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The paper presents the results from the analysis of the 45 soil samples collected in 2010 from ten
forest nurseries located at different regions of Slovak Republic. In total, 142 species of nematodes
belonging to 87 genera were found. Out of them, 32 species are considered as plant feeders — parasites
of higher plants, 11 species belong to fungal feeders, 10 species to root-fungal feeders, 8 species of
predatory nematodes, 20 species of omnivorous nematodes and 49 species of bacteriovorous nematodes.
The highest number of species was found in the Picea abies (94) and Quercus robur (80) rhizosphere.
The survey results showed that communities of soil nematodes in forest nurseries are represented by
all trophic groups of nematodes, but bacteriovorous, phytophagous and phyto-mycophagous nematodes
prevailed and represented about 80% a total nematode fauna of coniferous and deciduous seedlings. The
species of Acrobeloides nanus, Cephalobus persegnis, Rhabditis sp. juv., Mesorhabditis sp.juv., Helico-
tylenchus digonicus, Paratylecnhus bukowensis, Trichodorus sprasus, Filenchus vulgaris, Malenchus
exiguus, Tylencholaimus mirabilis, Tylencholaimus stecki belong to the most abundant at this study.
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1. Uvod a problematika

Les je najvyssie organizovanym ¢lankom vo vyvoji
rastlinnych spolocenstiev, ktory predstavuje harmonicky
komplex biotickej a abiotickej zlozky (STOLLAROVA, 1999).
Na Slovensku lesy pokryvaju viac ako 40 % tizemia preto
st vyznamnym ekologickym, hospodarskym, historickym
a kultdrnym faktorom spoloc¢nosti (NovoTNY et al., 1994).
Samozrejme, je tu potreba ich udrziavania v dobrej zdravot-
nej kondicii a preto obnova chorych, vytazenych, prestar-
nutych porastov ako aj zalesiiovanie trvalo nevyuzivanych
ploch je zakladnou ¢innostou lesnych hospodarstiev. Pre
tento ucel je potrebné dopestovat’ dostatocné mnozstvo
zdravého sadbového materialu, ktory sa pestuje prevazne
v lesnych skoélkach.

Podny ekosystém je zivotnym prostredim pre tisicky
druhov baktérii, plesni, hub, virusov, hmyzu a pédnych
nematod, vratane parazitickych nematod rastlin. Tieto
mozu byt vyznamnym negativnym faktorom ovlyviuju-
cim zdravotny stav pestovanych pol'nohospodarskych plo-
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din, vinica, ovocnych drevin, avSak aj sadbového materi-
alu drevin v lesnych skdlkach. Tieto nematddy spdsobuji
zavazné ochorenie — fytonematodozy. Ustnym bodcom,
tzv. styletom prepichavaju bunky pletiva korena pri¢om
tieto mechanicky a traviacimi sekrétmi poskodzuji. Rast-
liny trpia nedostatkom vody a zivin v dosledku poskodenia
korena, dochadza k vzniku nekrotickych Skvin, zakrpate-
niu korenového vrchola, k skrateniu, zhrubnutiu a zdefor-
movaniu koreilového systému. V dosledku mechanického
poskodenia sa v miestach parazitovania otvaraju cesty pre
sekundarnu infekciu korenov baktériami, hubami a inymi
patogénmi. Symptomy poskodenia koreiového systému
modzeme pozorovat’ aj na nadzemnej Casti rastliny, kde
v dosledku nedostatku vody a Zivin tato zaostava v raste,
listy pripadne ihli¢ie zItnt a zasychaji, sadenice hyni.
Okrem tejto priamej Skodlivosti, niektoré¢ druhy nematod
Celadi Longidoridae a Trichodoridae prenasaji vo svo-
jich slinach virusové ochorenia, ktoré mozu byt velmi
nebezpec¢né najma pre mladé sadenice v lesnych skdlkach.
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Existuju vSak aj druhy parazitickych nematod, ktoré zij
v nadzemych Castiach, napr. v kmenoch lesnych drevin
a su prenaSané hmyzom, rod Bursaphelenchus Fusch, 1937.
Najmé druh B. xylophilus (Steiner & Buhrer, 1934) Nickle,
1970, ktory patri ku karanténnym druhom, je schopny zni-
¢it’ celé porasty dospelého borovicového lesa (ToTH, 2011).
Z tzemia Slovenska tento druh zatial’ nebol zaznamenany,
avSak v nasledujucich rokoch bude intenzivne monitoro-
vany podozrivy material borovicového dreva (Kunca,
GALKo, 2013).

Z dostupnych literarnych udajov je zrejmé, ze Studiu spo-
locenstiev nematdd lesnych $kolok v celosvetovom meradle
bola v minulosti venované zna¢na pozornost. Skumal sa
vyskych a geografické rozsirenie druhov, vplyv ekologic-
kych a klimatickych faktorov naich vyskyt a sezonnu dyna-
miku, druhové zastupenie a Struktiru trofickych skupin
s ohl'adom na parazitické druhy, ich patogenitu, fytopato-
logicky vyznam a metody ich regulacie (BraascH, 1978;
GuBINA, 1980; SOUTHERAND, WEBSTER, 1993; STOLLAROVA,
1999). Avsak az Braasch (1978), pri Studiu parazitickych
nematod rastlin v rizosfére borovic v lesnych skolkach v
Nemecku prvykrat zostavila zoznam fytopatologicky vyz-
nmamnych druhov nematdd pre lesné skolky. Nasledne
MacnNussoN (1981) zostavil zoznam parazitickych nematod
ekonomicky vyznamnych pre sadenice borovic a smrekov
vo Svédsku a PaLmisaNo, NENCETTI (1987) zoznam para-
zitickych druhov z rizosféry sadenic ihli¢natych a listna-
tych drevin v Taliansku. Najnovsi zoznam parazitickych
nematdd lesnych skolok réznych krajin sveta spracovali
SUTHERLAND, WEBSTER (1993). V rizosfére semenacov sade-
nic v lesnych skolkach sa podla tychto zoznamov najcas-
tejsie vyskytuju ektoparazitické nematody rodov Helicoty-
lenchus, Rotylenchus, Tylenchorhynchus, Paratylenchus,
Longidorus, Xiphinema, Trichodorus a endoparazitické
nematddy rodu Pratylenchus. K tymto rodom bol prira-
deny aj rod Paratrichodorus (Bassus, 1969).

Vyznamnou zlozkou pddnej nematdédfauny, okrem
parazitickych nematod rastlin st aj tzv. vol'ne zijice druhy,
ktoré svojou ¢innostou vyznamne zasahuji do ekosysté-
movych procesov ako st rozklad organickej hmoty, kolo-
beh Zivin a pod., teda ich povazujeme za uzito¢né. K nim
patria baktériofdgy, mykofagy, omnifagy, predatory, avSak
aj fakultativny paraziti rastlin tzv. fyto-mykofagy. Preto v
minulosti mnohi autori vo svete skiimali podu z rizosféry
semenacikov a sadenic lesnych drevin v lesnych Skolkach
z pohladu taxondmie, vyskytu jednotlivych druhov nema-
tod podla typu drevin, zatriedeniu jednotlivych druhov do
trofickych a ekologickych skupin, vztahu nematdd s bak-
tériami a hubami a pod. (PARAMONOV, 1962; WoLNY, 1980;
Dosies, 2004; SKwIErRCZ, 2012)

Aj na Slovensku boli v minulosti Studované spolocen-
stva nematod lesnych ekosystémov vratane lesnych skolok
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(SALY, 1979; LiskovA et al., 1996; SToLLAROVA, 1999) pri-
¢om bola zistena pritomnost’ mnohych druhov parazitic-
kych nematdd rastlin, ¢asto vo vysokej abundancii. Mnohé
z lesnych skolok skiimanych v predchadzajucich pracach
dnes uz zanikli pripadne vznikaju nové, a ak aj existuju,
v tejto praci som sa zameral na §tidium spolocCenstiev pod-
nych nematod s ohl'adom na ekonomicky vyznamné druhy
parazitickych nematod rastlin v lesnych Skélkach doteraz
nepreskiimanych na strednom a vychodnom Slovensku.

2. Material a metody

Vyskum bol realizovany v juni 2010, kedy bol urobeny
odber vzoriek pody z rizosféry semenacikov a sadenic
listnatych (Quercus robur, Acer pseudoplatanus, Fraxinus
excelsior, Fagus sylvatica, Taglia cordata) a ihlicnatych
(Picea abies, Pinus sylvestris, Pinus mugo, Larix decidua)
drevin starych 2 — 3 roky. Vyskum prebehol v 2 lesnych
Skolkach (Brezno, Revica) na strednom a 8 lesnych $kol-
kach (Gelnica, Krompachy, Presov, Vel’ky Lipnik, Zamu-
tov, Stara Cubovina, Haligovce, Vechec) na vychodnom
Slovensku (obr. 1). Celkovo bolo odobratych a vysetrenych
45 priemernych vzoriek pddy (1 kg), z kazdej dreviny 5.

Poland

Czech Republic
®Kosice

Ukraine

Hungary

Obr. 1. Vysetrené lesné §kolky @ Krompachy @ Gelnica @ Presov @
Revica ® Brezno ® Velky Lipnik @ Haligovee ® Stara Cuboviia
® Zamutov @ Vechec

Fig. 1. Forest nurseries investigated © Krompachy @ Gelnica ® Presov
@ Revica® Brezno ® Velky Lipnik @ Haligovce ® Stard Lubov-
na @  Zamutov @ Vechec

Priemerna vzorka pozostavala z piatich vpichov na
ploche 1 m? pri hibke odberu 15 — 20 cm. Nasledne boli
nematody izolované v laboratériu zo 100 g pody pomocou
modifikovanej premyvacej sitovej metody Coss (1918),
usmrtené a fixované 4 % vriacim formaldehydom, iden-
tifikované do urovne druhu, larvalne §tadia do irovne
rodu. Pre identifikaciu nematod sluzili taxonomické prace
MEevyL (1961), Brzeski (1998), Loor (1999), Sippiqi (2000),
ANDRASSY (2005, 2007, 2009) a pédvodné opisy druhov.
Nematody boli zatriedené nasledne do trofickych skupin:
baktériofagy, mykofagy, omnifagy, predatory, fyto-myko-
fagy a fytofagy.
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TabuP’ka 1. Stuktira spologenstiev volne Zijucich podnych a parazitickych nematéd rastlin v rizosfére ihli¢natych a listnatych drevin
v lesnych skolkach na Slovensku

Table 1. Structure of soil free-living and plant parasitic nematodes in the investigated forest nurseries

Thli¢naté dreviny? Listnaté dreviny?
Index" PA | Ps | PM | LD ¥ QR | AP FE | FS | TC ¥
n=>5% n=>5%

Celkovy potet nematod® 3276 | 1775 | 1280 | 2580 | 8854 | 1370 [ 1861 | 1447 [ 1172 | 1393 | 7195
Celkovy podet druhov” 94 79 70 91 120 80 79 78 72 70 116
Fytofagy® % 1569 | 1335 | 11,95 [ 10406 [ 13,18 [ 3927 | 989 [ 3642 | 2355 | 3920 | 2878
Fyto-mykofagy? % 1429 | 1561 [ 17,03 | 1622 [ 1562 [ 847 [ 2262 [ 7,09 | 1391 | 1852 | 1476
Baktériofagy'” % 46,92 | 51,72 | 4461 | 53,73 [ 4989 | 33,50 [ 5239 [ 41,74 | 41,13 | 3029 | 40,89
Mykofigy' % 8,12 10,54 | 16,88 | 10,66 | 1067 | 1146 [ 4,73 8,71 597 6,53 7,39
Omnifagy'> % 7,72 5,58 6,64 5,52 6,01 4,82 537 3,39 8,28 337 4,57
Predatory' % 7,26 321 2,89 3,71 4,63 2,48 5,00 2,56 7,17 2,08 3,60

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudopla-
tanus, FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata

UIndex, Y Total number of nematodes, ¥Total number of species, ¥Conifer, ¥ Deciduos, ®Total, ”Number of samples, ¥Plant parasitic nematodes, “Root-fungal
feeders, " Bacterial feeder, "V Fungal feeders, ' Omnivores, 'Y Predators

Tabul’ka 2. Parazitické nematody rastlin. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihlicnatych
a listnatych drevin v lesnych skélkach na Slovensku

Table 2. Plant parasitic nematodes. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous
seedlings in the forest nurseries of Slovakia

Thli¢naté dreviny? Listnaté dreviny”
Celad’/ rod / druh® PA [ ps [ PM | 1D | ¥ | QR | AP | FE | Fs | TC | 3
n=>5 n=>5
Telotylenchidae
Bitylenchus Filipjev, 1934 3 | 3 | 1 ] [ 7 [ 6 | 8 | 22 ] 3 | 19 | 68
dubius (Biitschli, 1873)
Trophurus Loof, 1956
imperialis Loof, 1956 1 2 3 2 2
Amplimerlinius macrurus (Goodey, 1932) 2 6 2 10 1 5 5 1 7 19
Merlinius (Siddigi, 1970)
brevidens (Allen, 1955) 6 | 18 | 3 [ 5 [ 2 | 3 | 4 | 2] 1 [ 9 | s
Pratylenchidae
Pratylenchus Filipjev, 1936
neglectus (Rensch, 1924) 1 13 14 10 5 5 9 29
penetrans (Cobb, 1917) 11 12 18 2 43 29 6 35
pratensis (de Man, 1880) 25 23 48 21 11 32
thornei Sher & Allen, 1953 4 4
Pratylenchoides Winslow, 1958
crenicauda Winslow, 1985 4 | | | 2 | 6 | | 8 | | 4 | 9 | 21
Hoplolaimidae
Helicotylenchus Steiner, 1945
canadensis waseem, 1961 62 6 17 8 93 24 19 2 33 78
digonicus Perry in Perry,
Dfr“ng o Tho 1050 73 55 41 21 190 | 63 15 88 39 6 | 266
pseudorobustus (Steiner, 1914) 12 2 19 12 45 33 3 5 41
Rotylenchus Filipjev, 1936_
robustus (de Man, 1876) 18 | 15 | 2 [ 8 [ 4 | 3| 13 w0 [ 4 |27 ] 7
Rotylenchulidae
Rotylenchulus Linford & Oliveira, 1940
borealis Loof & Oostenbrink, 1962 7 ] | | HEE | [ 30 | | | 30
Globodera Skrabilovich, 1959
Globodera sp. juv. 6 8 14
Heterodera Schmidt, 1871
Heterodera sp. juv. 2 3 1 6
Meloidogynidae
Meloidogyne Goeldi, 1982
incognita (Kofois & White, 1919) | | | | | [ u [ 2 | [ 17 | 30
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Pokracovanie tabul’ky 2 — Continuation of Table 2

Ihli¢naté dreviny? Listnaté dreviny?
Celad’/ rod / druh? PA | Ps [ PM | LD | ¥ | QR | AP | FE | Fs [ TC | 3@
n=>5 n=>5

Paratylenchidae
Gracilacus Raski, 1962
Gracilacus goodeyi (Oostenbrink, 1953) | | 2 | | 2 | 2 | | 3 | | 4 | 9
Paratylenchus Micoletzky, 1922

bukowensis Micoletzky, 1922 84 97 181 155 56 237 95 201 744

microdorus Andrassy, 1959 13 35 11 20 79 4 66 6 76

projectus Jenkins, 1956 12 13 25 41 17 14 72
Criconematidae
Mesocriconema Andrassy, 1965

rusticum (Micoletzky, 1915) 22 2 3 27 8 2 11 17 38

xenoplax (Raski, 1952) 1 13 14 4 2 8
Criconema Hofménner & Menzel, 1914

annuliferum (de Man, 1921) 4 | 4 | 8 | 9o | & [ 2] s | u | 2 | n | 4
Hemicicliophoridae
Hemicicliophora de Man, 1921

aberrans Thorne, 1955 3 3

typica de Man, 1921 5 8 13
Trichodoridae
Paratrichodorus Siddiqi, 1974

pachydermus (Seinhorst, 1954) 3] | | [ 3 | 12 | 2 | 14 | | 4 | 3
Trichodorus Cobb, 1913

primitivus (de Man, 1880) 16 28 3 3 50 38 7 18 12 24 99

sparsus Szczygiel, 1968 110 15 16 141 5 14 2 9 9 39
Longidoridae
Longidorus Micoletzky, 1922

intermedius Kozlowska & Seinhorst, 1979 5 5 10 14 1 6 5 23 49

poessneckensis Altherr, 1974 1 1 2 2
Xiphinema Cobb, 1913

diversicaudatum (Micoletzky, 1927) 6 2 8 18 5 17 40
> pocet jedincov parazitov rastlin® 514 237 153 263 1167 538 184 527 276 546 2071
> druhov parazitov rastlin” 20 17 14 20 27 22 19 22 18 24 31

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,

FE — Fraxinus excelsior, ¥S — Fagus sylvatica, TC — Talia cordata

YFamily/Genus/Species, ?Conifer, ¥Total, Y Deciduos, YNumber of samples, *Summ abundance of plant parasitic nematodes, ”Summ number of genera of

plant parasitic nematodes

3. Vysledky

3.1. Struktiira spoloéenstiev nematédv lesnych Skolkach

Z rizosféry semenacikov a sadenic ihli¢natych a listna-
tych drevin v 10 lesnych skolkach na strednom a vychod-
nom Slovensku bolo celkovo izolovanych 16 163 exempla-
rov nematdd (tab. 1), ktoré patrili k 142 druhom. Najvyssi
celkovy pocet druhov bol zaznamenany v rizosfére piatich
porastov Picea abies (94) z ihli¢natych a Quercus robur
(80) z listnatych druhov drevin.

Celkova abundancia nematdd sa pohybovala od 1280 do
3276 jedincov v rizosfére ihli¢natych drevina od 1 172 do
1 816 jedincov v rizosfére listnatych drevin, pricom celkovo
viac nematdd sme izolovali z pody ihlicnatych druhov dre-
vin. Spolo¢enstva nematod su charakteristické zastiipenim
vsetkych trofickych skupin s prevladajucim podielom bak-
tériofagnych, fytofagnych a fyto-mykofagnych nematod,
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ktoré spolu tvorili takmer 80 % celkovej nematodofauny
listnatych a ihli¢natych druhov drevin. Najmenej zattpe-
nymi trofickymi skupinami boli omnifagy a predatory.

3.2. Parazitické nematddy rastlin

Zoznam zistenych druhov parazitickych nematod rastlin
v rizosfére sadenic Styroch druhov ihli¢natych a piatich dru-
hov listnatych drevin je v tabul’ke 2. Celkovo bola zistena
pritomnost’ 32 druhov obligatnych druhov parazitickych
nematdd rastlin, pricom viac bolo zistenych v rizosfére
listnatych druhov drevin (31) v porovnani s ihlicnatymi
drevinami (27). Pocet druhov sa menil v zavislosti na druhu
dreviny, najviac druhov parazitickych nematod sme zistili
vrizosfére Talia cordata, Quercus robur a Fraxinus excel-
sior, resp. Picea abies a Larix decidua, comu zodpovedala
aj najvyssia celkova abundacia fytofagov.
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K druhom s najvyssou pocetnostou patrili Helicotylen-
chus digonicus, H. canadensis, Paratylenchus bukowen-
sis, P. microdorus, P. projectus, Criconema annuliferum,
Rotylenchus robustus avsak aj druhy prenasajuce rastlinné
virusy z Celadi Trichodoridae — Trichodorus sparsus, T.

primitivus a Longidoridae — L. intermedius a Xiphinema
diversicaudatum. V rizostére vSetkych druhov sledovanych
drevin sa vyskytli iba druhy H. digonicus, R. robustus, C.
annuliferum, T. primitivus a Merlinius brevidens, hoci tento
druh patril k menej pocetnym.

Tabul’ka 3. Fyto-mykofagy. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihli¢natych a listnatych drevin

lesnych skdlok na Slovensku

Table 3. Root-fungal feeders. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous seedlings

in the forest nurseries of Slovakia

Thli¢naté dreviny? Listnaté dreviny?
Celad’/ rod / druh? PA | PS | PM | LD ¥ QR | AP | FE | Fs |[TC ¥
n=5 n=5

Tylenchidae
Aglenchus Andrassy, 1954

agricola (de Man, 1884) 5 [ s [ 4 | w6 | 40 | 94 | 122 [ e [ 6 [ 143 | 434
Coslenchus Siddiqi, 1978

costatus (de Man, 1921) | 3 | [ 2 | 5 | | [ 4 | 4 | 4 | 12
Filenchus Andrassy, 1954

vulgaris (Brzeski, 1963) 119 | 187 | 106 | 204 | 66 | 4 | 241 | 18 | 102 [ 96 [ 461
Tylenchus Bastian, 1865

davainei Bastian, 1865 6 | | [ 2 [ 8 [ 2 [ 3 | 2 | 14 | I
Basiria Siddigi, 1959

gracilis (Thorne, 1949) | | [ 3 | 3 [ 5 | | | [ 5 | 10
Boleodorus Thorne, 1941

thylactus Thorne, 1941 35 | 6 | s ] 3 | 49 | 4 | 28 | | 26 | | s8
Malenchus Andréssy, 1968

exiguus (Massey, 1969) 20 | 74 [ o0 [ 12 | e | s | 15 | 2 | u | 9 | 4
Ecphyadophoridae
Lelenchus Andrassy, 1954

leptosoma (de Man, 1880) | | | | | [ 5 | | | E
Anguinidae
Nothotylenchus Thorne, 1941

acris Thorne, 1941 3] | | 3 [ 16 | [ 2 | | | | 2
Psilenchidae
Psilenchus de Man, 1921

hilarulus de Man, 1921 1 2 2 5 10 2 5 9 1 17
3. poéet jedincov fyto-mykofagov® 468 277 218 420 [ 1383 | 116 421 104 163 258 | 1062
> druhov fyto-mykofagov” 7 6 5 9 9 7 8 6 6 6 10

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,

FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata

UFamily/Genus/Species, ? Conifer, ¥Total, ¥ Deciduos, ?Number of samples, *Summ abundance of root-fungal feeding nematodes, ”Summ number of genera

of root-fungal feeding nematodes

3.3. Fyto-mykofagy

Fakultativne parazity rastlin tzv. fyto-mykofagy boli
v sledovanych lesnych skolkach reprezentované celkovo
10 druhmi (tab. 3). Najvyssia abundancia fyto-mykofagov
bola zistena v rizosfére Picea abies, Larix decidua a Acer
pseudoplatanus. Najvyssiu pocetnost’ mali druhy Filenchus
vulgaris, Malenchus exiguus a Aglenchus agricola, kto-
rych pritomnost’ bola zistena v rizosfére vsetkych druhov
listnatych a ihli¢natych drevin. Tieto tri druhy tvorili az
91 % nematofauny fyto-mykofagnych nematod v tejto §ta-
dii.
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3.4. Baktériofigne nematody

Z celkového poctu 142 druhov nematod zistenych
v rizosfére sadenic listnatych a ihli¢natych druhov drevin
v desiatich lesnych skdlkach az 49 patrilo k baktériofag-
nym nematodam (tab. 4) ¢o sa prejavilo aj v ich najvysSom
podiele na celkovej nematodofaune tychto $kdlok (tab. 1).
Z toho 47 druhov baktériofagov bolo zistenych v rizosfére
ihli¢natych druhov drevin (najviac 37 v rizosfére Larix
decidua). Naopak v rizosfére listnatych druhov drevin to
bolo celkom len 40 druhov (najviac 29 druhov v rizosfére
Fraxinus excelsior).
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Tabul’ka 4. Baktériofagne nematody. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihliénatych
a listnatych drevin lesnych $koélok na Slovensku

Table 4. Bacterial feeders. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous seedlings

in the forest nurseries of Slovakia

Ihli¢naté dreviny? Listnaté dreviny®
Celad’/ rod / druh? PA | ps | PM | LD ¥ QR | AP | FE | FS | TC PR
n=>5 n=>5
Cephalobidae
Acrobeles Linstow, 1877
ciliatus Linstow, 1877 9 [ s | 3 | 27 | 54 | | | | |
Acrobeloides Cobb, 1924
nanus (de Man, 1880) 489 [ 358 | 160 | 448 [ 1455 | 16 | 20 | | 24 [ 2 62
Cervidellus Thorne, 1937
vexilliger (de Man, 1880) 3 | 8 [ 4 [ 15 | 2 | 6 | 8 [ 12 | 10 38
Eucephalobus Steiner, 1936
mucronatus (Kozlowska & 9 9 5 5
Roguska-Wasilewska, 1963)
oxyuroides (de Man, 1876) 2 6 1 1 10 21 42 26 27 125
striatus (Bastian, 1865) 56 23 67 22 168 1 5 2 3 3 14
Heterocephalobus Brzeski, 1960
elongatus (de Man, 1880) 81 15 12 12 120 48 2 23 7 13 93
Chiloplacus Thorne, 1937
propinguus (de Man, 1921) 2 3 5
symmetricus (Thorne, 1925) 9 9 1 3 4
Zeldia Thorne, 1937
punctata (Thorne, 1925)
Alaimadae
Alaimus de Man, 1880
parvus Thorne, 1939 1 11 12 2 6 3 20
primitivus de Man, 1880 37 16 16 1 70 3 43 3 18 6 73
Amphidelidae
Amphidelus Thorne, 1939
elegans (de Man, 1921) | 9 | | | 9 | | 1 | | | 2 3
Paramphidelus Andrassy, 1977
dolichurus (de Man, 1876) 1 [ s ] 8 | 25 [ 39 | [ 1+ | 7 | | 8
Plectidae
Anaplectus De Connic & Schuurmans
Steckhoven, 1933
granulosus (Bastian, 1865) 23 11 5 3 42 19 1 2 5 3 30
Plectus Bastian, 1865
acuminatus Bastian, 1865 25 18 33 33 109 1 4 11 16
cirratus Bastian, 1865 2 2 5 9 3 3
exinocaudatus Truskova, 1976 18 12 5 35
longicaudatus Biitschli, 1873 3 3 1 17 18
parietinus Bastian, 1865 61 18 36 52 167 5 10 5 3 6 29
parvus Bastian, 1865 46 24 31 103 23 29 8 9 2 71
silvaticus Andrasssy, 1985 14 8 6 33 2 1 1 4
Plectus sp. juv. 24 5 17 46
Ceratoplectus Andrassy, 1984
armatus (Biitschli,1873) 6 43 49 5 2 4 11
Wilsonema Cobb, 1913
otophorum (de Man, 1880) 1 3 4 1 1
schuurmansstekhoveni
(De Coninck, 1931) 39 ! 6 3 4
Aulolaimidae Jairajpuri & Hooper, 1968
Aulolaimus de Man, 1880
oxycephalus de Man, 1880 33 33 1 2 1 4
Cephalobidae Filipjev, 1934
Cephalobus Bastian, 1865
persegnis Bastian, 1865 184 | 102 | e | 137 | 491 [ 28 | 10 | 4 [ e | 31 176
Cylindrolaimidae
Cylindrolaimus de Man, 1880
communis de Man, 1880 | 23 | | | 23 | | | | |
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PokraCovanie tabul’ky 4 — Continuation of Table 4

Ihli¢naté dreviny? Listnaté dreviny”
Celad’/ rod / druh? PA | Ps | PM LD R QR | AP FE | Fs | TC ¥
n=>5 n=>5
Diphtherophoridae
Diphtherophora de Man, 1880
communis de Man, 1880 | [ 2 2 E | | 8
Diploscapteridae
Diploscapter Cobb, 1913
coronatus (Cobb, 1893) E 8 11 4 | | 2 ] 6
Monbhysteridae
Eumonhystera Bastian, 1865
filiformis (Bastian, 1865) 38 5 43 19 14 7 31 71
vulgaris (de Man, 1880) 6 6
similis (Biitschli, 1873) 11 5 16 5 5
Geomonhystera Andrassy, 1981
aenariensis (Meyl, 1953) 4 22 26 2 9 11
villosa (Biitschli, 1873) 2 4 1 7 12 5 5 6 28
Chronogastridae
Chronogaster Cobb, 1913
typica (de Man, 1921) | 3 | 3 | | |
Mesorhabditidae
Bursilla Andrassy 1976
labiata (V&lk, 1950) | [ 10 24 34 | | |
Mesorhabditidae
Mesorhabditis sp. juv. 7 | 14 | 5 26 1 | 27 77 | 17 ] es8 306
Panagrolaimidae
Panagrolaimus Fuchs, 1930
rigidus (Schneider, 1866) 7 15 2 3 27 17 8 19 2 33 79
subelongatus (Cobb, 1914) 2 2 5 4 2 11
Prismatolaimidae
Prismatolaimus de Man, 1880
dolichurus de Man, 1880 2 5 5 18 30 2 1 3
intermedius (Biitschli, 1873) 42 44 5 4 95 38 33 10 3 12 96
verrucosus Hirschmann, 1952 13 48 61 12 1 13 26
Rhabditidae
Rhabditis sp. juv. 228 99 114 347 788 57 703 274 241 155 1430
Protorhabditidae
Protorhabditis Osche, 1952
filiformis (Biitschli, 1873) 5 3 8 2 2
Protorhabditis sp. juv 33 4 4 41 4 4
Teratocephalidae
Teratocephalus de Man, 1876
terrestris (Biitschli, 1873) 40 2 1 43 2 3 5
Steratocephalus Andrassy, 1984
demani (Stefanski, 1924) 4 2 6 12 8 8
> pocet jedincov baktériofagov® 1537 918 571 1391 4417 459 975 604 482 422 2942
Y druhov baktériofagov” 35 32 24 37 47 25 28 29 23 21 40

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,
FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata

YFamily/Genus/Species, ? Conifer, ?Total, ¥ Deciduos, ?Number of samples, ¥Summ abundance of bacterial feeders, ”Summ number of genera of bacterial feeder
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Tabul’ka 5. Mykofagne nematddy. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihli¢natych a listnatych

drevin lesnych §kolok na Slovensku

Table 5. Fungal feeders. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous seedlings

in the forest nurseries of Slovakia

Thli¢naté dreviny? Listnaté dreviny”
Celad’/ rod / druh? PA | ps | PM | LD ¥ QR | AP | FE | Fs [TC ¥
n=>5 n=>5
Aphelenchidae
Aphelenchus Bastian, 1865
avenae Bastian, 1865 30 | 20 | 6 18 | 74 | 13 [ 2 [ 2 [ 2 | 2 | e
Aphelenchoididae
Aphelenchoides Fischer, 1984
bicaudatus (Imamura, 1931) 5 2 13 20 3 8 1 5 5 22
composticola Franklin, 1975 33 67 45 15 160 84 22 66 14 47 233
fragariae (Ritzema Bos, 1890) 1 1 2 2
minimus Meyl, 1953 81 14 16 54 165 3 5 2 4 1 15
parietinus (Bastian, 1865) 18 28 42 13 101 31 14 18 20 24 107
subtenuis (Cobb, 1926) 61 61 2 28 30
Anguinidae
Ditylenchus Filipjev, 1936
intermedius (de Man, 1880) 7 | [ 1 2 | 2 | [ 1 ] [ 3 | | 4
Tylencholaimidae Filipjev, 1934
Tylencholaimus de Man, 1876
mirabilis (Biitschli, 1873) 56 36 62 55 209 3 2 5
mininus de Man, 1876 5 2 7 18 14 5 2 9 48
stecki Steiner, 1914 35 15 42 35 127 3 3 6
> pocet jedincov mykofagov® 266 187 216 276 945 157 88 126 70 91 532
> pocet druhov mykofagov” 9 8 8 9 11 8 8 9 7 7 11

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,

FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata.

UFamily/Genus/Species, ? Conifer, ¥Total, ¥ Deciduos, YNumber of samples, ?Summ abundance of fungal feeders, ”Summ number of genera of fungal feeders

3.5. Mykofagy

11 druhov nematod Ziviacich sa hubami bolo ziste-
nych v ramci tejto Studie, pri vyrazne vyssej abundancii
v rizosfére sadenic ihli¢natych (945 jedincov) v porovnani
s listnatymi drevinami (532 jedincov) (tab. 5). Mykofagne
druhy Aphelenchus avenae, Aphelenchoides composticola,
A. minimus a A. parietinus boli zistené v rizosfére vset-
kych druhov drevin. Druhy Tylencholaimus mirabilis a T.
stecki vyrazne prevladali v rizosfére ihli¢natych druhov
v porovnani s druhom Tylencholaimus minimus, ktory mal
podstatne vyssiu abundanciu v rizosfére listnatych druhov
drevin. Vo vSeobecnosti, nematody rody Aphelenchoides
prevladali vo vzorkach pdd v ramci tejto trofickej skupiny
nematdd, kde bola zistena pritomnost’ az 6 druhov tohto
rodu.

3.6. Omnifagy
Omnifagne nematddy boli v tejto Stadii zastipené 20

druhmi v celkovom hodnoteni, avsak mierne vyssi pocet
druhov bol zisteny v rizosfére ihli¢natych drevin. Najvyssi
pocet druhov (18) ako aj celkova abundancia (253 jedincov)
boli zistené v rizosfére porastov Picea abies. Iba dva druhy
omnifagnych nematdd sme zaznamenali v rizosfére vset-
kych druhov drevin a to Dorylaimus microdorus a Aporce-

laimellus obtusicaudatus. Omnifagne druhy Eudorylaimus
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carteri, Ecumenicus monohystera a Metaxonchium coro-
natum boli zistené vylu¢ne v rizosfére vsetkych druhov
ihli¢natych drevin, naopak druh Oxidirus oxycephalus
vylucne v rizosfére listnatych drevin.

3.7. Predatory

Tato troficka skupina nematdd patri vo vSeobecnosti
k najmenej zastpenej v Strukture spolocenstiev pddnych
nematod, ¢o sa potvrdilo aj v nasej $tadii. Celkom len 8
druhov predatorov patriacich najmé do radu Mononchida
bolo izolovanych zo vzoriek pdd. Druhy Clarkus papil-
latus, Coomansus parvus a Mylonchulus sigmaturus boli
pritomné v rizosfére vSetkych druhov drevin. Pomerne
vysoku celkovi abundanciu mali aj Anatonchus tridenta-
tus ¢i Tripyla setifera.

4. Diskusia

Z vysledkov ziskanych pocas tejto Stadie mézeme kon-
Statovat, Ze spolo¢enstva pddnych nematdd desiatich les-
nych $kolok su zastapené nematdédmi vsetkych trofickych
skupin. Celkovo sme identifikovali az 142 druhov podnych
a parazitickych nematod rastlin, naopak SToLLAROVA (1999)
v dvadsiatich lesnych skolkach na Slovensku zistila pritom-
nost’ len 91 druhov, alebo Liskova et al. (1996) v siedmich
lesnych skolkach TANAP-u len 65 druhov nematdd. Via-
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Tabulka 6. Omnifagne nematody. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihlicnatych a listnatych
drevin lesnych §kolok na Slovensku

Table 6. Omnivores. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous seedlings

in the forest nurseries of Slovakia

Ihli¢naté dreviny? Listnaté dreviny”
Celad”/Rod/Druh? PA | Ps | PM | LD ¥ QR | AP | FE | Fs |[TC ¥
n=>5 n=>5

Campydoridae
Campydora Cobb, 1920

demonstrans Cobb, 1920 6 | | [ 5 | u | [ 2 | 3 | | | s
Nygolaimidae
Paravulus Heyns, 1968

hartingii (de Man, 1880) 1] | | [ 1 ] | | [ 1 ] | 1
Dorylaimidae
Dorylaimus Dujardin, 1845

microdorus de Man, 1880 41 2 12 11 30 7 32 5 3 3 22
Dorylaimus sp. juv. 20 14 3 18 55 1 4 10 16 11 42
Mesodorylaimus Andrassy, 1959

bastiani (Biitschli, 1873) 2 9 11 3 5 4 12

centrocercus (de Mann, 1880) 2 4 34 40 4 2 2 7 15
Mesodorylaimus sp. juv. 14 5 7 26 2 2
Qudsianematidae
Discolaimus Cobb, 1913

texanum Cobb, 1913 8 | s | 2 | | 15 ] [ 1 ] | 2 | | 3
Crassolabium Yeates, 1967

citersbergense (de Man, 1885) [ 8 [ 5 | 16 [ 17 | 5 | [ 2 [ 2 | 6 | 13
Eudorylaimus Andrassy, 1959

carteri (Bastian, 1865) 3 8 3 14 28

opistohystera (Altherr, 1953) 7 1 8 2 3 5

silvaticus Brzeski, 1960 5 8 13 6 6
Eudorylaimus sp. juv. 35 15 21 71 18 18
Ecumenicus Thorne, 1974

monohystera (de Man, 1880) 11 5 2 4 22

parvus (Thorne, 1939) 17 18 8 43 7 3 10
Aporcelaimidae
Aporcelaimellus Heyns, 1965

obtusicaudatus (Bastian, 1865) 43 4 18 24 89 17 8 12 23 5 65
Nordiidae
Enchodellus Thorne, 1939

macrodorus (de Man, 1880) 19 2 21 14 4 2 20
Belondiridae
Metaxonchium Coomans & Nair, 1975

coronatum (de Man, 1906) 4 [ 4 ] 2 | 2 | 12 | | | | | |
Swangeriidae
Oxidirus Thorne, 1939

oxycephalus (de Man, 1885) | | | | | 3 | 27 | 2 | 3 [ 6 | el
Mydonomidae
Dorylaimoides Thorne & Swanger, 1964

micoletzkyi (de Man, 1921) 15 4 19 5 9 5 5 5 29
> pocet jedincov omnifagov® 253 99 85 143 532 66 100 49 97 47 329
> pocet druhov omnifagov” 18 13 13 11 19 11 11 10 11 8 17

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,
FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata.

UFamily/Genus/Species, ? Conifer, ¥ Total, Y Deciduos, ?Number of samples, Summ abundance of omnivores, ”Summ number of genera of omnivores
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Tabul’ka 7. Predatory. Celkovy pocet jedincov identifikovanych druhov v rizosfére semenacov sadenic ihli¢natych a listnatych drevin

lesnych skolok na Slovensku

Table 7. Predators. Total number of individuals of identified species in the root rhizosphere of coniferous and deciduous

seedlings in the forest nurseries of Slovakia

Ihli¢naté dreviny? 5 Listnaté dreviny” 5
Celad”/Rod/Druh? PA | Ps | PM | LD 2 QR | AP | FE | FS [TC 2
n=>5 n=>5
Tripylidae
Tripyla Bastian, 1865
filicaudata de Man, 1880 5 5
setifera Biitschli, 1873 43 4 1 48 3 12 10 14 5 34
Mononchidae
Clarkus Jairajpuri, 1970
papillatus (Bastian, 1865) 63 | 24 | 7 [ 4 | 4 | 2 [ 14 | [ 21 | 7 | 44
Coomansus Jairajpuri & Khan, 1977
parvus (de Man, 1880) 2 | 21 ] 8 | 3 [ 1we | 5 | e | 20 [ 25 | 9 | 12
Prionchulus Cobb, 1916
spectabilis (Ditlevsen, 1912) | [ 12 | [ 2 [ 1 | | [ 1 ] [ 2
Mylonchulidae
Mylonchulus Cobb, 1916
sigmaturus Cobb, 1917 o | 12 | 2 | 9o [ 3 | s | 3 [ 7 | 2 | 8 [ 25
Anatonchidae
Miconchus Andrassy, 1958
hopperi Mulvey, 1962 | | | | | 14 | | | 5 | | 19
Anatonchus Cobb, 1916
tridentatus (de Man, 1876) 60 4 64 4 3 16 23
> pocet jedincov predatorov® 238 57 37 96 410 34 93 37 84 29 259
> pocet druhov predatorov” 5 3 6 5 7 7 5 2 7 4 7

Vysvetlivky — Explanatory notes: PA — Picea abies, PS — Pinus sylvestris, PM — Pinus mugo, LD — Larix decidua, QR — Quercus robur, AP — Acer pseudoplatanus,

FE — Fraxinus excelsior, FS — Fagus sylvatica, TC — Talia cordata.

UFamily/Genus/Species, Y Conifer, ¥Total, Y Deciduos, YNumber of samples, ?Summ abundance of predators, ”Summ number of genera of predators

cero faktorov moze mat’ vplyv na tieto rozdiely v druhovej
diverzite, ako st metodika odberu a spracovania vzoriek
(izolacie nematdd), termin odberu vzoriek, klimatické pod-
mienky v danom roku odberu ako aj klimatické a podne
podmienky danej oblasti (8kélky), druh dreviny, meniaci
sa taxonomicky systém podnych nematod.

Najhojnesie zastupenie ¢o do poc¢tu druhov, ale aj
podielu na celkovej namatddofaune mala skupina bakté-
riofagov (49 druhov), nasledovana obligatnymi parazitmi
rastlin (32), omnifagmi (20), mykofagmi (11), fyto-myko-
fagmi (10) a predatormi (8) druhov hoci sme pozorovali
mesie odchylky v podieloch trofickych skupin v zavislosti
od druhu dreviny. Tieto vysledky st v rozpore z vysled-
kami Liskova et al., (1996) a StoLLAROVA (1999), kde celkom
v 27 lesnych skdlkach dominovali omnifagne nematddy,
nasledované prevazne parazitmi rastlin resp. baktériofagmi,
mykofagmi a predatormi. Podobne v Pol'sku, Skwikrcz
(2012) v 209 lesnych skolkach zistil, Ze narozmanitel'nejsie
anajpocetnejsie boli druhy patriace k mykofagom, parazi-
tom rastlin a fyto-mykofagom, ¢o je v stllade s vysledkami
Worny (1980) a DoBigs (2004).

Z fytopatologického hl'adiska vSak najdélezitejSie osta-
vaju obligatne a fakultativne parazity rastlin (fyto-myko-
fagy). Mnohé z nich st vo svetovej literature povazované
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za vyznamné negativne Cinitele ovplyvnujace produkciu
sadbového materialu (SUTHERLAND, WEBSTER, 1993). V les-
nych skolkach vyseternych v ramci tejto Studie sme celkovo
identifikovali 32 druhov obligatnych parazitov rastlin. VAc¢-
Sina z nich patri k ektoparazitickych nematédam, druhy
Pratylenchus pratensis, P. neglectus, P. penetrans, P. thor-
nei, Pratylenchoides crenicauda a Gracilacus goodeyi s
naopak endoporazitické. Zatjimavy je aj nalez a pritomnost’
lariev tzv. cystotvornych endoparazitov rodu Globodera
a Heterodera, ¢i tzv. halkotvornych endoparazitov druhu
Meloidogyne incognita, vyluéne v rizosfére listnatych dru-
hov drevin, ktoré v Stadiach LiskovA et al. (1996) a STOLLA-
ROVA (1999) neboli vobec pritomné, naopak SKwIERCZ (2012)
v Pol’'sku tiez uvadza ich pritomnost’ v lesnych skolkach.
Podobne SHARMA, MEHROTRA (1992) zistili pritomnost’ az
troch druhov rodu Meloidogyne v lesnych skélkach vra-
tane M. incognita, pricom pozorovali aj halky na korefioch
a oslabeny a spomaleny rast semenacikov drevin.

Avsak podobne ako v nasej $tudii, aj v pracach Liskova
et al. (1996) a SToLLAROVA (1999) dominovali v lesnych
Skolkach ektoparazitické nematddy rodov Helicotylenchus
a Rotylenchus. O ich negativnom vplyve na semenaciky
ihli¢natych a listnatych drevin v lesnych Skolkach pisali
aj Boac (1978) a Mancini et al. (1983). Navyse, pomerne
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vysokt abundanciu sme zistili aj u druhov rodov Paratylen-
chus, Criconema, Trichodorus, Longidorus a Xiphinema
patriacich k ektoparazitom. O ich dominancii v lesnych
Skolkach vo svete pisali uz davnejSie SUTHERLAND, WEBSTER
(1993). Obzvlast nebezpecné st druhy rodov Trichodorus,
Longidorus a Xiphinema ktorych schopnost’ prenésat’ viru-
sové ochorenia rastlin bola potvrdena v mnohych studiach.

Z tychto vysledkov je zrejmé, Ze pddny ekosystém les-
nych $kolok je domovom mnohych druhov volne Zijucich,
ale najméa ekonomicky vyznamnych parazitickych nematod
rastlin. Okruh hostitel'skych rastlin mnohych druhov fyto-
parazitov je velmi rozsiahly pricom nepozname hranicu ich
Skodlivosti. Je to teda nutné predpokladat’, Ze pri optimal-
nych podmienkach (vhodna vlhkost, teplota, hostitel’) sa
moze ich populécia zvysit’ natol’ko, ze dojde k vyraznym
stratdm na produkénom materiali. Zvlast u druhov, ktoré
maju kratke vyvinové cykly. Preto vzdy pred zalozenim
skolky odportc¢ame analyzovat’ podu na pritomnost’ para-
zitickych nematod rastlin.
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Summary

Communities of soil free-living and plant parasitic nematodes
were investigated in the 10 forest nurseries throughout Slovakia
from the rhizosphere of the four coniferous (Picea abies, Pinus
sylvestris, Pinus mugo, Larix decidua) and five deciduous trees
(Quercus robur, Acer pseudoplatanus, Fraxinus excelsior, Fagus
sylvatica, Talia cordata)

Soil samples were collected in June 2010 from the all forest
nurseries from the root rhizosphere of the all trees and depth of
0.15-0.20 m. In total, 45 average soil samples (1 kg) were col-
lected, five from the each tree seedlings. Quadrant soil samplig
method were used by the five subsamples (200 g) collected from
the 1 m?. Nematodes were isolated from the 100 g of soil by the
modified methods of Coss (1918). After extraction, nematode
were killed, fixed by hot 4% formaldehyde and identified to
the species level, juveniles to the genus level. Nematodes were
divided to the trophic groups as follows: bacterial feeders, fun-
gal feeders, plant parasite, root-fungal feeders, omnivores and
predators to known structure of soil nematode communities.

The resutls can be synthetically summarised as follows:

— atotal of 142 nematode species belonging to 87 nematode
genera were recorded with microscope observation out of
16 163 individuals,

— from that, 32 species appertain to plant feeders — parasites of
higher plants, 11 species belong to fungal feeders, 10 species
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were root-fungal feeders, 8 species of predatory nematodes,
20 species of omnivorous nematodes and 49 species of bac-
teriovorous nematodes,

the species of bacteriovorous, plant parasites and root-fun-
gal feeding nematodes prevailed and represented about 80%
of a total nematode fauna of coniferous and deciduous tree
seedlings,

the highest number of species were found in the Picea abies
(94) and Quercus robur (80)

among them, the species Acrobeloides nanus, Cephalobus
persegnis, Rhabditis sp. juv., Mesorhabditis sp.juv., Helicoty-
lenchus digonicus, Paratylecnhus bukowensis, Trichodorus
sprasus, Filenchus vulgaris, Malenchus exiguus, Tylencho-
laimus mirabilis, Tylencholaimus steckibelonged to the most
abundant in this study,

the highest number of plant parasitic nematodes under 7alia
cordata, Quercus robur and Fraxinus excelsior resp. Picea
abies and Larix decidua were recorded,

among them, the species Helicotylenchus digonicus, H.
canadensis, Paratylenchus bukowensis, P. microdorus, P.
projectus, Criconema annuliferum, Rotylenchus robustus but
also plant virus vectors Trichodorus sparsus, T. primitivus,
Longidorus intermedius and Xiphinema diversicaudatum
prevailed.

Translated by author

275



