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Abstract: In order to investigate the biological characteristics of Trichoderma brevicompactum and bio-
control of T brevicompactum against plant diseases, a Trichoderma strain GAS1-1 was isolated from
rhizosphere soils of continuously cropped potato in Jingtai County, Gansu Province. The taxonomic sta-
tus of strain GAS1-1 was confirmed with morphologic observation, rDNA-ITS and EF-la sequence
analysis. Nutritional growth and sporulation conditions of strain GAS1-1 were ascertained by using bio-
logical method. The inhibitory effect of the strain GAS1-1 against five plant pathogenic fungi was deter-
mined by dual culture. The results of morphological and sequence analysis showed that the strain GAS1-1

was identified as 7. brevicompactum, which is a firstly recorded Trichoderma species in Gansu. The
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strain showed strong antagonistic activity against Fusarium graminearum, F. verticillioides, F. oxyspo-

rum, Pythium inflatum and Botrytis cinerea. In particular, it produced the highest antifungal activity

against P, inflatum with an inhibition ratio of 100.00%. The study of biological characteristics showed

that the optimum carbon and nitrogen sources of the strain were glucose and yeast extract for mycelial

growth and sporulation, respectively. The strain could grow at 15-35°C, and the optimal hyphal growth

and sporulation temperatures were 30°C and 25°C, respectively. The strain could grow at pH 5-12, and

the optimal pH value for hyphal growth and sporulation was pH 5. The most favorable condition for my-

celial growth was 24 h dark photoperiod, while the condition of alternative 12 h light and 12 h dark was

the most favorable to its sporulation. The lethal temperature for spores was 69°C for 10 min. It suggest-

ed that this strain of 7 brevicompactum has biocontrol potential against plant diseases.
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KB & Trichoderma Pers. & 1 5% 3 A HLA
FEARK T 5 AEWREE o B A R R
PIAMA Sz DRHAE TP B 3510 A 2 A9
Bij 36 55 7 T %) 1 T A5 31 32 26 T (Wein-
dling, 1932; Ghisalberti, 2002 ; Harman et al., 2004) .
KA IT 45 R B BT 2 PR 9 o A
oM, i E e S RE 5, vl e AR A B
FP RIS HUAE FH A5 22 R LI R R 21 2E B 45 H (Har-
man et al.,2004; £3%5,2006) . A% A 0 i3 2 A 0% fhf
FEZF TR 22 b, 53 A L G5 A 200 BB )5 2385 2
FH 2 W HUE 7 (Bae, 2011) , B0 1 70 2 Fh vk 4=
AR Py 100 ) B8 L 2 2K FE 0 B 1R (Saravanar et al.,
2016) , NI 2 B34 352 SR 7] AT G 38 ERIR LA
e R A T AR A 4 F B9 VE H (Krauss & Sobera-
nis, 2002 ; Burmeister & Hau,2009) ., K& Fif ] 5
TP BB G R R AR K B A
PR B PSS (Zhang et al., 20145 47 2% 4%, 2016 25
PAMSSE,2018) .
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A 91 R ORI SCHL, 2014) , RPIFRE EA +
B R FE IR RN A ) 2 REME (2RI 45, 2018) .
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% T harzianum . 5% O R B T viride MK KRG T
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Hau, 2009) /K Ff 8CH o (52 KUK 45, 20055 X126 T°
45,2010) A K ER (£ B 5 ,2012) (B TAR 250K
(A H BRI ST, 2016) R AT M 5% 26 U (Zhang et
al. ,2014) Jh=KZE5L000%9 (Dawidziuk et al, 2016) |

AI 0] E ISR DR AR I8 (Krauss & Sobera-
nis, 2002) ALY 19 LEPIBiIG . Dawidziuk et al.
(2016) A5 & BB AREE RIS 25 3L 179 1R Lep-
tosphaeria maculans G INHIVEH] , TERKZ=MT 73 90
T, A BT S 25 R B 1Y) i R A
TR 5 R BAT By T 4 firk A 0 s ke A 3 it DA
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IR SO , T EL KR A % 2F SR BAT
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TY009 B v ARG K RESOR o A, I3 2L AR il
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P IR L - 5 % 24 ) B 3 IE (potato dex-
trose agar, PDA) 557 5L : B35 200 g HIHIME 15 ¢.
BRI RY 12 g ZE18/K 1 000 mL; 5k 5 35 BfG (spezi-
eller nahrstoffarmer agar, SNA) 15 ## 5L . KH,PO, 1 g
KNO; 1 g .MgSO.-7H,0 0.5 g . KC10.5 g K 0.2 .
%M 0.2 g B5IE 20 g ZEMB/K 1 000 mL; 4% 274
i # (potato dextrose, PD) 55 FR : 44 5 200 g
% B 15 g 2818 /K 1 000 mL; 7K B g (water agar,
WA) B5 323 B IR By 12 g &1 7K 1 000 mL; fil (%)
J5 L Rl B 9% %5 . NaNO; 3 g K.HPO, 1 g, MgSO, -
7H,0 0.5 g . KC1 0.5 g . FeSO, 0.01 g HEW 20 g Fiiflg
12 g 717K 1 000 mL.
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AAEYPHEA PR A HEE A 20 DNA Pt $2 0
Mg, BT A TR B ARAF . PRX-
450C N TAM5AH , T I BB AR L B 28T s DY Y-
12 B HL KA, BT 7S — A% &8 ] 5 7500 ABI Real -
Time PCR System, 3¢ [ ABI /A 7 ; BX43F Jf:2F i 3
B, HZA Olmpus A7)
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2 d i PRIBUAAS TS T PDA - b alifb i35, 40 55
RAFERE GAS1-1, F2li1L )5 TR #R GAS1-1 T WA
g bt EORAE A
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2R %8 TR GAS1-1 32 Rl 7E PDA A
iEAL)E KB EAR 6 mm ST LA 6 L DE,
43 3% Fl T PDA A AT SNA - #ig H ok 15 3 IR
5o TE25CHEIR B IF T 3%, SR R VR Y
B AAER2 FE ORERE, LL48 hNTE T
BHETE HARKEE, TEREIHGA KB mE S
B AR R, 12 H BRBOE SR A, 6 A
B TSR T AR TE S HRAE , FE0EE 50 S H0ET , 4540
B LTS 204 21847 A TR] (2009 ) A 25 TR 46
FE TN GAST-1 R TR S %R

I FAEEF SR AR AR W b e
PD B5FR 0 vk GAS1-1 BT 2R R 37 B0 R

FHUEACTSE M 224K . % EF-1a5 4 (Carbone &
Kone, 1999) : EF1-728F (5'-CATCGAGAAGTTCG-
AGAAGG-3" ) fil EF1-986R (5’ -TACTTGAAGGA -
ACCCTTACC-3") ; IDNA-ITS i JH5 ¥ . ITS1(5 -
TCCGTAGGTGAACCTGCGG-3" ) f1ITS4(5'-TCC-
TCCGCTTATTGATATGC-3" ) #£47 PCR ¥ 1 , 5|4
PIAE TAY TR B A RA RS . 25 ul
FWiAA & :ddH,09.5 pL.2xPCR Master Mix 12.5 uL .
DNA #i#% 1 uL .10 pmol/L I F¥F5I#4& 1 L. X
N FERF : 95 C TSP 3 min; 95°C AR 30 s, 55°C IR k.
30 s, 72°C ZE{H 60 s, 3 35 A5 5 B 72°C 4iE i
5 min. P HEPREACAE TAY) TR () I A7
FRZS B o 2R A5 19 77 51 5 M GenBank #4f 2 H
G B A A EE EF-1a Al tDNA-ITS FA #E47 X,
FIIH DNAStar {4 LASBEEL i R G R B, i
PRI T IS HA
1.2.3 Bk GASI-1 344 9% R B H e 3 5 4E

K PR IRE 15 SR vk A T B R o PDA -
M F3535 3 d I BRE GAS1-1 15 2L 5 5 B 20 )
HEAE 6 mmITFLARH U UE B FPE GAS 1-1 1
DF5 KGR SR B TR BB R B AR AL R 25
TR K 25 2 T s TR B 7 40 K 8593 O 1 TR 4 )
FERNE PDA AR, 2 N EADFAREE 6 cm, DL HH:Hp
9 JEL R A AT RE 8 S IREE AR, 25 CE R 7R 5 d e, WL
S0 S0 I T A AR GAS -1 B 78 AR KB AR A
MBRCR (RAETESE, 2004 ; 255 ,2007) o AR
AR = O] BRI B TR 7 - A28 — O IRF 355 5795 BT P V%
AR ) 0T R TR TR VAR X 100%
1.2.4 E# GASI-1 £ M F 4 egn 2

B BRI RR GAS1-1 % 33 A K A= Al 5%
M)« A S B f () R LW 22 2 R R
RIS PETE N 53 ) B S At 7 5 v Fg AR ) 2
ANTRIRB R R B F7 5 5 DA E 4 %) DL-K T AT 2R
PR BERRE IR B MR R 43 ) 4 R
it 355 75 25 v ) s PR M ) 85 A [R) R T P 355 R 25 W TR
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FE 2 A T8 ORI E WE A K ER,Sd)q
FH B EobR Bk - e it (5 ik, 1998) o
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F5.10.15.20.25.28 .30 Fl135°C T HmE 1555, Ml 5E
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FH 528 S B
TSt od N

pH X TR Bk GAS1-1 78 374 1K 5 77 i a5 (1) 50
JH 0.1 mol/L i) HC1 1 0.1 mol/L £ NaOH £ K i
() PDA 15 753 pH 20 380 3.4.5.6.7.8.9.10,
11112, BERD TR DF IR 25 °C SRS 410 R 1S 3% , 5 1
AR HCR R i AR 3 R ERE 2 dfEH
TR O R VR A K EAR L S dJE A ER AR
B .

JEIEXT PR GAST-1E FRAE K S il i 1Y 520 -
B A 6 mm BIE PR E PDA AP o 7EATX
AR NI B 24 h ESE RIS 24 hiEZDEIR(40 W BB
§1) 12 h GG 2B 10 3 O IR &5 4 F 25 °C N itk A 745
I o DN TR VE AR A DR A fi i, T Ab PR IRE 3 IREE
2.2 dE TR kN wEE A K EAR, S dJE
1182197 TR 408

AR GAS1-1 434 T B BOL T I X - 2 1R
A (2016) )7 4R35 40 .45 .50.55 .60 .65.70.75
F180°C , Ab FHET 8] 24 10 min, WEEL A3 A= 107 0 & 1
Bl ARG, oy 5K 2 mL il TR Pl E T
66.67 .68 .69 “CTH L5 T AL FE 10 min, B & 8+

AR EAR,S dJa BRI

BB .
1.3 BiESH

K H Excel 2010 #F47 %54 4k 22, I & H DPS
2005 FAF AT LR 2 5 22430, v FH Duncan FGHr
R &St AT Y L 08

2 BERE5HMh

2.1 B GASI-1EE
2.1.1 HEHGASI-1 89 A4 E T

K GAS1-17E PDA -t LS AR 22K K ik,
WIE B BHIR, A, RIEER, 25, 20 5 [F
LR, 5 dJF PDA SR b b AR K R Ak £ Bl 8
SO, ISR G, 75 SNAA L E2ZE
B, AR, S dar-dd s, ndarl,
BT AL, h 5 2 A TEE R, A4
FAMBHL, AL, 7= f AN 2R , B A, 5
LR , 4~8 A AER I B o AR AT L AR
LTI E , 6, K/NK 2.3~2.7 pmx2.0~2.6 pm
(K1), HIEHFE GASI-1 BY1E TR PRI S HRE
WA 5 TR A R R 8 R B Trichoderma brevicom-
pactum
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Fig. 1 The morphological characteristics of strain GAS1-1
A: PDARFREE FIWETVE; B: AW FHE; C: 04:98F. A: The colony on PDA medium; B: conidiophore; C: conidia.

2.1.2  ##k GAS1-1#) EF-1o 42 tDNA-ITS &3] 547

22, Tk GAS1-1 /) EF-1a FIITS A B &
43594 341 bp 1 563 bp, GenBank H1 7 M} 5 5% 543
51 MH424921 F1 MH424920., %5 GenBank 3% 4%
I OK EF-1o J37 91 LU X, & B %6 K &5
(AB558910, AY857297. EU280061. EU280057.
JQ040472 . GU592404 . HM234081 , EU280056 ) fi*) 4l
I 35K 99% , F) Fl DNAStar # {4 ¥ R 50 % B W,
RILER GAS1-1 5 IR T Rk W[
—43 3%, Hop 55 9% KB (EU280057) (R SE 20 R e
I (K 2-a), &1F GenBank I FeXf, AP F AR GAS1-
1 1 tDNA-ITS J3 51 5 i % K % (KX092002 .

KC561068 . KU851839 ., KC884785 . HQ596986 ) i #H
173k 100% , # i DNAStar 5 M R 5 L FH
RINH R GAS1-1 5 LR T 240 & B W[
— 4y 3, W25, Hoh 5 5% R B (KX092002
KC561068) [175:4 K Z e (K] 2-b) .
2.2 E#k GAS1-1 3 YRR E A E SR
ST E , 5 dBHE S AR B PR GAS-1
PO BV S sl Na S N R DTSSR e S S 1E
I DA T 25 KRR TR RT3 TR AT R 0 A
61.67%.100.00% .66.86% .77.08% F167.86% , 32 I i
FRFEAE GAST-1 X 3R 5 s I B 3 B i 4
TR FH X6 K 2 2R o T T PR AR e
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2.3 EEAREEK GASI-1 A Z4514E
231 BRAFIRAE F A KA FT0ksHra

Jl % K 5 T MR GAS1-1 A ) Z Fhi &R
PR SRR T, 2 A AR AL I B R TR VR A=
K PR v% B AR N 56.83 mm, 35 5 THE 6 Rhlk

a

U5 O FUME 22 ZERE A Rk B B WA e
B3 s Z B R SO e 25 . AR A R, DA
P B RO B b, TRk GAS -1 P i v5 AR N
38.17 mm; HUCH RITTAWeRE . B IR R 4
PRVE FIAER A, 1M PR BRI AR B2 (£ 1)
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Fig. 2 Phylogenetic tree of isolate GAS1-1 and other related isolates based on EF-1c, (a) and rDNA-ITS (b) sequences

TR TR P, K A A B AR AR R (e iE
PRER GAST-1 774, AR A MR decer, P47 4t
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Table 1 Effects of carbon and nitrogen sources on colony growth and sporulation quantity of strain GAS1-1

i WITE AR PRI ey WA HAE Fr XU
i . E=R/ .
Colony growth  Common logarithm . Colony growth Common logarithm
Carbon source . Nitrogen source .
(mm) of sporulation (mm) of sporulation
W% Dextrose  56.83£0.73 a 10.00+0.01 a RITABEE Asparagine 36.00£0.58b  8.91x0.05b
HEME Sucrose 18.17+2.62 ¢ 0.00+0.00 g 4 A Beef extract 32.00+0.58 ¢ 8.59+0.04 cd
% 2 Mmaltose  45.50+0.58 b 9.68+0.02 ¢ IPEBETT Yeast extract 38.17¢1.88a  9.51+0.01 a
FLHE Lactose 48.33+0.93 b 9.40+0.01 ¢ fiMFREN Sodium nitrate 23.33+0.88 d 8.51+0.03 de
bk Fructose 45.50+0.76 b 9.90+0.01 b 2%k Ammonium sulfate  32.50£0.29¢  8.66+0.03 ¢
H & EE Mannitol ~ 35.1742.89 ¢ 9.55+0.01d 5 H I Peptone 35.33£0.33 b 8.98+0.02 b
JEM; Starch 29.67+0.67 d 8.47+0.04 f JKZ Urea 2.83+0.17 ¢ 8.47+0.04 ¢

FR R SR 2E . RIS A ) Rk 2R £8 Duncan [GHT B M 22 K6 B 7E P<0.05 /K F-22 53 2 3% . Data are mean+

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

232 REXNHEEAE K TG YR

BIER GAS1-1 0] 1 A W Y FEL T, BRTE 5°C
H10°C TR 2 dARWAE RS, 2218 15~35°CHyn]
AR Bl AR KR A 30°C, Uk 25°C , SEH B VR
T A 43 54 56.80 mm F1 44.30 mm; 24 ¥ E & T
35CHT VR AE K HR I B R (1813-A) o ZEIRLE ™
IR 56, & IR bk GAS1-1 38 B #0968 3 Y0 Fl o

10~35°C, Horpfiili 7= fii 8 Ry 25°C, 7 34 P R0 4
1849.99 KT 5°C AR ™= (& 3-B) .
233 pHMHEAKEL FHRFWH R

pH 3 if PDA M A EEE , pH 4 B} PDA - 5
B4 25 . BARE GAST-1 X R U3 38 10 i Rl 4, %
pH 5~10 35 [l N34 AT AE K, {H DL pH 5 B T 7% A= < 3
JE bR, P B V% AR M 58.00 mm. B pH YT
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mLE AR EEIFG TR (E4-A) . fEpHSEY,  FEHEpHAHAME T, SR EEH %, 258
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Fig. 3 Effects of temperature on colony growth and sporulation quantity of strain GAS1-1
P Bl by P BB v 22 o R[] 5 RER IR 28 Duncan BT 022 K 50 7E P<0.05 /KF- 225+ 1.3 o Data are mean+SD.

Different letters on the bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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Fig. 4 Effects of pH values on colony growth and sporulation quantity of strain GAS1-1
Pl B SV YRR i 22 o AN [A) - B 37 28 Duncan [RGB A1 22 BE A S0 7E P<0.05 7K 22 5 1. 3% . Data are mean+SD.

Different letters on the bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

234 ABEIEXA KA TILETH YA HV% HAATAE L& 225, e R A PR I 2 = T H
l*ﬁkGASl I XIS BRI AE5E D 2/ SR 7% B R 56.83 mm (& 5-A) . 3 4b,
% 12 hCREASE AN PR AN 24 hyELL Y IREE 35 2 A, ANESEREAN R X = A e i & 22 57 (K 5-B) .
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B5 FEITE R GASI-1 BEE KR =HENFNT
Fig. 5 Effects of light on mycelium growth and sporulation quantity of strain GAS1-1
& B R P B ifE 2 o AN R RE3R7R 48 Duncan [GBT 2 AR 2275 K6 50 7% P<0.05 /KF-22 7 i 3 . Data are mean=SD.

Different letters on the bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.3.5 B GASI-1 5 A F0F & iBE JGNREWE &, (B FE 40~65°C 2518 T RE A 754@ MR E
TH Ak GAS1-1 734 18 F7E 70~80°C AL FE 10 min — #51HI4F 66,67 F1 68 °C I}, 3 A T fEH & (5 d),



240 NG AR GASI-1 95 B SOE HEHUE T SRR DA 311

{HAE 69°C B T ARSI BT 43 A= &, R I
B W T, 2 W TR bR 43 2E A I SO0 R
69°C, 10 min,
3 Wit

AARERRFZEE HHELESHEHE T
(2009) YA EGE S 58 Ty i, B E)E A8 27 B8 2RI
PR BIEAR o A F AR 3 A RN A
0P EE o = W 2 NN N 1 G s A X 5 2 NN
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