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INTRODUCTION


	Research is in progress in the Weed Science department of CABO on biological control of the weed Prunus serotina (American bird cherry). In the field, it has been shown that P. serotina can be effectively controlled with mycelium of Chondrostereum purpureum (12, 13, 27).  For use in small field trials, the fungus was grown mainly on solid media.  This method of culturing the fungus is not suitable for large field trials because of the need for much larger quantities of mycelium.  Operational use of this biological control will require production of the fungus on an industrial scale.  Therefore, in consultation with the Department of Microbiology of the Agricultural University, research has been done on various production methods which are relevant to scale-up. 


	To produce mycelium on a large scale it is customary to cultivate the fungus in liquid culture. Generally, fungi are grown as batch cultures which are harvested when fully grown. By 1960 it was found that Penicillium chrysogenum (22,23), and later for other fungi, that mycelial fungi can be grown in so-called ‘chemostaat’. With this method, the culture is continually fed nutrient medium and culture fluids plus mycelium removed at a speed dependant on the growth rate of the fungus (2,6,34). Both methods have advantages and disadvantages.  Batch culture production is simpler than continuous production.  The production of biomass in a continuous culture is theoretically more efficient (21,30,31).  Both culture methods are therefore discussed in this research.


	C. purpureum grows well on a variety of nutrient media.  Beever (3) has investigated the nutrient requirements of this fungus extensively.  Schlechte (29) found a temperature optimum of 24 - 28C and a pH optimum of 5 to 7.  Many fungi appear to form flocs in liquid culture because the mycelium does not form a homogenous mass but forms pellets.  Figure 1 shows seven types of pellets which can form during fermentation.





�PRIVATE ��FRAMEWORK OF THE RESEARCH AND RESULTS


a)	Batch Culture on a Shaker


	After inoculation of an Erlenmeyer flask containing malt extract broth with an agar plug of  C. purpureum and placing it on a shaker at 100 r.p.m., a slow growing pellet forms.  This pellet can eventually grow to a few centimetres in diameter.  At greater shaker speeds, pellets can be broken into smaller pieces.  Pellets can be fragmented in a high speed blendor and serve as inoculant for further cultures.  The inoculation of a culture with a relatively large amount of mycelial suspension has the advantage that the culture can be fully grown before pellets become too large. The disadvantages of this method (11) are the chance of contamination, tedious and time consuming manipulations and mechanical damage to the hyphae.


	The specific growth rate (umax) of C. purpureum was established using shake cultures of this fungus.  To this end, Erlenmeyer flasks (300 ml vol) containing 100 ml of 2% malt extract broth were sterilized and inoculated with5 ml of mycelial suspension and incubated at 25C and a shaker speed of 200 r.p.m.  At the same time each day, mycelium was harvested and washed in a finely meshed seive, dried for 24 hours at 105C and weighed.  In Figure 2, mycelial dry weight is plotted against time.  The redoubled time (td) in the exponential growth phase is 17.5 hours.  From this was calculated using the formula  >umax = ln2/td=  a specific growth rate of 0.039g/hr.  Five days after the start of the culture, pellets of 5 mm maximum diameter had formed.  These pellets had a hard outer coating with softer mycelium inside surrounding a dark brown centre. This type of pellet has often been called a ‘sclerotic pellet’ (17).  The consequence of forming this type of pellet was a sharp decline in growth (Fig. 2).





Figure1.  Different types of  Aspergillus niger pellets in a tower fermenter.


Figure 2. Dry weight of C. purpureum mycelium (logarithmic) versus time.


b)	Batch Culture with a Magnetic Stirrer


	Using a magnetic bar (3 cm. long) connected to a magnet as shown in Figure 3, it appeared possible to grow the fungus in a simple way.  After inoculation with an agar plug with mycelium from the stock culture, there appears after a few days a ‘floc-like’ growth of mycelium resembling types 1 and 2 pellets in Figure 1.  A similar culture in its totality can serve as inoculant for a flask containing a few litres of malt extact broth, which can be incubated on a magnetic stirrer.  In this way, it is possible to grow a sufficient quantity of mycelium for large scale field trials.  Fungus culture using a magnetic stirrer meets very well the demands to grow inoculation material for a large culture in small flasks with 100-500 ml of culture medium. This method can also be used for growing a few litres of mycelial suspension. The growth rate of the mycelium is limited to the rate at which oxygen diffuses into the medium. Because of time constraints it was not possible to investigate the maximum quantity of mycelium per litre of culture liquid in relation to time and malt extract concentration.     





Figure 3.  Drawing of Chondrostereum purpureum culture using a magnetic stirrer.


		1:  Erlenmeyer flask with culture medium and cotton plug


		2:  small magnetic bar


		3:  magnetic stirrer


c)	Batch culture in a fermenter


	For the cultivation of mycelium on a laboratory scale, a shake culture may be as suitable as a magnetic stirrer culture. For mycelium production on a large scale, a fermenter is required.  The temperature and acidity of the culture medium and the stirrer speed are regulated in a fermenter, and the oxygen supply is optimum because sterile air is introduced under pressure. There are fermenters with capacities of a few litres to 100 litres available for prices, respectively, of a few thousand guilders to 100,000 guilders. In industry, fermenters with a capacity of more than 100,000 litres are used, for instance, in the production of penicillin by Gist-Brocades.


	We used a Biotec fermenter with a capacity of 3.2 litres in our research.  The inoculant for this fermenter was cultivated in a flask containing 100-200 ml malt extract broth  (1%, pH 5.0) on a magnetic stirrer.  After about a week, this culture was added in total to the Biotec fermenter.  Culture of the fungus in the Biotec fermenter occurred under the following conditions: culture volume of 2 litres, malt extract broth (1%, pH 5.0) as a medium, temperature of 28C,  and ventilation speed of 50 litres per hour (over-measure).  Two cultivation experiments in the fermenter were carried out.


	In the first experiment, a stirrer speed of 325 r.p.m. was established and an extra propellor was attached to the stirrer to better stir the suspension.  A few days after the start of this culture in the fermenter, it became apparent that the fungus forming smooth, compact rod- or club-shaped pellets, which were up to 1 mm thick and 4 mm long. These pellets were comparable to types 6 and 7 pellets in Figure 1.  It was concluded that the stirrer speed and the stirrer system, especially when coupled with great force, were responsible for forming this type of pellet. 


	In the second experiment, a stirrer speed of 170 r.p.m. was established to find out if the slower speed would influence the shape of the pellets.  This slower speed was made possible by passing an in-between coupling of a slowing down mechanism.  With this lower stirrer speed, the fungus formed ball shaped pellets, about 2 mm in diameter,  with furry surfaces.  These pellets were comparable to types 4 and 5 in Figure 1.


�
d)	Continuous Culture


	A continuous culture system, on the whole, entails a great number of technical problems.  Moreover, the morphology of mycelial fungi are not well adapted to continuous culture (14, 24).  This is the reason that some changes in the apparatus have to made.  Just as with batch cultures, there is a risk of contamination by bacteria and other moulds.  The medium can start to foam and sputter as a result of  stirring and aeration. Mycelial growth in the intake and outlet pipes can cause plugging.  There are also electrical and mechanical problems.


	The Biotec fermenter was also used for continuous culture experiments. The design is schematically drawn in Figure 4 and a picture presented in Figure 5.  For continuous culture, use was made of the so-called flooding principle:  using a pump, culture medium was pumped in, while through a pipe at the level of the liquid surface as a result of the overpressure in the fermenter continuous culture liquid with mycelium was being removed.


	By adding acidity with hydrochloric acid to pH 5.0 the risk of contamination by bacteria was less. By using an antifoaming agent (0.05% polypropyleneglycol 2000 from Shell) the foaming was checked with a stirrer speed of 325 r.p.m.  Stirring slowly at 170 r.p.m. saw atrong decline of foaming and spatting.  Growth on the wall of the fermentation vat could be wiped with the help of a small magnetic rod on the inside of the fermenter, which was moved by a magnet on the outside of the fermenter. Incidentally, the liquid level in the fermenter became higher because all growth was removed from its wall. This, however, meant a disturbance in the equilibrium.  The culture medium was put under pressure with the help of a pipette (see Figure 4) in the fermenter, which allowed control of fungus growth in the intake. To prevent plugging of the outlet hoses and pipes there was an internal diameter of at least 5 mm.


	We described in Section C for two batch cultures with different stirrer speeds in the Biotech fermenter. These harvested cultures were continued as continuous cultures by coupling of the supply vat and the collection vat of the fermenter and the switching on of a pump.  The pump speed (F) was 40 ml/hr and from this follows a specific flow speed (D) of F/V  = 0.2/hour and D = 0.5 umax.


	In the first experiment (see section C) an extra prpellor was fastened to the stirrer rod and the stirrer speed was 325 r.p.m.  The fungus then formed compact rod- and club- shaped pellets which were up to 1 mm thick and 4 mm long. These pellets were comparable to type 6 and 7 pellets in Figure 1. After starting continuous culture, the fungus gradually disappeared from the fermenter!  This meant that the fungus showed a much lower than maximum growth rate.  In this context, it is known from the literature (20) that the compact pellets do not show exponential growth. 


	In the second experiment (see section ‘c’) the stirrer speed was 170 r.p.m.  At this lower speed, the fungus formed globe shaped pellets, about 2 mm in diameter and with somewhat furry surfaces. These pellets were comparable to types 4 and 5 in Figure 1. The fungus was cultivated for 10 days without showing a decrease in quantity of mycelium in the fermenter.  In the outlet tube there was present a constant 4 mg dry weight of mycelium per ml of culture fluid.  The output (quantity of mycelium per quantity of malt extract) was high, namely 40%.  In these 10 days of continuous culture, 10 litres of malt extract broth produced about 40g (dry weight) of mycelium. In the collection vat, the shape of the mycelium was very slimy.       








Figure 4.  Schematic drawing of the chemostat for continuous culture of the fungus Chondrostereum purpureum.
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Figure 5. This design with a ‘Biotec’ fermenter was used for continuous culture of C. purpureum	  





DISCUSSION


	It is known from a few kinds of fungi, such as Geotrichum candidum, Muco hiemalis, Verticillium agraricium, and Fusarium avenaceum, that they do not form pellets in agitated cultures (33).  By far, most kinds of fungi grow well in to the shape of pellets in agitated cultures (7, 35). These pellets can be more or less compact and can have a more or less smooth surface. The formation and type of pellet depends on the circumstances of culture, such as grade of acidity, composition of the medium, shaker speed and force, ventillation, density of spores in the inoculum (1, 17, 35).  The type of pellet can also change in the course of fermentation.  The morphology of C. purpureum pellets appeared to be very sensitive to the agitation system and force of agitation.  Pellets have the advantage that they can easily be separated from the culture fluid and they do not make the medium too viscous (30).  An important disadvantage of pellets is that they often do not grow exponentially (20). Only by experimentation can it be established which growth form is preferable for the production of mycelial biomass (11).


	It is known from different kinds of fungi that they can continue can be cultivated.  These types of fungi never form pellets, such as Geotrichum viride (10) and some kinds (15, 32), or they form pellets with a low acidity grade of the medium, such as Penicillium chrysogenum (22,26), Apergillus spp. (5, 18), and Trichoderma viride (28). Only when new pellets are formed from old pellets can one cultivate pellet forming fungi (24).  In spite of pellet formation, it was found possible to cultivate C. purpureum in continuous culture with a lower stirrer speed. Cocker (9) reports that in one of his experiments with continuous culture, the pellets did continue to fragment and the regrew during a state of equilibrium.  Only if mentioned process has a constant specific growth rate as net result is continuous cultivation possible.  With C. purpureum, his was apparently only when a slow stirrer speed was used.


	For cultivation of a certain quantity of biomass, it is possible that with continuous culture a smaller work volume than with batch culture can suffice.  For this reason a smaller and therefore cheaper fermenter can suffice.  To try and keep a continuous culture in a state of equilibrium work is scarcely necessary.  Considering the cultivation of the fungus in batch culture could be that a large industrial fermenter could be used for C. purpureum. A disadvantage of continuous culture is the probable loss of pathogenicity of the fungus.  But only in very specialized pathogens such as Phytophthora infestans (19) and Pyricularia oryzae (16) is it known that they can lose their pathogenicity after repeated times of over inoculation (4).  C. purpureum is a facultative parasite of a number of woody species, therefore this risk appears to be very small.


	The drawing of the cultivation methods of C. purpureum in a fermenter offer good possibilities to scale up. Production of the fungus on a large scale calls for technical application of the apparatus and the choice of cheaper substratum. Also, the express the fungus into a formulation to enable production shall demand some attention so that a time margin of at least a few months has been created between production and time of application.





SUMMARY


	This report treats batch and continuous cultivation of mycelium of the fungus Chondrostereum purpureum.  A description is given of batch culture in the laboratory with a shaker, a magnetic stirrer and a fermenter. A smaller fermenter with a capacity of 3 litres was fitted for continuous culture. In spite of pellet formation, it was found possible prform cotinuous culture in this chemostat.  In the discussion, the advantages and disadvantages of batch and continuous culture and pellets for cultivation of biomass are dealt with.
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