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IDENTIFICATION OF IMPORTANT SPECIES OF THE GENUS
ARMILLARIA IN HORTICULTURAL AND FOREST REGIONS
OF IRAN BY CLASSIC MATING-TESTS

Forty isolates were obtained from different plant-hosts in fruit orchards and
forest regions of Iran. In order to identify species of Armillaria diploid and
haploid cultures were paired with two or three known haploid tester isolates from
each intersterile group. Sexual compatibility was evaluated, based on the
differences in morphology of haploid colonies from white and with fluffy to
brownish, without aerial mycelium (crustose). In this study 19 plant species were
introduced as hosts for Armillaria species. Twenty nine isolates of Armillaria
mellea (72,5%) were obtained from following plant hosts: Armeniaca vulgaris,
Juglans regia, Amygdalus communis, Pyrus communis, Malus domestica, Populus
nigra, Platanus orientalis, Citrus aurantium, Abies alba, Carpinus betulus and
Parrotia persica. Quercus castaneifolia, Diospyros lotus and Fagus orientalis
were identified as the hosts of Armillaria galica. Armillaria spp. isolates from
Picea abies, Crataegus pentagyna, Acer sp., Alnus subcordata and Carpinus
betulus were not compatible with any of tester strains, representing different
species. Gleditsia caspia was the new host of Armillaria sp. from Iran.

The genus Armillaria has a world-wide distribution and includes some of the
most important root pathogens of forest trees and fruit crops [1]. Armillaria root
disease was first reported on Castanea crenata in 1903 [2]. The disease also has
been recorded on various planted and natural hosts in South America and Indo-
Malaysia [3]. Many Armillaria species linked to outbreaks of the disease in South
America are thought to be restricted to this area [4].

Until the late 1970°s Armillaria mellea (Vahl:Fr.) Kumm. was considered by
most researchers to be a pleiomorphic species with a wide host range and distri-
bution. Hintikka [5] developed a technique that allowed determination of mating
types in Armillaria and showed that Armillaria has a bifactorial, sexual incompa-
tibility system. Isolates of different species of Armillaria produce incomepatible
matings due to intersterility barriers [1, 6]. Single spore isolates of Armillaria
species are generally white and fluffy, but when fusion of compatible mating types
occurs, the coalesced colonies become dark brown, appressed, crustose and
sometimes produce rhizomorphs, depending on nutritional and cultural conditions.
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If the single spore isolates are from different species, the colonies will not grow
together and will remain white and fluffy [5].

In Europe there are seven intersterile groups or biological species [1, 7, 8]. They
belong to exanulates species Armillaria tabescens (Scop.: Fr.) Emel and A. ectypa (Fr.)
Lamoure and the other species with annulate basidiomes, A. mellea (Vahl: Fr.) Kumm.,
A. gallica Marxm.: Romagn. (syn.: A. bulbosa (Barla) Velen.); A. cepistipes Velen., A.
borealis Marxm.: Romagn. and 4. ostoyae (Romagn.) Herink.

Anderson and Ullrich [6] applied the techniques used by Korhonen for
isolates collected from widely distributed locations in North America and
demonstrated that what had been considered as A. mellea in North America was
actually for 10 distinct biological species. Several species of Armillaria are known
to occur in Australia and New Zealand and these ones have been reasonably well
studied [9, 10].

The existence of 10 intersterile groups of Armillaria was determined by
pairing haploid single spore isolates in a wide geographic distribution in Japan. Of
the 10 intersterile groups, identified in Japan, 7 were authenticated as A. gallica, A.
nabsnona, A. ostoyae, A. cepistipes, A. mellea, A. sinapina or A. tabescens. Three
of the groups were not compatible with any of the tester species [11].

In Iran A. mellea is widely distributed throughout the country and is a well
known causal agent of root rot diseases [12—14]. The disease was reported in
association with many cultivated and forest tree species [15].

The objectives of this study were determination of the species of Armillaria
occurring on the trees of fruit orchard and forest regions in Iran.

Materials and Methods.

Sampling and fungal isolation. The roots, barks, and woods of the trees with
suspicious symptom of Armillaria infection, with mycelial fans or rhizomorph
signs or basidiocarps, were collected from various regions of Mazandaran, East
Azerbaijan and Esfahan, the main forestry and horticultural provinces in Iran. Forty
samples were made from the 19 different host species.

Table 1

Species, geographic location and source of European haploid testers of Armillaria spp.

Taxonomic Name Isolate Collectors Determined Geographic
Code Name By Location
Armillaria borealis Marxm. & Korhonen |99 68/4 K. Korhonen |K. Korhonen |Finland
A. borealis Marxm. & Korhonen n, 2n M.R. Asef M.R. Asef Iran
A. cepistipes Velen. MB 79.23.1 |[J.J. Guillaumin [K. Korhonen |Finland
A. cepistipes Velen. MB 79.24.1 |J.J. Guillaumin |K. Korhonen |Finland
A. gallica Marmx. & Romagn. ME 70.1.2  |J.J. Guillaumin |J.J.Guillaumin |France
A. gallica Marmx. & Romagn. n, 2n M.R. Asef M.R. Asef Iran
A. mellea (Vahl) P. Kumm. 87 085/10  [K. Korhonen |Grillo Italy
A. mellea (Vahl) P. Kumm. 90 254/3 K. Korhonen |Grillo Italy
A. mellea (Vahl) P. Kumm. 90 260/1 K. Korhonen |Munda Yugoslavia
A. ostoyae (Romagn.) Herink 99 088/3 K. Korhonen |K. Korhonen |Finland
A. ostoyae (Romagn.) Herink MC 79.27.1 |J.J. Guillaumin |K. Korhonen |Finland
A. sinapina Bérubé & Dessur. 96-7-1 Yuko Ota Yuko Ota Japan
A. sinapina Bérubé & Dessur. 96-7-2 Yuko Ota Yuko Ota Japan
A. tabescens (Scop.) Emel NT 1-9 Yuko Ota Yuko Ota Japan
A. tabescens (Scop.) Emel NT 1-10 Yuko Ota Yuko Ota Japan
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The infected tissues or basidiocarpes were sterilized in ethanol 96 % for
1 min, and small pieces from parts of the tissues were excised and placed on the
Petri dishes, including malt extract agar (20 g// Malt extract, 16 g// agar) amended
with benomyl WP 50 (4 ug a.i./ml) and streptomycin sulfate (100 ug/ml), added
after autoclaving. The Petri dishes were incubated at 22+1(°C) [16].

Identification of Armillaria mellea by compatibility tests. Compatibility
tests of the Iranian diploid and haploid isolates were done by Korhonen [1] method,
using the known haploid tester strains of Armillaria spp. Seven biological species
were used. Each isolate was paired with two or three different tester strains of the
known biological species. Haploid tester strains from the species of Armillaria, and
the geographic sources are indicated in Table 1.

Results and Discussion.

Distribution of the genus Armillaria. Forty isolates were obtained from the
19 different hosts in East Azerbaijan, Esfahan and Mazandaran provinces. In East
Azerbaijan the fungus was presented in Khosro Shahr, Osko, Gokan, Azarshahr
and Milan on the different species of horticultural plants, such as Armeniaca
vulgaris, Juglans regia, Amygdalus communis, Pyrus communis, Malus domestica
and Populus nigra.

In Esfahan province different samples were surveyed in Khomeni
Shahr, Asghar Abad, Sahraie Koshek, Ghaleh Sefid, Zarin Shahr and Cham Hidar.
The fungi were isolated from Amygdalus communis, Juglans regia and Platanus
orientalis in Cham Hidar, Khomeni shahr and Sahraie Koshek regions.

In Mazandaran province Fagus orientalis, Parrotia persica, Citrus
aurantium, Abies alba, Carpinus betulus, Diospyros lotus, Alnus subcordata,
Acer sp., Picea abies, Gleditsia caspia, Quercus castaneifolia and Crataegus
pentagyna were reported as the hosts species for the genus Armillaria. The
fungi were collected from forest regions of Behshar and Neka in east regions,
Sari and Chamestan, in the center and west regions of Mazandaran respectively.

Mating analysis. Pairing tests based on sexual behavior and in vitro
somatic compatibility of isolates of Armillaria have been widely used to
assess the interspecific incompatibility in the genus Armillaria. In the experi-
ment after 6-8 weeks the pairing of the haploid tester strains with the haploid
and diploid Iranian isolates were surveyed. At first the haploid monosporous
cultures exhibited white and fluffy colony morphology. After compatible mating
the culture morphology changed to crustose, which is characteristic of diploid
mycelium.

To identify the isolates, the total of 2400 pairings was performed, using a set
of two or three testers from each of the seven Armillaria species. The majority of
isolates were paired with the known tester strain, and some of isolates showed the
incompatible reaction. The results from the pairing test method allowed the
identification of thirty two isolates, and the remaining isolates have shown
ambiguous reactions (Table 2).

In East Azerbaijan 11 isolates of 4. mellea were obtained from the different
orchard plant species. Armeniaca vulgaris, Juglans regia, Amygdalus communis,
Pyrus communis, Malus domestica and Populus nigra were identified as the hosts
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for A. mellea. The results have shown that A. mellea is very important, and it is
present in some horticultural regions of East Azerbaijan.

Table 2

Armillaria isolates from Iran: source tissues, host trees, origin, ploidy of cultures, identifications
based on pairing-test

IS(;\}_fte Derivation Host Localities Ploidy [RFLP results
Al |Wood fragment |Armeniaca vulgaris Lam. East Azerbaijan (Azar Shahr)] D A.mellea
A2 |Wood fragment |Amygdalus communis L. East Azerbaijan (Azar Shahr)| D A.mellea
A3 [Wood fragment [Juglans regia L. East Azerbaijan (Azar Shahr)| D A.mellea
A4 |Wood fragment |Pyrus communis L. East Azerbaijan (Azar Shahr)] D A.mellea
A5 |Wood fragment |Armeniaca vulgaris Lam. East Azerbaijan (Kandovan) D A.mellea
A6 [Mycelium Vuglans regia L. East Azerbaijan (Azar Shahr)| D A.mellea
A7 [Wood fragment Juglans regia L. East Azerbaijan(Khosroshar) | D A.mellea
A8 [Wood fragment [Juglans regia L. East Azerbaijan(Khosroshar) | D A.mellea
A9 |Wood fragment |Armeniaca vulgaris Lam. East Azerbaijan (Oskoh) D A.mellea
A10 |Wood fragment |Malus domestica Borkh. East Azerbaijan (Kandovan) D A.mellea
All |Wood fragment [Populus nigra L. East Azerbaijan (Oskoh) D A.mellea
El |Wood fragment |Platanus orientalis L. Esfahan(Khomeini Shahr) D A.mellea
E2 |Wood fragment |Amygdalus communis L. Esfahan(Khomeini Shahr) D A.mellea
E3 |Wood fragment |Amygdalus communis L. Esfahan(Khomeini Shahr) D A.mellea
E4 [Wood fragment Juglans regia L. Esfahan(Zarin Shahr) D A.mellea
E5 |Wood fragment |Platanus orientalis L. Esfahan(Zarin Shahr) D A.mellea
E6 |Wood fragment |Amygdalus communis L. Esfahan(Khomeini Shahr) D A.mellea
E7 |Wood fragment |Amygdalus communis L. Esfahan(Khomeini Shahr) D A.mellea
M1 [Basidiocarp Citrus aurantium L. Mazandaran(Tonekabon) N A.mellea
M2 [Wood fragment [4bies alba Mill. Mazandaran(Neka) D A.mellea
M3 [Basidiocarp [Parrotia persica C.A. Mey. Mazandaran(Neka) N A.mellea
M4 [Basidiocarp |Parrotia persica C.A. Mey. Mazandaran(Neka) N A.mellea
M5 [Basidiocarp [Parrotia persica C.A. Mey. Mazandaran(Neka) N A.mellea
M6 [Basidiocarp [Parrotia persica C.A. Mey. Mazandaran(Neka) N A.mellea
M7 [Basidiocarp [Picea abies (L.) Karst. Mazandaran(Sangedeh) D |Armillaria sp.
M8 [Basidiocarp Citrus aurantium L. Mazandaran(Tonekabon) N A.mellea
M9 [Basidiocarp Citrus aurantium L. Mazandaran(Tonekabon) N A.mellea

M10 [Wood fragment |Carpinus betulus L. Mazandaran(Behshar) D |Armillaria sp.
M11 [Wood fragment |Crataegus pentagyna Waldst. et Kit. [Mazandaran(Behshar) D  |Armillaria sp.
M12 [Basidiocarp |Alnus subcordata C.A. Mey. Mazandaran(Chamestan) D [Armillaria sp.

M13 |Basidiocarp Carpinus betulus L. Mazandaran(Sangedeh) D |Armillaria sp.

M14 [Wood fragment [Fagus orientalis Lipsky Mazandaran(Behshar) N A.mellea

M15 |Wood fragment |Carpinus betulus L. Mazandaran(Behshar) D A.mellea

M16 |Basidiocarp Carpinus betulus L Mazandaran(Sangedeh) D A.mellea

M17 |Wood fragment |Carpinus betulus L. Mazandaran(Chamestan) D [Armillaria sp.

M18 [Rhizomorph  |Fagus orientalis Lipsky Mazandaran(Neka) D A.gallica

M19 [Rhizomorph  |Diospyros lotus L. Mazandaran(Neka) D A.gallica

M20 [Rhizomorph  |Quercus castaneifolia C.A.Mey. Mazandaran(Sari) D A.gallica

M21 |Wood fragment |Gleditsia caspia Desf. Mazandaran(Chamestan) D [Armillaria sp.

M22 [Wood fragment |4cer sp. Mazandaran(Chamestan) D |Armillaria sp.
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Seven isolates were collected from Esfahan. Amygdalus communis, Juglans
regia and Platanus orientalis were identified as hosts for 4. mellea in Esfahan. The
fungus was present in some parts of the orchard regions, and it seems in some
locations that the other root rot pathogens are more important than the genus
Armillaria.



Twenty two isolates were obtained from Mazandaran. About 63,6% of
isolates of the provinces were identified. Eleven isolates of 4. mellea were
recovered from Fagus orientalis, Abies alba, Carpinus betulus, Citrus aurantium
and Parrotia persica, and three isolates of A.gallica were obtained on Fagus
orientalis, Diospyros lotus and Quercus castaneifolia.

In this study Armillaria mellea (Vahl:Fr.) P. Kumm. was the most com-
monly found species, representing 72,5% of the collections. 4. mellea is the causal
agent of root rots of numerous perennial woody in Italy [17]. Asef et al. [12]
reported 50% of the collections identified 4. mellea, which was the most common,
comprising the collections. 4. mellea was reported on Corylus sp. in some regions
of Turkey [18]. A. mellea was present in coniferous and broad-leaved forests in
most of the areas except the high altitudes of the mountains of north Greece. It was
found to cause significant damage in fir forests as well as in fruit orchards and
vineyards [19].

Armillaria gallica was the second most commonly collected species,
constituting 7,5 % of the collections. 4. gallica was only isolated from the forest in
Mazandaran. A. gallica has been reported from Iran [12], Europe [1], North
America [6] and Japan [11]. It was the second most commonly collected species in
Wisconsin that was found on Angiosperms [20]. A. gallica was common in
coniferous and broad-leaved forests in the high altitudes of central and northern
Greece, predominating in the beech forests. The fungus was a weak parasite or a
saprophyte of forest trees and was occasionally found on cultivated plants [19].

Eight isolates from six hosts: Picea abies, Crataegus pentagyna, Acer sp.,
Alnus subcordata, Gleditsia caspia and Carpinus betulus were not compatible with
any of tester strains. Therefore, DN A-based tools are necessary in order to obtain
definitive identification the genus Armillaria in Iran. Gleditsia caspia is reported as
a host for the first time in Iran.
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U.U. 0 2ULhLP, U. & vULUGBNM 3UL, U. 4d. ULUYDh

aAuuuuuL 2aNra-udNPUly UGN ENd, ARMILLARIA 869D
quertdne Ssuduuvrebh nencnikue betvh ULSUNUBhL
crRULLELNMT BU U3GhULELNRT

Udthnthnid

Uunwgyty t pwnwumG hgnpjuw bpwGh wGunwnwyhG ppowGltph L
wjghGph wwpptp wbp-pnyubphg: Armillaria ginh wmbuwyGiph npnpdwG
hwdwn nphynhn L hwynhy YnyumpuGhpp gniquynpyby GG jnipupwlynp
hGunbpuntiphy fudph Gpyne-tiptip hwyynhny wmbuntph hwynGh hgnpyuwnGtph
htn: Q-Gwhwwyly £ ubnwywl hwdwwnbnbihnpymGp” hhiGwo hwuynhy
qunnipltiph dnppnnghwlw G nwnpptipnipynilltph ypw: Uyu hmwgnunipjw G
utip GhpYuyugywo bl 19 mbtuwy mbtp-pnijubn Armillaria ginh uGytph hwdwn:
Uwnwgyty &G Armillaria mellea uGyh 29 hgnpyuwnGtp (72,5%) htnljw) nbp-
pnijutipnhg. Armeniaca vulgaris, Juglans regia, Amygdalus communis, Pyrus
communis, Malus domestica, Populus nigra, Platanus orientalis, Citrus aurantium,
Abies alba, Carpinus betulus L Parrotia persica: Quercus castaneifolia-G,
Diospyros lotus-n L Fagus orientalis-p npnywd GG npwtiu Armillaria galica-h
wtp-pnijubin: Picea abies, Crataegus pentagyna, Acer sp., Alnus subcordata L
Carpinus betulus mtp-pnijutinhg unwgywod Armillaria spp.-h hqniyuuGhpp sthG
hwdwywunwuuwlnd  wmwppbip wmbuwyltp  Geipluwjwglnn  mbunbpuyhG
owmwiltphg ngy UtYhG: Gleditsia caspia-G Gnp wnbp-pnyu b hwlnhuwlnd
Armillaria spp.-h hwdwp bpuGmu:
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C. A P. JAJINJIY, C.T'. HAHAT'IOJISIH, C. B. AJIABHU

OINPEAEJIEHME BAXHbBIX BUIAOB POJA ARMILLARIA B JIECHBIX
OBJIACTAX U CAJAX MPAHA METOJOM KIIACCHUYECKOI'O
CITAPMBAHUA

Peswome

BbIieieHo COpOK H30JIATOB C Pa3HBIX PACTEHHI-X035€B M3 (HPYKTOBBIX
caJioB U JiecHbIX obnacteir Upana. J{ns onpenenenus BunoB Armillaria numnnoun-
HBIC ¥ TalJIOWAHBIC KYJABTYPhl CHAPEHBI C IBYMS-TPEMsI M3BECTHBIMU H30JSTaMU
rarIoNTHOTO TeCTepa U3 KaKJIO0W MHTEepCTepuibHOM rpymnmbl. OleHeHa ceKcyallb-
Hasi COBMECTHMOCTh, OCHOBaHHasi Ha MOP()OJOTHYECKUX Pa3IMUMAX TAILIOUIHBIX
KOJIOHHM. B HacTodiem uccieqoBaHuu MpefacTaBieHo 19 BUIOB pacTeHui B Ka-
4yecTBe X0351eB Ui BUNoB Armillaria. Tlonydeno 29 uzonsaros (72,5%) Armillaria
mellea co cnenyrommx pacreHUl-xo3s1eB: Armeniaca vulgaris, Juglans regia,
Amygdalus communis, Pyrus communis, Malus domestica, Populus nigra, Platanus
orientalis, Citrus aurantium, Abies alba, Carpinus betulus w Parrotia persica.
Quercus castaneifolia, Diospyros lotus w Fagus orientalis onpeneneHsl Kak
xo3sieBa Armillaria galica. N3onatel Armillaria spp. ¢ Picea abies, Crataegus
pentagyna, Acer sp., Alnus subcordata v Carpinus betulus He COOTBETCTBOBAJIN HU
OJTHOMY M3 TECTEPHBIX IITAMMOB, MPEICTABISIONINX pasnuunsie BUAl. Gleditsia
caspia SBISAETCS HOBBIM PACTEHUEM-XO03IUHOM 171t Armillaria sp. u3 Upana.
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