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H E. 4535 asle TRy EERE (Trichoderma atroviride)P3.9 B4k A X4, vA
FREAI,BEERERR P ERX LR, PR BRRBIZRED AR R LR 8% A
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SRR RBERDEF A KM, BERAREBER DB, LR AR SRR, R A
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A A AR A R AR AR A 0. 5508 E 4 .0. 5 D-R4E 0. 5 %0 BBk =S4 0. 05 0 AR BR &,
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HESES S 476

KRB (Trichoderma) 2P G VEY &0 F M BB+
PHWE, REMRRAEYENFENEREELE, 7
AT AT AT R SR T B BN
HEARTEE, HAo, Mg s s EARE S5
XML 3 B FOK RSO A IR IR BT IR BOR . BF5R
RN T H T 5r B R B R MR BB ZE W] P 25 b g 3H
S5HEBSERXR R BB RE EMNAERRD . A
ANERTENNERELZMIPRTIANARE,HEES
18 FEMILE R R AN E EMAEER, X6 E
B4 PURSERS . A MAAE 3= T8 B 35 4
B3 1 RNEARE®PS. 9,2 BHIESNE WL LKEN
ek K (T. atroviride) , WF 5% & B H X A #8 T 18 %
W T FEH MR R CR &) S A BRI M EM.
HCH [ N Z R, B R R B AR S, W
I, xRS R E AT M RAE EEAE
B AR TS, DL 10 & o 1845, R B I R 0 A IE
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1 #R5F*®
L1 REAE

B P3. 9 REFE MR (T. atroviride) 210 2 B A
Bl2E SRR B 575 B AR E TR

B R B AR KRR L R B

PRI IR GZ 208 RS VB B HE DR o 7L
W AR (B2 — 8% PR IR ER S IR IR R
e BERRER (B R S 40 B S R E 40,
R R B AR R 3 B R A R RN Y o
Mradi,
L2 REHrk
L2.1 RRIEEEBEREFREXT P3. 9 B K%M
¥ P3. 9 REWMAE PDA FARIEFRFH, 28 CEERY K
BeFR 7 d, R R ZE 1B K vhUE AR, i B ¥R (1< 10°
A~/mL) £ F™  FREL 10 g A .10 g TKHY .10 g B
5 g KME+5 g KM 5 g KI5 g EH S g EHT5 g
T KM 43 B A B Off 35 5 93850 » R A A 10 mL
FERM KPR S), R SIRERE . EKEMN 12ICKE
30 min, R HFEMEM 1 mL T, 7€ 28°C MEIR
BAAEER TdRENEE™HE, mRENEHnT
T FRE L g EARKEFEY . in 99 mL ZEAB KA1 0. 1 mL
3R (0. 1% T-80) , 7ERE S 6 4% 4 HE 20 min, FIIf
BB B TR R T HBATHERE
B3 5 R S SR IT O FERE B 57 3, B CK,
L.2.2 OR[FIBR EUEFIBEER £6 X P3. 9 BARE ™= F6 1) 5

FREL 10 g A, i 10 mL ZE4B K 26 A 4350 P B BE XY
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A1, 4RI N 1 %0 e IR (32 ZE 08 REWE LR A B . D- SR b
o FUHD A RIR (BFIR — S 4% PR B IR R B AN PR B2 IR
A M8, % 0. 1% BERR:h (B R A 41 B IR — &
BOBRRE ) % 3 IKEE, KA T W & B
BFAMEFERLEL 2.1,

1.2.3 AFEEX P3.9 K=MK m  FREL10 g
M, I 10 mL AR BE AR RS, i 3 K
BEEM 1 ml 7RG 53 BI7E 24.26.28.30°C #1 24-
2628 C T EHIR R ERFE 7TdFEMEHME, K
B TR A R R R R AR 1 2. 1,

1L.2.4 RREIE/KEX P3.9 WAk~ M  FREL10 g
KM IAZEAB K, 43 B A K B AL 30%6.40%6.50%
60%.70%F1 80 %6 ,i% 3 IREEE , Kif J T thl % FEFh
BFAMEFERLEL 2.1,

1.2.5 RFIEFEXT P3.9 BRI M FREL10 g
A, i 10 mL ZEAE/KEE N B IRk 5, o
0.5.1.0,1.5.2.0.2. 5 mL #1F¥# (1 X10° 4~/mL),i% 3 ¥
HE K FFWH & SRR E TR 1.2, 1,

1.2.6 IEXCSEE ARNRREMIEM LM 7HE3
KL 3D HIIERLK (R D, KE AT B & 42
Fh EEFEF B TR R 1.2 1,

L2.7 AFIEFRAESEIXS P3. 9 B =M 5514
FREXL 10 g KA. 0. 084 g H &0 .0. 084 g BER — R .
0.084 g PR .0. 008 g BEMR S — 4% AL, 56 2 dfK

B 8.5 g KHBE.L 5 g FKHM.0. 084 g FiZGHE 0. 084 g MR
TAEE.0.084 g JREL0.008 g BERR S 4R A\ L35,
[N 6. 7 mL ZE4B/K B PEI 5, 1% 3 RER , KA. H
TFHH A R A B R MR 12 1, 55758
6.7.8.9.10,11,12 Kill Er=F% & .

*x1 EXELWERAFIEIT

Table 1 Factor and level of the orthogonal test
K% Factor AF Level

1 2 3
A FR¥ Corn/ % 15 20 25
B #:# & Inoculation count/ % 5 7 9
C %7K & Water content/ % 40 50 60
D D-544 D-fructose/ % 0.5 1.0 1.5
E #i %%k D-glucose/ % 0.5 1.0 1.5
F ## — 4 % Ammonium phosphate monobasic/ % 0.5 1.0 1.5
G BB S, — 44 Disodium hydrogen phosphate/ % 0.05 0.10 0.50

L3 HdEath

RIBAEFRFH SPSS 19. 0 4834k 4 Duncan’s £
HBIEHAT G404 T AL B R i 22 55 2k
2 BRE5SWH
2.1 AFEREAEBERFRFEXT P3.9 A B K5 B #k - 1l
FA) 52 i)

3 2 AT A0, P3. 9 TEARTER [ 3G 77 2 T ¥ 6B
fil M LA E ORBRE R R R E S e RER
FHESHBE, RERKR WHRRE R &ES
P3. 9 Bkl

x2 AR EME & B FRE T P3. 9 £ AR B EK AN
Table 2 Effect of different solid fermentation medium on conidial production of biocontrol strain P3.9
R ES: FEARH HA R+ R EAB+EA KE+EA
Medium Rice bran Corn meal Protein Rice bran+corn meal Corn meal+ protein Rice bran—protein
#1FH& Conidial concentration//> » g—1 1. 40 X109aA 1. 20 X109bB 2.00X107eE 1. 26 X109bB 3.70X108cC 1. 95X108dD

¥ : 4 Duncan’s 2 W4, RF/NEFERFEAE P<O. 05 KTV 5 BF AR AE FEAFELE P<O. 01 KFEFNEE, CK I3t BHREER, TR,
Note:Datas with different capital and lowercase letters are significantly different at 0. 01 and 0. 05 levels,respectively by Duncan’s multiple range test. The same below.

2.2 AFBRIEXT P3. 9 A= B AT B bk~ FL R S

H15% 3 AT, P3. 9 EMRTEAR IR IR I I7 2 b3 RE™
6, M LR =, M0 DR T B S H AR =
SR, BRI, UL AR D-RAERE S
7t

2.3 ANFEIEXT P3. 9 A B AR H AR~ R R

H# 4 AIALP3. 9 EARTE AR R AR5 F 3 aEr™
i, 4 LLER T 5, B IR — R &% R T R 5 AR R
22 S 7 I R K, U B B R A R R R B
EA P3.9 .

%3 REBIEH P5. 0 £BABEHSHHL M
Table 3 Effect of different carbon sources on conidial production of biocontrol strain P3. 9
3 HiEhE DR B2 o FLHE HEwE
Carbon sources D-glucose D-fructose Maltose olactose Sucrose
17 Conidial concentration//~ » g—1 3.00X10%9aA 2.60X10% aA 1. 97 X109bB 1. 59X10° bB 9. 30X108cC
F4 AEGEIEX P3. 9 £ ARBE MR
Table 4 Effect of different nitrogen sources on conidial concentration production of biocontrol strain P3. 9
AR Bk A4 IR TR g T RE RS
Nitrogen sources Ammonium phosphate monobasic ~ Sodium nitrate Ammonium sulfate Ammonium nitrate Urea Ammonium chloride
#1F#& Conidial concentration/ /> + g—1 2.20X10%A 2.17X10%aA 1. 75 X109bB 7.50X108cC 5.05X108dD 4.30X108eE

2.4 RIRBEEREL XY P3. 9 A B A% Wbk FE AR R
1% 5 A1, P3. 9 BARTE A R BER £ 3 e 7.,
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x5 AEBEER T P3. 9 £ ABEK=RAIHIE
Table 5 Effect of different phosphates on conidial production of biocontrol strain P3. 9
BEERLE BRERE BEER A4 BRRE 4
Phosphate Disodium hydrogen phosphate Potassium dihydrogen phosphate Dipotassium hydrogen phosphate
#1- 7 Conidial concentration//~ + g—1 2.10X10%9aA 1. 48 X109bB 1. 26 X109bB
2.5 REEEEXT P3. 9 A B AR H AR = f AR IR f1,28Crrg SHERELEERREE, HER
HI3R 6 AJ A1, P3. 9 TRRTE 24~30°CYE B N RE™ K, U0 28°CHRaE | P3. 9 Bk,
*6 AREIREX P3. 9 £ AR BRE MR F M
Table 6 Effect of different temperature on conidial production of biocontrol strain P3. 9
BEFEIRFE Culture temperature/ °C 24 26 28 30 24-26-28
#1FH& Conidial concentration//~ + g—1 5.25X108¢C 7.05X108bB 1. 80X10%aA 1. 70X108dD 6. 74X 108bB
2.6 ARFEIE/KEXT P3.9 A B AR H AR H AR EFREE, T RERK, W R A KE 00 KES

MR 7 AT, P3. 9 WHRTEZERA R Bk B IaE™  P3. 9 Bk .
i, EKE 400 F R S HE SRR T &

=T AEEKEN P3. 9 £HABEKR=HEEIZ NG
Table 7 Effect of different water content on conidial production of biocontrol strain P3. 9
#r7k & Water content/ % 30 40 50 60 70 80
i3 F1& Conidial concentration//~ + g—1 5. 00 X107 {F 2.52X109 aA 1. 40X10% bB 1. 05X109 ¢C 5.70X108dD 6.50X107€eE
2.7 RFEEREXT P3. 9 A B AR R A AR R W82, Bl R 2. 0 mL(9Y0) P Hl Bk, UL e i
HI 8 I, P3. 9 THARAEA MR- EEXEF 52 0 mLOY)EIES P3. 9 Bk,
8 AEEFEX P3. 9 £RARBER=REIRN
Table 8 Effect of different inoculation count on conidial production of biocontrol strain P3. 9
#:F & Inoculation count/mL 0.5 1.0 L5 2.0 2.5
#1 7 & Conidial concentration//~ « g—1 8.10X108eE 3.45X109dD 7.20X109¢C 9.45X109aA 8.95X109bB
2.8 IEATSEEEER VLB AL 1 BiE A P39 WMk A, BN EA A R

3 9 AT, P3. 9 FRRAE 18 Fb B 888 /= 11, H Al1BICIDIEIF1G]l, S5#kE0H4RIsHE .,
Al FRESHEABEEZRREE, FHRERK,

*9 Lis (3" ) EXEWHTERHELER
Table 9 Scheme and result of orthogonal experiment Lig(37)
H®E ATKE  BEME C&/kiE DDA E ##Ew F B — S G BRE—4 filFi
No. Corn meal Inoculation count Water content D-fructose ~ D-glucose Ammonium phosphate monobasic Disodium hydrogen phosphate Conidial concentration/ X109 4~ « g—1
1 1 1 1 1 1 1 1 1. 500aA
2 1 2 2 2 2 2 2 0. 135¢C
3 1 3 3 3 3 3 3 0. 035¢E
4 2 1 1 2 2 3 3 0. 185¢C
5 2 2 2 3 3 1 1 0. 010eE
6 2 3 3 1 1 2 2 0. 270cC
7 3 1 2 1 3 2 3 0. 350cC
8 3 2 3 2 1 3 1 0. 070dD
9 3 3 1 3 2 1 2 0. 065dD
10 1 1 3 3 2 2 1 0. 005{F
11 1 2 1 1 3 3 2 0. 220cC
12 1 3 2 2 1 1 3 0. 315¢C
13 2 1 2 3 1 3 2 0. 020eE
14 2 2 3 1 2 1 3 0. 895bB
15 2 3 1 2 3 2 1 0. 710bB
16 3 1 3 2 3 1 2 0. 145¢C
17 3 2 1 3 1 2 3 0. 050dD
18 3 3 2 1 2 3 1 0. 265¢C
T1 2.210 2. 205 2. 730 3. 500 2. 225 2. 930 2. 560
T2 2. 090 1. 380 1. 095 1. 560 1. 550 1.520 0. 855
T3 0. 945 1. 660 1. 420 0.185 1. 470 0. 795 1. 830
HMZER  0.21 0.14 0. 27 0.55 0.13 0. 36 0. 28
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2.9 BEFREFIEIXF P3. 9 A2 B AT E MR HL AR
HiZ 10 AT, P3. O BHRTERE IR 6 d J5 77 L, 78
6~12 d Z[E= B2 FW BE, P, 857 9 d - HE
%10

Table 10

BRI R SR 9 d 2 P3. 9 BHRREWIRM . 7
B RARAE i 5 7™ 6 B v T OROBRE I R A
Y1, RAEJE P3. 9 MK A L B R AR YL TR

SR ERT P3. 9 £RARBE KA

Effect of the culture time on conidial production of biocontrol strain P3. 9

B 5 A Culture time/d 6

7 8 9 10 11 12

K BEALTB Rice bran conidial concentration/ /> « g1

3.3X109dD  6.2X109bB  7.1X10% aA  7.5X10%aA  3.4X109dD 4.25X109¢C 6.5X109bB

KA+ E K ¥ 7 T& Rice bran—+corn meal conidial concentration/ 4~ « g=1 3.0X109dD 5.4X109 bB  5.9X10%aA 5.6X109aA 5.1X109bB 4.5X109cC 4.83X10%cC

3 itig

RIS R R, P3. 9 AR AR B R & B i A7 18
BEFRIETE KM R R ) 3 B /N4 2 0 \ D-S1 0 B IR
A BRE T, BT R AR 100 &K E .
SUHERER . 28CEAR BRI RE - HET A
7.5X10° #1F/g EFEY R . FESREOARE HT-01 A%
FEPERT 2T R B PR R A, 7 AR 3%
B ErEfE R, ST 4 R A2 505 T R AR T
P3O KEH =M. AEMEWREE M T AEE K
T8 F 1, 5% 55 45 M 22 B 78 T 2LBEXT P3. 9 A%
FRR A HEVE /N TR A bE . MR A A TR A
ABE TICCH 741, 5% 53 45 - — B0, N B 58 IE5C
WA IA RS, T 3RS By K5 ik & B =10
BIENAREABEBEFERS R 9.9 X10°HfF/g
REFYIR R EABREMK Tvo4-2 Jmr=fE R 4X10° 18
F/g HBRYEY M RAE H- 13 RFEMEN 1.0X
10°HIF/ g B34 FRUY , IR G AR B (T. atroviride) SS003
WA R E R 7. 614 X10° T /g ®EFEYHE . ki
I HE BT X4 BT AR 2 B AR A & AR B I LA 4,00 X
10°~9.90 X 10°flF/g $EF Y R Z 8], % B 55 45 R
P3. 9 K& (T. atroviride) WAk & r- & A 1k 7. 5 < 10°
fF/g HHYE, 5 ERRGEARE" x4 R A7 A
— 3, AR T EKE R BEE—E EAEEL SR
Al A2 i N T2k i m H = aE 7 .
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Screening on Conditions of Solid Fermentation for Biocontrol Strain P3. 9 of
Trichoderma atroviride

LU Haiju, WANG Bo,PAN Liujun, MENG Youbo,ZHANG Xiao-yong
(Department of Life Science and Technology , Honghe College,Mengzi, Yunnan 661199)

Abstract; Taking Trichoderma atroviride isolate P3. 9 isolated from trunk phloem of loquat as material ,optimal substrates
and its concentrations of medium, carbon source, nitrogen source, phosphate, water, inoclation, temperature and culture
time were studied according to the mass conidial production by simple factor and orthogonal experiments,in order to
screen out the best solid fermetation for biocontrol strain P3. 9 of Trichoderma atroviride. The results showed that the

proper medium was rice bran, carbon source was glucose or D-fructose, nitrogen source was ammonium phosphate
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I AF R Bl T B SR AR B T AR Y R, KER
25 AL AE it A S RS i A AR R R
Hl B SR 2 R I & AR B O™ 5, 9 B U I QIR MR
RN EZREZ —. R HF R RS E
FH ) 2 6 B T Tt SR SR 2 S 1 & 0 R — LA 1006~
20% , LB AT I 5090 A |, 2026 ~30%6 My Bk SR =
M Fizom AR T KR B, E E 4l
1 wEER

VoM SRR I K A 2L R = —Fh B R
E,EEEHEAETIIMER — I HMZZEL &
H. 2 —F AL R E R — AT L . .
HEAF 2~3 a, MR . R TEM IR AT S B R K Bl WPEEERE
Bt 5 &, B AE T RSR B S M R S 4S SR B A "
. IR FEfEE R SRR AT, 2L R 2
BLHEAE LK BUR A FLBE, - KGR H Y B—A,
o 2L TR e AR SR (B D), b b 3R 258, AR i
Ja BEEARIE T (B 2),
2 RiFBEEEMEE
2.1 HERARTL EEERE

R EPREE N KRR, LR RE, &
A AR

EEBN -2 E2WA983-), 4, ML, . BEFTEOAHEHFE,

E-mail : 176655938@qg. com. 2 GMZERER
WrFE B H#3:2014—03—13

monobasic or dodium nitrate, phosphate was disodium hydrogen phosphate, water content was 40 %5 ,inoculation count was
9% and culture time was 28°C. The orthogonal experiment indicated that optimal medium of the highest yields of condia
consisted 10 g rice bran, 0.5% glucose, 0. 5% D-fructose, 0. 5% ammonium phosphate monobasic, 0. 05% disodium
hydrogen phosphate. In addition, water content was 40%5 ,inoculation count was 5%, culture temperature and time was
respective 28°C and 9 d (12 h light and 12 h dark). By the optimal medium and culture conditions,the maximum conidial
yield was 7. 5X10° conidia/g dry material. This conclusion provided theoretical parameter for the industrial fermentation.

Key words: Trichoderma atroviride ;biocontrol ;solid fermentation;conidial production
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