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Abstract 
Laboratory experiments have been carried out to determine the effects of lemon, ce-
dar, pine and thyme oils as well as Citrocept on the growth of Fusarium solani Mart. 
(Sacc.) mycelium isolated from stored potato tubers. The biotic property of essential 
oils and Citrocept in inhibiting the linear growth of F. solani was assessed with the 
use of poisoned culture media, whereas the fungistatic property was determined by 
calculating, with the use of Abbott formula, the percentage indicating how many 
fungal colonies were inhibited from growth. A complete inhibition of the pathogen’s 
growth was observed in the presence of thyme oil at a concentration of 0.2% to 2% as 
well as in the presence of lemon oil at a concentration of 5% and 15%. Citrosept only 
at high concentrations caused a slower growth of F. solani. No fungistatic effects of 
cedar and pine oils were observed. 
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1. Introduction 

The fungi of Fusarium spp. genus causes crop loss by affecting many species of edible 
plants both during the vegetation and storage periods. Additionally, since they produce 
mycotoxins harmful to humans, animals and plants, the quality of the crop decreases as 
well.  

A particular problem is the deterioration of the quality of the basic raw material for 
industrial and consumer potato tubers which are infested with dry rot. Among the fac-
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tors increasing the risk of potato tubers being infected are inappropriate storage condi-
tions and the way of potato cultivation. Cwalina-Ambroziak and Wróbel (2005) [1] 
proved that using nitrogenous fertilisers both improves the potato crop and also in-
creases susceptibility to infection Fusarium. The perpetrators of this universal disease of 
potatoes are for example Fusarium solani var. coeruleum and F. sulphureum [2] [3] [4]. 

The disease occurs mainly in the autumn but, in fact, potato tubers are infected as 
early as in the spring. In the case of stored potatoes, the infection usually reveals itself 
mid-December.  

On the surface of infected bulbs appear initially slightly recessed spots, and in their 
place are formed quite extensive tissue defects, skin wrinkles and collapses in the form 
of concentrically arranged rings and folds. On the surface formed white, yellow or pink 
panels raid. Infected potatoes lose significant amounts of water thereby transform into 
a lump or pulverulent material is cured [5]. 

Optimal storage conditions ensure the smallest loss and high quality of potato tubers. 
However, only the most modern storages, where climate control systems are installed, 
are certain to preserve high quality of potato tubers [6]. At present, however, more than 
a half of the collected potato crop is kept in traditional, underground storages, where a 
fungicide (Fungazil 100 SL-the only one currently registered in Poland) is used as a 
means of protecting the potatoes against storage diseases.  

In spite of storages becoming more and more advanced (regulated temperature, 
pressure and constant ventilation); the issue of the unwanted microflora still persists. 
One of the ideas aiming at limiting the loss caused by fungal growth is to use essential 
oils as an environment-friendly method of protecting potato tubers against the dry rot. 
Many essential oils (of citrus fruits, forest plants, tee tree, basil, geranium) show fungi-
cidal properties, i.e. they either prevent or inhibit the development of Fusarium’s 
[7]-[12] mycelium, the final effect being achieved as a result of volatile compounds 
present in the essential oils [13] and microorganisms’ susceptibility to them. For this 
reason, the reports on biological activity of the oils are sometimes inconclusive. Given 
the diversity of phytopathogens and their varying degrees of susceptibility, it is very dif-
ficult to choose the right oil at just the right concentration.  

The aim of the study was to evaluate in a laboratory the effects of selected essential 
oils on the growth of Fusarium solani (Mart) Sacc., species isolated from infected pota-
to tubers in the early spring.  

2. Material and Methods 

The subject of the analysis was a species of fungus, i.e. Fusarium solani (Mart) Sacc., 
isolated from infected potato tubers in the early spring. Round, 10-mm plates contain-
ing the culture medium were used as the inoculum in the study. The plates were grown 
over with mycelium. This inoculum was obtained by means of the slide culture tech-
nique. The culture medium was injected with 1 cm3 of standardised suspension of 
fungi with a density of 2 × 106 CFU/cm3 and incubated for 10 days at a temperature 
of 25˚C.  



T. Krzyśko-Łupicka et al. 
 

1161 

The essential oils analysed were as follows: lemon oil produced by ETJA; cedar, pine 
and thyme oils by BAMER; and grapefruit seed extract (Citrosept) by Cintarmani.  

The evaluation of fungicidal activity of essential oils and Citrosept to a strain of F. 
solani were made by incubation of the substrate Czapek. The essential oils were added 
to the liquefied Czapek-Dox culture medium in amounts allowing one to obtain the 
following concentration levels: 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0. At solidified medium 
was placed rings overgrown mycelium F. solani. The control was the culture of the 
analysed strains growing on Czpek-Dox medium but without the essential oils. The in-
cubation was carried out at a temperature of 25˚C for 10 days. 

The biotic activity of essential oils in reducing the linear growth of the fungus Fusa-
rium solani (Mart) Sacc. assessed by medium poisoned method [14]:  
• The fungus grew on the PDA growth medium for 14 days at a temperature of 25˚C. 
• Round, 10-mm plates containing the culture medium were used as the inoculum in 

the study. 
• The control sample was the culture of the analysed strains growing on the PDA 

growth medium but without the essential oils. 
• The linear growth index of mycelium (T) and the fungistatic properties of the oils 

were assessed on the basis of measurements of the growth of fungal colonies. 
The growth rate index of Fusarium solani was calculated in accordance with the fol-

lowing formula: 

1 
1

A b bxT
D d dx

= + + +  

T—index of linear growth. 
A—average measured value of the diameter of colonies [mm]. 
D—duration of the experiment. 
b1∙∙∙bx—increase in colonies diameter [mm]. 
d1∙∙∙dx—number of days since the last measurement. 
The fungistatic activity of the analysed oils was determined by calculating, with the 

use of Abbott formula, the percentage indicating how many fungal colonies were inhi-
bited from growth: 

100C MI
C
−

= ×  

I—fungus linear growth inhibition index [%]. 
C—fungus colony diameter on the control plate [mm]. 
M—fungus colony diameter on the control plate containing a given oil (the analysed 

substance) in the agar [mm]. 
Paralelly, the influence of the oils on morphological features of F. solani was ex-

amined.  
All analyses were done in three repetitions. A two-way analysis of variance (ANOVA) 

was used to examine the effect of essential oils. A post-hoc test by Tukey HSD was used 
to determine significant differences at a level of P < 0.05. All statistics were done using 
Statistica 10.0 (StatSoft). 
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3. Results and Discussion 

Degree of spawn F. solani was varied and depend on the nature and the concentration 
of the test oils. The effectiveness of their actions determined by qualitative and quantit-
ative composition of the active substance contained in the essential oil (Table 1). 

Thyme oil caused a complete inhibition of mycelium development regardless of the 
concentration (Table 2). Lemon oil was only effective at concentrations 5% and 15% 
(Figure 1). It was thus assumed that the examined F. solani strain was highly suscepti-
ble to thymol and carvacrol, which are the main components of thyme oil [15] [16]. 
Klimach et al. (1996) [19] demonstrated the same effects of this oil, albeit on other cul-
prit of potato tubers dry rot, i.e. F. sulphureum.  

The analysed strain proved to be less susceptible to biologically active components of 
lemon oil such as citral whose activity in this oil was further strengthened by isomers of 
geraniol and γ-terpinen [15] [20] [21]. 

As for Citrocept, it showed fungistatic effects only if at high concentration, i.e. 20%, 
25% and 30%. The mycelium growth rate index in the presence of pine oil as well as 
cedar oil, regardless of the concentration, was on the average 23% smaller than in the 
control sample (Figure 1). The above indicated that the susceptibility of the analysed 
species to biologically active substances contained in those oils (pinene, limonene, ce-
drene, himachalene) was low [21] [22]. 

 
Table 1. The active substances in the analysed essential oils and Citrosept. 

Oils and 
estracts 

Biological activity substances [%] 

Lemon 
[12] [15]  

D-limonen (61.8 - 68.5), γ-terpinen (7.2 - 10.6), β-pinen (8.1 - 12.2), α-cytral (4 - 5),  
sabinen (0.03 - 1.6), α-pinen, geranial, geraniol, β-kariofyllen, neral, linalool, p-cymen  

Thyme 
[16] 

thymol (18 - 80), γ-terpinen (8.8), p-cymen (7.8 - 36.5), karwakrol (1 - 21),  
1,8-cyneol (0 - 19)  

Pine [17] 
[18]  

linalool (24 - 47), α-pinen (10.2 - 51), β-pinen (1 - 18), p-cymen (0.1 - 0.2)  
limonen (0 - 34), α-terpineol (0.8 - 0.2), Δ-karen-3 (1 - 61)  

Cedare 
[13] 

α-cedren (21.1 - 35), β-cedren (7.7 - 8.2), cedrol (4 - 22.2), β-himachalen (2.1 - 41.9), 
α-himachalen (0 - 15.7), γ-himachalen (0 - 9.7)  

Citrosept 
[10] [11] 

Bioflavonoids (19.7%) and glycosides in the form of: naringiny and proteins  

 
Table 2. The influence of selected concentrations of essential oils on the growth rate index (T) of 
mycelium of Fusarium solani Mart. (Sacc.) 

  oils 

Concentration 
(%) 

Control cedar pine thyme 
 

lemon 
 

0.2 

53.18 a 

31.68 d 33.74 c 0 36.09 b 

0.5 27.27 f 30.48 d 0 8.46 h 

1.0 30.70 d 28.92 e 0 0 

2.0 28.41 e 26.00 g 0 0 

Values denoted with the same letters (a, b, ∙∙∙h) do not differed statistically (P < 0.05). 
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The presence of essential oils and Citrosept in the medium had an impact on the 
morphological characteristics of the strain. In the presence of essential forest mycelium 
it was much lower and more compact than in the controls (Figure 2). 

 

 
Figure 1. The influence of selected concentrations of essential oils and Citrosept on the growth 
rate index (T) of mycelium of Fusarium solani with standard deviation (±SD). 

 

 
(a)                                 (b) 

 
(c)                                 (d) 

Figure 2. Fungistatic effects of selected concentrations of essential oils on Fusarium solani after 
10 days of incubation in the culture medium; control sample without essential oils (a); 0.2% 
thyme oil (b); 30% Citrosept (c); 2% pine oil (d). 
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Thyme oil was the most effective one in inhibiting the growth of F. solani amongst 
the analysed oils. Thus, further research will concentrate on the possibility of using it as 
an environment-friendly agent in protection against the dry rot of potato tubers. By ap-
plying this oil to food stored in storages one may come closer to completely inhibiting 
the development of this pathogen on healthy and otherwise undamaged crop. 

4. Conclusions 

1. Thyme oil at a concentration of 0.2% - 2% completely inhibited the development of 
the examined strain of Fusarium solani, which could be used to protect stored pota-
toes. 

2. Citrocept at a concentration of 20% - 30% and lemon oil at 1.45% did slow down 
mycelium development.  

3. No fungistatic properties of cedar and pine oils were detected.  
4. The analysed essential oils and Citrosept affected the morphological features of the 

strain of F. solani. The mycelium was significantly smaller in the presence of oils ex-
tracted from forest plants and larger when exposed to Citrsept—when compared 
with the control sample. 
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