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Abstract

Microbial community structures in rockwool slabs after the first, second and
third year of tomato growing in an open greenhouse system were analysed by plate
counts on selective media. Chemical disinfection of rockwool slabs, prior to each
tomato crop, with a QAC + Chx disinfectant, containing dimethylalkylbenzyl
ammoniumchloride + polyhexamethylene biguanidine hydrochloride, caused a
significant and long-lasting reduction of total aerobic bacteria, spore-forming bac-
teria and actinomycetes, especially in slabs in the first and third year of use, and
significantly reduced the number of Trichoderma spp. A significant decrease in the
number of fluorescent pseudomonads due to substrate disinfection was found only
in one-year-old rockwool slabs. In the consecutive years of rockwool using, a sub-
stantial decrease in the numbers of fluorescent pseudomonads, total aerobic bacte-
ria and fungi was observed, whereas the numbers of spore-forming bacteria and
actinomycetes were higher in the three-year-old slabs than in one- or two-year-old
ones.
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Introduction

In hydroponic growing systems the composition of the autochthonous micro-
organism communities in the root zone has been considered an important factor
determining health status of the crops (Waechter-Kristensen et al. 1996, Postma
et al. 2000, Postma 2004). Pettitt et al. (2002) observed in the rockwool culture of
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greenhouse tomatoes that fluorescent pseudomonads generally declined over the
cropping period, whereas the populations of culturable aerobic bacteria remained
stable over time. These two groups of microorganisms are regarded possible indi-
cators of microbial suppression of root diseases in hydroponics. Khalil and Alsa-
nius (2001) did not find significant differences in the number of total aerobic
bacteria in rockwool samples during the growing season of tomato in a commercial
closed greenhouse system, but there was a significant increase in the population of
fluorescent pseudomonads later in the growing season. Postma et al. (2005) dem-
onstrated that filamentous actinomycetes are a group of microorganisms of the
greatest importance for the disease suppressiveness in re-used rockwool slabs. In
the case of growing greenhouse plants several times in the same rockwool sub-
strate, an effective disinfection has been recommended before each new crop
(Katan 2000, Ehret et al. 2001, Ślusarski 2007). However, sterilisation or disinfec-
tion practices can lead to unfavourable changes in the structure of microbial com-
munities.

The purpose of the present work was to determine the number of different mi-
crobial groups in the chemically treated and untreated used rockwool slabs after
the first, second and third year of tomato growing in an open greenhouse system,
in order to obtain the information how does the multiyear use of rockwool sub-
strate influence the population size of microbial associations.

Material and methods

Microbial community structures in the rockwool slabs after the first, second
and third year of tomato growing in an open greenhouse system were analysed on
selective agar media. A part of rockwool slabs was disinfected prior to each tomato
crop with a QAC + Chx disinfectant, containing dimethylalkylbenzyl ammonium-
chloride + polyhexamethylene biguanidine hydrochloride (Desogerme SP), as de-
scribed by Ślusarski (2005). After termination of the autumn tomato growing
cycle, six vertical cores of rockwool per slab were taken with a cork borer. These
cores were pooled and three composite samples were formed per each treatment.
Ten grams of rockwool was then thoroughly homogenized in 100 ml of sterile dis-
tilled water. The following groups of microorganisms inhabiting the root zone
were enumerated on selective media (Dhingra and Sinclair 1995): total aerobic
bacteria, actinomycetes, fluorescent pseudomonads, spore forming bacteria, total
fungi, Trichoderma spp., Pythium spp., Fusarium spp. and yeasts. The fungal colonies
growing on Martin medium were transferred onto PDA slants for microscopic
identification. The number of colony forming units was calculated per gram of
rockwool dry mass. The results of viable counts were subjected to the analysis of
variance and means were separated according to the Duncan’s multiple range test
at P 0.05.
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Results and discussion

Chemical disinfection of rockwool slabs with a QAC + Chx disinfectant prior to
each tomato crop, caused a significant and long-lasting reduction of total aerobic
bacteria, spore-forming bacteria and actinomycetes, especially in slabs in the first
and third year of use (Fig. 1), and significantly reduced the number of Trichoderma
spp. (Table 1). A significant decrease in the numbers of fluorescent pseudomonads
due to substrate disinfection was found only in one-year-old rockwool slabs. These
changes should be considered negative after-effects of this chemical treatment,
which may adversely influence plant health status and substrate productivity.
Thus, the results obtained coincide with the opinion of Van Os (2001) that in sus-
tainable hydroponic systems sterilisation and disinfestations practices should be
replaced by more “microorganisms-friendly” treatments.

The usage period of the untreated rockwool slabs also revealed to be a factor
strongly affecting the composition of microbial communities present in the sub-
strate. In the consecutive years of rockwool using, a substantial decrease in the
number of fluorescent pseudomonads (14-fold in three-year-old slabs versus
one-year-old), total aerobic bacteria and fungi was observed, whereas the numbers
of spore-forming bacteria and actinomycetes were higher in the three-year-old
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Fig. 1. Different bacterial groups from chemically treated and untreated new
and re-used rockwool slabs. Different letters denote significant differences (P 0.05)



slabs than in one- or two-year-old ones (Fig. 1). A significant negative correlation
found between the numbers of colony forming units of fluorescent pseudomonads
and the mean severity of root rot symptoms (r = 0.524*), caused by a complex of
soilborne pathogens, and a positive correlation with the fruit yield (r = 0.556*;
root rot and yield data not shown), is indicative of the unique ecological role of
these microorganisms in hydroponics. On the contrary, Postma et al. (2005) found
that increased numbers of pseudomonads correlated with more intensive Pythium
disease in rockwool-grown cucumber. These discrepancies seem to be related to
the variable performance of wild-type strains of fluorescent pseudomonads in dif-
ferent soil and climatic conditions (O’Sullivan and O’Gara 1992). The importance
of fluorescent pseudomonads in hydroponic cultures was earlier mentioned by
Van Peer and Schippers (1989), Khalil and Alsanius (2001) and Pettitt et al.
(2002). A considerable increase in the proportion of actinomycetes in the popula-
tions of total culturable bacteria (Fig. 2), with increasing time of using untreated
rockwool slabs, can be regarded a positive shift in the composition of bacterial
communities. This microbial group was shown to be strongly involved in the es-
tablishment of disease suppressiveness in artificial substrates such as rockwool
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Table 1
Different fungal groups from chemically treated and untreated rockwool

slabs following one, two and three years of tomato growing

Group of fungi
Treated rockwool Untreated rockwool

1st year 2nd year 3rd year 1st year 2nd year 3rd year

Total fungi (cfu × 105) 8 bc 9.5 ab 5.7 c 12.3 a 11 ab 6.2 c

Yeasts (cfu × 104) 6.3 b 9 b 8.7 b 8.3 b 6.3 b 14 a

Fusarium spp. (cfu × 104) 5.2 a 1.7 c 4.1 ab 3.4 b 4.1 ab 1.6 c

Pythium spp. (cfu × 103) 3.4 a 3.4 a 3.6 a 3 a 4.2 a 3 a

Trichoderma spp. (cfu × 103) 0.1 b 0.24 b 0.08 b 3 a 3.9 a 3 a

Different letters in rows denote significant differences at P 0.05.

Fig. 2. Percentage of actinomycetes (A) and spore-forming bacteria (B) in the total numbers
of bacteria in rockwool substrate, depending on the time of using slabs for tomato growing



(Postma et al. 2005). It is worth noticing that the proportion of spore-forming bac-
teria, known for their antagonistic activity (Bochow 1992), increased over time
also in disinfected rockwool slabs, whereas the proportion of actinomycetes
tended to decline (Fig. 2).

The number of fungi species, isolated on Martin medium from rockwool sam-
ples, was very limited. Only 14 species belonging to 10 genera were identified,
namely Acremonium charticola, Acremonium sp., Aspergillus ochraceus, Ceratocystis ips,
Cladosporium sphaerospermum, Chrysosporium pannorum, Fusarium oxysporum, F.
culmorum, Mucor racemosus, Penicillium citrinum, P. notatum, Stachybotrys chartarum,
Trichoderma harzianum and T. viride. The predominant species was A. charticola, espe-
cially in one- and two-year-old slabs, whereas C. ips was isolated mainly from
three-year-old slabs. Among fungal groups analyzed on selective media, the great-
est changes related to the time of rockwool use were found in the population size
of total fungi and yeasts (Table 1). According to Postma et al. (2005) fungi in gen-
eral as well as Trichoderma spp. are expected to be less important for the develop-
ment of the suppressiveness in soilless systems than actinomycetes or Bacillus spp.

Streszczenie

STAN ZESPOŁÓW MIKROORGANIZMÓW W ODKAŻANEJ
I NIEODKAŻANEJ WEŁNIE MINERALNEJ

STOSOWANEJ DO UPRAWY POMIDORA SZKLARNIOWEGO

Strukturę zespołów mikroorganizmów w matach wełny mineralnej po pierw-
szym, drugim i trzecim roku użytkowania w uprawie pomidora szklarniowego w
systemie otwartym analizowano metodą płytkową na podłożach selektywnych.
Chemiczne odkażanie wełny mineralnej przed każdym cyklem uprawy pomidorów
dezynfektantem zawierającym QAC + Chx (Desogerme SP) spowodowało istotną
i długotrwałą redukcję ogólnej liczebności bakterii, bakterii wytwarzających zarod-
niki przetrwalnikowe i promieniowców, zwłaszcza w matach użytkowanych przez
rok lub trzy lata, oraz istotnie zmniejszyło liczebność Trichoderma spp. Istotne
zmniejszenie liczebności fluoryzujących bakterii Pseudomonas wynikające z faktu
wykonywania dezynfekcji wystąpiło tylko w matach rocznych. W kolejnych latach
użytkowania nieodkażanej wełny mineralnej obserwowano wyraźne zmniejszanie
się liczebności fluoryzujących bakterii Pseudomonas, ogólnej liczebności bakterii i
grzybów, natomiast liczebność bakterii przetrwalnikujących i promieniowców była
większa w matach trzyletnich niż w rocznych lub dwuletnich.
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