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Table 1. Ophiognomonia leptostyla isolates used in this study

oo Ste s Loeation  Attade  Climate’ G IR
Ahr Ahar E 38.28°N°48.03 1341 2 1
Arf Ardebil E 38.15°N°48.17 1530 3 1,2
Hmd Hamedan E 34.11°N°48.21 2150 1 2
Khm Khoy E 38.32°N°44.57 1136 1 1
Krp Paveh E 34.02°N°46.21 2210 2 1
Mdd Dizaj Olia E 37.13°N°45.37 1442 3 1
Mdo Marand E 37.24°N°45.41 1353 3 1
Mi5 Miyaneh E 37.26°N°47.37 1019 1 -
Mia Aghkand E 37.14°N°48.04 1747 1 1,2
Mib Balesin E 37.38°N°47.35 1237 1 -
Mie Ishlagh E 37.37°N°47.29 1230 1 -
Mij Balujeh E 37.46°N°47.36 1503 1 1,2
Mik Tark E 37.41°N°47.37 1276 1 -
Mir Taleghan E 36.09°N°50.31 1753 4 2
Mit Tushmanlu E 37.47°N°47.33 1315 1 -
Mrs Marivan E 35.41°N°46.16 1563 3 2
Shs Shahrasar E 36.14°N°50.39 2230 4 1,2
Tof Touyserkan E 37.47°N°48.40 1873 1 1,2
Znk Zanjan E 36.41°N°48.27 1706 2 1

* According to Embreger’s Climatogram (SABETI 2009), 1 = cold semiarid, 2 = cold semihumid,

3 = arid cold, 4 = moderate humid

** 1 = leaf, 2 = culture medium.
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Table 2. Morphological characteristics of Ophiognomonia leptostyla isolates on leaf

Isolate  Perithecium Beak No.of Ascus  Ascospore Microconidium  Homothallism

No. Diameter Length Beaks Length Length
Abr 33cs33 B P 04 + ;
389 4838

A 21%+344 1?:(:3* 1 Zf;t;i 0.9°+ 188 + +
Khm  27%+345 lgalb N 1 1'5?::1* 1.9+ 21 + +
Kip  21°+308 lgdni 1 1'7;: £ 09'£197 + ]
Mdd  22%+321 13:; 1 2'56;‘?; 1.4+ 19.9 T ;
Mdo  25%4327 ng;gi 1 3:;2 0.9+ 18.8 + ;
Mia  22%+323 2;;; 1 Z;.is 11°£20.5 + +
Mij 14"+ 362 22;§ 1 359;; 1.6'+20.7 + +
Shs 29" 336 23“5; 1 2.3; o 17202 + +
Znk  17%+329 12?; 1 1561"; 1.4+ 20 + ;

* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05 (Duncan’s
test).
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Table 3. Morphological characteristics of Ophiognomonia leptostyla isolates on
oatmeal agar (OA)

Isolate Protoperithecium Beak Length of Perithecium L Bez‘: ¢ No. of Ascus Ascospore Micro-
No. Diameter Protoperithcium Diameter Pe:il:lglecizm Beaks  Length Length conidium
abe a abe be b IRES IRES
Ahr 27"+ 352 11"+ 195 28"+ 379 12+ 216 2.5 193 207 +
ab a ab ab be 2.2+ 1.8+
Hmd 19+ 362 13"+ 196 18"+ 386 14+ 220 2 48.9 197 +
Khm 26° = 362 130203 e Y S +
. be a < be 4 1.8+ 1.4%+
Mia 167 +333 11"+ 190 17°+353 127+ 215 3.6 504 205 +
" o a c ab be 1.5+ 1.3+
Mij 36°+ 324 10"+ 198 18°+ 350 9"+ 225 2 519 log +
Mir 25" 4 344 11°+ 195 22" £ 356 8" +£218 2.5 1‘5% 3i 2°+19.7 +
Mrs 31% 2352 11°% 198 wmaaTeagtead 2 PE 09enl +
a a a o a 1.8+ 2.1%+
Shs 14"+ 374 10" + 205 20" + 405 6"+ 234 3.8 511 213 +
Tof 17 + 343 13°+ 175 43" +392 14° + 202 2.5 3429 Si 1.2°+21 +

* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Fig. 1. Conidiomata of Ophiognomonia leptostyla and their characteristics on
leaf and oatmeal agar (OA). a, b. Acervuli on leaf, c, e. Cross section of acervulus
on leaf, d. Macroconidium, f. Microtomic cross section of acervulus,
g, j. Microconidial mass secreted from acervlus slit, i. Pycnidium-like bodies on
OA, k, 1, m. Acervuli formation on culture medium.
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Fig. 2. Ascomata in Ophiognomonia leptostyla. a. Protoperithecia on culture media,
b, c. Fertile perithecia, d. Cross section of prithecium, e. Cross section of beak,
f. Ascus, g. Perithecia on leaf, h. Ascospores.
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Table 5. Morphological comparison of sexual bodies of Ophiognomonia leptostyla
on leaf and oatmeal agar (OA)

Type of Perithecium No. of Beak Ascus Lensth Ascospore
Sexual Body Diameter Beaks Length 2 Length
Protoperithecia 353 £41° 2.7* 198 £11°
Perithecta on 333 426" 1 389 + 30° 497 +2.8° 20+ 1.4°
Perithecia on 376 + 30" 2.7 220 + 14% 50 £2.3* 20.48 + 1.6
culture

* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Table 6. Morphological comparison of sexual bodies of Ophiognomonia leptostyla
homothallic and non-homothallic isolates on leaf

Sexual Perithecium No. of Beak Ascus Ascospore
Behaviour Diameter Beaks Length Length Length
Homothallic 342 +25° 1* 397 £33 4941 £3.2° 20.24 + 1.49°
Non- 324 +25° 1 380£24° 50131225 19.82 % 1.25°
homothallic

* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Table 7. Morphological comparison of sexual bodies in homothallic and non-
homothallic Ophiognomonia leptostyla isolates on oatmeal agar (OA)

Sexual Pm;)il:l ‘:llth- Beak Perithecium  No. of Beak Ascus Ascospor
Behaviour . Length Diameter Beaks Length Length e Length
Diameter
Homothall a 198 + a a 233+  50.06+ 2042 +
P 350 + 28 11° 392 £ 27 2.75 13 590 L7t
Non-
Homothall 343+ 17* lzgf 392 +43° 3 2(1)‘2‘;-' 49554 = o21x12

ic
* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Ophiognomonia leptostyla
Table 8. Morphological and pathogenicity comparison of homothallic and non-
homothallic isolates of Ophiognomonia leptostyla

Sexual Behaviour ?olony * The F.lrSt Day o f - Disease Index
Diameter Acervuli Formation
Homothallic 1*+7.13 244+12.22 0.97*+1.77
Non-Homothallic 0.95*+6.84 3%+12.42 0.85'+ 1.5

* All measurements are in micrometer as mean + standard deviation.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Table 4. Colony diameter and disease index of Ophiognomonia leptostyla isolates

Isolate No. ?olony * First Day of.AcSkrvuh Disease Index
Diameter Formation
Ahr 5.43 £ 0.48 12.83 £0.75° 1.15+0.59%
Arf 6.31 +0.53%f 13.33+1.21° 2.64 £ 0.5
Hmd 7.8 +0.55° 10+ 1.41% 3.11+£0.9*
Khm 6.5 + 0.26%" 14.5+ 1.52¢ 2.4 +0.76"
Krp 5.45+0.37¢ 17.33 £2.16* 1.46 + 0.66™*
Mdd 7.55 +0.26 9.17 + 1.47™ 3.23 £0.55"
Mdo 7.33 + 0.66™ 8.33+ 1.61¢ 1.17 £ 0.68%
Mi5 7.82 + 0.49* 10.17 £ 1.17* 2.42 +0.56™
Mia 6.05+1.12" 12.83 £0.75° 1.22 +£0.76%
Mib 6.9 + (.54 13.5+1.05° 1.09 + 0.46%
Mie 6.83 + 0.65%4! 13.33+1.03° 0.64 +0.7°
Mij 7.58 £0.26 13.66 + 1.63° 0.95 + 0.66%
Mik 6.63 + (0.5%f 14.16 +1.33° 1.61 +0.53%
Mir 7.13 + 1.6 11+ 1.79° 1.18 + 0.64%
Mit 7.52 +0.45% 13.83 £ 0.41° 0.96 + 0.19%
Mrs 7.78 +0.42° 10.66 + (.82 1.51 +0.83%
Shs 7.83+0.37 11+0.89¢ 0.83 £ 0.22%
Tof 7.65 + 0.59% 9.67 +0.82% 1.17 £0.4%
Znk 6.11 +0.64°® 1433 +0.82° 1.93 + 0.25%¢
Control - - 0.09 + 0.08"

*Mean of colony diameter + standard deviation.
“* Mean of four replications of the first day of acervuli formation in colony.

Values in the same column followed by similar letters are significantly different at p < 0.05
(Duncan’s test).
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Walnut anthracnose caused by Ophiognomonia leptostyla is the most
important and prevalent fungal disease in most walnut growing areas in Iran.
Seventy-five isolates of Ophiognomonia leptostyla, causing walnut anthracnose,
were obtained from Juglans regia from various regions of Iran. In order to study the
sexual reproduction of the fungus, the isolates collected from various parts of Iran
were examined and perithecia were obtained from 11 regions from leaves and in
eight isolates from oatmeal agar (OA). These isolates along with five sexually non-
fertile isolates were purified as single-ascospore or single-macroconidium cultures.
Protoperithecia were readily obtained from leaves collected more than one year
back. Perithecia had one beak on leaves and up to four beaks on culture media. As
the result 9.3% of isolates were found to be homothallic. In dual cultures of seven
non-homothallic, but sexually fertile in vivo, and five sexually non-fertile isolates,
no fertile perithecium was produced. Perithecium in homothallic isolates

had significantly higher diameter and longer beaks than non-homothallic isolates.

x Corresponding author (E-mail: s.jamshidi@m-iau.ac.ir)
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There was no significant difference between homothallic and non-homothallic

isolates in ascus and ascospore size, colony growth rate and disease index.

Keywords: Walnut anthracnose, Homothallic, Gnomonia leptostyla, Marssoniella

Jjuglandis
Figures and tables are given in the Persian text.

References

BABALHAVAEIJIL E. and MINASIAN, V. 2007. Study on biology of Gnomonia
leptostyla, the causal agent of walnut anthracnose in Hamedan. Bu-Ali Sina
University, Hamedan, 25-28 Aug. 2007. Proceedings of 17" Iranian Plant
Protection Congress, p. 314 (Abstract).

BEHDAD, E. 1998. Plant Protection Encyclopedia of Iran; Pests, Diseases and
Weeds, Yadboud Publisher, Isfahan pp. 1604-1605 (in Persian).

BELISARIO, A. 2002. Anthracnose. pp. 77-78. In: TEVIORDALE, B.L.,
MICHALIIDES, T.J. & PSCHEIDT, J.W. (eds). Compendium of Nut Crop
Diseases in Temperate Zones. APS Press, USA.

BELISARIO, A., SCOTTON, M., SANTORI, A. and ONOFRI, S. 2008. Variability
in the Italian populations of Gnomonia leptostyla, homothallism and
resistance of Juglans species to anthracnose. Forest Pathology 38: 129-145.

DYER, S.P., INGRAM, D.S. and JOHNSTONE, K. 1992. The control of sexual
morphogenesis in the Ascomycotina. Biol. Rev. 67(4): 421-458.

EI-CHOLL, N.E., BARNARD, E.L. and SCHROEDER, R.A. 1986. Homothallism
in Nectria galligena. Canad. J. Bot. 64: 902-903.

FAYRET, J. 1967. Cycle biologique naturel et in vitro, Gnomonia leotostyla (Fr.)
Ces. et De Not. Compte Rende Hebd. Seances Acad. Sci. Ser. D Sci. Nat.
265: 908-911.

FAYRET, J. 1974. Photoinhibition of perithecial formation during sexual
morphogenesis in Gnomonia leptostyla (Fr.) Ces. & De Not. Compte Rende
Hebdomadaries des Seances de 1’Academie des Science. Serries D. Science

Naturelles 278(23): 2909-2912 (in French with English summary).



Study on sexual reproduction and some morphological and pathological .... 85

FAYRET, J. 1977. Effect of nutritional factors on the growth and induction of
reproductive morphogeneses in vitro of Gnomonia leptostyla (Fr.) Ces. & De
Not. Revue de Mycologie 41(1): 49-72 (in French with English summary).

FAYRET, J. and PARGUEY-LEDUCE, A. 1976. Heat inhibition of saprophyte
development during ripening of perithecia of Gnomonia leptostyla (Fr.) Ces.
De Not. Revue de Mycologie 40(3): 245-253 (in French with English
summary).

IRANI, H., ASADI, P., KARIMI, M., BOLANDANDAM, J., KHOSROW, F.,
RABIEIFAR, A.R. and KHABBAZ, H. 2007. Study of walnut anthracnose
disease in Iran. Bu-Ali Sina University, Hamedan, 25-28 Aug. 2007.
Proceedings of 17" Iranian Plant Protection Congress, p. 362 (Abstract).

JAFARPOUR, B. 2001. Study of walnut anthracnose in Mashhad. Agri. Sci. and
Technol. J. 4(2): 3140 (in Persian with English summary).

LAPPALAEINEN, J.H. and YELI-MTILLA, T. 1999. Genetic diversity in Finland
of the birch endophyte Gnomonia setacea as determined by RAPD-PCR
markers. Mycol. Res. 103: 328-332.

MATTEONI, J.A. and NEELY, D. 1979. Gnomonia leptostyla: growth, sporulation
and heterothallism. Mycologia 71(5): 1034-1042.

MEHROTRA, R.S. and ANEJA, K.R. 1990. An Introduction to Mycology. South
Asia Books Publisher, pp. 638-642.

MOORE, D. 1998. Fungal morphogenesis. Cambridge, UK, Cambridge University
Press.

ROQUEBERT, M.F. and FAYRET, J. 1982. Marssoniella juglandis: anamorph of
Gnomonia leptostyla. Canad. J. Bot. 60(8): 1320—-1329.

SABETI, H.A. 2009. Forests, trees and shrubs of Iran. 3" Edition. Iran University of
Science and Technology Press, Tehran 886pp (in Persian).

SALAHI, S. 2006. Genetic diversity of Gnomonia leptostyla, causal agent of walnut
anthracnose using by RFLP-PCR and its distribution and overwintering in
East Azarbaijan, Iran. M.Sc. Thesis, University of Tehran, Faculty of
Agriculture, 71pp.

SALAHI, S., JAVAN-NIKKHAH, M., ZAD, J., HASANI, J. DASTJERDI, R. and
JAMSHIDI, S. 2007. Distribution and some characteristics of Gnomonia



86 S. Jamshidi et al.

laptostyla isolates on Persian walnut in East Azarbaijan Province. Bu-Ali
Sina University, Hamedan, 25-28 Aug. 2007. Proceedings of 17" Iranian
Plant Protection Congress, p. 361 (Abstract).

SAREMI, H. and RAZAZ-HASHEMI, R. 2002. Study on walnut anthracnose in
Northwest of Iran. Agri. and Nat. Res. J. 9(4): 141-152 (in Persian with
English summary).

SOGONOV, M.V., CASTLEBURY, L.A., ROSSMAN, A.Y., MEJIA, L.C. and
WHITE, JFE 2008. Leaf-inhabiting genera of the Gnomoniaceae,
Diaporthales. Studies in Mycology 62: 1-79.

SOUZA, AlJ., SILVIA, C.C. and FERREIRA, V.B. 2003. Sex in fungi: lessons of
gene regulation. Gen. and Mol. Res. 2(1): 136-147.

WHEELER, H.E. 1954. Genetics and evolution of heterothallism in Glomerella.
Phytopathology 44: 342-345.

Addresses of the authors: S. JAMSHIDI, Dr. HR. ZAMANIZADEH and
Dr. S. REZAEE, Department of Plant Pathology, Agriculture & Natural Resources
College, Science & Research Branch, Islamic Azad University, Tehran, Iran,
P.O. Box 14155-775 and Dr. R. ZARE, Department of Botany, Iranian Research
Institute of Plant Protection, P.O. Box 1454, Tehran 19395, Iran.



