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MNPEAT'OBOP

[1y6nukyBameTo Ha JBAaHAECETTOTO MU3/laHNe Ha ['OMIIHKOT 300pPHUK Ha
3emjonencku akyaTeT npu Y usep3uter ,,['oue demues” — llTum, 2014, BoJ.
12, e yuuTe efieH €BUCHTEH JIOKa3 3a MOCBETEHOCTa Ha HAIIMOT (haKyJITeT BO
HayKaTa U Hej31HATa ariMKaiyja BO 3eMjofIeJICTBOTO.

JIBaHaeceTToTO Wu3faHMe Ha [oguiuHMOT 300pHUK Ha 3eMjofIesICKU
(hakysTeT € NpBO M3/IaHKEe KOE BO LEJIOCT € U3BEyBaHO MPEKY €JIEKTPOHCKUOT
cuctem Y]] sxxypHanu fjocTaneH Ha BeG-cTpanunara Ha Y '], Ha JMHKOT

http://js.ugd.edu.mk/

EnekTpoHckunoT cucreM 3a nyomnukyBame uan UGD Publishing System
ru ondaka cure nepuopnuHu u3faHuja Ha Y1, 300pHMIM U MelyHapOaHU
CIMcaHWja Ha KOM wu3faBay e YHuBep3uteTor ,loue [lemue” — Iltum.
HayuyHu, cTpyyHM M amiMKaTHBHM TPYJAOBU Off BKYNMHO 14 (YeTMpUHaeceT)
NepUOJIMYHKM U3JlaHMja JIOMAlllHM M MeryHapojHu ce oOjaByBaaT OHJIAjH.
[IpujaByBameTO, pEeLEH3UPAmETO M LEJOCHOTO W3/laBarbe Ha TMpHjaBeHUTE
paxkonucH 3a nyOJMKyBame € UCKITyUUBO eJIeKTPOHCKH npeky Y 'l skypHanu, a
3a MyO/IMKYyBambe Ha Hay4YHU, CTPYYHHU U alNIMKATUBHU TPY/0BU BO ['ofiIHUOT
360pHuK Ha 3P, Y]] e nocraneH JUHKOT

http://js.ugd.edu.mk/index.php/YFA

CoBpemeHuTe WH(MOPMATUYKM M KOMYHUKALMCKM TEXHOJOIMU, KaKo
U HOBUTE TEXHMKM 32 HAy4YHO MCTpaKyBame, HaJOXKHja MNPOMOBHMpaHE
Ha EJIeKTPOHCKM TMpuUcTan BO MyOJMKYBAaWkEeTO Ha pEe3yaTaTuTe Off
Hay4YHOMCTpasKyBaykaTa JIeJHOCT Ha Y HuBep3uTeToT. Toa co3pasie norpeda ja
ce KOPUCTH HOB ¥ COBPEMEH MPUCTAI BO N3/IaBAIITBOTO CO YNOTpeda Ha MOKHU
aJlaTKM Kako LITO ce e->KypHayu U e-6ubnmnoteka Ha YI']I.

Haykarta e mpumapeH akTop 3a KOHCTPYKTHMBEH pa3BOjOT Ha ceKoja
obnacT oj] coBpeMeHOoTo omuTecTBo. HayyHuor Kamap op 3eMjofesicKuoT
(pakyTET MOCTOjaHO ' CJIE/IM HOBUTE IOCTUTHYBaHa BO HAYKaTa U COBPEMEHOTO
3eMjojieJIie M T'M UMIUIEMEHTHpa HOBUTE TPEHJOBUM BO HAYyYHO-CTPYUHUTE
UCTpaxKyBata Kako M BO CTYAMCKHUTE MPOrpaMu Off cuTe TpU UuKiaycu. Op
CeTO TOa MNpou3JieryBaaT [BaHaeceTTe u3faHuja Ha [omuineH 300pHUK,
aKpeMTUPaHU TIOBEeKe CTY/MCKHU MPOrpaMy 3a CUTE UMKIYCH Ha CTYAUPAE
Ha 3eMjojielicKuoT (pakynTeT, OpOjHM TMPOEKTH [OMAIIHM M MeryHapOJiHH,
YUYECTBO Ha MPECTUXKHU HAYYHU U CTPYYHM MaHU(PECTAUMN Ha HAYYHUOT Kajiap
o7 pakynTeTOT, U OPOjHU JJOCTUTHYBaha M yCrellHa MPUMEHa Ha HayKaTa BO
COOJIBETHATA 3eMjOfIeJICKa MPaKTHKA.

N3naBauku onoop OaroBopeH ypemHuK
IlITun, nekemspu 2014 ropm. PexTop, npod. a-p Cama Mutpen
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AncTpakTt

AnTpakHO3aTa Kaj opeBoT (Juglans regia L.) mpercraByBa efiHa
Ofl HajleCTPYKTMBHMTE OoJlecTH Hacekage BO cBeToT. I[lpuumHuren e
ackomuueTHaTaradba Gnomonia leptostyla (Fr.) Ces. et de Not. co anaMopHHOT
craguym Marssonina juglandis (Lib.) Magn. Bo nocnennara nekaja cuMoToMu
Ol AaHTPAKHO3a HAa OPEBOT ce 3abesie>KaHu BO MOBeKe 00IAaCTH OfI UCTOUHUOT
peron Ha Peny6numka Makenonuja. IlaToreHoT ru Hamafa JucToOBUTE,
MI0IoBUTE M rpaHkuTe. Ha nuctoBuTe ce nojaByBaatr TeMHOKaeaBu Kpy>KHU
JlAMKM KOW TIOfIOLIHA ce€ CrojyBaaT M 3acdakaaT MNorosemMa HEKpOTHpaHa
MOBPLIMHA Of] PACTUTEJHOTO TKMBO. TeMHOKadeaBu Kpy>KHM IUIOJAHM Tema
HapeueHu alepBYyJIM Ce pa3BMBAaT HACEKaJle Ha HEKPOTHpaHATa MOBPLIMHA Off
JIUCTOT HAJUECTO Of J0JIHATA CTpaHa. ALEPBYJIUTE BO cebe HocaT rojieM 6poj Ha
koHuauu. Konuguure ce 6€360jHU, CO CpriecT 00JIMK,, HA €THUOT KPaj 3all1IeHU
a Ha JIPyrvoT 3a00JIeHU U MMaaT efiHa CenTa co Koja ce TOofIeJIeHH Ha /1Ba Jiesa.
CunHata 3apa3a MOsKe fa ipefiu3BHKa iecposinjanyja Ha 3a00JIEHOTO PACTEHHE.
JlaMKuTe Ha JTMCHUTE JPLIKKA CE TOCUTHU M M3J0JKEHH BO UMja BHATPELIHOCT
MCTO Taka ce oOpasyBaar auepByiu. Panara mngexumja Moxe 1a JoBee /10
necpopmanmja 1 onaramwe Ha miofosute. Hanposner TeneoMophHUOT cTaguym
G. leptostyla e 3abeneskaH Ha ONa/HATUTE JIMCTOBU KOW MPE3UMUIIE BO BHJI Ha
nepurenuu. [leputenunre UMaar goJT BpaT U HOCAT TOJleM GPOj Ha acKyCH €O
ACKOCNOPY KOM BCYLIHOCT C€ NMPUMapeH MHOKYJIYyM Off radara. ACKOCIopHUTe
ce TPOSUPHM, M3JI0JLKEHU M JIBe-KenujHu. McTpakyBamwaTta mokaxaa jaeka U
BaTa cTaguyMa of] rabaTa ce MpUCYTHU U OCTBapyBaaT MH(EKLMja Kaj OPeBOT
Bo Peny6mmka Makeponnja. CoOMpameTO M YHUIITYBAHETO HAa 3a00JIEHUOT
pacTuTelieH Marepujal MoKe 3HAYMTEHO Jla TO HAMalW MHOKYJIYMOT Off
rabara.

Knyann 360posu: Juglans regia, Gnomonia leptostyla, Marssonina
Jjuglandis
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GNOMONIA LEPTOSTYLA (Fr.) Ces. et de Not. CAUSER OF WALNUT
ANTHRACNOSE IN THE EAST PART OF THE REPUBLIC OF
MACEDONIA

Ilija Karov', Sasa Mitrev', Biljana Kovacevik!, Zornitsa StoyanovaZ,
Emilija Kostadinoska!, Rossitza Rodeva?

'Agriculture Faculty, Goce Delcev University, Stip, Macedonia
biljana.kovacevik @ugd.edu.mk

Institute of Plant Physiology and Genetics, 1113 Sofia, Bulgaria
rrodeva@abv.bg

Abstract

The anthracnose is one of the most destructive diseases of walnut
(Juglans regia L.) worldwide. The causal agent is an ascomycetous fungus
(Gnomonia leptostyla (Fr.) Ces. et de Not.) (anamorph Marssonina juglandis
(Lib.) Magn.). In the last years symptoms of the disease were observed with
increasing frequency in Macedonia. The leaves, nuts, and occasionally shoots
were affected. Leaf spots were dark brown, more or less circular and often
coalesced forming larger dead areas. Black minute fruiting bodies called
acervuli developed more abundantly on the under side than on the upper side of
leaflets and produced a lot of conidia. Conidia were colorless, usually crescent-
shaped, rounded at one end and tapered at the other and divided by septa into
two approximately equal cells. The severe attack caused defoliation in infected
trees. The spots on the walnut husks were sunken and smaller than on the
leaves. Early infection could lead to fruit deformation and they prematurely
dropped. In the spring the perfect or sexual fungus G. leptostyla was found
on fallen overwintered walnut leaves. Perithecia with long necks discharged
numerous asci with ascospores serving as primary inoculum. Ascospores were
hyaline, fusiform and bicelullar. Our results showed that both stages were
involved in the disease under climatic condition of Macedonia. Collecting and
burning or plowing the infected plant materials would aid in the control of this
disease.

Key words: Juglans regia, Gnomonia leptostyla, Marssonina juglandis
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1. Introduction

Republic of Macedonia is a country with significant potential in terms
of soil and climate conditions for growing nut trees. According to the State
Statistical Office of the Republic of Macedonia in 2011 there were 183 024
total planted walnut trees of which 162 160 were native. The most important
region for walnut growing is municipality of Kriva Palanka with 11 955 trees,
then municipality of Struga with 9 500 trees and Skopje with 9 015 trees [23].
Besides being cultivated on large productive area walnut is one of the most
widespread wild growing trees in the country.

The genus Juglans consists of about 21 species occurring over North and
South America, Europe and Asia. In Europe the most spread is the species
Juglans regia known as Persian walnut, followed by J. hindsii, J. nigra, J.
mandshurica and J. sieboldiana [5].

Anthracnose is one of the most important and widely distributed walnut
diseases in almost all the walnut producing regions worldwide. The inciter
of walnut anthracnose is the ascomycetous fungus Grnomonia leptostyla (Fr.)
Ces. et de Not. (anamorph Marssonina juglandis (Lib.) Magn.) [19, 22]. The
pathogen causes walnut disease in Europe, USA, South Africa and Asia [7]. In
Bulgaria the disease was found and described for the first time by Malkov in
1905 and 1906 [11, 12] and further investigated by several other authors [8,
16, 17, 21]. Detailed studies on the biology, ecology and pathophysiology of
its causative agent were carried out by Dimova (2003) [9]. The fungus was also
identified in Serbia [4], Croatia [5], Slovenia [20], Greece [2] and Italy [6].

Last decade on the territory of the Republic of Macedonia the development
of walnut anthracnose was noticed covering wide territory range and causing
yield and quality reduction. In 2004 symptoms were observed in the village of
Dolni Podlog, near the town of Kochani at first and later in other parts of the
country. Since then the occurrence of walnut anthracnose has been recorded
each year with increasing intensity. Although the disease was noticed 10
years ago there are no records about the presence of ascomyceteous fungus G.
leptostyla (anamorph M. juglandis) published in the literature in the Republic
of Macedonia. The present report aimed to describe the disease symptoms and
to isolate, identify and characterize the causal agent of walnut anthracnose.

2. Materials and methods

Plant material was collected from the diseased walnut trees in area
of Kochani, Strumica, Shtip and St. Nikole. Binocular and macroscopic
investigations were performed on the symptomatic plant material including
leaves, shoots and fruits. Isolations were made on nutrient media potato
dextrose agar (PDA) at 22°C in dark. Identification was accomplished on the
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basis of morphological characteristics like conidial size and shape, presence
or absence of teleomorph, colony morphology and growth rate on PDA [19].

3. Results and discussion
3.1 Symptoms

Symptoms of walnut anthracnose appeared on all aboveground parts of
the plant mostly on leaves, young shoots and fruits. At first, symptoms were
observed in the village of Dolni Podlog near the town of Kochani in 2004.
Since then walnut anthracnose symptoms were observed every year in almost
all regions of the country. Depending on the weather conditions, symptoms
occurred with lower or greater intensity. First symptoms appeared in form
of chlorotic lightening on leaves at the end of May. Soon, small dark spots
developed and began to spread. The leaf tissue became necrotic covering greater
surface of the leaves. In the diseased tissue dark small fruiting bodies called
acervuli were formed in a great number. They represented the anamorphic
stage of the pathogen (Fig. 2). The presence of acervuli was most abundant
on the under side than on the upper side of the leaves. On the upper side they
were distributed mostly near the leaf veins. When the weather conditions were
favorable for the disease development especially under rainy conditions, leaf
stalks began to dry and defoliation occurred. Symptoms on young shoots
appeared in the form of elliptic necrotic lesions with poor white mycelium in
the central part where acervuli were also formed but in small quantity (Fig. 1).
Young infected nuts were with dark spots on the surface and usually dropped
before to reach maturation. At the end of the autumn and in winter perithecia
were formed on fallen walnut leaves. Ascospores caused the primary infections
of walnut leaves in the spring.

3.2 Microscopic observations

Microscopic observations revealed the presence of the black-brown
acervuli arranged in concentric circles in the necrotic tissue. Acervuli could
be seen with the naked eye (Fig. 3). They liberated a jelly substance bearing a
lot of macro- and small number of microconidia. Macroconidia were hyaline
having one septa and crescent shape. They were pointed on the one end and
rounded on the other. Microconidia were hyaline, one-celled and much smaller
(Fig. 4). Perithecia produced on the overwintered walnut leaves were brown
to black with long neck, breaking through the necrotic tissue (Fig. 5). The
length was around 0,6 mm (Fig 6). Single layer asci bearing eight ascospores
liberated through the long neck (Fig. 7). Ascospores were two-celled with one
or more fatty drops in each cell (Fig. 8). Some differences were observed in
the growth and colony morphology of the isolates obtained from ascospore and
conidia (Fig. 9).
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Ca. 1. CumniToMH Off aHTPAKHO3a Ha TPaHKU Off opeB (a, b)
Fig. 1. Symptoms of walnut anthracnose on young shoots

Ca. 2. Cumnromu o aHTpakHo3a Ha Ca. 3. ALepBYJI Ha HEKPOTHUPAH /I Off

JICT Off OpeB JIHCT
Fig. 2. Symptoms of walnut Fig. 3. Acervuli on the necrotic leaf
anthracnose on leaves tissue

Our findings confirmed the conclusions of Kessler (1988) that infections
were much severe in rainy years [10]. Submediterranean climate and moderate
amounts of rainfalls as characteristic of the climate profile of the country created
favorable conditions for development of teleomorphic and anamorphic stage
of the pathogen. Ascospores served as initial inoculum infecting the emerging
leaves in spring while secondary infections were perfomed by the anamorphic
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stage. Not all walnut species were equally susceptible to the disease. Field
observations showed that some wild growing species were less susceptible to
the pathogen attack. Differences in the susceptibility of walnut cultivars were
found by several authors [1, 3, 4, 6, 13, 18]. According to Anselmi (2005), J.
nigra could be considered as resistant species while J. regia as susceptible one
[1]. The interspecific hybrids (J. nigra x J. regia) were considered to possess
intermediate resistance. Neely (1986) found out that fertilization with nitrogen
reduced the severity of anthracnose caused by G. leptostyla due to the highest
content of total nitrogen content in the leaves [15].

The most important measure control is destroying the infected leaves
from the soil surface in order to decrease the amount of the inoculum and the
use of fungicides on the base of copper [14, 17].

4. Concluding remarks

The causal agent of the walnut disease in the Republic of Macedonia
was identified as the Gnomonia leptostyla (Fr.) Ces. et de Not. (anamorph
Marssonina juglandis (Lib.) Magn.) on the basis of disease symptoms,
anamorph and teleomorph characteristics of the fungus and its growth and
colony morphology on PDA. The pathogen belongs to the phylum Ascomycota,
class Sordariomycetes, order Diaporthales, family Gnomoniaceae, genus
Gnomonia. In 2008 the teleomorphic stage G. leptostyla received a new name
Ophiognomonia leptostyla (Fr.) Sogonov [15], although the name G. leptostyla
is still widely used. The present research showed that walnut anthracnose is
widely distributed in almost entire territory of the Republic of Macedonia.
The disease causes damage on walnut trees each year and the intensity of the
disease depends on the weather conditions.
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Ca. 4. MakpOKOHWIUY 1 Ca. 5. Ilepureuuu on Gnomonia
MUKPOKOHUINY off Marssonina leptostyla Bo HEKpOTHpaH JIeJT 01 JIUCT
Jjuglandis Ha OpeB
Fig. 4. Macro- and micro-conidia of Fig. 5. Perithecia of Gnomonia
Marssonina juglandis leptostyla on necrotic walnut leaf

.
Ca. 6. MUKPOCKOICKY W3IJIE]] Ha Ca. 7. OcnobofyBame Ha aCKyCH Off
nepureuuja op Gnomonia leptostyla nepurenuja
Fig. 6. Microscopic view of Fig. 7. Liberating asci from
Gnomonia leptostyla perithecium perithecium
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Ca. 8. Ackycu co ackocniopu of, Gnomonia leptostyla (a, 6)
Fig. 8. Asci and ascospores Gnomonia leptostyla (a, b)

Ca. 9. Pact u mopdosioruja Ha kononuja Ha K[TA
Fig. 9. Growth and colony morphology on PDA: 1 - isolated from ascospore,
2 —isolated from conidia;
A — from above side, B — from reverse side
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