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Table 1. A survey of Fusarium head blight (FHB) in wheat fields of Al-Ghab plain, 15-16 May, 2008.
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Table 2. A survey of FHB in wheat fields of Al-ghab plain, 15-20 May, 2009 and 2010
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Figure 1. Fusarium blight syndrome on wheat heads
(bleaching symptoms on glumes of few spikelets and
darkned necrotic lesions " Scab " on others) under natural
infection conditions, 2008-2010.
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Figure 2. Syndrome of FHB infection on wheat heads under
artificial inoculation conditions, 2009. (A) Mycelial growth
of the pathogenic fungus on some spikelets and awns, 7 days
after inoculation with cotton ball saturated with conidial
suspension, (B) Completely dry ears, 12 days after
inoculation by using the above mentioned method, (C) Awn
deformation associated with Fusarium blight on ears sprayed
with conidial suspension of the pathogenic fungus, and (D)
Variation in disease severity on the ears sprayed with
conidial suspension of the pathogenic fungus, from different
infection foci.
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sl <ld F. moniliforme s F. sambucinum «F. equiseti
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2009 Asndll)

Table 3. Efficiency of some artificial inoculation methods in inducing Fusarium blight disease on durum and bread wheat heads

under plastic house conditions, 20009.

Fusarium infection index a3 ssll dslal sdisa

géj,\l\ Claal) (g g gand)
Inoculation by spraying conidial

& sl GBlaally Aasdia (lad dakaly (5 gaall
Inoculation using cotton swab

suspension soaked with conidial suspension

Lags 14 32 o giall ALl 7 22y cJau gial)

o) dilaal (e sl &laal e
Average, 14 days Average, 7 days ) i (Al G saall
Range gl after inoculation Range gl after inoculation Wheat cultivar Pathogen (isolate)
17.2-06.0 129 cd 90.0-53.5 71.3 ab Cham 3 3l F. culmorum
24.1-17.4 192 ¢ 81.8-76.0 78.1a Bohouth6 6 s~ (F459-S5)
16.5-10.2 13.7cd 90.0-50.7 67.1ab Cham 3 3l F. equiseti
28.3-06.1 15.1cd 95.3-20.5 72.1 ab Bohouth 6 6 Ce (F5S1-5)
17.6-10.8 14.9 cd 67.1-42.6 56.5b Cham 3 KPR F. moniliforme
22.7-08.6 14.4 cd 78.0-42.6 59.2b Bohouth 6 6 G (F1S7-1)
10.4-03.7 7.2cd 66.6-40.7 56.4b Cham 3 3 oL F. proliferatum
11.3-03.3 7.3 cd 68.8-51.4 569b Bohouth6 6 S5 (F1S5-5)
00.0-00.0 0.0d 00.0-00.0 0.0d Cham 3 3l L
00.0-00.0 0.0d 00.0-00.0 0.0d Bohouth6 6 S5 Check

LSD value at P=0.05 was 15.84
Coefficient of variation=35.81%

15.84 = 0.05 Jlcial (5 siase 2ic (355 50 (5 sine (58 Jl
%35.81 = cuiiill Jalza
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2010 ASiudldl aaa)

Table 4. Pathogenicity of some Fusarium spp. isolates against spikes of wheat cultivars Cham 3 and Bohouth 6 under artificial

inoculation conditions in the plastichouse, 2010.

Bohouth6 6 &9 Cham3 3 al&
alad) Jau gial) alad) Jau gial)
i) yiisal il sisal
poa ) sl poa) sl
Ga bl 7 g O pll 7 2
¢ saadl &ifaal ¢ saadl &faal
Total Total ‘_ASS;:JI
T
el ya¥) B8 il Y ) s ?;’Ssr:ﬁir?]f Adal ya¥) B8 il e ) s ?Qﬁsr:gir?]f 5 el
Number of isolates with infection Number of isolates with infection Total
pathogenicity index, 7 pathogenicity index, 7 number 2 aal) Jhdll g g
Ll Axinal) AMadl daysafter  Adaal 4l daysafter  oftested Pathogenic fungus
Low Moderate High inoculation Low Moderate  High  inoculation isolates  species
2 5 25 84.5 2 24 85.6 32 F. culmorum
5 15 11 57.2 3 18 10 61.6 31 F. equiseti
1 8 11 78.1 2 8 10 71.2 20 F. moniliforme
0 8 2 57.7 0 8 2 57.8 10 F. proliferatum
4 3 0 38.5 4 3 0 30.0 7 F. sambucinum
1 2 2 62.6 0 3 2 69.8 5 F. compactum
3 1 0 36.2 0 4 0 49.7 4 F. solani
0 1 1 68.6 1 0 1 38.0 2 F. crookwellense
0 1 0 54.9 0 1 0 44.0 1 F. semitectum
0 2 0 53.9 1 1 0 42.7 2 F. avenaceum
0 1 0 44.1 1 0 0 36.0 1 F15S4-1
0 1 0 57.0 0 1 0 54.5 1 F1S5-4
0 1 0 60.0 0 1 0 59.0 1 F1S6-2
0 1 0 50.4 0 1 0 56.3 1 F2S1s4
0 1 0 45.2 0 1 0 42.7 1 F3S8-S2
1 0 0 36.5 1 0 0 38.4 1 F16S1-4
17 51 52 54.7 15 56 49 51.8 120 Total & gl

O Laxie LSl (hlly lall gpinall S Qi ¢lj] dualaY)
i aly ag)lsadlls 8) el Crgaally ke Clilasl) Wyrae
58 b agnylysadlly ) puial) Cageall ol liliasl) layuas <o
olad F. solani s F. sambucinum ¢pesill dlla b dille daalse)
Crsan il e Tanal) Can (e el o3a cdlghg . cpptiall SIS Jilins
aslisdl) elsl (amed Adll) Luabey! sl caSl o cdils
(F. pseudograminearum s F. granimearum <F. culmorum)
F. poae :die « gl sl Laalpay) 5308l Caniag ol il 1))
¢Fakhfakh et al., 2011) Microdochium sp. <F. nivale
-(Xuetal., 2009 ¢Siou et al., 2015 ¢Fernandez & Chen, 2005
iua olad Alsine dualyl 508 F. equiseti gsill lalg

Ll Gismy b A anilae CulS G 8 i) 138 il
A 3gag Gl A iy WS L (Fernandez & Chen, 2005)
il gsill Aalil) o gn sl Ve o L AaalyaY) 530 b ualy
F. culmorum cpesill die Lad dals el 5l andl L 13ag

bysas S F.oculmorum gsill <¥ie e %84.2 ekl

Cin i of3) Al Znialyal 5,58 a5y fisuil) daily lad gl
Loty (ol maill Ciin Jilins oh) %89.5 caalsy ccaliall il
ol Al Aslall liliand) bajaian Sl 4513 g sil) e das cialy
dglie @il . cpiiall S lias olad %61.5 Al Ayl 5,3
F. compactum (pegll a¥ial dwalh gl Jagll &
duabya) @bty @lial Al el s calSa (F. proliferatum
Gl € Alla ST i) padl) e Jilin ol ddle
il sy liladl bysae S cValb d5lhe @Yl Haas
oo sl Wpnas ally Adlall ZpabaY) 5080 @3 SVl s
il ¢l F. moniliforme gsill dlla 8 Glilasll Wysas Al @l
Apayal) 5 3 V3l A il e biall ) Ciia
5)lia (%57.1) clilasl) baysae Al el Alla 3 Al
cadll e Qliv o) (%50.0) sl byras S el ae
Wl & Al F.oequiseti gsill c¥ie duws culSy L gkl

Arab J. Pl. Prot. Vol. 36, No. 2 (2018) 109



WS . (Fernandez & Chen, 2005) gl olal (10 dille Gligina
«F. equiseti s F. culmorum ¢pesill ci¥je jalas B g ol
(o) blt) Ll s danll o ol lilianll () Baa e S
(Fernandez FHB (aje Llbadll diliad) dous 8 dagine 85
Lgind) Llaall Cilagusall cha) (A b #5215 . & Chen, 2005)
Ao e )l o dgu (B QL dew (G Gl il
Gt )3 0 (S35 - Tax 33mall ) pimg cCamaiall oLty ¢ il
el T L (gl alan ALY ) dgus (8 Aslia ducly) e
V) Gadl 13 b Al iaall g ieudl) ol gl alaea oy dals
Zls Lsda Ol (aye Cisin b Cuegudl (F. culmorum goil Lo
Aapiall Aikadll Dl el oy olgild dilaidl b ) bl
Gl Glaal b Gandl 1 b skl Gaseal Ll gl
el SUlEl slde) sy o K5 WS (Ll delilaa)
SO A gy el Gl Ll Culs ) Eaal
e Lo B Aayas A0 Al (3o Lass Y ¢ (s pall S (355

Rty <G

G Ayalal) Cagad) Aalall Aiggll il KAl (ogialil aaky
Oty LS cindl 138 oLy Aosinally Aol Cag Bl aydsi
S Zalal) Aigl) (0 5 g utigall sl il Sl
il cisal) 05 3 Adeall 43S)UaA] AN sk

Al Yyall s )y . (Siou et al., 2015) F. graminearum s
el i o3l F. culmorum gl vie ddle daalya] §)8 coShial
O gsll Ve e Able clun &I ae o) e 8
duahaY) Hadll A bl (sha - (Klechkovskaya et al.,1997)
Loy el 138 3 asoissil) kb (o anloll sl dxglil) CiYjal
OS5 aslsll sl G Ly diie c S 55k 2smg Y
Cie Om amls Shs g5 29as 15usl 38 (2003) Gargouri et al.
il Gand daglall 8 Gt 39ag <ai LS. F. culmorum kadl
82y L8 By dlasijag Ul Siae lolgil Lt US am agn)ljudl
45 aa A (FFSC) Fusarium fujikuroi species complex: Jis
oA (F. proliferatum s F. moniliforme :leieg (Ll likiaa e 3
iy «(Proctor et al., 2013) Cusll 138 8 daalyel) Legil)ad Cansd
(FGSC) F. graminearum species complex Gl g gl sias o
F. graminearum :lgies Wil Duae g 16 oo ol W
.(Sarver etal., 2011) Lead FHB (i yal (lusdll ¢F. asiaticum s
ki plgil G <V jabias il Load Gl 13 il s
Oe sl lilasll ) FHB (aye Glasl b ASLaall ag))yudl
G5 1385 daabal) L (S b (ps sl 5 il Cisea
Bl i dale §ypmn Sl ) duen el luyall ey il
sl Wuae Sl Foequiseti hdll oWl Al
dora e lulyy Z xe Cuiaylad Ly «(Fakhfakh et al., 2011)

Gny aly clilanl) e Ygime 41d Gapedl Jhill S oAl

Abstract
Al-Chaabi, S., S. Al-Masri, A. Nehlawi, L. Al-Matroud and T. Abu-Fadel. 2018. Monitoring of Fusarium wheat head
blight distribution, its causal agents, and pathogenicity variation in Al-Ghab plain, Syria. Arab Journal of Plant
Protection, 36(2): 98-113.

A survey of Fusarium head blight (FHB) on wheat was conducted in 20 locations/fields annually in Al-Ghab plain, Syria during spring
of three seasons (2008-2010). Results showed variation in the infection rate of ears, disease severity and Fusarium infection index (FIl) among
locations and years, and averaged 3.4%, 4.96% and 0.44, respectively. The annual infected fields' rate with the disease reached 56.5%, and the
average of Fusarium diseased kernels was 0.29%, with highest infection rates recorded in the northwestern regions of Al-Ghab plain and the
lowest in the southeastern regions. Ten Fusarium species were associated with the disease complex based on the examination and classification
of 240 single spore isolates obtained from glumes (114 isolates) and kernels (126 isolates), which represented infected fields. Fusarium
culmorum was the most frequent (43.8%), followed by F. equiseti (23.3%), F. moniliforme (14.6%), F. proliferatum (7.1%), F. sambucinum
(2.9%), F. compactum (2.1%), F. solani (1.7%), F. crookwellense (0.8%), F. avenaceum (0.8%), and F. semitectum (0.4%). Saturated cotton
ball with conidial suspension of the most frequent Fusarium species (F. culmorum, F. equiseti, F. moniliforme and F. proliferatum) was used
for artificial inoculation of the spikes of wheat cultivars, Cham 3 and Bohouth 6. The FII values were significantly higher than the FII values
of the sperately sprayed treatments with the same species, during the same period. The pathogenicity of the Fusarium species (114 isolates,
represented 10 species) varied, depending on the specific infection index rate of isolates of each species, separately, on the spikes of both wheat
cultivars, and using cotton ball saturated separately with conidial suspension of each isolate. F. culmorum and F. moniliforme were
characterized by high aggressiveness (FII > 70) on spikes of both cultivars, followed by F. equiseti and F. proliferatum, whose aggressiveness
was moderate (FII <70 and > 40). The aggressiveness F. culmorum isolates on Cham 3 and Bohouth 6 were 75.0 and 78.1%, respectively.
Majority of F. culmorum and F. proliferatum isolates originated from infected kernels had higher aggressiveness on the ears of both wheat
cultivars compared to isolates originated from glumes, and the reverse was observed for the F. equiseti isolates. However, in the case of F.
moniliforme isolates originated from kernels or from glumes were equally highly aggressive.

Keywords: Fusarium spp., Head blight/head scab, Syria, Triticum aestivum, T. turgidum
Corresponding author: Salah Al-Chaabi, General Commission for Agricultural Scientific Research, Damascus, P.O. Box 12573, Syria,
Email: salahshaabi@hotmail.com

110 (2018) 2 2= (36 e dy all cilil) 4B Alya



References

Fernandez, M.R. and Y. Chen. 2005. Pathogenicity of
Fusarium species on different plant parts of spring
wheat under controlled conditions. Plant Disease, 89:
164-169. https://doi.org/10.1094/PD-89-0164

Fisher, N.L., L.W. Burgess, T.A. Toussoun and R.E.
Nelson. 1982. Carnation leaves as a substrate and for
preserving  cultures of  Fusarium  species.
Phytopathology, 72: 151 -153.

Gargouri, S., L. Bernier, M.R. Hajlaoui and M.
Marrakchi. 2003. Genetic variability and population
structure of the wheat foot rot fungus, Fusarium
culmorum, in Tunisia. European Journal of Plant
Pathology, 109: 807-815.
https://doi.org/10.1023/A:1026137817723

Gilbert, J. and A. Tekauz. 2011. Strategies for management
of Fusarium head blight (FHB) in cereals. Insects and
Diseases. Prairie Soils and Crops Journal, 4: 97-104.

Gilbert, J., A. Tekauz, R. Kaethler, K. Slusarenko, J.
Hamilton, T. Unrau, E. Mueller, M. Stulzer and M.
Beyene. 2008. 2007 survey of Fusarium head blight of
spring wheat in Manitoba. Canadian Plant Disease
survey, 88: 85-86.

Golinski, P., Z. Kaczmarek, I. Kiecana, H. Wisniewska,
P. Kaptur, M. Kostecki and J. Chelkowski. 2008.
Fusarium head blight of common Polish winter wheat
cultivars - comparison of effects of Fusarium
avenaceum and Fusarium culmorum on vyield
components. Journal of Phytopathology, 150: 135-141.
https://doi.org/10.1046/].1439-0434.2002.00723.x

Goswami, R.S. and H.C. Kistler. 2004. Heading for
disaster: Fusarium graminearum on cereal crops.
Molecular Plant Pathology, 5: 515-525.
https://doi.org/10.1111/].1364-3703.2004.00252.x

Grausgruber, H., M. Lemmens, H. Burstmayr and P.
Ruckenbauer. 1995. Evaluation of inoculation
methods for testing Fusarium head blight resistance of
winter wheat on single plant basis. Aus dem institut fur
pflanzenbau und pflanzenziichtung der universitat fiir
Bodenkultur, 46: 39-49.

Kang, Z., I. Zingen-Sell and H. Buchenauer. 2005.
Infection of wheat spikes by Fusarium avenaceum and
alterations of cell wall components in the infected
tissue. European Journal of Plant Pathology, 111: 19-
28. https://doi.org/10.1007/s10658-004-1983-9

Klechkovskaya, H.A., V.G. Adamovskaya, N.A.
Litvinenko, S.A. Ignatova, M.L. Makhnovskaya,
A.N. Khokhlov, Y.N. Karpuk and G.A. Wolf. 1997.
Control of Fusarium scab: Biochemical, genetic and
ecological mechanisms. Pages 106-114. In: Fusarium
head scab, global status and future prospects. H.H.
Dubin, L. Gilchrist, J. Reeves and A. Mc Nab (eds.).
Mexico, D. F. CIMMYT: 130 pp.

&bl

Agoball Wy o dadll glise (g paall Lba ga ()

Ao ygu A malll e #Ully sl el Glusa 2015

o) A il o3 yha s peadll Calial (any ool 5 cdnal yaYl g ,8

129-116 :33 ¢ pad) Clall 48 5 Alsa (1a ol

Anonymous. 2016. Fusarium culmorum. From wikipedia,
the free encyclopedia. List of potato diseases.
(Fusarium dry rot): List of carrot diseases (Root rot):
https://en.wikipedia.org/wiki/Fusarium_dry_rot

Anonymous. 2010. Rainfall according to rain stations during
2001-2010. In: The annual agricultural statistical
abstract. Syrian Arab Republic, Ministry of
Agriculture and Agrarian Reform, Department of
planning and statistics. Tables 1 and 10.

Anonymous. 2012. Total area, production and yield of
wheat. In: The annual agricultural statistical abstract.
Syrian Arab Republic, Ministry of Agriculture and
Agrarian Reform, Department of planning and
statistics: Tables 11 and 12.

Audenaert, K., R. Van Broeck, B. Bekaert, F. De Witte,
B. Heremans, K. Messens, M. Hofte and G.
Haesaert. 2009. Fusarium head blight (FHB) in
Flanders:  population  diversity, inter-species
associations and DON contamination in commercial
winter wheat varieties. European Journal of Plant
Pathology, 125: 445-458.
https://doi.org/10.1007/s10658-009-9494-3

Booth, C. 1977. Fusarium. Laboratoty guide to
identification of the major species. Commonwealth
mycology institute, Kew, Surrey, England: 57 pp.

Burgess, L.W., B.A. Summerell and P.E. Nelson. 1991. An
evaluation of several media for use in identification of
some Fusarium species. Australasian Plant Pathology,
20: 86-88. https://doi.org/10.1071/APP9910086

Bushnell, W.R. 2001. What is known about infection
pathways in Fusarium head blight?. Page 105. In:
Proceeding of National Fusarium head blight forum,
Epidemiology and disease management. S.M. Canty, J.
Lewis, L. Silver and R.W. Ward (eds.). Erlanger, NY:
US Wheat & Barley Scan Initiative.

Del Ponte, E.M., J. Garda-Buffon and E. Badiale-
Furlong. 2012. Deoxynivalenol and nivalenol in
commercial wheat grain related to Fusarium head
blight epidemics in southern Brazil. Food Chemistry,
132: 1087-1091.
https://doi.org/10.1016/j.foodchem.2011.10.108

Diaz de Ackermann, M. and M.M. Kohli. 1997. Research
on Fusarium head blight of wheat in Uruguay. Peges
13-18. In.: Fusarium head scab, global status and
future prospects. H.J. Dubin, L. Gilchrist, J. Reeves
and A. Mc Nab, (eds). Mexico, D. F. CIMMYT. 130
pp.

Fakhfakh, M.M., A. Yahyaoui, S. Rezgui, E.M. Elias and
A. Daaloul. 2011. Identification and pathogenicity
assessment of Fusarium spp. sampled from durum
wheat fields in Tunisia. African Journal of
Biotechnology, 10: 6529-6539.

Arab J. Pl. Prot. Vol. 36, No. 2 (2018) 111


https://en.wikipedia.org/wiki/Fusarium_dry_rot
https://doi.org/10.1007/s10658-009-9494-3
https://doi.org/10.1071/APP9910086
http://www.sciencedirect.com/science/article/pii/S0308814611016177
http://www.sciencedirect.com/science/article/pii/S0308814611016177
http://www.sciencedirect.com/science/article/pii/S0308814611016177
http://www.sciencedirect.com/science/article/pii/S0308814611016177
http://www.sciencedirect.com/science/journal/03088146
https://doi.org/10.1016/j.foodchem.2011.10.108
https://doi.org/10.1094/PD-89-0164
https://doi.org/10.1023/A:1026137817723
https://doi.org/10.1046/j.1439-0434.2002.00723.x
https://doi.org/10.1111/j.1364-3703.2004.00252.x
http://link.springer.com/journal/10658
https://doi.org/10.1007/s10658-004-1983-9

Sadowski, Cz., L. Lenc and D. Wyczling. 2011. Effect of
the forecrop and fungicidal protection on the
occurrence of Fusarium head blight (Fusarium spp.).
Journal of Plant Protection Research, 51: 44-49.
https://doi.org/10.2478/v10045-011-0008-x

Sarver, B.AJ., T.J. Ward, L.R. Gale, K. Broz, H.C.
Kistler, T. Aoki, P. Nicholson, J. Carter and K.
O’Donnell. 2011. Novel Fusarium head blight
pathogens from Nepal and Louisiana revealed by
multilocus genealogical concordance. Fungal Genetics
and Biology, 48: 1096-1107.
https://doi.org/10.1016/j.fgb.2011.09.002

Shah, D. and G. Bergstrom. 2001. Spatial patterns of
Fusarium head blight in New York wheat fields in
2000 and 2001. Pages 154-155. In: National Fusarium
head blight forum Proceedings. S.M. Canty, J. Lewis,
L. Siler and RW. Ward (eds.). Michigan State
University, Okemos, MI, USA.

Siou, D., S. Gelisse, V. Laval, F. Suffert and C. Lannou.
2015. Mutual exclusion between fungal species of the
Fusarium head blight complex in a wheat spike.
Applied and Environmental Microbiology, 81: 46820-
4689. https://doi.org/10.1128/AEM.00525-15

Stack, R.W. and M.P. Mc Mullen. 1994. A visual scale to
estimate severity of Fusarium Head Blight in Wheat.
NDSU Extension Service: 1095.

Stepien, L. and J. Chelkowski. 2010. Fusarium head blight
of wheat: pathogenic species and their mycotoxins.
World Mycotoxin Journal, 3: 107-119.
https://doi.org/10.3920/WMJ2009.1193

Summerell, B.A., B. Salleh and J.F. Leslie. 2003. A
utilitarian approach to Fusarium identification. Plant
Disease, 87: 117-128.
https://doi.org/10.1094/PD1S.2003.87.2.117

Tan, D.C., G.R. Flematti, E.L. Ghisalberti, K.
Sivasithamparam, S. Chakraborty, F. Obanor, K.
Jayasena and M.J. Barbetti. 2012. Mycotoxins
produced by Fusarium spp. associated with Fusarium
head blight of wheat in Western Australia. Mycotoxin
Research, 28: 89-96.
https://doi.org/10.1007/s12550-011-0122-7

Thompson, C.J. 2010. Evaluation of an inoculation method
and quantitative trait loci for Fusarium head blight
resistance in wheat. Thesis submitted in partial
fulfillment of the requirements for the degree of Master
of Science in crop sciences in the graduate college of
the University of Illinois at Urbana-Champaign: 108
pp.

Toth, B., A. Mesterhazy, Z. Horvath, T. Bartok, M.
Varga and J. Varga. 2005. Genetic variability of
central European isolates of the Fusarium
graminearum species complex. European Journal of
Plant Pathology, 113: 35-45.
https://doi.org/10.1007/s10658-005-0296-y

Treikale, O., I. Priekule, B. Javoisha and L. Lazareva.
2010. Fusarium head blight: distribution in wheat in
Latvia. Communications in Agricultural and Applied
Biological Sciences, 75: 627-634.

112 (2018) 2 235 (36 e dy all cilil) 4B Alya

Klix, M.B, M. Beyer and J.A. Verreet. 2008. Effects of
cultivar, agronomic practices, geographic location, and
meteorological conditions on the composition of
selected Fusarium species on wheat heads. Canadian
Journal of Plant Pathology, 30: 46-57.
https://doi.org/10.1080/07060660809507495

Lenc, L. 2011. Fusarium head blight and Fusarium spp.
occurring on grain of spring wheat in an organic
farming system. Phytopathologia, 62: 31-39

Lenc, L. 2015. Fusarium head blight (FHB) and Fusarium
populations in grain of winter wheat grown in different
cultivation systems. Journal of Plant Protection
Research, 55: 94-109.

Leslie, J.F. and S.B. Summerell. 2006. The Fusarium
Laboratory Manual. ISBN, Wiley-Blackwell: 388
pages.

Madden, L.V. and P.A. Paul. 2009. Assessing
heterogeneity in the relationship between wheat yield
and Fusarium head blight intensity using random
coefficient mixed models. Phytopathology, 99: 850-
860. https://doi.org/10.1094/PHYTO-99-7-0850

Malbran, I., C.A. Mourelos, J.R. Girotti, P.A. Balatti and
G.A. Lori. 2014. Toxigenic capacity and trichothecene
production by Fusarium graminearum isolates from
Argentina and their relationship with aggressiveness
and fungal expansion in the wheat spike.
Phytopathology, 104: 357-364.
https://doi.org/10.1094/PHYTO-06-13-0172-R

Martinez-Espinoza, A., R. Ethredge, J. Youmans, B.
Vermeer and J. Buck. 2015. Identification and
control of Fusarium head blight (Scab) of wheat in
Georgia. University of Georgia Cooperative
Extension, Circular 1066. 7 pp.
http://extension.uga.edu/publications/detail.cfm?numb
er=C1066

Nelson, E.P., T.A. Tousson and W.F.O. Marasas. 1983.
Fusarium species: An illustrated manual for
identification. The Pennsylvania state university Press,
University Park, Pennsylvania: 192 pp.

Oerke, E.-C., A. Meier, H.-W. Dehne, M. Sulyok, R.
Krska and U. Steiner. 2010. Spatial variability of
Fusarium head blight pathogens and associated
mycotoxins in wheat crops. Plant Pathology, 59: 671-
682.https://doi.org/10.1111/j.1365-3059.2010.02286.x

Osborne, L.E. and J.M. Stein. 2007. Epidemiology of
Fusarium head blight on small-grain cereals.
International Journal of Food Microbiology, 119: 103-
108.https://doi.org/10.1016/j.ijfoodmicro.2007.07.032

Paul, P.A., S.M. El-Allaf, P.E. Lipps and L.V. Madden.
2004. Rain splash dispersal of Gibberella zeae within
wheat canopies in Ohio. Phytopathology, 94: 1342-
1349,
https://doi.org/10.1094/PHYTO0.2004.94.12.1342

Proctor, R.H., F. van Hove, A. Susca, G. Stea, M.
Busman, T.J. Ward, T.AJ. van der Lee, C.
Waalwijk and A. Moretti. 2013. Birth, death and
horizontal transfer of the fumonisin biosynthetic gene
cluster during the evolutionary diversification of
Fusarium. Molecular Microbiology, 90: 290-306.
https://doi.org/10.1111/mmi.12362



https://doi.org/10.1080/07060660809507495
https://doi.org/10.1094/PHYTO-99-7-0850
https://doi.org/10.1094/PHYTO-06-13-0172-R
http://extension.uga.edu/publications/detail.cfm?number=C1066
http://extension.uga.edu/publications/detail.cfm?number=C1066
https://doi.org/10.1111/j.1365-3059.2010.02286.x
https://doi.org/10.1016/j.ijfoodmicro.2007.07.032
https://doi.org/10.1094/PHYTO.2004.94.12.1342
https://doi.org/10.1111/mmi.12362
https://doi.org/10.2478/v10045-011-0008-x
https://doi.org/10.1016/j.fgb.2011.09.002
https://doi.org/10.1128/AEM.00525-15
https://doi.org/10.3920/WMJ2009.1193
https://doi.org/10.1094/PDIS.2003.87.2.117
https://doi.org/10.1007/s12550-011-0122-7
https://doi.org/10.1007/s10658-005-0296-y
http://www.ncbi.nlm.nih.gov/pubmed/?term=Treikale%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21534469
http://www.ncbi.nlm.nih.gov/pubmed/?term=Priekule%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21534469
http://www.ncbi.nlm.nih.gov/pubmed/?term=Javoisha%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21534469
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lazareva%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21534469

Xu, X. and P. Nicholson. 2009. Community ecology of
fungal pathogens causing wheat head blight. Annual
Review of Phytopathology, 47: 83-103.
https://doi.org/10.1146/annurev-phyto-080508-
081737

Xu, X.-M., W. Monger, A. Ritieni and P. Nicholson. 2007.
Effect of temperature and duration of wetness during
initial infection periods on disease development,
fungal biomass and mycotoxin concentrations on
wheat inoculated with single, or combinations of
Fusarium species. Plant Pathology, 56: 943-956.
https://doi.org/10.1111/j.1365-3059.2007.01650.x

Zhang, H., T. van der Lee, C. Waalwijk, W. Chen, J. Xu,
J. Xu, Y. Zhang and J. Feng. 2012. Population
analysis of the Fusarium graminearum species
complex from wheat in China show a shift to more
aggressive isolates. PLoS ONE, 7(2): e31722.
https://doi.org/10.1371/journal.pone.0031722

Received: January 4, 2017; Accepted: March 22, 2018

Wegulo, S.N., P.S. Baenziger, J.H. Nopsa, W.W. Bockus
and H. Hallen-Adams. 2015. Management of
Fusarium head blight of wheat and barley. Crop
Protection, 73: 100-107.
https://doi.org/10.1016/j.cropro.2015.02.025

Windels, C.E. 2000. Economic and social impacts of
Fusarium Head Blight: Changing farms and rural
communities in the Northern Great Plains.
Phytopathology, 90: 17-22.
https://doi.org/10.1094/PHYT0.2000.90.1.17

Xu, X., D.W. Parry, P. Nicholson, M.A. Thomsett, D.
Simpson, S.G. Edwards, B.M. Cooke, F.M. Doohan,
S. Monaghan, A. Moretti, G. Tocco, G. Mule, L.
Hornok, E. Beki, J. Tatnell and A. Ritieni. 2008.
Within-field variability of Fusarium head blight
pathogens and their associated mycotoxins. European
Journal of Plant Pathology, 120: 21-34.
https://doi.org/10.1007/s10658-007-9189-6

2018/3/22 : ol Ao 488 gall g U €2017/1/4 1p35) g s

Arab J. Pl. Prot. Vol. 36, No. 2 (2018) 113


http://www.sciencedirect.com/science/article/pii/S0261219415000915
http://www.sciencedirect.com/science/article/pii/S0261219415000915
http://www.sciencedirect.com/science/article/pii/S0261219415000915
http://www.sciencedirect.com/science/article/pii/S0261219415000915
http://www.sciencedirect.com/science/journal/02612194
http://www.sciencedirect.com/science/journal/02612194
https://doi.org/10.1016/j.cropro.2015.02.025
https://doi.org/10.1094/PHYTO.2000.90.1.17
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P9eeOasAAAAJ&citation_for_view=P9eeOasAAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P9eeOasAAAAJ&citation_for_view=P9eeOasAAAAJ:eQOLeE2rZwMC
https://doi.org/10.1007/s10658-007-9189-6
https://doi.org/10.1146/annurev-phyto-080508-081737
https://doi.org/10.1146/annurev-phyto-080508-081737
https://doi.org/10.1111/j.1365-3059.2007.01650.x
https://doi.org/10.1371/journal.pone.0031722

