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Cysts of Globodera rostochiensis (Wollenweber) Behrens from potato (Solanum tuberosum L.)
fields and Heterodera cruciferae Franklin from cabbage (Brassica oleracea L. var. capitata
subvar. rubra L.) fields and Heterodera schachtii Schmidt from sugar-beet (Beta vulgaris L.)
fields in Turkey were collected and examined for the presence of fungi. Of the total of 196
cysts of G. rostochiensis, 39.7% were colonized by one or more of 7 different species of fungi,
all of which were from the genera Cylindrocarpon, Fusarium, Gliocladium, Verticillium and
Alternaria. Of the total of 136 cysts of H. cruciferae, 37.5% were colonized by one or more of
7 different species of fungi, all of which were from the genera Cylindrocarpon, Fusarium,
Nematophthora, Periconia and Verticillium, and 38.9% of the 154 cysts of H. schachtii were
colonized by one or more of 7 different species from the same genera.

Nematophagous fungi, Globodera rostochiensis, Heterodera cruciferae, Heterodera schachtii,
biological control

Globodera rostochiensis, Heterodera cruciferae ve Heterodera
schachtii (Nematoda: Heteroderidae)’nin Kistleri ile Iligkili Mantarlar

Ozet:

Anahtar
Kelimeler:

Tiirkiye’de patates (Solanum tuberosum L.) tarlalarindan Globodera rostochiensis
(Wollenweber) Behrens, lahana (Brassica oleracea L. var. capitata subvar. rubra L.)
tarlalarindan Heterodera cruciferae Franklin ve seker pancar1 (Beta vulgaris L.) tarlalarindan
Heterodera schachtii Schmidt kistleri toplanmig ve mantar mevcudiyeti bakimindan
incelenmistir. Toplam 196 G. rostochiensis kistinin 39.7% si 7 farkli tiire ait bir ya da daha
fazla mantar tirii ile beraber bulunmustur. Bu mantar tirleri, Cylindrocarpon, Fusarium,
Gliocladium, Verticillium ve Alternaria cinslerine aittir. Toplam 136 H. cruciferae Kistinin
37.5% 1 7 farkl tiire ait bir ya da daha fazla mantar tiirii ile beraber bulunmus olup bunlarin
hepside Cylindrocarpon, Fusarium, Nematophthora, Periconia ve Verticillum cinslerine ait
mantar tiirleridir. H. schachtii ye ait toplam 154 kistin 38.9% u ise yine ayni sekilde bir 6nceki
cinslere ait olan mantarlar ile iligkili olarak bulunmustur.

Nematofaj mantarlar, Globodera rostochiensis, Heterodera cruciferae, Heterodera schachtii,
biyolojik kontrol
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1. INTRODUCTION

Nematophagous (nematode-destroying) fungi are natural enemies of nematodes. Nematophagous fungi have
been found in all regions of the world, from tropics to Antarctica. They have been reported from agricultural,
garden and forest soils, and are especially abundant in soils rich in organic material [1]. They comprise three
main groups of fungi; the nematode-trapping and the endoparasitic fungi that attack vermiform living nematodes
by using specialized structures, and the egg and cyst parasitic fungi that attack these stages with their hyphal tips
[2, 3]. The reason for the continuing interest in these fungi is, in part, their potential as biocontrol agents against
plant and animal parasitic nematodes. From this point of view especially, the egg and cyst parasitic fungi have
been investigated in depth because of the promise of these fungi as biocontrol agents [4, 5].

Biological control of plant parasitic nematodes using nematophagous fungi has received considerable attention
recently, because of the urgent need for alternatives to replace synthetic nematicides that are being phased out
due to environmental concerns [6, 7]. The potato cyst nematode (PCN), Globodera rostochiensis (Wollenweber,
1923) Behrens, 1975 and the cabbage cyst nematode (CCN), Heterodera cruciferae Franklin, 1945 and the beet
cyst nematode (BCN), Heterodera schachtii Schmidt, 1871 are some of the most important plant parasitic
nematodes in the world. Since nematophagous fungi were first discovered in soil in 1852 [8], more than 200
species of fungi have been identified as colonizers of cysts, eggs and females of eight species of cyst nematodes
in soil, including PCN and BCN [9,10]. The percentages of cysts, eggs and females of cysts nematodes colonized
by fungi in agricultural soil ranged from 10-90%, with about 50% being the most common [11, 12]. Two
possible routes for biological management of plant parasitic nematodes have been proposed. One is mass
produce an effective nematode destroying fungus in the laboratory, and then apply it to soil [13] and the other is
enhance the natural nematophagous fungal populations in soil by altering their surrounding conditions. But
commercial success of these approaches has been limited; however, there are encouraging reports on reducing
nematode populations by adding certain kinds of amendments, such as chitin and green manure crops to soil [14,
15, 16, 17].

The objective of this study was to investigate the species and frequencies of fungi colonizing cysts of PCN, CCN
and BCN collected from Central Anatolia of Turkey.

2. MATERIAL and METHODS

Fungal isolation from cysts of nematodes: Soil samples were collected from potato (Solanum tuberosum L.)
fields (Nevsehir: 38° 37,2'N ; 34° 43,2'E) naturally infested with PCN, and from cabbage (Brassica oleracea L.
var. capitata subvar. rubra L.) fields (Corum: 40° 33,0'N ; 34° 57,0'E) naturally infested with CCN, and from
sugar-beet (Beta vulgaris L.) fields (Eskisehir: 39° 46,2N ; 30° 30,0'E) infested with BCN in several areas of
Central Anatolia in Turkey. The soil was air-dried overnight and the cysts were extracted by the Fenwick Can
Method [18]. A total of 196 cysts of PCN, 136 of CCN and 154 of BCN were collected. Cysts were handpicked
under a stereoscopic microscope (Meade model 8300), at 15 x magnification and transferred consecutively into a
10% sodium hypochlorite (NaCIO) solution for 5 min, 100 pL L™ streptomycin for 15 min, 20 uL L™ malachite
green for 10 min, and sterilized water for surface disinfestations. The cysts were partially air-dried afterwards.
Five surface-dried disinfested cysts were placed onto the corners at a sterilized square cover glass which was on
potato dextrose agar in a Petri dish (9 cm diameter) under sterile conditions. The Petri dishes were sealed with
paraffin film and incubated at 23 °C. Fungi growing from the cysts were examined visually or with a light
microscope (Olympus model CX21) at low magnification (x 40) to determine the sites from which the fungi
grew. The fungal colonies emerging from cysts were transferred once they reached the agar under the cover
glass. Identifications of fungi were made from these subcultures. Identification of the nematophagous fungi was
based on the morphological characteristics of conidiophores and conidia [19, 20, 21, 22]. If needed, nematodes
were added to fungal cultures to induce sporulation for identification. Sporulation was also induced in some
cultures by exposing fungal mycelium to a black light lamp (Model X-15B 115 volts 60Hz).

3. RESULTS AND DISCUSSION

3.1. Fungi associated with cysts of PCN: Of the 196 cysts of PCN examined, 78 or 39.7% were
colonized by fungi (Table 1). Seven species of fungi were identified, representing 5 different genera. Of the
fungi identified, most were species of Fusarium. Fusarium oxysporum Schlechtendahl was found to be
associated with 33 cysts or 16.8%. Gliocladium roseum Bainier, Verticillium coccosporum W. Gams, Alternaria
alternata (Fr.) Keissl, Cylindrocarpon destructans (Zinser) Scholten were infrequently associated with cysts
(Table 1; Figure 1). Most fungi isolated emerged from anywhere on the cysts surface whereas C. destructans
emerged only from the vulva of the cysts. This difference is important for identifications of fungi.
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3.2. Fungi associated with cysts of CCN: Of the 136 cysts of CCN examined, 51 (37.5%) were
colonized by fungi (Table 2; Figure 2). Seven species of fungi were isolated and identified. Most fungi
associated with cysts of PCN were species of Fusarium. Fusarium oxysporum was associated with 26 cysts
(19.1%), and C. destructans associated with 11 cysts (8.0%). Fusarium solani and F. tabacinum each colonized
2.9% of the cysts. All other species from other genera occurred at relatively low frequency (1.5 - 2.5%).

3.3 Fungi associated with cysts of BCN: For this research, of the 154 cysts of BCN examined, 60
(38.9%) were colonized by fungi (Table 3; Figure 3). Seven species of fungi were isolated and identified. All of
them were the same species of fungi that were isolated from cysts of BCN. The frequencies of association of
these fungi with cysts of BCN were similar to those of CCN. Most fungi associated with cysts of BCN were
species of Fusarium. Fusarium oxysporum was associated with 30 cysts (19.4%) but C. destructans was
associated with 16 cysts (10.3%). All other species from other genera occurred at relatively low frequency for
BCN (0.5 — 2.5%).

This research showed that numerous fungi were associated with cysts of cyst nematodes. The fungal
genera from PCN, CCN and BCN were similar, especially those found in CCN and BCN. These fungi associated
with nematodes may represent a distinct mycoflora in the soil. Agricultural soils generally contain hundreds of
species of fungi belonging to 170 genera [20]. At the species level, 10 fungal species were isolated from cysts of
PCN, CCN and BCN. Fusarium oxysporum, C. destructans and V. coccosporium were associated with these cyst
nematodes whereas F. heterosporium, G. roseum and A. alternata were associated with only PCN. This suggests
that the mycofloras of the cyst nematodes may be different. Because biological life cycle, hosts and nutritional
needs of cyst nematodes are generally different.

Cylindrocarpon destructans has been reported as an egg parasite of several cyst nematodes [23, 24]. A
Fusarium species associated with egg masses but not females has been reported to be an egg parasite [25]. All
the fungi isolated from PCN, CCN and BCN have been reported to be associated with plant-parasitic nematodes,
especially cyst-forming nematodes. A few of them have been proven obligate parasites of nematodes but most of
them are opportunistic parasites and saprophytes. For those obligate parasites, their effectiveness in destroying
nematodes in vitro has not led them to be successful bio-control agents of plant parasitic nematodes. However,
there are reports which indicate that viability of nematodes was greatly reduced after being colonized by some of
these opportunistic fungal parasites in laboratory [23]. In soil, the populations of these opportunistic fungi
associated with nematodes can be significantly greater than populations of obligate parasites [26, 27, 28]. Many
nematode trapping fungi have been found to occur more frequently in the rhizospheres of several plants,
especially leguminous plants, e.g. soybean and pea, than in root free soil [29, 30, 31]. This effect could possibly
be due to increased or changed root exudation in these plants. The suppressiveness of suppressive soils against
plant parasitic nematodes has been reported to be positively related to the population of all the fungal parasites,
including the opportunists [9]. Although a great deal of knowledge is lacking on the mode of action and
population dynamics of these opportunistic fungal parasites, their importance in future integrated management of
plant parasitic nematodes should not be underestimated.

4. CONCLUSION

One important aspect of nematophagous fungi is the possibility of using them for biological control of plant- and
animal- parasitic nematodes. Plant parasitic nematodes, e.g. root knot and cyst nematodes, are global pests in
agriculture and horticulture, causing severe yield losses.

Owing to the ban of many nematicides, e.g. methyl bromide, because of health and environmental concerns, new
alternatives for nematode control are therefore needed. Biological control may be such an alternative.

Mostly, plant parasitic nematodes attack plant roots and, therefore, the ability of the nematophagous fungi to
grow in the rhizosphere is of great importance for their capacity to control these nematodes.
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Table 1. Fungal species associated with cysts of Globodera rostochiensis

Fungal species

Fusarium heterosporum
Fusarium oxysporum
Fusarium solani
Gliocladium roseum
Verticillium coccosporum
Alternaria alternate
Cylindrocarpon destructans

Total cysts colonized *

PSD: 9.21

Cysts colonized by fungi

Number (n)

10
33

4
5
7
8

11

78

Percentage (%)

51
16.8
2.0
25
35
4.0
5.6

39.7

* A total of 196 cysts were examined.
PSD: Population Standart Deviation
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Figure 1. Fungal species associated with cysts of Globodera rostochiensis (F h. Fusarium heterosporum, F o: Fusarium oxysporum, F s:

Fusarium solani, G r: Gliocladium roseum, V c: Verticillium coccosporum, A a: Alternaria alternate, C d: Cylindrocarpon destructans).

Table 2. Fungal species associated with cysts of Heterodera cruciferae

Fungal species

Cylindrocarpon destructans
Fusarium oxysporum
Fusarium solani

Fusarium tabacinum
Nematophthora gynophila
Periconia macrospinosa
Verticillium coccosporium

Total cysts colonized *

PSD: 8.20

Cysts colonized by fungi

Number (n)

1
6

N -

WwWRrNMD

Percentage (%)

8.0
19.1
2.9
2.9
14
0.7
2.2

37.5

* A total of 136 cysts were examined.
PSD: Population Standart Deviation

LY/NZ2\8 MANAS Journal of Agriculture and Life Sciences
http://journals.manas.edu.kg © 20714

13


http://journals.manas.edu.kg/

Karakas, Fungi Associated with Cysts of Globodera rostochiensis, Heterodera cruciferae and Heterodera
schachii (Nematoda: Heteroderidae)

Heteroderacruciferae
30
26
25
¢ 20
oy
= 15
2 11
g 10 |
“ 4 4
5 - 3
H B = .
0 1 T T T T - T — T -_\
Ccd Fo Fs Ft Ng Pm Ve
Fungal species

Figure 2. Fungal species associated with cysts of Heterodera cruciferae (C d: Cylindrocarpon destructans, F o: Fusarium oxysporum, F s:
Fusarium solani, F t: Fusarium tabacinum, N g: Nematophthora gynophila, P m: Periconia macrospinosa, V c. Verticillium coccosporium).

Table 3. Fungal species associated with cysts of Heterodera schachtii

Cysts colonized by fungi

Fungal species Number (n) Percentage (%)
Cylindrocarpon destructans 16 10.3
Fusarium oxysporum 30 194
Fusarium solani 4 25
Fusarium tabacinum 2 1.2
Nematophthora gynophila 4 2.5
Periconia macrospinosa 3 19
Verticillium coccosporium 1 0.6
Total cysts colonized * 60 38.9

PSD: 9.91

* A total of 154 cysts were examined.
PSD: Population Standart Deviation
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Figure 3. Fungal species associated with cysts of Heterodera schachtii (C d: Cylindrocarpon destructans, F o: Fusarium oxysporum, F s:
Fusarium solani, F t: Fusarium tabacinum, N g: Nematophthora gynophila, P m: Periconia macrospinosa, V c. Verticillium coccosporium).

REFERENCES

[1] Gray, N.F. (1983) Ecology of nematophagous fungi: Distribution and habitat. Ann. of Appl. Biol.,
102(3), 501-509.

[2] Nordbring-Hertz, B. (2004) Morphogenesis in the nematode-trapping fungus Arthrobotrys oligospora —
an extensive plasticity of infection structures. Mycologist, 18, 125-133.

[3] Liu, XZ., X. Meichun and C. Yongsheng (2009) The living strategy of nematophagous fungi.
Mycoscience 50, 20-25.

[4] Jansson, H-B. and L.V. Lopez-Llorca (2001) Biology of nematophagous fungi In: Misra JK and Horn
BW (eds) Mycology: Trichomycetes, other Fungal Groups and Mushrooms. Enfield: SciencePublishers.
pp. 145-173.

[5] Jansson, H-B. and L.V. Lopez-Llorca (2004) Control of nematodes by fungi. In: Arora DK (ed.) Fungal
Biotechnology in Agriculture, Food, and Environmental Applications. New York: Marcel Dekker. pp.
205-215.

[6] Kerry, B.R. (1990) An assessment of progress toward microbial control of plant-parasitic nematodes.
Suppl. J. Nematol., 22, 621-631.

[7] Fekete, C., M. Tholandes., B. Rajashekar., D. Ahrén., E. Friman., T. Johansson and A. Tunlid (2008)
Paralysis of nematodes: shift in the transcriptome of the nematode-trapping fungus Monacrosporium
haptotylum during infection of Caenorhabditis elegans. Environmental Microbiology, 10, 364-375.

[8] Fresenius, G. (1852) Beitrage zur Mykologie. Heft 1-2. pp. 1-80.

[9] Kerry, B.R. (1988) Fungal parasites of cyst nematodes. Agric. Ecosyst. Environ., 24, 293-305.

[10] Nordbring-Hertz, B., H-B. Jansson and A. Tunlid (2006) Nematophagous fungi. Encyclopedia of Life
Sciences, John Wiley & Sons, Ltd. (doi: 10. 1038/npg.els.0004293), 1-11.

[11] Tribe, H.T. (1980) Extent of disease in populations of Heterodera, with special reference to H.
schachtii. Ann. Appl. Biol., 92, 61-72.

[12] Clovis, C.J. and R.A. Nolan (1983) Fungi associated with cysts, eggs and juveniles of the golden
nematode (Globodera rostochiensis) in Newfoundland. Nematologica, 29, 345-356.

[13] Coosemans, J. (1991) Methods for introducing Verticillium chlamydosporium into soil. IOBC/WPRS
Bull., 14, 39-46.

[14] Spiegel, Y., I. Chet and E. Cohn (1987) Use of chitin for controlling plant-parasitic nematodes. I1l. Mode
of action. Plant Soil, 98, 337-345.

[15] Schlang, J.W., JW. Stendel and J. Muller (1988) Influence of resistant green manure crops on the

population dynamics of Heterodera schachtii and its fungal egg parasites. Proceedings of the European
Society of Nematologists 19" International Nematology Symposium, Uppsala, Sweden, p. 69 (Abstr.).

15

LY/NZ2\8 MANAS Journal of Agriculture and Life Sciences
http://journals.manas.edu.kg © 20714


http://journals.manas.edu.kg/

Karakas, Fungi Associated with Cysts of Globodera rostochiensis, Heterodera cruciferae and Heterodera
schachii (Nematoda: Heteroderidae)

[16]

[17]

[18]

[19]
[20]

[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]

[30]

[31]

Ahman, J., B. Ek.,, L. Rask and A. Tunlid (1996) Sequence analysis and regulation of a cuticle
degrading serine protease from the nematophagous fungus Arthrobotrys oligospora. Microbiology, 142,
1605-1616.

Ahman, J., M. Olsson and T. Johansson (2002) Improving the pathogenicity of a nematode-trapping
fungus by genetic engineering of subtilisin with nematotoxic activity. Appl. and Environ. Microbiology,
68, 3408-3415.

Fenwick, D.W. (1952) Heterodera rostochiensis. Sampling techniques and the limits of their
applicability. Proceedings of the International Nematology Symposium training course, Rome. pp. 8-17.
Barron, G.L. (1977) The nematode-destroying fungi. Canada: Lancaster Press, pp. 140.

Domsch, K.H., W. Gams and T.A. Anderson (1980) Compendium of soil fungi. Vol. 1. Academic
Press, New York. 859 pp.

Gerlach, W. and H. Nirenberg (1982) The genus Fusarium. A Pictorial Atlas. Biologische
Bundesanstalt fiir Land-und Forstwirtschalt. Institut fiir Microbiologie, Berlin-Dahlem. pp. 406.

Nelson, P.E., T.A. Toussoun and W.F.O. Marasas (1983) Fusarium species —An illustrated manual for
identification. The Pennsylvania State University Press. University park and London, pp. 193.

Nigh, E.A., 1.J. Thomason and S.D. Van Gundy (1980) Identification and distribution of fungal
parasites of Heterodera schachtii eggs in California. Phytopathology, 70, 884-889.

Dackman, C. and B. Nordbring-Hertz (1985) Fungal parasities of the cereal cyst nematode Heterodera
avenae in southern Sweden. J. Nematol., 17, 50-55.

Morgan-Jones, G., J.F. White and R. Rodriquez-Kabana (1984) Fungal parasites of Meloidogyne
incognita in an Alabama soybean field soil. Nematropica, 14, 93-96.

Yu, Q. (1989) Selection of promising fungi for biocontrol of nematodes. MS thesis. Catholic University
of Leuven. Faculty of Agricultural Sciences. Leuven, Belgium, 73 pp.

Persmark, L., A. Banck and H-B. Jansson (1996) Population dynamics of nematophagous fungi and
nematodes in an arable soil: vertical and seasonal fluctuations. Soil Biol. and Biochemist., 28, 1005-
1014.

Persmark, L. and B. Nordbring-Hertz (1997) Conidial trap formation of nematode-trapping fungi in soil
and soil extracts. FEMS Microbiology Ecology, 22, 313-324.

Bordallo, J.J., L.V. Lopez-Llorca and H. Jansson (2002) Effects of egg-parasitic and nematode-trapping
fungi on plant roots. New Phytologest, 154, 491-499.

Monfort, E., L.V. Lopez-Llorca and H-B. Jansson (2005) Colonisation of seminal roots of wheat and
barley by egg-parasitic nematophagous fungi and their effects on Gaeumannomyces graminis var. tritici
and development of root-rot. Soil Biol. and Biochemist., 37, 1229-1235.

Tunlid, A. and D. Ahrén (2011) Molecular mechanisms of the infection between nematode-trapping
fungi and nematodes-lessons from genomics. In: Biological Control of plant parasitic nematodes:
building coherence between microbial ecology and molecular mechanisms. (Spiegel, I. and K. Davies,
ed.) Springer, Heidelberg. pp. 145-169.

16

LYRVAYE MANAS Journal of Agriculture and Life Sciences
http://journals.manas.edu.kg © 20714


http://journals.manas.edu.kg/

