9 +0.61 bB 8.7 +0.66 bB 38.94 55. 61
25 LT B (S Hm35 %) Fungicide tolerant crude
extract chitinase (includinggthiram) 5.3+0.98 ¢B 6.1+0.53 cB 53.10 68. 88
& EC Thiram EC 5.5+0.61 ¢B 6.3+0.82 ¢B 51.33 67. 86
Xif B8 control 11.3 £1. 06 aA 19.6 £2. 17 aA

3 i

SRR MAIEY S Biih, AT LR A
S, R X PR RS e a8 KA A 1k
SRRSO U AR, R i A
WA AR SRR, DA R i 1 AR A B e
FIEH ) B A RIOR ™ o AR gE o A TS,
JEINAAT 4 ARS8 900 A= v FE ST HLRERR A it

FRMBTPETEE, X S8 XU ECy, b i 27 AR TR ik 44
B 110 f5LL L, A AR R AR B R R A 2
FIAHURYE | B K TR A Bk he, ER R
AR B 5 AT P R 2800 78 25 6 B IR AR & v R 434
IR AT RE o

AREEILT TG b JLAR S [ 9 7 i B Aa
Hr N - Ol - o - B A B (N - acetyl glu-
coseminidase) A1 JL T Z#fif# ( chitobiosidase) X}
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