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Abstract To determine the effect of tryptophan and

pH on sporulation of Coniothyrium minitans, the

fungus was cultivated using a two-stage, agar plate

method in which addition of tryptophan and pH were

controlled at the sporulation stage. The spore yield

was enhanced by 4 times with 0.1 g tryptophan/l

addition after 72 h. The optimal pH values were 4 for

mycelia growth and 5.8–6 for sporulation. Mycelia

grown at pH 6 had a higher productivity of spore

production than did those grown at pH 4.
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Introduction

Coniothyrium minitans is an efficient biological

inhibitor for Sclerotinia sclerotiorum, a fungal path-

ogen which causes rot diseases and reduces the yields

of various crops (Li et al. 2006; Partridge et al.

2006). The production of C. minitans spores has been

extensively studied to meet the rapidly increasing

demand to inhibit S. sclerotiorum in soil and the

hyphal growth of S. sclerotiorum on foliage (Shi

et al. 2004a). Research has focused on the conditions

for the sporulation of C. minitans mainly in aspects

of nitrogen and carbon nutrients and mineral ions

(Ooijkaas et al. 1999, 2002; McQuilken et al. 1997;

Jones et al. 2004). Tryptophan promotes sporulation

and spore germination of some fungi (Morquer and

Montant 1952; Binu et al. 2001) but it remains

unclear whether tryptophan can affect the sporulation

of C. minitans.

pH also influences the growth and sporulation of

C. minitans. The optimum pH for sporulation of

C. minitans was 4.5–6.2, which is different from that

for mycelia extension (from 3.3 to 5.6) (McQuilken

et al. 1997, 2002; Ooijkaas et al. 1999). Thus,

maintaining the correct pH during growth might

maximize the yield of C. minitans spores. The pH

values for hyphal growth and sporulation of
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C. minitans, however, have not been optimized

separately in previous studies when the fungus was

cultivated in a single medium throughout the entire

process. The objective of this paper was to investigate

the effect of tryptophan and media pH on sporulation

and growth of C. minitans.

Materials and methods

Organism and growth

Coniothyrium minitans CBS 148.96 (McQuilken

et al. 2002; Jones et al. 2003), was grown on

potato/dextrose/agar (PDA), pH 6, for 14 days.

Conidial suspensions were made by flooding the

plate with sterile 2%(w/v) glycerol. The concentra-

tion of spores in the suspension was measured using a

haemacytometer. The spore suspension was diluted

with sterile 2%(w/v) glycerol to give 107 conidia/ml.

A membrane-aid cultivation system

A membrane-aid cultivation system, developed by

Shi et al. (2004b), was used. The PDA medium was

overlaid with a cellulose acetate membrane allowing

the biomass of C. minitans to be recovered and

measured directly. Thus, the medium composition

can be easily changed at specific stages of cell growth

and spore formation.

Cultivation methods

Two cultivation methods, one-stage and two-stage,

were used. In the one-stage process, C. minitans was

cultivated on PDA medium throughout the whole

growth (192 h). In the two-stage cultivation, C. min-

itans was first cultivated on a PDA medium and then

transferred to fresh PDA medium in which different

levels of tryptophan or pH values were used. The

total cultivation time in the two-stage process was

192 h.

Growth profiles were determined for the one-stage

process. Spore yield was measured for all experi-

ments after 192 h.

Analytical methods

Determination of biomass

During the cultivation, wet weight of the fungal

culture, together with the membrane, was aseptically

measured and put back for continuous cultivation

every 24 h. The initial weight was assumed as the

weight at 8 h.

Measurement of the spore yield

The culture of C. minitans was collected and

grounded with quartz sand (0.2 mm diameter) for

2 min and then diluted with 100 ml 1 g Tween 80/l.

The above suspension was stirred for 10 min at

500 rpm and filtered through two layers of muslin.

Conidia in the filtration were counted within 10 min

in a haemacytometer after being well stirred (Ooijkaas

et al. 2000).

Statistical analysis

All tests were replicated three times and the mean

value was reported. Data analysis was performed

using Microsoft Excel 2003 and Origin 7.0. The

difference between treatments was determined by

ANOVA with a significance level of 0.05.

Results

Effect of tryptophan on spore yield

The effect of tryptophan on C. minitans spore yield is

shown in Fig. 1. For the one-stage process, the

highest spore yield was at 0.5 g tryptophan/l but with

the two-stage process, the highest yield was with

0.1 g tryptophan/l in the second medium after

cultivating in the first medium for 72 h (Fig. 1).

The spore yield was enhanced by about 4-fold

compared with the control. When the fungus is

transferred to the second medium, sporulation was

not enhanced unless the tryptophan concentration was

higher than that in the first medium.
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Effect of pH on the biomass yield and growth

profile

Figures 2 and 3 show the effect of pH on the biomass

yield and growth profiles, respectively, at different

pH values in the one-stage process. The highest

biomass yield was using PDA at pH 2 for 192 h.

However, at this pH the growth profile, color and

morphology of the fungus were different from those

with other pH values and no spores were harvested at

this pH. For the other pH values, pH 4 produced the

highest growth of C. minitans.

Effect of pH on the sporulation

Figure 4 shows the effect of pH on the sporulation of

C. minitans. In the one-stage process, pH non-

buffered media gave higher spore yield than did pH

buffered media. In the two-stage process, pH 6 in the

first stage showed higher spore yield than did pH 4.

The optimal pH for sporulation was at pH 5.8–6 for

cultivation at both pH 6 and 4 in the first stage during

the two-stage process. In all processes, the highest

spore yield was using the two-stage process with pH

6 at the first stage and pH values in the range 5–6 at

the second stage.

Discussion

Tryptophan is important for the formation of fungal

spores, especially black spores due to its role in the

biosynthesis of melanin. Tryptophan promotes spore

formation of Trichothecium roseum (Persoon) Link

(Morquer and Montant 1952). In this study, trypto-

phan promoted the spore yield of C. minitans, by

about 4-fold, especially when it was used after

48–72 h, the period for rapid induction of sporulation

(Shi et al. 2004c).

Compared with a pH non-buffered process, a pH

buffered process enhanced the hyphal growth but

inhibited the sporulation of C. minitans. This is

because the optimal pH for the two stages cannot

be met well in one pH-buffered media since they are

different. In pH non-buffered media, C. minitans

could adjust the pH to a suitable level for sporulation

(Shi et al. 2004c). In pH-buffered media, the varia-

tion in medium pH promoted by the fungi was

counteracted. However, rapid hyphal growth does not

necessarily mean high spore yield. In contrast,

sporulation may be compromised if the cultivation

environment is optimized for hyphal growth, such as

at pH 2 and 4 as shown in this work. Therefore, we

would recommend using growth media at a pH

around 6.0 if the cultivation is aimed at obtaining

high spore production.
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Fig. 1 Effect of tryptophan on spore yield. The standard

deviation of three independent replicates with three mea-

surements for each replicate is indicated for each point. (This

applies to all other figures.) For the first stage in the two-

stage process, tryptophan was at 0.05 g/l and the cultivation

times were 24, 48, 72, and 96 h. The pH of all media was

pH 6.0
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Fig. 2 Effect of pH on biomass production in the one-stage

process. Results were measured at 72 and 192 h, as indicated.

The pH was adjusted before autoclaving for pH non-buffered

tests and for pH buffered tests, a buffer 0.2 M citric acid/0.2 M

Na2HPO4�7H2O was used

Biotechnol Lett (2008) 30:259–262 261

123



References

Jones EE, Mead A, Whipps JM (2003) Evaluation of different

Coniothyrium minitans inoculum sources and application

rates on apothecial production and infection of Sclerotinia
sclerotiorum sclerotia. Soil Biol Biochem 35:409–419

Jones EE, Weber FJ, Oostra J et al (2004) Conidial quality of

the biocontrol agent Coniothyrium minitans produced by

solid-state cultivation in a packed-bed reactor. Enzyme

Microb Technol 2:196–207

Li GQ, Huang HC, Miao HJ et al (2006) Biological control of

sclerotinia diseases of rapeseed by aerial applications of

the mycoparasite Coniothyrium minitans. Eur J Plant

Pathol 4:345–355

McQuilken MP, Budge SP, Whipps JM (1997) Effects of

culture media and environmental factors on conidial ger-

mination, pycnidial production and hyphal extension of

Coniothyrium minitans. Mycol Res 101:11–17

McQuilken MP, Gemmell J, Whipps JM (2002) Some nutri-

tional factors affecting production of biomass and

antifungal metabolites of Coniothyrium minitans. Bio-

control Sci Technol 12:443–454

Morquer R, Montant C (1952) Determinism in spore formation

in Trichothecium roseum (persoon) link. CR Acad Sci

2:241–243

Ooijkaas LP, Wilkinson EC, Tramper J et al (1999) Medium

optimization for spore production of Coniothyrium mini-
tans using statistically-based experimental designs.

Biotechnol Bioeng 1:92–100

Partridge DE, Sutton TB, Jordan DL et al (2006) Management

of sclerotinia blight of peanut with the biological control

agent Coniothyrium minitans. Plant Dis 7:957–963

Shi J, Li Y, Qian H et al (2004a) Pre-germinated conidia of

Coniothyrium minitans enhances the foliar biological

control of Sclerotinia sclerotiorum. Biotechnol Lett

21:1649–1652

Shi J, Li Y, Chen J (2004b) Modified membrane culture system

for research on solid-state fermentation of filamentous

fungi. J Chem Ind Eng 10:1684–1689

Shi J, Li Y, Qian H et al (2004c) Coniothyrium minitans
CCTCC M203020: its characteristics and potential in

biological control of Sclerotinia sclerotiorum in oilseed

rape. Chin J Appl Environ Biol 6:798–802

Fig. 3 Effect of pH on the

growth profile in pH non-

buffered media (a) and pH

buffered media (b) in

one-stage process. pHs of

the media are 2 (j), 3 (•),

4 (m), 5 (.), 6 (¤), 7 (b)

and 8 (H)
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Fig. 4 Effect of pH on spore yield. In the one-stage process,

both pH non-buffered media (¤) and pH buffered media (m)

were used. For the first stage in the two-stage process, two pH

levels, 6 (e) and 4 (D), were used and the cultivation time was

72 h
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