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Abstract: [Background] Trichoderma spp. have been widely used for controlling plant diseases.
Trichoderma koningiopsis T-51, an effective biocontrol strain, is capable of promoting plant
growth, inducing plant systemic resistance, and controlling plant diseases, demonstrating a
promising prospect for practical applications. [Objective] To study and optimize the solid-state
fermentation technology of T. koningiopsis T-51 for improving the spore production, and provide
a theoretical reference for the large-scale production of this strain. [Methods] Single-factor
experiments and response surface methodology were employed to screen the suitable fermentation
substrate for strain T-51 and optimize the key fermentation factors including water content,
fermentation duration, inoculation concentration, and carbon and nitrogen source composition.
[Results] With rice husk as the fermentation substrate, the strain demonstrated the highest spore
production. The water content of 75% and fermentation duration of 11 days significantly
increased the spore production. In addition, an inoculation concentration of 1x10° CFU/mL
exhibited higher spore production, while the inoculation concentration of 1x10® CFU/mL showed
a decrease in sporulation. Glucose and ammonium sulfate were identified as the optimal carbon and
nitrogen sources, respectively, for the spore production of strain T-51 with rice husk as the substrate.
The fermentation parameters were optimized by the response surface methodology as water content
of 79.5%, fermentation duration of 11 days, inoculation concentration of 1x10° CFU/mL, 2.6%
glucose, 0.75% lactose, and 5% ammonium sulfate. Under these optimized conditions, strain T-51
was predicted to achieve the maximum spore production of 7.76x10° CFU/g, and the measured
value was 7.83x10° CFU/g. [Conclusion] This study has successfully established an efficient
solid-state fermentation technology for strain T-51 with rice husk as the substrate, allowing
adequate sporulation for field applications with reduced production costs. This study provided a
theoretical basis for the future large-scale application of strain T-51 in the field.

Keywords: Trichoderma; solid-state fermentation; conidial production; biocontrol
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Table 1 Factors and levels of response surface

experiment designs for water content, time, and

inoculation concentration

KF A: KGR B: BE C: HEFHE

Level A: Water B: Time C: Inoculation concentration
content (%) (d) (log;o CFU/mL)

-1 50 7 6
0 100 9 7
1 200 11 8
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Figure 1 The sporulation of Trichoderma koningiopsis
T-51 on different solid substrates. Different

lowercase letters indicate significant differences
(Duncan-test, P<0.05). The same blow.
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Figure 2 The sporulation of strain T-51 on the
different ratio of rice husk and wheat bran.
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Figure 3 Effect of different water content, fermentation time (A) and inoculation concentration (B) on

strain T-51 sporulation.
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Figure 4 Effect of different carbon source (A) and
nitrogen source (B) on strain T-51 sporulation.
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Figure 5 Effect of different carbon and nitrogen source addition ratio on strain T-51 sporulation.
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Table 3  Analysis of variance for the regression model of strain T-51 sporulation in different conditions

He IR il HHE ¥y F1{a P {H 2
Source Sum of square DF Mean square F value P value Significance
7 Model 3.874 9 0.430 3.906 0.043 Significant
A 7K43 Water content 0.583 1 0.583 5.292 0.050

B H}/E] Time 0.192 1 0.192 1.744 0.228
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AB 0.144 1 0.144 1.310 0.289

AC 0.250 1 0.250 2.268 0.175

BC 0.09 1 0.090 0.816 0.396

A 1.368 1 1.368 12.413 0.009

B> 1.182 1 1.182 10.732 0.013

c? 0.185 1 0.185 1.684 0.235
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Figure 6 The contour maps (A—C) and response surfaces (D—F) of strain T-51 sporulation in different
conditions. A and D: Time and water content. B and E: Inoculation concentration and water content. C and F:

Time and inoculation concentration.
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Table 4 Analysis of variance for the regression model of strain T-51 sporulation in different nutrients

K5 Rl H ¥y FAE P1{d 2
Source Sum of square DF Mean square  F value P value Significance
FR I Model 0.971 9 0.107 6.37 0.027 Significant
A H#HZif# Glucose 0.004 1 0.004 0.249 0.638

B FLB# Lactose 0.165 1 0.165 9.770 0.026

C #ifR%% Ammonium sulfate  0.182 1 0.182 10.740 0.022

AB 0.176 1 0.176 10.410 0.023

AC 0.000 1 0.000 0.0007  0.980

BC 0.013 1 0.013 0.804 0.410

A 0.238 1 0.238 14.070 0.013

B> 0.222 1 0.222 13.150 0.015

c? 0.001 1 0.001 0.058 0.818

5% 2% Residual 0.084 5 0.016

LI Lack of Fit 0.075 3 0.025 5.740 0.152 Not significant
#i1R % Pure Error 0.008 2 0.004

1 1E B Cor Total 1.060 14

R 0.919 8
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Figure 7 The contour maps (A—C) and response surfaces (D-F) of strain T-51 sporulation in different

nutrients. A and D: Lactose and glucose. B and E: Ammonium sulfate and glucose. C and F: Ammonium
sulfate and lactose.
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