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Abstract

Pythium spp. frequently occur in diseased sugar beet tissues and coexist with
Aphanomyces cochlioides. They are one of the major reason of seedling and seed dis-
eases but they are also found in mature roots. The recovery of Pythium and other
Oomyecetes is difficult because of their coexistence with Fusarium spp. in the dis-
eased tissues. During the season 2008 (May to September) the Oomycetes were re-
covered using standard methods of diseased tissue disinfection and detection of
fungi in water as well as isolation on PDA medium amended with an antibiotic.
Depending on the method, they were observed in 13.5-71.6% of diseased frag-
ments of sugar beet seedlings and roots, after standard disinfection. Modification
of sterilizing solution by addition of Tween 80 (2%) resulted in recovery of
Oomycetes from 98.1% of diseased tissues fragments in water and on 35.8% of
fragments on PDA. Then the major Oomycetes recovered from rotten sugar beet
root tissues were P. ultimum and P. aphanidermatum.
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Introduction

Soil-borne pathogens of sugar beet (Beta vulgaris) are often responsible for its
poor quality and yield loss (Harveson et al. 2002, Francis 2003, Marldnder et al.
2003, Piszczek 2004, Moliszewska and Piszczek 2008). Pathogens within the gen-
era Aphanomyces, Pythium, Fusarium and Rhizoctonia are commonly present in sugar
beet fields. They are mostly known as seedlings as well as seed pathogens (Osinska
1971, Benada et al. 1984, Amein 2006, Broders et al. 2007), although they can be
found in mature roots, too. Some investigations did highlight the problem but
without the identification of Pythium species (Moliszewska and Piszczek 2008). In
Polish phytopathological literature there are few articles about pathogens causing
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diseases of mature roots of sugar beets (Piszczek 2004, Moliszewska and Piszczek
2008, Moliszewska 2009). The genus Pythium consists of more than 100 species,
almost all species are homothallic, whereas seven are heterothallic. Many asexual
isolates which produce no sexual organs have been reported (Kageyama et al.
2003). Moliszewska (2009) isolated some Pythium species and coenocytic hyphae
from diseased sugar beet tissues during vegetation periods 2004-2006, but their
occurrence was diversified and they were not easy detectable.

Detection of Pythium spp. is sometimes difficult because of the fast growing
fungi, mostly from the genus Fusarium. Fusarium spp. are many times contaminants
and secondary pathogens and they can also be nonpathogenic to sugar beet
(Mohamed et al. 2005, Amein 2006). It is difficult to remove this kind of fungi and
they often falsify results of detection of the major pathogen responsible for the dis-
ease. The aim of the work was to identify the pathogens in diseased tissues of sugar
beet roots and potentially responsible for the rotting of roots with special empha-
sis to members of Oomycetes.

Materials and methods

The experiment was performed in 2008 by the random plots method on the ara-
ble lands of II class, the soil was phaeozem developed from loess. The field experi-
ment was located at the station of Kutno Sugar Beet Breeding (Kutnowska
Hodowla Buraka Cukrowego) in Smiléw near Sandomierz (south-east Poland).
The main aim of the research was to observe sugar beet cultivars under the condi-
tions with additional irrigation. The area of each experimental plot was 27 m?. The
experimental plots were additionally irrigated to create more favourable condi-
tions for Aphanomyces cochlioides infection. Irrigation was continued automatically
from June to the end of August. Everyday, approximately 11 mm of water was pro-
vided to each square meter of the field. The field evaluation of sugar beet roots
health condition was done every month. From the diseased tissues fungal and
Oomycetes pathogens were isolated according to the standard phytopathological
methods (Waller et al. 1998).

The sugar beet roots survey in the field allowed dividing rotten tissues into the
three categories: light-brown rot, dark-brown rot, dry rot and scab. In laboratory
sugar beets were washed under tap water and two pieces of rotten tissues were cut
out from each fragment of root rotten part. Pieces were surface sterilized, dried in
sterile blotting paper and then a part of them was put into a Petri dish filled with
sterile distilled water (Windels 2000), the other parts were incubated on PDA me-
dium supplemented with ampicilin (50 mg/dm?3). Petri dishes with water were
incubated at room temperature for two—four days and then examined microscopi-
cally. The isolation on PDA was carried out for at least one week and then mycelia
were transferred to a new medium and after one-two weeks examined.

In October isolations were done in modified sterilizing solution (with 2 cm?3 of
Tween 80; 2%) which decreased surface tension on the plant tissues. This proce-
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dure is commonly used in plant tissue culture. Surface sterilization provides better
penetration of plant tissue surface by the sterilizing specimen.

Results were shown as occurrence of individual microorganisms in the exam-
ined tissues. They were also calculated as a percentage of total investigated pieces
of sugar beet root tissues. The indices of “Oomycetes/Fusarium spp.” [Ix] were cal-
culated for the September and October observations according to the formula:

Ix = percentage of Oomycetes / percentage of Fusarium spp.

Results

The main genera and species of fungi and Oomycetes obtained from the dis-
eased sugar beet roots were the same at the time of any isolation but their percent-
age of occurrence differed. In May Oomycetes recovery on solid medium was
minute (Table 1) but in water A. cochlioides was observed on seven pieces of dis-
eased seedlings (32%). In water Rhizoctonia sp. was observed on 12 seedlings
(54.5%) and on the other root pieces — Fusarium spp. were occurred abundantly.

Isolations performed in May on PDA resulted in great number of different fungi
species inhabiting diseased seedlings, among which Fusarium spp. and Phoma spp.
were the main groups of pathogens (Table 1).

Table 1

Microorganisms isolated on PDA medium from diseased sugar beet seedling
tissues — 22 pcs (15.05.2008)

Microorganism | No. of isolates OCCL(I‘;;‘ )e nee Microorganism No. of isolates OCCl(ll;or )e nee
A. cochlioides 1 4.5 Cylindrocarpon sp. 2 9.0
Pythium sp. 2 9.0 Alternaria sp. 2 9.0
F. solani 4 18.2 Scytalidium termophilum 6 27.3
F. oxysporum 17 77.3 Ulocladium sp. 1 4.5
F. avenaceum 3 13.6 Acremonium sp. 1 4.5
Fusarium sp. 2 9.0 Humicola grisea 6 27.3
Phoma sp. 6 27.3 H. fuscoatra 5 22.7
P. betae 1 45 Aspergillus niger 9 41.0
P. exigua 1 4.5 Torula herbarum 1 4.5
P. eupyrena 1 4.5 Penicillium sp. 1 45

Results obtained in water culture in June showed the occurrence of A. cochlioides
on 12 pieces (55%) out of 22 investigated fragments (data not showed in Table).
Other microorganisms were not considered in this test, as the main objective of
root fragments incubation in water was detecting of A. cochlioides hyphae (Phots. 1,
2). Simultaneously, on PDA the occurrence of Oomycetes (A. cochlioides and
Pythium sp.) was 19.7% (Table 2). The main group of microorganisms consisted of
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Phot. 1. Empty cyst of Aphanomyces cochlioides
collected around the tip of sporangium

(photo by E.B. Moliszewska)

Phot. 2. Aplerotic oospore of Aphanomyces
cochlioides with two empty antheridia
(photo by E.B. Moliszewska)

Table 2

Microorganisms isolated from diseased sugar beet root tissues

— number of isolates on PDA medium (30.06.2008)

Brown rot ‘ Dry rot ‘ Scab ‘ Bn* %
Type of disease symptoms number of examined pieces 100
58 8 4 6 (=76 pcs)

A. cochlioides 13 - - - } 19.7
Pythium sp. 2 - - -
F. solani 16 6 - - 28.9
F. oxysporum 27 4 1 - 42.1
F. avenaceum - - 1 - 1.3
Fusarium sp. - - - 1 1.3
Rhizoctonia sp. 3 - - - 3.9
Cylindrocarpon didymum - - - 3 3.9
Alternaria alternata - - 7 - 9.2
Trichoderma hamatum - 1 - - 1.3
(Aspergillus nidulans - - - 1 1.3
Non-sporulating hyphae 2 - - - 2.6

*Black necrotic spots in vascular tissues.

Fusarium spp., the most numerous were F. oxysporum and F. solani. Other fungi were
isolated with low frequency, especially pathogenic ones: Rhizoctonia sp.,
Cylindrocarpon didymum and Alternaria alternata (Table 2).

In July, under favourable temperature conditions, the occurrence of A.
cochlioides was abundant. It was detected both in water and on PDA. In water A.
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Table 3

Microorganisms observed or isolated from diseased sugar beet tissues
(24.07.2008)

Type of disease symptoms |Light-brown rot‘ Dark-brown rot ‘ Dry rot ‘ Scab %
number of examined pieces 100
25 22 17 | 10 (=74 pcs)
number of colonies in water
A. cochlioides 25 | 18 I 71.6
Fusarium spp. abundant >100.0
number of examined pieces 100
28 | 22 19 |1 (= 80 pes)
number of isolates on PDA
A. cochlioides 12 7 3 - } 595
Pythium sp. 3 11 3 3
F. solani 30 22 27 5 105
F. oxysporum - - - 3 3.8
Non-sporulating hyphae - - - 3 3.8

cochlioides was found almost in all fragments with soft rot symptoms (light-brown
and dark-brown rot), and in more than 50% of fragments with dry rot symptoms
(Table 3). On PDA the Oomycetes were recognized on 52.5% of investigated
pieces. Fusarium spp. were abundant both in water and on PDA (Table 3).

In September recovery of Oomycetes was poor. They were observed in water
only on 31.3% of diseased tissues with symptoms of soft or dry rot and on 25% of
pieces examined on PDA. Fusarium oxysporum, F. solani as well as Rhizoctonia sp.
were isolated abundantly from root pieces incubated on PDA. Structures charac-
teristic of Fusarium spp. and Rhizoctonia sp. were also observed on the pieces incu-
bated in water (Table 4).

In October, when the modified technique of sterilization was applied, less
Fusarium spp. were obtained (only 7.5% of Fusarium spp. in water and 45.3% on
PDA). The recovery of Oomycetes species was very high, especially in water. They
were three times more frequent than in September (Tables 4, 5). The Ix showed
that the isolation of Oomycetes with the modified technique was 13.08 times more
effective than the isolation of Fusarium spp. (Table 6). The similar isolations per-
formed one month before, with the standard methods, showed the Ix = 0.91 in wa-
ter and Ix = 0.17 on PDA. The results showed that in September the effectiveness
of Oomycetes recovery in water was almost the same (Ix = 0.91), but on the solid
medium there was 5.9 times less Oomycetes than Fusarium spp. (Table 6).

The results obtained from all isolations showed that Oomycetes can be poten-
tially responsible for the rotting of sugar beet roots in wet conditions. A surprise
was the number of Pythium spp. isolated from mature roots, especially in October.
In October the microscopic analyses showed the occurrence of P. ultimum —a rather
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Table 4
Microorganisms observed or isolated from diseased sugar beet tissues (2.09.2008)
Type of disease symptoms | Light-brown rot ‘ Dry rot ‘ Scab %
number of examined pieces 100
16 | 16 | - (= 32 pes)
number of colonies in water
Pythium sp. 4 4 Not determined } 313
A. cochlioides 2 -
Fusarium spp. 7 4 34.4
Rhizoctonia sp. 2 2 12.5
Other hypha 5 - 15.6
Lack of any hyphae 3 8 34.4
number of examined pieces 100
21 17 10 (= 48 pcs)
number of isolates on PDA
Pythium sp. 5 2 5 25.0
F. oxysporum 8 13 10 64.6
F. solani 18 8 15 85.4
Rhizoctonia spp. 8 - 6 29.2
Gliocladium roseum - - 1 2.1
|Arthrobotrys sp. - - 2 4.2
Non-sporulating hyphae - 1 - 2.1

Phot. 3. Oogonium and antheridium
of Pythium ultimum
(photo by E.B. Moliszewska)

Phot. 4. Spherical, terminal sporangia
of Pythium ultimum
(photo by E.B. Moliszewska)
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Table 5
Microorganisms observed or isolated from diseased sugar beet tissues
(9.10.2008)
Type of disease symptoms | Light-brown rot ‘ Dark-brown rot ‘ Dry rot %
number of examined pieces 100
2 | 17 | 14 (= 53 pcs)
number of colonies in water
P. ultimum 5 9 4
P. aphanidermatum 10 5 4 98.1
A. cochlioides 3 4 1
Coenocytic hypha 3 2 2
Fusarium spp. - 2 2 7.5
Rhizoctonia sp. - 1 - 1.9
Lack of any hypha 4 - 3 13.2
number of examined pieces 100
22 17 14 (= 53 pcs)
number of isolates on PDA
P. ultimum - 2 3
P. aphanidermatum - 1 35.8
Coenocytic hypha 6 2 5
F. solani 3 3 3 17.0
F. oxysporum 6 4 5 28.3
Rhizoctonia spp. 5 3 - 15.1
Bacteria 2 3 1 11.3
Trichosporiella cerebriformis 5 2 - 13.2
Cladosporium cladosporioides - - 1 1.9
Phialophora cyclaminis - 2 - 3.8
Table 6
The index of Oomycetes/Fusarium spp. occurrence
Date of observation Water PDA
2.09.2008 0.91 0.17
9.10.2008 13.08 0.79
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Phot. 5. Empty lobate sporangia Phot. 6. Lobate sporangia

of Pythium aphanidermatum of Pythium aphanidermatum
(photo by E.B. Moliszewska) (photo by E.B. Moliszewska)

low temperature species and P. aphanidermatum — a rather higher temperature spe-
cies (Table 5, Phots. 3-6).

Discussion

Plant disease results from interaction of plants with a variety of pathogenic or-
ganisms in a disease-conducive environment. Depending on the environment con-
ditions the main group of pathogens responsible for the disease can be changed.
Although Fusarium spp. are isolated from diseased sugar beet tissues in great num-
bers (Moliszewska 2000, 2009), in Europe they are mostly non-pathogenic to
sugar beets (Mohamed et al. 2005, Amein 2006), so their great share in species
isolated from diseased tissues should be treated as a kind of contamination.
Fusarium spp. can be considered at most as secondary pathogens. The microorgan-
isms responsible for the disease inhabit the tissue and they occupy almost the
same niche together with the Fusarium spp. and other fungi. Aphanomyces and
Pythium pathogens often occur together in sugar beet fields, but the dominating
pathogens can belong to one or other of these genera, depending on the environ-
mental factors such as soil moisture and temperature (Payne et al. 1994, Francis
2003, Amein 2006, Moliszewska 2008). In the phytopathological literature
Pythium spp. are known mostly as soil-borne pathogens of seeds, young roots, hy-
pocotyls and seedlings (Osinska 1971, Arcate et al. 2006). Pythium genus is cur-
rently classified within Peronosporomycetes of kingdom Straminipila (Arcate et al.
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2006), previously kingdom Chromista, phylum Oomycota, class Oomycetes, order
Pythiales and for genus Aphanomyces order Saprolegniales (Kirk et al. 2001). De-
spite of their importance and diversity little is known of their distribution in soil
and role in diseases of mature roots of sugar beets. This is partly due to the diffi-
culty of isolation with standard methods. Even if particular species can initially col-
onize tissues, some competitive species may exclude them during the incubation
process. Than the result of investigation of the pathogen responsible of the disease
can be false. Pythium spp. were isolated from the diseased sugar beet tissues, but
the information itself was not conclusive from the point of view of their role in the
diseased tissues. They were a marginal group of pathogens, considered a remnant
of the early spring seedling infections, according to the Harveson (2006). In the au-
thor’s opinion all these seedling pathogens can be additionally involved with root
rot diseases throughout the season. In Sweden Pythium spp. were isolated only
from sugar beet seedlings (Amein 2006). They were also frequently isolated from
the seedlings grown in field soil under laboratory conditions (Moliszewska 2009),
but their role in rotting of mature sugar beet roots is still not clear. The modified
way of sterilization allowed to obtain microorganisms inhabiting deeply inside the
plant tissue, without Fusarium spp. contamination. In water, after the modification
of sterilizing solution, the majority of hyphae observed in October represented
Pythium spp. or coenocytic body similar to asexual Pythium. Pythium spp. and A.
cochlioides occurred also in earlier observations but with low frequency.

Conclusions

1. The greatest occurrence of Oomycetes in sugar beet diseased tissues
was observed in July, with the classical phytopathological methods of isolation
and recovery of pathogens. Simultaneously, a lot of Fusarium spp. were recove-
red.

2. Recovery of Oomycetes was more successful in water than on solid me-
dium (PDA).

3. Good result in elimination of Fusarium spp. from the surface of dis-
eased sugar beet tissue was obtained after disinfection with sterilizing solution
supplemented with Tween 80. This way of disinfection allowed recovering
Pythium spp. and A. cochlioides from diseased root tissues.

4. The Oomycetes may play an important role in the development root
rot diseases of sugar beets in the irrigated fields.
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Streszczenie

WYSTEPOWANIE PYTHIUM SPP. ] APHANOMYCES COCHLIOIDES
W GNIJACYCH TKANKACH KORZENI BURAKA CUKROWEGO

Gnicie korzeni buraka cukrowego obserwowane w warunkach duzej wilgotno-
$ci gleby uzyskiwanej poprzez nawadnianie moze by¢ wywotane przez mikroorga-
nizmy z klasy Oomycetes, gléwnie Aphanomyces cochlioides oraz Pythium spp. W
porazonych tkankach buraka znajdowano takze plechy cenocytyczne podobne do
plech rodzaju Pythium, jednak o nieustalonej przynaleznosci systematyczne;j.
Lepsza wykrywalno$¢ plech legniowcéw uzyskiwano w kulturze wodnej anizeli na
pozywce agarowej. Zastosowanie klasycznych metod odkazania fragmentéw tka-
nek roslinnych przeznaczonych do izolowania patogenéw pozwolilo na uzyskanie
najwiekszej czestotliwosci wystepowania plech Oomycetes w lipcu, wigzalo sie to
gltownie z warunkami pogodowymi sprzyjajacymi ich rozwojowi. Klasyczne meto-
dy sterylizacji tkanek pozwalaly na wykrywanie tych plech w granicach 13,5-52,6%
na pozywce stalej oraz do 71,6% w kulturze wodnej. Zmniejszenie napiecia
powierzchniowego roztworu sterylizujacego (Ace:sterylna woda; 1:4) za pomoca
Tween 80 przyczynito sie do lepszej wykrywalnosci przedstawicieli Oomycetes,
siegajacej 98,1% w kulturze wodnej, a jednoczesnie do ograniczenia liczby izola-
tow Fusarium spp.
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