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Fig. 1

Spore yield of T. afroharzianum AD-G4 on different media
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Fig.2 Spore yield of AD-G4 from T. afroharzianum under different solid fermentation conditions
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Table 1 Single factor test variance analysis of spore yield of 7. afroharzianum AD-G4 under different

solid fermentation conditions

KR4t 5 A 7 F1H Pii

pH i 2.508 X 10% 3.135x 10" 3.802 0.009

oK E/ % 4.631x10% 7.718 X 10" 8.217 0.001
FHE/ (4 -mL ") 4.174X10% 1.044 X 10" 14.374 0.000
IR/ C 1.201 X 10% 3.002x 10" 21. 809 0.000
Rig= RA/d 2.099x 10" 5.25X 10" 9.015 0.002

MRAE 22 2 #4700 B i BBD = [N & =K 1 ik 56
Wit A ENRE g 1740, AR 45 R ¥k 34
AT M, AN [R] R 28 4 R IR A0 7 ek 22 R 3R
KL AE 3. 15X 10°~1. 47X 10" 4~ /g, It v L FE H 4%

S WP R A Ak R R A e R (R 3) .

22 102X [0 U5 40 I A5 B el N T (Y [ 0 A
MR T =144 X 10"+ 1. 25X 10°A+1. 16 X
10°B—1.1 X 10°C+1.8 X 10°AB + 1.45X 10°AC—
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Table 2 BBD test factor level and codingofspore yieldof T. afroharzianum AD-G4

% s LS

—1 0 1

oK/ Y% A 40 50 60
fFHBE/ (g D) B 1x10° 5.05X10° 1Xx107

S/ °C 25 28 31

#3 FEMERAREEHRAD-G4=HH BBD XI5 £ R
Table 3 Design and results of BBD test on spore yield of T. afroharzianum AD-G4
15 eI K% 2 K= 3 g5
A FoKE/ % Bl F R/ (A mL ) C B/ C i/ (4g )

1 50 5.05X10° 28 1.47x10"
2 40 1.00x 107 28 7.43X10°
3 50 1.00Xx 107 31 6.66><10
4 40 5.05X10° 31 3.15X 10
5 60 1.00Xx10° 28 9.95x 10’
6 50 1.00Xx10° 25 8.84X10°
7 50 5.05X10° 28 1.42x10"
8 60 1.00Xx 107 28 1.04X10"
9 50 1.00Xx 107 25 1.01Xx10"
10 40 1.00X10° 28 7.70X 10
11 60 5.05X10° 31 5.83X 10’
12 40 5.05X10° 25 5.32X 10
13 50 1.00X 10° 31 7.17X10°
14 60 5.05X10° 25 7.42X10°
15 50 5.05X10° 28 1.43x10"
16 50 5.05X10° 28 1.44 10"
17 50 5.05X10° 28 1.42x10"

4.4X10°BC—4. 1 X 10°A*—1. 4 X 10°B*—4. 8 X 10°C?,

Hi 35 4 759 B 0y J5 22 43 B 45 R T, B A P<<
0.000 1, 156 BH = [n] 9 455 0 A 2 35, 2K 400300 P {H
0.222 62>0. 05, & A & 3 25 S, Ud W] 1 A% 730 4 N7 g
A 5 T AT IR B O e R 2 B A RIS S
BLAT LA 220 AN 51T RO, BT 2, A OG R
R =0.997 9, Ui W] Jr B AL A 5 il 46 B4 A 99. 79 %
HIAF A PR R%,,=0. 995 1, J7 F B 10 A 7R 5 1Y
(AT A5 B, AT LA SIE O A 2 A B [ A K T 7 94 11
BRIV T 5 7K R Y — YRR R AT
JEE Y U TG AR R ) 3k B B K P
(P<<0.01).
2.4 ZHMEMEERM_HEESESN

M o i TR VAT, 4B R T K A v TR 3 R
R B R 7 T T 3 B4R R TR R AD — G4 43 A 98
Y SZ R (] 3— (&1 5) o Fh o 107 T 5 = s AT, PR3

T R PN A7 AE 43 A A6 7 e KA, D] 4% R R 4%
3 30 3 TR A A K A B AR T R B i 32 H
VEFH 5 55 10 1508 2 1 D 38 28 B4R i 3%

7 3 T 2 AE 28 °CL, % K B A 40. 009 ~51.51%
B f6 7 ™ B S K R R B 0T ;& oK AR
51.51%~60. 00 % v [l P i, 96 5 7= £ bl 5 7K = 1)
S8 fan T e o T IO AR SRy A e R A s B
Foe A% B 96 7 i BAE S K BEAE 51,51 % B IR, 1 AH
X 1N B4 Mk B AE 5. 40X 10° 4/ mL (K 3) . W &
1 B0 D 45 e 4 61 3¢ M A B AL ok B ) AR Ak, KRR
AR AR 0 7 B Iy

M9 T MR BE [ 2 AE 5. 05X 10° 4 /mL B, A K B
M 4096 1K 50% , W EE M 25 CHE I F] 28 “ChY iof 7
e, 76 52 58 KR B B B, B B BT
6 0 PN AL A T e A BT AE DX B KR R R B X
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x4 FMEEARBEKRAD-G4EF=EMA BBDIRIE T E54( ANOVA)
Table 4 ANOVA of BBD test on spore yield of 7. afroharzianum AD-G4

T7 22 KR S5 R A ¥ F1i p1E Pk
Y 2.16X10% 9 2.40% 10" 361.95 <20.000 1 ok
A &K 1.25x10" 1 1.25X 10" 188. 32 <20.000 1 ok
B il F ik )& 1.08% 10" 1 1.08% 10" 1.63 0.242 6
C 9.84X 10" 1 9.84X 10" 148.17 <0.000 1 ok
AB 1.30x 10" 1 1. 30X 10" 1.95 0.205
AC 8.41X 10" 1 8.41X 10" 1.27 0.297 4
BC 7.83x 10" 1 7.83x10" 11.8 0.0109 *
AZ 7.17 10" 1 7.17X 10" 1 080. 05 <20.000 1 ok
B? 7.83X 10" 1 7.83% 10" 117.98 <20.000 1 ok
C? 9.72x 10" 1 9.72x 10" 1463. 84 <20.000 1 Hok
B 2% 4.65% 107 7 6. 64X 10"
Lack of fit 2.93x10" 3 9.75x 10" 2.27 0.2226
Pure error 1.72x 10" 4 4.30% 10"
Cor total 2.17X10% 16
HoRRE R B E(P<0.05), **F/R 2 F % 8% (P<<0.01),
TR/ - g
1.00x 10
TbD
< T, 7.53x10°
= g
] .
HH: <: 0 0
> 5.05x10°
=
= %
M
i 2.58x 10’
1.00x 10°

40 45 50 55 60
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Fig.3 Response surface and contour map of spore yield of T. afroharzianum AD-G4 under different

water content and spore concentration
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Fig.4 Response surface and contour map of spore yield of T. afroharzianum strain AD-G4 under different

water content and temperature
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Fig. 5 Response surface and contour map of spore yield of 7. afroharzianum AD-G4 at different spore

concentrations and temperatures
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F 5 i o o IR B g R W AR U s K AD— G4 T
R R TR 0 B AR TR B Ry 28 °CL ik 5 bR 2% 3 B X A I,
HA ATk

ASBIE 5 2 A mE R TRT X Al U R B AD— G4
14 77 0 25 A E AT W5, 3% 07 1R e W P R BT E
Qg B AR W N T8 35 ARG Al BR 55 K 8 (T, songyi)
M75 F B B WA K T8 5 95 2 8 5 S 0 AR 45 SR o) 1o
T LA 7 (RSM) 5 H0 21 45 10 56 (CCD) X KL RE ik £
TR R TR 7 £ 4k 3R W 3R 2 AT A A 5 28 S0 AR R
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JH w1 T3 A3 AT T R IR AN W 4G pH A L RHE BE
PR IR A DR R 3R O B AR R BE R S . (H
FL R A me 17 187 V5 0 0 I O i Ok R B [ A K 1 7 A
(4 SCHRAR 2>, A BIF 58 1E S DA 5 15 1 15 75 3 J50w ik
A7 AR & B %11 I B Design Expert 13 #4417
G 3 A, 00 DAk SR I Dl e My RN RS FF 1015
I AERE IR A AR I pHAE N 7.0, & K i Ry 5200, 48
T E N 5. 40X 10° 4 /mL, i R 28 °C, 5 3= KECH
8 d, 38 2o 150 56 TIF A5 ) A P IR AR i ] A K I A A B
FRAEBC T, KRR m T 7= & AR A = A . 5
TIF 3HE B 5% 5% FCOA B [ A4 & T d5e K= Al fE oK 9. 6 X
10" CFU/g; £ 9 % 0T 5% A 55 1] A4 % 108 7™ #5155
Ly B 0 R 46 F i B Ol 9.9 X 10" AN /g ok
R IE R AT H-13 e i@ = il i o 1.0x10°
A/ g5 I HE BT 24 RO B TR K B 4B A AE 4. 00X
10°~9.9X 101 /g. WS R AE MG K AR AD—
G4 bR R e R AT ik 1. 91X 10" 4 /g, F= & kb T
HRIK R B — 0 BT s | . ARWF SR as Rl ok
KA K T 42 HEAR I, (H 78 KR K I A= 77 B AT s 22
PR S PR L E AT DAk o TR, AR BIF 93 38 AT Sk Hofth A
B LA LT Y [ A K 7 O R A T AR i 2 %

4 Zie

AD— G4 B PR A5 77 5 32 55 97 25 A i 3 77 5k 1) ol
2 pH EKE RESZMEEN R, AR5 LR
AE PH B 20 R B A6 7 0 SR AR A o e M RN A
FEFE 10 15 B AR 15 38 450 00 4 pHAE R 7.0, % K 2
52% 8 FHe B 5. 40X 10° 4 /mL, I8 i 28 °C, 5 38 K
B8do FEMERFRFMT AEME KA AD— G454
fil ek g 1,91 X104 /g,
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Optimization of solid—state fermentation conditions
of Trichoderma afroharzianum AD-G4 strain using
response surface method

BAO Yu-wei,HAO Ning-ke, YUN Xin-long, PENG Liang-zhong,.LIU Xiang-ping"
(College of Animal Science and Technology , Heilongjiang Bayi Agricultural University ,Daging 163319, China)

Abstract: [ Objective] To determine the optimal formulafor solid-state fermentation of Trichoderma afroharzia-
num AD-G4. [Method] This study employed single factor test and Box-Behnken Design (BBD) response surface
methodologyto optimize the solid fermentation medium and conditions for the T. afroharzianum AD -G4 strain.
[Result] The findings indicated that the optimal medium composition consisted of a 1: 1 ratio of oat flour to wheat
straw. The ideal culture conditions were determined to be an initial pH of 7. 0, water content of 52 % , spore concentra-
tion of 5. 40X 10" spores/ml., a temperature of 28 “C,and a culture durationof 8 days. [ Conclusion] Under these cul-
ture conditions, conidia yield of T. afroharzianum AD-G4 reached 1. 91X 10" spores/g. The optimized culture condi-
tions provide a foundation for the development of efficient T. afroharzianum biocontrol agent.

Key words: Trichoderma afroharzianum; solid - state fermentation; conidia; fermentation conditions; response

surface ; optimization
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