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Optimization of solid fermentation process of three
Trichoderma strains with plant growth-promoting effects

YUAN Ziyi, SHANG Meini, WANG Yan, LI Ruimin, LU Nana, LIU Hongjun,
SHEN Zongzhuan*, LI Rong, SHEN Qirong

Jiangsu Provincial Key Laboratory for Organic Solid Waste Utilization, Key Laboratory of Plant Immunity, Jiangsu
Collaborative Innovation Center for Solid Organic Waste Resource Utilization, College of Resources and
Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China
Abstract:[Background]7richoderma is a kind of fungus widely distributed in nature, which
produces a variety of enzymes and secondary metabolites, showing many benefits including
promoting plant growth, improving soil fertility, and antagonizing various soil-borne pathogens.
[Objective] To optimize the solid fermentation conditions of three plant growth-promoting fungi
(Trichodermalongibrachiatum MD?30, T. citrinoviride JS84, and T. guizhouense NJAU4742), the
effects of different fermentation conditions on the spore production of Trichoderma spp. were
explored to provide references for Trichoderma spp. production. [Methods] In this study, the
spore production of three Trichoderma spp. under different fermentation conditions was measured
and optimized by the single factor experiment and the response surface methodology. The effects
of the addition of nitrogen source, initial pH, material thickness, inoculation amount, and
temperature on solid fermentation were analyzed. [Results] The single factor experiment showed
that the optimal fermentation temperature of 7. longibrachiatum MD30, T. citrinoviride JS84, and
T. guizhouense NJAU4742 was 28 C, and the optimal amount of Trichoderma liquid inoculum
was 10% with 3.0 cm material fermentation thickness. However, the optimal initial pH of the
material and the addition amount of amino acid hydrolyzate were different among these
three strains. In detail, the optimal initial pH value of 7. longbranchus MD30 and T.
guizhouense NJAU4742 for solid fermentation was 5.0, while that of 7. citrinoviride JS84 was
3.0. The optimum amino acid hydrolyzate addition amount for solid fermentation of
T. longbranchus MD30 and T. guizhouense NJAU4742 was 10%, while that of T. citrinoviride
JS84 was 5%. Based on the experimental analysis, the initial pH, material thickness, and
temperature were selected as three top important factors in the determination of the spore
production. Therefore, the optimal fermentation conditions for solid fermentation of these three
strains were obtained based on the response surface analysis. The optimal conditions for solid
fermentation of 7. longbranchus MD30 were the initial pH value of 5.0, the material thickness
of 3.0 cm, and thetemperature of 27.4 °C. Under this optimized condition, the number of spores
per gram dry weight of the solid fermentation product was as high as 6.3x10° CFU. The optimal
conditions for solid fermentation of 7. citrinoviride JS84 were the initial pH value of 3.0, the
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material thickness of 3.0 cm, and the temperature of 28.8 ‘C. Under this optimized condition,
the number of spores per gram dry weight of the solid fermentation product was as high as
6.9x10° CFU. The optimal conditions for solid fermentation of 7. guizhouense NJAU4742 were
the initial pH value of 5.0, the material thickness of 3.3 cm, and the fermentation temperature of
26.7 "C. Under this optimized condition, the number of spores per gram dry weight of the solid
fermentation product was as high as 5.1x10° CFU. [Conclusion] Response surface optimization
experiment improves the experimental efficiency, increases the spore production of
Trichoderma spp., reduces the production cost, and is conducive to field application and
commercial production of bacterial agents.

Keywords: plant growth-promoting fungi; Trichoderma spp.; solid fermentation; spore production;

response surface methodology
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5 h CGMCC 17467 f54- K% IS84 (15 K
CGMCC 17466, 5t A NJAU4T42 {755 H
CGMCC 3308,
1.2 BEHFRENFIEMASEMNESR

PDA H537 52 2% SCHR[2018C 1, BRAIIABR
B5), PDB #5775 PDA —3K.
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180 r/min #%3% 30 min, & FH 1L ERIT-HOBAS I &
[ie2y/ L R R R

Table 1 Physical and chemical properties of test material

P pH o R iy

Test material Total nitrogen (g/kg) Total phosphorus (g/kg)  Total potassium (g/kg)
I35 Pleurotuseryngii dregs 5.80 1.90 6.00 8.40

%k 2 Bran 7.50 2.60 10.90 9.80

IR K fF Amino acid hydrolysate — 4.60 0.40 0.07

= FIERIENIR, pH T ICIEN E

—: The amino acid solution is extremely acid and can not be directly measured by pH meter.
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Table 2 Factors and levels of central composite
design

K- % Factors

Level A%t pH B YRIERE CiiJE
A Initial pH B Material C Temperature
thickness (cm) (°C)
-1 3 2 25
0 4 3 28
4 32

239
—~ 7
o0
56
=
O 5t
£ g3
52t
Sl
&
0
MD30 JS84 4742
SRR AR TR

Amount of amino acid hydrolysate added (%)
1 FARAEEBKBERTMENAKE~HEE
MEm  AF/NG TR AR R T2
(P<0.05), R

Figure 1 Effect of different amount of amino acid
hydrolysates addition on Trichoderma sporulation.
Different lowercase letters indicate different
significant differences (Duncan-test, P<0.05). The
same below.

h 10%K 7 il i 5 i T A AL B, A SRR
B JS84 TR LMK TSN 5% 7 1
i T AR
22 1% pH M ASE KR AZEFRERFN
K 2 firs, Whh pH X ARG - a5
ANE . KB AK%E MD30 %M A&
NJAU4742 7¢ pH {E 4 5.0 B p=f i B m T
A3, TiAs 4R K% 1S84 78 pH {E K 3.0 B4

R T AR P
10

FEf A
Sporulation (x10° CFU/g)

2.03.0405.0 2.03.04.05.0 2.03.04.05.0
MD30 JS84 4742
pH

2 REH¥E pH M AEF~HAEFIN
Figure 2 Effect of different initial pH on
Trichoderma sporulation.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



240 A 2 AR

Microbiol. China

23 MIRIEEXNAKEEALE~RER SN

WA 3 FroR , AN R R E BE X A2 [ 1R & 1
FEA  HA AN R AP RHEE R 3.0 em B,
3R AR B R, Hod, KA
A% MD30 7£ 3.0 cm & AL PR 255 T HAE
1.0, 2.0 F14.0 cm HYRBEALIE, Hh%kA%: 1S84
1E 3.0 cm K PRAALPR i 25 FHAE 2.0 cm F14.0 cm
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Figure 3 Effect of different material thickness on
Trichoderma sporulation.
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Figure 4  Effect of different temperature on
Trichoderma sporulation.
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Ul B AR SN B Z XA 25 R T AR/, BETRS E .
[ 5 5 R P R RP=0.912 4, BEHTIZ R Y
SBRAE OLL A ARG, BT R B T R AR
MD30 j=fil i 54 pH. PrRHE RN 1) 6
F, BUAT ARZE AL T 3 A AR . F{EER
F & R KRR EE MD30 77 i it 19 520
SR, RIGEE R, 3 AN E XL
FYFEME R/ MU W) i pH>TREE>WIRHEERE 5 i
[l 5 e R B R I v, AP R B AR
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ARFE 57 TET 43 BT 285 R T R0 TR DA TR A A
KAE, &S s, 4004 pH 4 5.0, Yk
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3 KKAE MD30 EFREF ES T

Table 3 Analysis of variance for the regression model of Trichoderma longibrachiatum MD30

Pl RE H B ¥y F1iH P1H M
Source Sum of squares Degree of freedom Mean square  F value P value Significance
7 Model 5.16 9 0.573 1 8.1 0.005 8 Significant
A WItE pH 0.379 1 0.379 5.35 0.0539

A Initial pH

B YRl 0.007 7 1 0.007 7 0.109 2 0.750 8

B Material thickness

C iR 0.08 1 0.08 1.13 03230

C Temperature

AB 0 1 0 0.000 4 0.985 5

AC 1.263x1077 1 1.263x1077 1.784x10°  0.999 0

BC 1.263x1077 1 1.263x1077 1.784x107°  0.999 0

A2 2.56 1 2.56 36.21 0.000 5

B’ 2.24 1 2.24 31.68 0.000 8

c 0.1039 1 0.1039 1.47 0.2649

5% 7% Residual 0.495 5 7 0.070 8

SR Lack of fit 0 3 8.249x107¢ 0.000 1 1 Not significant
4lii% % Pure error 0.495 5 4 0.1239

J2 1 Total 5.65 16

R? 09124

P R? Adjusted R*  0.799 7

il R? Predicted R>  0.863

2.5.2 FEGRAKE JS84 [BVIHEEF E o i K Im L
HEEMNES%E

R 250 5 7= i 2 (R R A TR [l ) T A
Y=6.17-0.537 74+0.052 3B+0.072 5C+0.002 54B—
0.002 54C—0.002 5BC+0.138 24°—1.028°-0.446 2C°,

T 6 [l Jy 2253 B AT I (ER 4), ISR
FIRERAE P=0.044 8<0.05, I P=1.00>0.05,
AU [ AR B 2, RIS B, BRI
R XA g 25 L TR/, Bimfae ., mIHJy
PR E 250 R=0.831 7, ULHIiZ 5 5Cbr
T LA AR G, by B Wt T A 2R K %F JS84 77
el & 504 pH . PIRHE AR R, Witk

A FHIZAE R T 43 B AN o F AR e i 45 [
RN LR TS84 7 i 1t (1 S M o B, 1K
IEE I, 3 AN A 7= A B R K/
WRUCAWIG pH>IREE>PRHEEE s i AR R
B EERG I AT A, B oM B (P<0.01), HiAy
IR R

AT ) 107 8T 43 B 285 SR vl [l RS R A7 A
KAE, WE 6 B, Mwith pH K 3.0, ¥k
JEEESH 3.02 em. WEEN 28.79 CHISRIFT, Hi
DA e T E LT B A SR KR JS84 i T i
KAE K 6.85%10° CFU.,
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5 KRKAE MD30 WIEEEMESLE A B: ¥4 pH FIYPRE XA MD30 7 il i
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Figure 5 Response surfaces and contour maps of Trichoderma longibrachiatum MD30. A, B: Response
surface and contour map of the effects of initial pH and material thickness on the spore production of
Trichoderma longibrachiatum MD30. C, D: Response surface and contour map of the effects of initial pH and

temperature on the spore production of Trichoderma longibrachiatum MD30. E, F: Response surface and

contour map of the effects of material thickness and temperature on the spore production of Trichoderma
longibrachiatum MD?30.

253 SEMAE NJAU4742 EJIEEIFESHT 0.002 5S4B+0.002 54C+0.002 5BC+0.359 74°-
% 5z g T E N = 2 [ 0.380 2B%-0.190 9C*, it 12 X [l 4L 2 Jy 2 43

B s St 2 A I AR . ATRIGR 5), [BHBAY 2R (8 P=0.023 7<0.05,
Y=4.25+0.442 74+0.232 7B-0.197 5C— R P=1.00>0.05, HARIIHH B E, K
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KIeAN 2, DEHIAR R ZXHATR A R TR,
BEAIRSAE o [HIH Oy 2 I UL R AL R7=0.863 6,
Ul IO R SEBR IS DL A AR AT, 5 Hh s ik
TSN ARE NJIAU4742 P28 50040 pH. Y1k
JEL R BE ) O 2R, DRIk T R A R R A T A
A . F (BB K 3R B A I3 6 5 MR &
NJAU4742 ;= 1) 52 i o s s, lae 45
FeW, 3 AP B A R A5 I RV Yk

F4 FEFEAKRE IS84 OFREMFEN

G pH>P)RHE EE>IR B 5 i BH 5 f R AR
FERG R AT, A7 R B® R WL (P<0.05), Hi4x
BT N T

MATE ) 17 THT 43 B 285 SR vl [l DR R A A e
KAE, WK 7 Fos, 496 pH{ER 5.0, Yk
JEEBEH 3.30 em. WREEHR 26.72 CHISMET, i
g 5 T E B T 5 A S MR ESE NJAU4742 1
FHAKAE R 5.14x10° CFU,

Table 4 Analysis of variance for the regression model of Trichoderma citrinoviride JS84

B3/ 5 FIH B ¥y FAg Pia B
Source Sum of squares Degree of freedom Mean square  F value P value Significance
FEE IR 7.76 9 0.862 2 3.84 0.044 8 Significant
Model

A #)th pH 2.29 1 2.29 10.2 0.0152

A Initial pH

B Ykl E R 0.021 7 1 0.0217 0.096 6 0.765 0

B Material thickness

CiRE 0.0421 1 0.042 1 0.187 4 0.678 1

C Temperature

AB 0 1 0 0.000 1 0.9919

AC 0 1 0 0.000 1 0.9919

BC 0 1 0 0.000 1 0.9919

A2 0.080 5 1 0.080 5 0.358 6 0.568 1

B? 4.4 1 4.4 19.59 0.003 1

c 0.7959 1 0.7959 3.55 0.101 7

5% Residual 1.57 7 02244

S Lack of fit  5.051x1077 3 1.684x1077  4.287x107 1 Not significant
4lii% 2= Pure error 1.57 4 0.392 7

&L Total 9.33 16

R 0.8317

JH% R? Adjusted R*  0.615 2

5 R? Predicted R 0.737
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Figure 6 Response surfaces and contour maps of Trichoderma citrinoviride JS84. A, B: Response surface and
contour map of the effects of initial pH and material thickness on the spore production of Trichoderma
citrinoviride JS84. C, D: Response surface and contour map of the effects of initial pH and temperature on the

spore production of Trichoderma citrinoviride JS84. E, F: Response surface and contour map of the effects of
material thickness and temperature on the spore production of Trichoderma citrinoviride JS84.

2.6 BSKHEIAIE 5.82x10° & 4.03x10° CFU, Tififb)5s e TR

N T BUENA R A R AT AT, B RIae k. i AT R 5 632x10° . 6.96x10° K&
25 T 7 JeL e S N LA R R EF T 5.22x10° CFU ., 12485 3 S50 0 TR Ak i T (e 4430
FEEL N 8 i 15 9% 7 d IR BOREE MD30 . 1 B AL i P A i B 2 s TR0 R R A1 T 1Y
TEERARES IS84 KUt MMAE: NIAUATA2 TEWIIGZRIT o fult, SHIAABEAIIAIEL, 3 MRS Loy
TR T E I R BN 4.50%107, FHEE T 40.44% ., 19.59%F1 29.53%.
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x5 HBMASE NJAU4742 B AR H E S

Table 5 Analysis of variance for the regression model of Trichoderma guizhouense NJAU4742

K -5 F 5 FAE P{H BEME
Source Sum of squares Degree of freedom  Mean square F value P value Significance
# Model 3.61 9 0.400 6 4.92 0.0237  Significant
Al pH 1.55 1 1.55 19.08 0.003 3

A Initial pH

B WL 0.428 8 1 0.428 8 5.27 0.055 3

B Material thickness

CIiRE 0.3121 1 0.3121 3.84 0.0910

C Temperature

AB 0 1 0 0.000 3 0.986 5

AC 0 1 0 0.000 3 0.986 6

BC 0 1 0 0.000 3 0.986 6

A2 0.544 9 1 0.544 9 6.70 0.036 0

B’ 0.608 8 1 0.608 8 7.48 0.029 1

c 0.1457 1 0.1457 1.79 0.222 6

5% 7% Residual 0.569 5 7 0.081 4

ST Lack of fit  5.051x1077 3 1.684x1077 1.182x10°° 1 Not significant
4i %= Pure error 0.569 5 4 0.142 4

LA Total 4.17 16

R 0.863 6

% R? Adjusted R 0.688 2

5 R? Predicted R> 0.786 9
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Figure 7 Response surfaces and contour maps of Trichoderma guizhouense NJAU4742. A, B: Response
surface and contour map of the effects of initial pH and material thickness on the spore production of
Trichoderma guizhouense NJAU4742. C, D: Response surface and contour map of the effects of initial pH and
temperature on the spore production of Trichoderma guizhouense NJAU4742. E, F: Response surface and
contour map of the effects of material thickness and temperature on the spore production of Trichoderma
guizhouense NJAU4742.
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Figure 8 Changes of Trichoderma sporulation
under initial fermentation conditions and response
surface optimization.
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