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Relationship between Agitation Speed and  

the Morphological Characteristics of   

Verticillium lecanii CS-625 during Spore  

Production
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^Äëíê~Åí= sÉêíáÅáääáìã=äÉÅ~åáá is recognized as an entomopathogenic fungus, and has high potential in the biological control of pests. In 

this study, it was investigated that the relationship between agitation speed in a 2.5 L stirred tank reactor (STR) at 25oC and 

initial pH 5.5, and the morphological characteristics of sK=äÉÅ~åáá=CS-625, such as hyphal length/width, spore length/width, 

and the number of tips during spore productionK The agitation speed affected the hyphae patterns and the number of tips.=

The number of spores rapidly increased at 48 to 60 h of cultivation, and the highest spore productivity (2.5 � 1010 spore/L·h 

at 60 h) occurred with an agitation speed of 350 rpm and an aeration rate of 1.0 vvm. The number of tips increased in pro-

portion to the increase in spore production during the same culture time. The highest number of tips (4.8 � 108 tip/mL) was 

obtained at 72 h of cultivation. The shortest mean spore length (2.8 μm) was obtained at 60 h of cultivation. Therefore, it was 

determined that the increased number of tips and decreased mean spore length were closely related to the production of sK=

äÉÅ~åáá spores. © KSBB
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cáÖK=NK Time course of spore production by sK=äÉÅ~åáá=CS-625 in 

a 2.5 L stirred tank reactor at various agitation speeds. 

The experiment was performed in a 2.5 L stirred tank re-

actor (25oC, initial pH 5.5) containing soy sauce cake and 

high fructose syrup. �, 250 rpm; ,�  300 rpm; ,�  350 

rpm; �, 400 rpm.�
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cáÖK=OK Time course of spore productivity by sK=äÉÅ~åáá=CS-625 in 

a 2.5 L stirred tank reactor at various agitation speeds. 

The experiment was performed in a 2.5 L stirred tank re-

actor (25oC, initial pH 5.5) containing soy sauce cake and 

high fructose syrup. ,�  250 rpm; ,�  300 rpm; ,�  350 

rpm; �, 400 rpm.�
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cáÖK=PK Time course of spore production by sK=äÉÅ~åáá=CS-625 at 

0.5 vvm and 350 rpm. The experiment was performed in 

a 2.5 L stirred tank reactor (25oC and initial pH 5.5) con-

taining soy sauce cake and high fructose syrup. ,�  spore 

production; �, pH; �, sugar concentration.�
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q~ÄäÉ=NK Increasing rate (Vtips, h
−1) of the number of tips at various agitation speeds 

Culture time (h) 
Agitation speed (rpm) 

24~36 36~48 48~60 60~72 72~84 84~96 

250 0.14 ± 0.02 0.08 ± 0.01 −0.06 ± 0.02 −0.01 ± 0.03  0.08 ± 0.13  0.17 ± 0.07 

300 0.24 ± 0.19 0.22 ± 0.41  0.10 ± 0.23 −0.26 ± 0.10  0.24 ± 0.18 −0.51 ± 0.24 

350 0.53 ± 0.17 0.35 ± 0.37  0.99 ± 0.40  0.78 ± 0.42 −1.39 ± 0.24 −0.57 ± 0.08 

400 0.08 ± 0.01 0.01 ± 0.05  0.08 ± 0.01  0.33 ± 0.06  0.07 ± 0.06  0.01 ± 0.10 

Vtips = (�Ni/ t� i)/Ni; Vtips, the increasing rate for the number of tips; �ti, 12-h interval of cultivation; �Ni, the increased number of tips at �ti; Ni, the number of tips at ti.

The unit of measure is micrometers (μm), and means and standard deviations were calculated with four replicates. The experiment was performed in a 2.5 L stirred 

tank reactor (25°C, initial pH 5.5, and 1.0 vvm) containing soy sauce cake and high fructose syrup.�
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cáÖK=QK Image analysis of morphological characteristics of sK=äÉÅ~åáá=CS-625 in a 2.5 L stirred tank reactor from 48 to 60 h of cultivation. 

The experiment was performed in a 2.5 L stirred tank reactor (25oC, initial pH 5.5, and 1.0 vvm) containing soy sauce cake and 

high fructose syrup. (A) 250 rpm and 48 h, (B) 250 rpm and 60 h, (C) 300 rpm and 48 h, (D) 300 rpm and 60 h, (E) 350 rpm and 

48 h, (F) 350 rpm and 60 h, (G) 400 rpm and 48 h, (H) 400 rpm and 60 h. Magnification was 600 × and bar interval was 11.2 μm.�
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Biotechnol. Bioprocess Eng.  R=

�

q~ÄäÉ=OK Length (μm) of sK=äÉÅ~åáá=CS-625=spore at various agitation speeds 

Culture time (h) 
Agitation speed (rpm) 

0 24 36 48 60 72 84 96 

250 4.4 ± 1.4 4.3 ± 0.5 4.7 ± 0.4 3.8 ± 0.2 3.7 ± 0.4 4.7 ± 0.6 3.8 ± 0.5 4.6 ± 0.9 

300 4.5 ± 0.9 5.1 ± 0.2 4.2 ± 0.4 4.1 ± 0.9 3.1 ± 0.2 3.6 ± 0.4 3.9 ± 0.2 3.8 ± 0.9 

350 3.1 ± 0.5 3.7 ± 0.5 3.8 ± 0.2 3.9 ± 0.2 2.8 ± 0.5 3.7 ± 0.3 4.2 ± 0.4 4.4 ± 0.6 

400 3.7 ± 0.5 4.1 ± 0.2 4.6 ± 0.3 4.4 ± 0.1 4.0 ± 0.1 4.2 ± 0.1 4.2 ± 0.2 4.4 ± 0.2 

The unit of measure is micrometers (μm), and mean and standard deviations were calculated with four replicates. The experiment was performed in a 2.5 L stirred 

tank reactor (25oC, initial pH 5.5, and 1.0 vvm) containing soy sauce cake and high fructose syrup. 
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cáÖK=RK The number of tips of sK= äÉÅ~åáá= CS-625 branches on 

various agitation speeds. The experiment was performed 

in a 2.5 L stirred tank reactor (25oC, initial pH 5.5, and 1.0 

vvm) containing soy sauce cake and high fructose syrup. 

,�  250 rpm; ,�  300 rpm; ,�  350 rpm; �, 400 rpm.�
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