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Ectomycorrhizal fungi inoculation can increase the sustainability of planted forests hence the inoculant 
production should be optimized. The objective of this study was to determine the agitation speed and 
time of growth for maximum production of mycelium of D216 isolate of Pisolithus sp. The treatments 
were established by factorial 6x3, being six agitation conditions and three different times (days) of 
growth. The kinds of agitation used were: Without agitation, gentle manual agitation every two days and 
orbital agitation speed of 50, 100, 200 and 250 rpm.  The times of growth were 14, 21 and 28 days. The 
mycelium mass was generally single and remained on the surface of the culture medium when grown 
without agitation or with manual agitation. Spherical mass units formed under agitation and grew 
submerged. The dry mass production of mycelium of D216 isolate was higher when grown under 
agitation of 200 rpm, followed by 250 and 100 rpm. For all agitation system, the production of mycelium 
did not increase after 14 days. The maximum production of mycelium dry mass of D216 isolate of 
Pisolithus sp. was obtained in the agitation speed of 200 rpm for 14 days. The elevation of the agitation 
to 250 rpm decreased the mycelium dry mass production of Pisolithus sp. In the absence or in lower 
agitation speeds, the mycelium dry mass was minimal. Using the ideal speed for maximum mycelium 
production and adjusting other growing conditions can decrease the risk of contamination, the 
production time and cost of the inoculant and encourage the use of this biotechnology. 
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INTRODUCTION 
 
The ectomycorrhizal fungi (EMF) are well  known  due  to the association ability with planted trees species, such as  
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eucalyptus and pines, increasing the survival and growth 
of the same (Chen et al., 2006; Quoreshi et al., 2008; 
Rivero et al., 2009; Costa et al., 2015, 2019). The 
inoculation of these trees with selected ectomycorrhizal 
fungi is a biotech strategy that can increase productivity 
in the forestry sector and reduce the excessive use of 
chemical fertilizers, which contribute to the high 
production cost and environmental impacts (Alberton et 
al., 2014; Costa et al., 2019). In ectomycorrhizae, fungi 
increase the plants ability to absorb water and nutrients 
and to withstand biotic and abiotic stresses and plants 
provides carbohydrates to the fungi (Garbaye, 2000; 
Chalot et al., 2002). 

Inoculation of selected ectomycorrhizal fungi can 
reduce the use of fertilizers by up to 33% and increase 
coniferous seedlings growth, thus contributing to the 
reduction of environmental impacts associated with the 
production and use of chemical fertilizers in nurseries 
(Khasa et al., 2001). The beneficial effect of inoculation of 
ectomycorrhizal fungi in nursery was also observed in 
Eucalyptus seedlings (Chen et al., 2006; Costa et al., 
2019), as well as the improvement in the quality and 
performance of transplanted seedlings (Quoreshi et al., 
2008; Rivero et al., 2009). Inoculation of Pisolithus 
microcarpus isolate UFSC-Pt116 in Eucalyptus cutting 
increased plant growth by 13.1% at commercial nursery 
(Costa et al., 2019). Furthermore, seedlings of Pinus 
radiata inoculated with Rhizopogon roseolus and 
Scleroderma citrinum (Ortega et al., 2004) and seedlings 
of Pinus pinea inoculated with Rhizopogon luteolus and 
Rhizopogon roseolus (Parladé et al., 2004) survived and 
grew more than those not inoculated after planting in the 
field. Despite these results, the lack of investment by both 
government agencies and companies in the forestry 
sector limits the production and use of ectomycorrhizal 
inoculants in commercial nurseries in Brazil (Rossi et al., 
2007). 

The mycelium is the most appropriate way for these 
fungi inoculation (Brundrett et al., 1996), hence it must be 
used directly in in vitro tests, in selection tests in a 
greenhouse and commercially in the nursey seedlings 
inoculation (Alves et al., 2001). Thus, for its large-scale 
use, it is necessary to produce mycelium from pure 
cultures in culture medium (Pokojska et al., 1996). 

Based on the assumption that the ectomycorrhizal 
fungus requires contact with nutrients and oxygen to 
grow, and considering the possibility of biotechnological 
application of biomass produced and the various uses of 
mycelium, the cultivation in a liquid culture medium is the 
most suitable for the mycelium biomass production 
(Rosado et al., 2003; Repáč, 2011). This cultivation can 
also be done in less space and less time when compared 
with the solid medium (Martin, 1983; Papagianni, 2004; 
Albaek et al., 2011). In addition, it offers ease of 
mycelium separation from the culture medium, allows the 
growth medium sterilization, maintenance of the aseptic 
culture and greater  cultivation  conditions  control  during  
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the production process (Guillén-Navarro et al., 1998). 

The physical effects of shaking speed during the fungi 
cultivation in a liquid culture medium require a great deal 
of attention. There are several reports that the agitation 
speed can change the morphology, differentiation of 
filamentous species and the time of growth and mycelium 
production of the fungi (Park et al., 2002b; Kim et al., 
2003; Kelly et al., 2004; El-Enshasy et al., 2006). The 
agitation is important for the homogenization of liquid 
culture medium, mixing of nutrients, mass transfer and 
heat between the different phases present in the culture 
and maintenance of physical and chemical conditions 
suitable for mycelium production (Mantzouridou et al., 
2002; Gupta et al., 2003). Furthermore, it is directly linked 
to the aeration rate of the culture medium, which may be 
beneficial for the growth and performance of the cells 
(Park et al., 2002a; Kim et al., 2003). 

On the other hand, the exposure of the mycelium to 
high agitation speeds create shear forces, which 
undermine the fungi in several ways, reducing the growth 
and, so, the mycelium biomass production (Park et al., 
2002b; Gupta et al., 2003; Kelly et al., 2004; El-Enshasy 
et al., 2006). However, there are also reports that the 
increase of agitation speed increases mycelium 
production (Cui et al., 1997; Kim et al., 2003). Although 
the fungi responses to unrest have been quite varied, the 
general trend for both the agitation and aeration is a 
positive correlation with the mycelium production (Albaek 
et al., 2011). 

The use of the ideal agitation speed for the growth of 
each fungus isolate can increase mycelium production in 
less time and thus reduce production costs (Amanullah et 
al., 2000; Albaek et al., 2011). Among the 
ectomycorrhizal fungi, the species of the Pisolithus are 
among the most studied regarding the mycorrhizae 
formation (Barros et al., 1978; Campos et al., 2011; 
Alberton et al., 2014). The influence of agitation speed at 
the growth rate and mycelium formation should be 
examined, with the purpose of finding which agitation 
speed results in increased mycelium production in less 
time, causing less damage to the fungal cells. In this 
context, the objective of this study was to determine the 
agitation speed and the time of growth for maximum 
production of mycelium of D216 isolate of Pisolithus sp. 
in liquid culture medium. 
 
 
MATERIALS AND METHODS 
 
Location of experiment and fungal isolate 
 
The study was carried out in the Laboratory of Soil Microbiology 
from the Federal University of Jequitinhonha and Mucuri Valleys - 
UFVJM, in Diamantina, Minas Gerais, Brazil (with headquarters at 
18.20°S and 43.57°W). 

The D216 isolate of the Pisolithus sp. used isolate that was 
obtained from EMF collection of the Laboratory of Soil Microbiology 
– UFVJM. Pure isolate cultures were originally obtained from 
basidiomas    sampled     in     Eucalyptus    spp.     plantations      in  
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Jequitinhonha Valley – Minas Gerais. It was selected by presenting, 
in previous experiments, satisfactory growth in solid and liquid 
culture medium and by promoting benefits to eucalyptus plants in 
vitro tests (Costa et al., 2015) and in the nursery (Gomes, 2016). 
 
 
Isolate growth, experimental design and treatments 
 
The isolate was grown in Petri dishes (∅= 100 mm) with 20 mL of 
solid MNM culture medium for 29 days at 25ºC. Subsequently, 
discs of 5 mm diameter were removed from the edges of the isolate 
colonies, transferred to Petri dishes and kept for three more days to 
allow the damaged mycelium recovery during transplanting, confirm 
the feasibility, demonstrate the absence of contamination and 
perform the pre-growth for cultivation in liquid medium. 

The experiment was carried out in a completely randomized 
design and treatments were established by factorial 6x3, being six 
agitation conditions and three different times (days) of growth. The 
agitations used were: without agitation, gentle manual agitation for 
three seconds every two days and orbital agitation speed of 50, 
100, 200 and 250 rpm.  The times of growth were 14, 21 and 28 
days. The experimental unit was composed of one Erlenmeyer 
containing 50 mL of liquid Melin-Norkrans modified culture medium 
(MNM), pH 6,5 (Marx, 1969) inoculated with 10 discs of 5-mm 
diameter culture medium with pre-grown mycelium of D216 isolate 
of Pisolithus sp. and incubated at 25°C. Each treatment had eight 
repetitions, totaling 144 experimental units. The MNM culture 
medium was added of 20 mg L

-1
 of chloramphenicol to prevent 

bacterial contamination. 
 
 
Determination of the mycelium dry mass and data analysis 
 
To each time of cultivation, the fungal mycelium originated from 
each Erlenmeyer was collected in a sieve with a mesh of 53 μm, 
washed with distilled water. At the time of washing, the mycelium 
was visually analyzed for density, branching and fragmentation. 
The material was transferred to 30 mL plastic containers previously 
weighed and dried in an oven at 60ºC for three days until constant 
weight (Brundrett et al., 1986). Then, the set was weighed on an 
analytical balance (Marte, AY220). The mycelium dry mass was 
determined by the difference between the final weight of the plastic 
container with dried mycelium and the initial weight of the empty 
plastic container and was expressed in milligrams by 50 mL of 
culture medium (experimental unit). 

Dried mass of mycelium was analyzed for distribution (Lilliefors 
test) and homogeneity (Cochran and Bartlett test). Then, using the 
Sisvar software, dates were subjected to two-way ANOVA and the 
means compared by the Tukey test (5% significance). 

 
 
RESULTS 
 
The agitation conditions influenced the mycelium dry 
mass production of D216 isolate of Pisolithus sp., 
however, the agitation with time interaction was not 
significant (Table 1). 

The mycelia morphology, mycelium density or 
branching frequency, of the D216 isolate was visually 
different in the agitation condition evaluated. When grown 
without agitation or manual agitation some of the 
mycelium discs placed in the medium did not grow, the 
mycelium mass (densely interwoven mycelium masses 
referred to here as pellet) was generally single and 
remained on the surface of the culture medium.  

 
 
 
 
Differently, under agitation, several spherical pellets units 
were formed and these grew submerged. At the end of 
the cultivation, these pellets differed in size and mycelium 
density; at a speed of 50 rpm, they were smaller and 
some fragmented hyphae filaments also occurred 
dispersed. At the speed of 100 rpm, mycelia pellets were 
larger than the previous ones and they had a hairy hyphal 
layer. At the speed of 200 rpm, the mycelia pellets were 
larger than the previous ones and had a more mycelium 
density with a more branching frequency. At the speed of 
250 rpm, the mycelia pellets were smaller, irregular, and 
there were more hyphae fragmented. 

The dry mass production of mycelium of D216 isolate 
was higher when grown under agitation of 200 rpm (747 
mg), followed by 250 rpm (510 mg) and 100 rpm (157 
mg) (Figure 1). For all agitation conditions, the production 
of mycelium did not increase after 14 days. The 
maximum production of mycelium dry mass (757 mg) of 
D216 isolate of Pisolithus sp. was obtained in the 
agitation speed of 200 rpm at 14 days of growth, while in 
the absence or low agitation speed the mycelium mass 
production was not affected (Figure 1). 

Elevation of the agitation speed from 200 to 250 rpm 
resulted in a decrease in the mycelium production of 
Pisolithus sp. (Figure 1). 
 
 

DISCUSSION 
 
The influence of agitation speed on the morphology of 
filamentous fungi growing in submerged liquid culture 
medium was also observed for Blakeslea trispora 
(Mantzouridou et al., 2002), Cordyceps militaris (Park et 
al., 2002b), Paecilomyces sinclairii (Kim et al., 2003) and 
Aspergillus niger (Kelly et al., 2004). This effect of the 
agitation speed on the fungi morphology confirms that 
these are morphologically complex organisms, differing in 
structure at different times in their life cycle, differing in 
form between surface and submerged growth, differing 
also with the nature of the growth medium and physical 
environment (Papagianni, 2004). Filamentous fungi 
growing in low agitation speeds, in general, produce 
larger pellets and lower mycelium dry mass, probably due 
to the lower nutrient availability in the internal parts of the 
pellet (El-Enshasy et al., 2006). 

Regardless of the agitation conditions, there was dry 
mass production of the D216 isolate of Pisolithus sp. until 
the 14 days of growth (Figure 1). The insignificant growth 
of mycelium after 14 days of cultivation may be due to 
changes in the pH of the culture medium or depletion of 
some nutrient. This higher growth rate until the 14 days is 
better than what is cited in the literature for Pisolithus sp., 
which in general,is grown between 20 and 30 days for the 
inoculant production (Fernandes et al., 2014; Costa et al., 
2015). For other faster growth fungi, as A. niger and 
Ceriporiopsis subvermispora, the greater quantity of 
mycelium dry mass is produced in a shorter time, from 
four to five days (Gupta et al.,  2003;  Kelly et  al.,  2004).  
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Table 1. Analysis of variance and respective levels of significance for the dry mass of mycelium of the isolate D216 of Pisolithus sp. cultured 
in modified Melin-Norkrans liquid medium under gentle manual shaking every two days and orbital shaking of 0 (without stirring) 50, 100, 200 
and 250 rpm and growth times of 14, 21 and 28 days.  
 

Variation source DF Mean square F P value 

Agitation conditions 5 2246689.51* 700.29 0.0000 

Growth time 2 3309.31 1.032 0.3595 

Agitation conditions x Growth time 10 525.35 0.164 0.9983 

Error 126 3208.23 

  Average mass of dry mycelium(mg in 50 mL) 

 

256.17 

  CV (%) 

 

22.1 

  
 

*Significant at 5% by the Tukey test. 

 
 
 

 
 

Figure 1. Dry mass of mycelium of the isolate D216 of Pisolithus sp. cultured in 50 mL of modified 
Melin-Norkrans liquid medium under manual shaking every two days and orbital shaking of 0 
(without stirring) 50, 100, 200 and 250 rpm and growth times of 14, 21 and 28 days. ns = Growth 
times within each shaking system were not significant by the Tukey test (p ≤ 0.05). The agitation 
systems followed by the same letter do not differ by the Tukey test (p ≤ 0.05). The bars indicate 
standard error (n = 8). 

 
 
 
Those authors proposed that the reduction in the growth 
rate was due to the depletion of the glucose. 

The growth of the D216 isolate of Pisolithus sp. was 
minimal when incubated without agitation, agitated 
manually every two days or under agitation speed of 50 
rpm even grown for 28 days (Figure 1). At a speed of 50 
rpm, they were smaller and some fragmented hyphae 
filaments also occurred dispersed. This means that the 
same requires agitation for its greater growth in liquid 
medium. The lack of homogeneity of the liquid culture 
medium  may   have   interfered   with   the  aeration  and 

distribution rate of nutrients, hindering the mycelium 
growth and consequently the dry mass production of 
Pisolithus sp. The agitation speed influences the nutrient 
availability and aeration rates, which reflects, in the 
mycelium morphology and increases the hyphae length, 
and consequently also the mycelium dry mass production 
(Amanullah et al., 1999, 2000; Park et al., 2002a, b; 
Mantzouridou et al., 2002; Gupta et al., 2003; Kelly et al., 
2004; El-Enshasy, 2006). The agitation results in better 
culture medium mixing and maintains the concentration 
gradient  between  the  cells’  interior  and  exterior.   This  
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gradient promotes the satisfactory supply of sugars and 
other nutrients to the cells, besides facilitating the 
removal of gases and other catabolism byproducts from 
the cellular microenvironment, resulting in greater 
mycelium dry mass production (Mantzouridou et al., 
2002). 

The agitation speed increase for 100 and 200 rpm 
increased the visible number of mycelium pellets and 
mycelium dry mass of Pisolithus sp., reaching maximum 
production at a speed of 200 rpm (Figure 1). At the speed 
of 200 rpm, the mycelia pellets were larger than the 
previous ones and had a more mycelium density and 
seemingly more branching frequency. The 747 mg of dry 
mycelium mass obtained in this work at a speed of 200 
rpm was 3.9 times greater than that observed for 
Laccaria laccata grown in 100 mL of liquid Lamb’s 
medium inoculated with one 10-mm in diameter disc 
without agitation (Pokojska et al., 1996) and was 21 times 
greater than that observed for the ectomycorrhizal fungi 
Cadophora finlandia in solid MNM modified (Azaiez et al., 
2018). This effect of increased agitation speed was also 
observed for the pathogenic fungus B. trispora 
(Mantzouridou et al., 2002) and the parasitic fungus C. 
militaris (Park et al., 2002b). The authors’ proposed that 
increase of mycelium dry mass was due to better air 
supply to the cells. Generally, aerobic fungi have an 
increased growth rate when moderate aeration is 
combined with an increase in the agitation speed 
(Mantzouridou et al., 2002). 

With the additional increase of the agitation speed to 
250 rpm, the mycelia pellets were smaller, irregular, and 
there were more hyphae fragments and decreased 
mycelium dry mass production (Figure 1). Although, for 
other fungi, Aspergillus awamori (Cui et al., 1997) and P. 
sinclairii (Kim et al., 2003), the agitation speed of 250 rpm 
increased the mycelium dry mass production. The 
increase in the number of pellets under higher agitation 
speeds was also observed in A. niger growing at speeds 
of 200 to 800 rpm (El-Enshasy et al., 2006). Most of the 
time, agitation speeds lead to greater energy dissipation, 
linked to high shear risk, which can result in cell 
fragmentation and damage, decreasing the mycelium 
production (Park et al., 2002b; Gupta et al., 2003; Kelly et 
al., 2004; El-Enshasy et al., 2006). In addition, it can 
increase the culture medium’s apparent viscosity, due to 
the increase in the quantities of free filaments, causing 
the reduction of the efficiency in mass transfer and 
limitingoxygen and nutrient absorption by the cells (Kelly 
et al., 2004). 

The results obtained in this study confirmed that 
agitation speed is an important parameter in the 
mycelium development and dry mass production of 
Pisolithus sp., and indicates the agitation speed of 200 
rpm as the ideal for growth and production of mycelium 
dry mass of 216 isolate of Pisolithus sp. These results 
corroborate with those found in literature, where it is 
reported  that  in   appropriate   aeration   conditions,   the  

 
 
 
 
optimal agitation speed for mycelium mass production in 
general is within the range of 150 to 250 rpm (Papagianni 
et al., 2001; Mantzouridou et al., 2002; Park et al., 2002a; 
Kim et al., 2003; El-Enshasy et al., 2006). The agitation 
speed within this range provides a balance between the 
forces of cohesion and disintegration; besides allowing 
the formation of small pellets favorable to a higher 
mycelium dry mass production during prolonged 
cultivation (Papagianni et al., 2004; El-Enshasy et al., 
2006). 
 
 
Conclusion 
 
The mycelium dry mass production of D216 isolate of 
Pisolithus sp. is maximum at 14 days of growth under 
200 rpm of agitation. Using the ideal speed for maximum 
mycelium production and adjusting other growing 
conditions can decrease the risk of contamination, the 
production time and cost of the inoculant and encourage 
the use of this biotechnology. 
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