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Introduction 

In opinion of Price and Maxwell [1] Phytophthora 
species are the most dangerous problems in hy-
droponic production. Among them Phytophthora 
nicotianae var. nicotianae Breda de Haan (= Pnn) 
is the pathogen of about 300 plant species [2] in-
cluding tomato (Lycopersicon esculentum L.). The 
pathogen causes stem and root rot, thereby inducing 
water defi ciency symptoms. Infection with the spe-
cies depends primarily on the temperature, oxygen 
defi ciency, ethylene and carbon dioxide production 
in the rhizoshere and a wet stem bases. Exudation 
of carbohydrates and aminoacids from roots or com-
petition for assimilates between roots and shoots 
increases the susceptibility of plants to infection by 
Pnn [3]. The pathogen zoospores are very important 
because they are spread in substratum, water and 
nutrient solution. In recent years, Phytophthora 
crown and root rot of tomato have been observed 
with increasing frequency in Polish greenhouse 
crops, especially during summer period, resulting in 
rapid wilt and collapse of the entire plant [4]. Ioan-
nou and Grogan [5] observed, that single preplant 
soil treatment with metalaxyl at dose of 2–10 g/ml 
protected tomato from Phytophthora root rot for 
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7 weeks. In authors’ studies, ethazol was less effec-
tive than metalaxyl. In the production of tomato in 
stonewool infested by Pnn, steaming or application 
of dazomet for elimination or minimization of Pnn 
occurrence in substratum is diffi cult and expensive. 
In such situation, searching for simply adapted 
and fast decontamination methods of stonewool is 
necessary. The above-mentioned requirements can 
be fulfi lled by applying ionizing radiation [6]. The 
effectiveness of electron beam irradiation against 
soil-borne pathogens in horticultural substrates has 
already been tested with high effi cacy [6–9]. There 
are, however, no reports of e-beam irradiation ef-
fi cacy against P. nicotianae var. nicotiane. 

In this study (1) the effectiveness of e-beam ir-
radiation on Pnn in in vitro conditions and (2) the 
control of the pathogen in stonewool substratum 
were evaluated. Additionally, the infl uence of ir-
radiated substratum on the growth of tomato (3) 
was observed. 

Materials and methods 

Phytophthora nicotianae var. nicotianae culture 

A representative P22 isolate of the species obtained 
from diseased stem base of tomato cv. Admiro was 
used in the in vitro trial. The culture was maintained 
on potato-dextrose-agar medium (PDA) at 25°C in 
the dark. 

Irradiation 

The linear electron accelerator Elektronika 10-10 
was used for irradiation [10]. The electrons energy 
used for irradiation of P. nicotianae var. nicotianae 
cultures as well as for stonewool substratum was 
9 MeV. Four Petri dishes with Pnn cultures were 
packed in thin plastic bags and treated with doses 
in the range 1–10 kGy doses, whereas stonewool 
blocks naturally infested with Pnn were treated with 
doses from 5 to 20 kGy. To ensure uniform dose 
distribution in stonewool, depth-dose distribution 
measurements were made. A PVC dosimetric foil 
was placed on the surface, the bottom and within 
the substrate according to a defi ned pattern. After 
one-side irradiation, the dose was measured from 
the foil using dose reader CD-07 [11]. 

Infl uence of irradiation on the pathogen cultures 
development 

For in vitro trials, 5 mm diam. plugs taken from the 
edge of 7-day-old culture were transferred into the 
centre of 90-mm Petri dishes with PDA medium. 
After 7 day-incubation at 25°C in the dark, such 
cultures were irradiated with doses 1, 3, 5 and 
10 kGy. The control sample was not treated. After 
24 h development of cultures was observed under 
microscope. 

Effectiveness of irradiation in the control of 
P. nicotianae var. nicotianae 

Stonewool cubes taken from greenhouse with tomato 
showing stem base and root rot symptoms were used. 
In each cube, population density of the pathogen was 
estimated using rhododendron leaf baits cv. Nova 
Zembla using procedure described by Themann 
and Werres [12] before their irradiation and after 
treatment. Three and seven days after stonewool 
irradiation, number of Phytophthora spots on each 
leaf blade was counted and after that, pieces of ne-
crotic tissues (3 mm diam.) were transferred on PDA 
medium and placed in laboratory incubator. After 24 
and 48 h, the plates were checked for the presence of 
Phytophthora colonies, which were counted on each 
plate. The trials were conducted in four replications 
(4 Petri dishes) and on each plate 20 fragments of 
rhododendron necrotic spot parts were placed. 

Infl uence of e-beam irradiation doses on the tomato 
seedlings healthiness and growth

The tomato seeds were sown on the surface of 
stonewool cubes in the following arrangement: 
noninfested (control), infested but not treated 
(control infested) and irradiated with doses 5, 10, 
15 and 20 kGy. During 30 days of tomato growth 
on greenhouse bench at temperature varying from 
17 to 27°C, number of healthy seedlings and their 
development was estimated. Experimental design 
was completely randomized with 4 replications and 
25 seedlings in each replication. Trials were repeated 
twice at 2-week intervals. 

Table 1. Relationship between irradiation doses used for treatment of stonewool cubes infested with Phytophthora 
nicotianae var. nicotianae, incubation time and number of necrotic spots on rhododendron baiting leaves (A) and 
the pathogen colonies growing on PDA (B) 

Treatments

Days after irradiation of stonewool

3 7

A B A B
Control infested nontreated  52.3 c   19.5 d     50.3 c     18.0 d
  5 kGy    9.5 b    8.0 c     11.0 b       9.3 c
10 kGy    2.8 a    5.8 b       3.8 a       5.0 b
15 kGy    0.5 a    1.3 a       0.5 a       0.3 a
20 kGy 0 a 0 a    0 a    0 a
   Note: means in columns, followed by the same letter, do not differ (5%) acc. to Duncan’s multiple range test. Means sep-
aration for each observation time. 
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Results 

Infl uence of irradiation on the development of 
P. nicotianae var. nicotianae 

Application of irradiation already at dose of 1 kGy 
resulted in the disintegration of the pathogen’s 
hyphae. Increasing the irradiation dose to 3 kGy 
caused decay of the hyphae. 

Effectiveness of irradiation in the control of 
P. nicotianae var. nicotianae

All tested doses used for irradiation of stonewool 
influenced on the pathogen population den-
sity (Table 1). Treatment of substratum cubes with 
5 kGy caused drastic decrease of Pnn population. 
Number of necrotic spots on baiting leaves in 
stonewool irradiated with such dose decreased ap-
prox. 5 times. Analysis of Pnn growth, after 3 days, 
from necrotic spots on PDA medium indicated on 
signifi cant reduction of colonies number from 19.5 
on control plates to 8 in substratum treated with 
5 kGy. Increase of irradiation dose resulted in almost 
complete elimination of Pnn from the substratum 
cubes. The pathogen was not discovered from stone-
wool irradiated with 20 kGy. Similar relations were 
observed after 3- and 7-day incubation (Table 1). 

Infl uence of e-beam irradiation doses on the tomato 
seedlings healthiness and growth 

Sowing of tomato cv. Admiro seeds into disinfected 
stonewool cubes resulted in higher effectiveness of 
germination from 60 to 80% in relation to irradiation 
dose. Ten days after sowing, signifi cantly more seed-
lings were noticed in substratum treated with 10, 15 
and 20 kGy in comparison to untreated stonewool 
(control infested). There were only small differ-
ences in number of healthy seedlings in the control, 
uninfested stonewool and substratum irradiated 
with 10 kGy and higher doses after fi rst 10 days of 
plant growth. Within the next 10 days of tomato 
growth, the lack of signifi cant differences in the 
number of healthy seedlings growing in cubes irradi-

ated with 20 kGy and control, uninfested stonewool 
was observed (Fig. 1). 

Growth of tomato seedlings in relation to irradiation 
doses 

After 15 days of seed sowing, the signifi cantly fastest 
plant growth was observed in unifested stonewool 
cubes compared to infested control and irradiated 
cubes (Fig. 2). Applying irradiation doses from 5 
to 20 kGy, had no signifi cant infl uence on height 
of plants. Increase of the growing period to 30 days 
resulted in similar development of control tomatoes 
cultivated in uninfested substratum (control) and 
disinfected with four irradiation doses. The seed-
lings from seeds sown in the infested, nontreated 
stonewool cubes grew very slowly (Fig. 2) and their 
foliage was pale green or yellow, whereas plants cul-
tivated in irradiated substratum were dark green and 
had larger leaf blades. 

Discussion and conclusions 

Fast spread of the hydroponics in Poland was con-
nected with the introduction in 1970 of stonewool 
as the substrate for the growth of vegetables under 
covering. Advantages of plant growth in stonewool 
presented by Oświecimski [13] included their bet-
ter growth, higher fruit quality and increase of their 
healthiness. However, low diversity of antagonistic 
microorganisms and their small activity in stonewool 
do not counteract enough a contamination and spread 
of P. nicotianae var. nicotianae in such substratum 
[1, 14]. In such a situation, disinfection of stonewool 
after growing cycle is necessary. In Ślusarski’s [15] 
studies, paracetic acid and hydrogen peroxide were 
most effective in reduction of P. nicotianae var. nico-
tianae population. Both products, however, did not 
eliminate completly the pathogen from the substra-
tum and growing of tomato caused a fast increase 
of the pathogen density by formation of zoosporangia, 
release of zoospores and their spread with nutrient so-
lution. Such fast development of the pathogen caused 
high losses in greenhouse tomato growth [4, 15]. 

In this in vitro study, application of e-beam 
irradiation at dose of 3 kGy caused decay of the 

Fig. 1. Relationship between irradiation dose, growing 
time and healthiness of tomato seedlings. 
Note: means in columns, followed by the same letter, do 
not differ (5%) acc. to Duncan’s multiple range test. Means 
separation for each observation time. 
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Fig. 2. Relationship between irradiation dose, growing period 
and development of tomato seedlings in treated stonewool. 
Note: means in columns, followed by the same letter, do 
not differ (5%) acc. to Duncan’s multiple range test. Means 
separation for each observation time.
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pathogen hyphae. Minimization of the pathogen oc-
currence was already observed in stonewool treated 
with 5 kGy resulting in signifi cant increase in the 
healthiness of tomato seedlings within 20–30 day 
growth. Results of P. nicotianae var. nicotianae 
baiting with rhododendron leaves as well as seedling 
test indicated on the highest irradiation effi cacy 
at the dose of 20 kGy for stonewool disinfection. 
The data obtained confi rm results of previous studies 
with irradiation of P. cinnamomi cultures. Treatment 
of cultures growing on PDA with 1.5 kGy resulted 
in hyphae disintegration and lack of chlamydospore 
formation, whereas at 3 kGy, decay of the pathogen 
was noticed [6]. Such high in vitro irradiation activ-
ity was also observed against Fusarium oxysporum 
f. sp. dianthi, Botrytis cinerea, P. citricola, Pythium 
ultimum and Rhizoctonia solani (Orlikowski et al.) 
[8]. Results from greenhouse trials confi rm the pre-
vious trial with the control of Phytophthora species 
in substrata. The lack of differences between tomato 
healthiness growing in noninfested substratum and 
Phytophthora-infested stonewool irradiated with 
20 kGy in this study was connected with total elimi-
nation of P. nicotianae var. nicotianae in spite of the 
occurrence of large number of affected root debris. 
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