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Abstract  
F. oxysporum f. sp. glycines is one of the most frequently pathogenic species of soybean. 

Understanding the biology of the pathogen F. oxysporum f. sp. glycines gives us information on the 
optimal timing for implementing the control measures in order to stop the infection process of the 
disease. Our research focused on defining biological parameters for developing vegetative growth under 
controlled conditions. Research has been conducted in the laboratory of Mycology from Research 
Development Institute for Plant Protection Bucharest. The biological material used was the fungus F. 
oxysporum isolated from the roots of soybean plants of the variety PR92M22 cultivated in Unirea, 
Braila county. Infected roots were kept in wet rooms to develop microflora, from where the fungus was 
isolated and purified using the PDA culture medium. In laboratory conditions, it was determined the 
influence of abiotic factors (temperature, relative humidity, pH and plastic and energy sources. The 
fungus develops in a limited range of values of temperature (8-36°C). The pH values of the culture 
medium influenced the fungal growth: the lowest limit was pH=3; higher alkaline values exerted a 
negative influence on fungus by stopping the colony growth. Plastic and energy sources are important 
for colonies development. 
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1. Introduction 
Soybean (Glycine max L.) is one of oilseeds with a high nutritional value (HESSELTINE 

[10]) native to Asia. It was domesticated in China (1550-1027 B.C.) and introduced to the 
Romania in 1911 (HARTMAN [9]; DENCESCU and POPA [7]). Soybean are grown for the 
special value of seeds, which contain about 40% protein and 20% high quality oil of the total 
weight (ASH [2]). Fusarium species can infect plants at any stage of soybean development 
but infection is particularly favored when plants are weakened.  Fusarium species are 
commonly isolated from soybean roots (ARIAS et al. [1]). F. oxysporum f. sp. glycines 
reduced seed germination and seedling survivability by 40% and caused pre-emergence 
damping off of seedlings (BEGUM et al. [3]). Fusarium species are widespread soilborne 
organisms capable of surviving for long periods of time as chlamydospores and as mycelium 
in plant residues and in soil (GHEORGHIEŞ and CRISTEA, 2001 [8]; CRISTEA, 2005 [5]. 
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F. oxysporum (Schlecht. SNYDER and HANSEN [15]) f. sp. glycines belongs to: Kingdom 
Fungi, Phylum Ascomycota; Class Sordariomycetes; Order Hypocreales; Family Nectriaceae; 
Genus Fusarium (KIRK et al. [12]). The fusariosis of soybean was first recorded in 1917 in 
the U.S. (CROMWELL [6]). 

 
2. Materials and methods  
In laboratory conditions, phytopathogenic fungus Fusarium species was grown on 

artificial agar media with PDA (potato-dextrose-agar) MARDARE et al., 2015  [13]; PANA 
et al., 2015  [14]. 

The sick biological material of soybean (cultivar PR92M22), which was formed from roots 
with specific disease symptoms was put in a wet room, where, the mycelium formation was 
observed after 3 days. Placed on PDA culture medium again, in Petri dishes ø 8cm sterilized at 
121ºC/20 min (HULEA [11]), colonies were formed; after 6 days, they purified the Fusarium 
species. The abiotic factor was established in laboratory conditions. They influenced the 
Fusarium species fungus development, after Tuite’s method (CONSTANTINESCU [4]). The 
relative humidites were controlled using the following: LiCl 150g (15.0% R. H.), CaCl2, 6 H2O 
(35.0% R.H.), Ca(NO3), 4 H2O (55.0% R. H.), Mg(C2H3O2)2 x H2O (65.0%), NaCl 304g 
(76.0%), NaCl 262g (80.0%), saturated aqueous solutions of Na2CO3 (92.0%), glycerol solution 
in distilled water (respectively 10%, 20%, and 40% per weight of glycerol to give 98%, 95% 
and 85% R.H.) and H2O dist (100.0% R. H.). The dessicators were placed at 20°C with 16-24 
hours photoperiod. Influence of temperature on the pathogen Fusarium oxysporum was 
determined by placing the Petri dishes in which transplanters fungus in thermostats with 
temperatures between 4 and 40°C and colony increasing diameter and fruiting were registred at 
a 3 day interval for a period of 15 days. The influence of temperature upon the incubation 
period of fungus F. oxysporum f. sp. glycines was also determined; artificial infestations were 
made on stems by their spreading with a suspension of conidia in distilled water, in a 
concentration of 106 spores/ml, obtained from a 15 days culture developed on a PDA medium. 
Stems infected were keptin humid containers put in thermostats with constant temperature from 
6 to 32°C. Observations were made daily and noted the first symptoms. The influence of pH 
values in studying the fungus Fusarium oxysporum was determined using PDA culture medium 
with a modified pH value using sodium hydroxide or hydrochloric acid solutions. It was 
determined also the reaction to light of the fungus (continuous light, continuous darkness, and 
light/dark alternating for 8h/16h and 12h/12h). In order to follow how the Fusarium oxysporum 
metabolized source of carbon and nitrogen from various sources, we used Czapek medium, 
where the carbon source has been replaced with various monosaccharides, disaccharides and 
polysaccharides and nitrogen source with inorganic and organic compounds. The fungus was 
inoculated on such a medium and was allowed to grow for 15 days at temperature of 22°C after 
which the formations of the vegetative mass and fruiting appearance were recorded. 

 
3. Results and discussion  
The colonies growth and fructification of Fusarium oxysporum f. sp. glycines fungus are 

influenced by temperature (Table 1). As we see in figure 1, the minimum temperature for the 
colony formation was 8°C; they occurred under the form of a lax mycelium, of white colour, 
with a red back. Fructifications were absent. The 10°C temperature determined a better 
colony development, and the conditions presence was registered. They were rare on the 
mycelium’s surface. Temperatures between 12 and 20°C favored the emergence of a good 
vegetative mass. The optimum needed temperature for colony growth was at 22-28ºC when 
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70 mm colony diameter was registered, with velvety aspect, dense, white, with a red back. 
Fructification was very good (Fig. 2). The maximum value of temperature can be considered 
to be at 36°C. The formed colonies have a weak aspect, and fructifications were not even 
formed. The lethal temperature was identified at 38°C.  

On non wounded and infected stems incubation period was 14 days at 8ºC. Incubation 
period decreased to 6 days between 21 and 28ºC (Fig. 3). 

Regarding the influence of pH value on the development of the fungus Fusarium 
oxysporum f. sp. glycines after 15 days on evaluating the results of experiments it was 
observed that there is a wide range of pH values substrates development of strong acid up to 
alkaline (Fig. 4), colonies forming a good vegetative mass with conidia appearance at pH=3; 
the optimal values are between pH=4 and pH=7. With alkalinization culture medium, the 
fungus grew less vegetative, but sporulated well. 

In terms of the influence of light upon the development of the fungus Fusarium 
oxysporum f. sp. glycines as you can see in Table 2 fungus colonies have developed very well 
in the presence of light. On the permanent light or alternatively the vegetative mass of the 
formed colonies was rich, velvety mycelium and sporulation was abundant. Permanent 
darkness, throughout the experiment, led to the formation of colonies with very little 
vegetative mass, conidia occurred rarely of the mycelium surface. 

The incubation of Fusarium oxysporum f. sp. glycines shows that infection develops 
dependently of the humidity (Table 3). At values of 15% R.H., the colonies were not formed. 
The development of the fungus is possible when the humidity values are over 35% R.H. At 
values of 65% R.H., the formed colonies had an aspect felt; white, silky and fungus did not 
sporulate. From values equal or superior to 76% R.H. the formation of conidia was noted on 
the colony surface. With increased levels of atmospheric relative humidity, the colony 
development is very good, and the vegetative mass is dense, grey in colour on the surface of 
the colony, felt, deep red color on the reverse of the colony and is sometimes abundant 
sporulation. 

Plastic and energy sources are important for Fusarium oxysporum f. sp. glycines colonies 
development. From Table 4 it is observed that the fungus metabolizes carbon very good from 
monosaccharides: arabinose, dextrose, glucose, levulose, maltose, mannose, mannitose, 
ribose,  and trehalose. On the substrate containing polysaccharides, such as cellulose, fungus 
colony development was weak and carbon metabolism of starch was relatively good (Fig. 5). 
The lack of a carbon source stopped the development of colonies. From Table 5 it is observed 
that the fungus easily metabolized inorganic nitrogen compounds such as sodium nitrate, 
ammonium nitrate and ammonium sulphate. Asparagine and peptone had instead of have the 
same effect on the growth of the fungus (Fig. 6). 
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Table 1. The influence of temperature upon Fusarium oxysporum f. sp. glycines colony development 

 
Day 3 6 9 12 15 Observation after 15 days 
t°C Diameter of colony (mm) 
4 0 0 0 0 0 Vm ± = 0 Fr.± = 0 
6 0 0 0 0 0 
8 0 1 9 10 12 Vm+ Fr.± = 0 

10 0 3 14 25 27 Vm+ Fr.+ 
12 0 8 18 26 29 Vm+ Fr.+ 
14 0 9 25 29 31 Vm++ Fr.+ 
16 0 10 27 32 36 Vm++ Fr.+ 
18 0 11 29 45 50 Vm++ Fr.+ 
20 0 32 51 65 68 Vm++ Fr.++ 
22 0 34 55 66 70 Vm+++ Fr+++ 
24 0 36 58 70 70 Vm+++ Fr+++ 
26 0 38 65 70 70 Vm+++ Fr+++ 
28 0 37 65 70 70 Vm+++ Fr+++ 
30 0 35 65 66 68 Vm++ Fr.++ 
32 0 33 38 58 64 Vm++ Fr.++ 
34 0 12 27 30 32 Vm++ Fr.+ 
36 0 10 16 20 22 Vm+ Fr.± = 0 
38 0 0 0 0 0 Vm ± = 0 Fr.± = 0 
40 0 0 0 0 0 

Legend: Vm± = very weak vegetative mass; Vm+ = weak vegetative mass; Vm++ = good vegetative mass; 
Vm+++ = very good vegetative mass; Fr.0 = fungus did not fructify; Fr.± =very weak fructification; Fr.+ = weak 
fructification; Fr.++ = good fructification; Fr+++ = abundent fructification. 

 
 

 
 

Figure 1. The influence of temperature upon Fusarium oxysporum f. sp. glycines colony 
development on PDA medium after 15 days of subculturing 

 
 
 

     
Figure 2. The influence of temperature on growth and sporulation of Fusarium oxysporum f. sp. Glycines 

fungus on PDA medium after 15 days at 4°C, and respectively at 24°C. 
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Figure 3. The incubation period of fungus Fusarium oxysporum f. sp. glycines on stems at RH 95% 

 
 

Table 2. The influence of light upon Fusarium oxysporum f. sp. glycines colony development 
 

Lighting Colony development 
Permanent light (24 hours) Rich vegetative mass, velvety mycelium and abundant sporulation. 
Alternatively light/dark Rich vegetative mass, velvety mycelium, red-purple, rich sporulation. 
Alternatively light/dark Rich vegetative mass, felts mycelium, red-purple, rich sporulation. 
Permanent darkness Poor vegetative mass, poor sporulation. 

 
 

 

 
Figure 4. The influence of pH values upon Fusarium oxysporum f. sp. glycines fungal growth 

 
 
 
Table 3.  The influence of relative humidity (RH%) upon Fusarium oxysporum f. sp. glycines colony 

development 
 

Relative humidity  (%) Diameter of colony (after 15 days) Observations 
15 0 Is not formed colonies 
35 0 Vm±   Fr.0 
55 41 
65 67 Vm+        Fr.0 
76 70 Vm++      Fr.+ 
80 70 Vm++      Fr.++ 
85 70  

 
Vm+++   Fr.+++ 

92 70 
95 70 
98 70 

100 70 
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Table 4. The colony growth on different carbon sources 

 
Carbon sources Fusarium oxysporum f. sp. glycines  

fungal colony growth Monosaccharides 
Arabinose  

 
Abundant vegetative mass,  
velvety mycelium, red,  
rich sporulation. 

Dextrose 
Glucose 
Levulose 
Maltose 
Mannose 
Mannitose 
Ribose 
Sorbose Very poor vegetative mass without sporulation 
Trehalose Abundant vegetative mass, velvety mycelium, red, rich sporulation. 

Polysaccharides 
Cellulose Poor vegetative mass, mycelium developed in the substrate, sporulation poor  

to the center of the colony. 
Starch Mycelium poorly developed in concentric circles, lobed colony edge, very weak pigmentation, good 

sporulation. 

 
 
 
 

   
 

Figure 5. The influence of starch (left) and cellulose 
(right) upon Fusarium oxysporum f. sp. glycines fungal growth 

 
 
 
 

Table 5 . The colony growth on different nitrogen sources 
 

Nitrogen sources Fusarium oxysporum f. sp. glycines f 
ungal colony growth Inorganic compounds 

Ammonium nitrate Abundant vegetative mass, velvety mycelium, white, rich sporulation. 

Ammonium sulphate 

Sodium nitrate 

Organic compounds 

Asparagine Abundant vegetative mass, velvety mycelium, white, rich sporulation. 

Peptone 

Urea Limited growth, poor vegetative mass, velvety, red, do not form conidia. 

Absence of a nitrogen 
source 

The fungal mycellium does not grow. 
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     Ammonium nitrate    Ammonium sulphate     Sodium nitrate            Asparagine                  Peptone 

 
Figure 6. The influence of different nitrogen sources 

upon Fusarium oxysporum f. sp. glycines fungal growth 
 
 
 
4. Conclusions 
Following the observations carried out on biological parameters of the fungus Fusarium 

oxysporum f. sp. glycines can be concluded that: the optimum temperature for colony 
development was between 22-28˚C; the minimum temperature for colony development was 
8˚C and the highest at 36˚C; the lethal temperature level was identified at 38˚C; the pH 
reaction substrate was optimal for values between 4.0 and 7.0; the exposure to continuous 
light or alternating light/dark (8h/16h and 12h/12h) enhanced the best development; the 
atmospheric relative humidity above 80% determined a great development of colonies with 
dense vegetative mass and abundant sporulation; the most favorable carbon sources for the 
development of of the fungus were: arabinose, dextrose, glucose, levulose, maltose, mannose, 
mannitose, ribose,  and trehalose; the most favorable nitrogen source for growth of the fungus 
had been: sodium nitrate, ammonium nitrate, ammonium sulphate, asparagine and peptone; 
knowledge about fungus biological parameters are important in forecasting and warning 
activities on disease induced by fungus Fusarium oxysporum f. sp. glycines. 

 
5. Acknowledgments: This paper was published under the frame of European Social 

Found, Human Resources Development Operational Programme 2007-2013, project 
POSDRU/159/1.5/S/132765. 

 
References 

1. M.M. ARIAS, L.F. LEANDRO, G.P., MUNKVOLD.. Aggressiveness of Fusarium species and impact of 
root infection on growth and yield of soybeans. Phytopathology 103 (8): 822-832 (2013). 

2. M. ASH. Soybeans and Oil Crops. United States Dept. of Agriculture. Economic Research Service (2010). 
3. M.M. BEGUM, M. SARIAH, M.A. ZAINAL ABIDIN, A.B. PUTEH AND M.A. RAHMAN. 

Histopathological Studies on Soybean Seeds Infected by Fusarium oxysporum f. sp. glycines and Screening 
of Potential Biocontrol Agents. Research Journal of Microbiology, 2: 900-909 (2007). 

4. O. CONSTANTINESCU. Metode şi tehnici în micologie. Ed. Ceres, Bucureşti (1974). 
5. S. CRISTEA. Fitopatologie, vol. 2. Ed. Cris Book Universal, Bucureşti (2005).  
6. R.O. CROMWELL. Fusarium-blight, or wilt disease of soybean. J. of Agricultural Research 8 (11): 421-

440 (1917).  
7. S. DENCESCU, Gh. POPA. Soiuri de soia cultivate şi tehnologia producerii de seminţe. Probleme agricole, 

4: 5-12 (1973).  
8. C. GHEORGHIEŞ, S. CRISTEA. Fitopatologie, vol. 1, Ed. Ceres, Bucureşti (2001). 
9. G.L. HARTMAN, J.B. SINCLAIR, J.C. RUPE. Compedium of Soybean Disease, 4th ed. American 

Phytopathological Society, St. Paul, Minnesota (1999). 
10. C.W. HESSELTINE.  Fungi, people, and soybean. Mycologia 77 (4): 505-525 (1985). 
11. A. HULEA. Ghid pentru laboratoarele de micologie și bacteriologie, Ed. Agrosilvică, București (1969). 



BĂLAȘU ALEXANDRU  GHEORGHE, CRISTEA STELICA, ZALĂ CRISTINEL RELU, OPREA MARIA  

Romanian Biotechnological Letters, Vol. 20, No. 6, 2015  10928

12. P.M. KIRK, P.F. CANNON, D.W. MINTER, J.A. STALPERS. Dictionary of the Fungi. 10th ed. 
Wallingford (2008). 

13. E.Ş. MARDARE, S. CRISTEA, R.C. ZALĂ.  Researches on the mycoflora of sunflowers achenes for the 
hybrids cultivated in Feteşti area, Ialomiţa county. Lucrări Ştiinţifice USAMV ,,Ion Ionescu de la Brad”, 
vol. 57: 213-216 (2014). 

14. M. PANĂ, S. CRISTEA, S. CERNAT, E. NEGRILĂ. The mycoflora of barley – the varieties extension 
certificated at ARDS Teleorman.  Lucrări Ştiinţifice USAMV ,,Ion Ionescu de la Brad”, vol. 57: 217-220  
(2014). 

15. W.C. SNYDER, H.N. HANSEN. The species concept in Fusarium. Amer. J. Bot. 27: 64-67 (1940). 
 

 


