African Crop Science Conference Proceedings Vol. 8. pp.863-867
Printed in EI-Minia, Egypt

ISSN 1023-070X/2007$ 4.00

© 2007, African Crop Science Society

Occurrence of wheat head blight and Fusarium species infecting wheat
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Abstract: Survey was carried out during the 2006 cropping season in five agro-ecological zones of Nakuru district,
Kenya. Incidence and severity of head blight were determined. Fungi were isolated from diseased wheat spikes, wheat
and maize kernels. Pathogenicity of different Fusarium species isolated from wheat was determined by inoculation onto
wheat spikes in greenhouse. Head blight was highly prevalent (90 —100%) and mean incidence and severity ranged
from 4 to 9% and 15 to 37%, respectively. The main fungal genera isolated from wheat spikes and grains were
Fusarium, Alternaria and Epicoccum. Fusarium was most prevalent in infected wheat heads while Epicoccum was most
prevalent in harvested wheat grain. Only Fusarium spp. and Penicillium spp. contaminated harvested maize grain. Main
species were F. poae, F. graminearum and F. chlamydosporium in diseased heads and wheat kernels while F.
verticilloides was most frequently isolated from maize kernels. Fusarium graminearum isolates were highly pathogenic.
The results indicated that head blight in Nakuru district is due to a complex of Fusarium species with F. graminearum
being the major pathogen. Cross-contamination of wheat and maize is implied, indicating possible contamination of

maize with deoxynivalenol mycotoxin.
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I ntroduction

Fusarium head blight (FHB, scab) is a significant disease
of small-grain cereals throughout the world where wheat
isgrown. Up to 17 causal organisms have been associated
with the disease (Parry et al., 1995). Fusarium spp.,
namely F. avenaceum, F. culmorum, F. graminearum,
and F. poae and Microdochium nivale are the most
associated species with FHB. (Edwards et al, 2001; Kriel,
2006) However the distribution of the different species
depends mostly on the climatic conditions (Jenkins et al.,
1988). Fusarium graminearum predominates in the hotter
regions of the world while F. culmorum and F. poae are
important in cooler regions (Parry et al., 1995). However,
most species produce inocula, grow best, and are most
pathogenic to cereal heads at warm temperatures and
under humid conditions (Doohan et al., 2003). These
fungi rarely exist in isolation, but occur as a complex with
each other and with other fungal genera. Climatic
conditions will influence competition between, and the
predominance of different fungi within this complex
(Doohan et al., 2003). Similar Fusaria species to those
causing FHB are thought to cause ear rot of maize.
However, F. graminearum, F. verticillioides
(moniliforme) and F. subglutinans are predominantly
responsible for the disease (Reid et al 1999, Fandohan,
2003). Fusarium verticillioides is likely to be the most
common species isolated worldwide from diseased maize
(Munkvold and Degjardins, 1997).

Fusarium head blight may be epidemic over large
areas in some seasons but it commonly varies in severity
from field to another field or among local areas. The
prevalence of infection may vary from a trace to virtually
100% of the heads in the field, and losses vary
correspondingly (Schroeder and Christensen 1963). The
sporadic nature of infection has been attributed to the

environmental requirements of the pathogen. Depending
on the species involved, Fusarium grain infection may
result in yield reduction but the extent of yield reduction
is influenced by the Fusarium species involved
(Henriksen et al., 2005). Mesterhazy (1978) showed that
yield reduction was greater after inoculation with F.
culmorum, the dominant species in Ireland, than after
inoculation with other Fusarium species. In inoculation
trials with F. graminearum on Kenyan wheat varieties the
yield was reduced in between 23 and 57% and head blight
susceptibility in between 29 and 68 % (Muthomi, 2001,
Muthomi et al., 2002a). Fusarium infections can also lead
to mycotoxin contamination of the grains thus threatening
the health of humans and livestock (Heier, 2005). Most
frequently found mycotoxins are deoxynivalenol (DON,
vomitoxin) and zearadlenone (ZEA)( Bottalico and
Perrone, 2002).

Earlier studies in Kenya (Muthomi, 2001; Muthomi et al.,
2002b and 2006; Ndungu, 2006) have found different
levels of Fusarium and mycotoxin contamination in
wheat grains from different parts of the country. Thereis;
however, no documentation of the actual spread as well as
the severity of the disease in farmers' fields and the DON
contamination in grain from different agro-ecological
zones. Therefore, this study was carried out to determine
the incidence and severity of FHB in farmers' fields in
different agro-ecological zones of Nakuru district and to
determine the major species involved in infected wheat
ears and grains of both wheat and maize.

M aterials and M ethods

Deter mination of incidence and severity of head blight
infarmers fields

The study was conducted during 2006 cropping season
(May —December). Five agro-ecological zones in which
wheat is commonly grown in Nakuru district were
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considered: - Upper midland 4 (UM4), Lower highland2
(LH2), Upper highland 2 (UH2), Lower highland 3 (LH3)
and Lower highland 4 (LH4). Ten farms were randomly
chosen and systematically sampled from each of the five
agro-ecological zones. Head blight incidence and severity
were determined at soft dough stage (GS85, Zadoks et al.,
1974). Incidence was determined by marking out a 10m?
guadrants and counting the number of blighted heads in
the quadrant out of the total number of heads. Three
guadrants were assessed per farm. Disease severity was
assessed based on 1-9 scale as proportion of head
blighted: -1%=no symptoms, 2=<5%, 3=5-15%, 4=16-
25%, 5=26-45%, 6=46-65%, 7=66-85%, 8=86-95%,
9=96-100% (Miedaner, 1996). Diseased heads were
collected for isolation of causal agents. At harvest, 1-2kg
of the freshly harvested wheat and maize kernels were
collected for mycological analysis. The samples were
stored at 4°c until the subsequent studies.

Isolation and identification of Fusarium species

The infected wheat heads were cut into 0.5 cm long
pieces while sub-samples of the wheat and maize kernels
were randomly taken. These were surface sterilized in 3
% sodium hypochlorite and rinsed off thrice in sterile
digtilled water. Plating was on low strength potato
dextrose agar amended with mineral sdts and
antimicrobial agents (Muthomi, 2001): - (PDA 17g,
KH,PO, 1.0g, KNO; 1.0g, MgSO, 0.5g, Agar 10g).
Antibiotics penicillin, tetracycline, streptomycin and
pentachloronitrobenzene (PCNB) were added (50 mg) to
the media and cooled to 45°. A total of 100 kernels and
50 pieces of the diseased heads were plated per sample.
The plates were incubated at 25% for 5 to 14 days under
12 hr daylight and 12 hr darkness cycles.

Fungal colonies were identified based on cultural and
morphological characteristics like mycelial colour,
pigmentation, spore shape, septation and sporophores.
Fusarium colonies were sub-cultured onto PDA and
Synthetic Nutrient Agar (SNA): KH2PO4 1.0g, KNO;
1.0g, MgS0O, 0.5g, KCL 0.5g, Glucose 0.2g, and Agar 20g
(Nirenberg, 1981) and incubated under — near UV light
for seven days to induce sporulation. The cultures were
then identified to species level according to Nelson et al.
(1983) and Seifert (1996).

Pathogenicity of Fusarium species

Isolates of different Fusarium species from wheat kernels
were inoculated onto spikes of ‘Mbuni’, a highly
susceptible wheat cultivar (Muthomi et al., 2002a and
2002b) under greenhouse conditions. Each isolate was
cultured separately at 22+5°C in mung bean medium (Bai
and Shaner, 1996) for 14 days. Conidia suspension of
each isolate was harvested and adjusted to 5x10°

conidia/ml. Three drops (0.01%) of Tween 20 was added
to ensure uniform conidia dispersion. Wheat spikes were
inoculated at 50% flowering (GS65, Zadoks et al., 1974)
by spraying with hand sprayer, exposing all spikelets to
the inoculum. Controls were treated similarly with
digtilled water only. After inoculation, the spikes were
incubated under polythene bags for 48 hrs to ensure high
relative humidity for optimal infection. Each isolate was
inoculated separately and replicated four times. Head
blight severity was visually assessed on 10 average sized
spikes per replicate using a 1 -9 scale (Miedaner et al.,
1996) as proportion of bleached spikelets after every 5
days.

Data analysis

All data were subjected to analysis of variance (ANOVA)
using the PROC ANOVA procedure of Genstat (Lawes
Agricultural  Trust, Rothamsted Experimental station
2006, version 9) and differences among the treatments
means were compared using the Fisher’s protected LSD
test at 5% probability level.

Results

Fusarium head blight was found in 97 % of the farms
surveyed and there were significant differences (P<0.05)
among the agro-ecological zones in both head blight
incidence and severity (Table 1). Fusarium, Alternaria
and Epicoccum were isolated from both diseased heads
and wheat kernels. (Table 2). However, Fusarium was the
major contaminant in the heads with isolation frequency
of 41% while Epicoccum was the main contaminant in
wheat kernels with isolation frequency of 34%. There
were significant differences (P<0.05) among the agro-
ecological zonesin frequency of isolation for the different
species. Only Fusarium and Penicillium species were
isolated from the maize kernels. The infected wheat
heads, wheat and maize kernels differed in the spectrum
of Fusarium species isolated (Fig 1). However, the
highest number of Fusarium species was isolated from the
diseased wheat heads while maize kernels had the least
number of speciesisolated.

Table 1: Prevalence and severity of Fusarium head blight
on wheat ears in different fields in 5 agro-ecological
zones of Nakuru district.

Agro-ecological zone Incidence  Severity
UH2 9.0 374
LH4 9.3 24.5
UmM4 6.5 231
LH3 5.8 20.2
LH2 4.4 15.0
Mean 7.0 24.0
LSD (P< 0.05) 3.8 13.3
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Table 2: Percentage isolation frequency of major fungi contaminating wheat ear and kernels in different agro-

ecological zones of Nakuru district

Agro-eco Wheat heads Wheat kernels

zone Fusarium Alternaria Epicoccum Fusarium Alternaria Epicoccum
UH2 422 37.2 205 21.2 12.8 324

LH3 50.9 18.9 220 251 42.0 33.0

LH4 38.3 384 21.2 2.7 20.8 32.8

LH2 46.0 19.9 252 118 50.1 324

UmM4 30.3 30.2 34.9 24.4 15.9 42.8

Mean 415 30.0 24.8 25.0 28.3 34.7

LSD (P<0.05) 9.2 10.6 10.6 9.5 11.4 NS

The most frequently isolated Fusarium species from
wheat heads and kernels, in order of decreasing
frequency, were F. poae, F. chlamydosporium, F.
graminearum, F. avenaceum and F. equiseti. However, F.
verticilloides, F. graminearum, F. solani and F.
subglutinans were the most frequently isolated species
from maize kernels. Fusarium graminearum was found to
be a mgjor contaminant in wheat heads, kernels and

maize. The different Fusarium species significantly
differed (p<0.05) in severity of head blight induced on
inoculated wheat ears (Table 3). However, isolates of F.
graminearum were the most pathogenic, resulting in the
highest disease severity of up to 87% of spikelets
bleached.

Table 3: Disease severity over time and kernel weight of wheat ears inoculated with nine isolates of the four most

pathogenic Fusarium species

Fusarium Days after inoculation Kernel
isolate 0 17 22 27 32 37 Mean weight
F.gram 68.1 0 26 12.7 425 77.0 85.1 314 6.6
F.gram. 60.1 0 23 185 51.6 76.9 87.5 33.8 8.4
F.gram. 58.4 0 1.0 7.4 304 61.5 84.9 26.4 7.7
F.aven. 69.7 0 4.9 9.8 19.6 37.0 41.0 16.0 111
F.aven. 45.4 0 3 1.0 5.0 214 43.8 10.2 10.0
F.vert. 69.7 0.2 0.2 13 5.0 18.3 329 8.3 14.1

F.gram = Fusarium graminearum; F.aven = F. avenaceum; F.vert. = F. verticilloides;

F.poae = F. poae
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Fig. 1. Fusarium species isolated from head blight
infected wheat ears, harvested wheat kernels and
harvested maize kernels from Nakuru district

Discussion

Fusarium head blight (FHB) was found in all the agro
ecological zones surveyed with 100% prevalence. The
disease severity was highly positively co-related to
incidence (r =0.647, P <0.001). The varying severity and
incidence over the different AEZS could be due to the
different environmental conditions that impact on
numerous aspects of FHB epidemiology (Hershman et al.,
1999; Gilbert, 2002; Chen et al., 2006). The major wheat
varieties grown in Kenya have been found to be
susceptible to FHB (Muthomi et al., 2002 and 2007;
Ndung'u 2006). Currently, no source of complete
resistance is known but varieties with partial resistance
have been reported (Musket et al., 2003).

Diseased wheat heads and kernels were contaminated
with high levels of Alternaria and Epicoccum. Epicoccum
and Alternaria species are mainly saprophytes or weak
pathogens that grow on senescencing plant tissues
(Vincent et al., 2006). However, Alternaria alternata is
one of the most common wheat pathogens, causing huge
reductions in yield worldwide (Williamson, 1997).
Therefore, the co —occurrence of several fungi could have
a synergigtic effect on disease severity and higher yield
reductions in wheat. In addition, some species of
Alternaria are known to produce mycotoxins altanariol
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and altenuene (Moss, 1996). It was noted that the
isolation frequency of Alternaria or Epicoccum was high,
the level of Fusarium was low. These findings are in
agreement with those of Gonzalez et al. (1999), Muthomi
et al. (2006) and Ndung' u (2006).

Over 10 different Fusarium species were isolated
from infected wheat ears and harvested kernels, indicating
that head blight is due to a complex of Fusarium species.
Species isolated at high frequencies were F. poae, F.
oxysporum, F. graminearum and F. chlamydosporum.
However, results from inoculation studies showed that
only F. graminearum was highly pathogenic, suggesting
that this species could be implicated as the main causal
agents of head blight of wheat in Kenya. Fusarium
graminearum is known to cause severe blighting of wheat
heads resulting in visually damaged kernels (Parry et al.,
1995). Other species including Fusarium poae, F.
avenaceum, F. equiseti, and F. sporotrichioides do not
blight the heads but sometimes cause damage to the
spikelets, resulting in low disease severity and latent seed
infection. According to Marasas et al. (1991) F. equiseti,
F. graminearum, F. poae, F. verticillioides and F.
sporotrichioides are considered the most toxic Fusarium
Species.

Although wheat and maize differed in the spectrum of
Fusarium species, both were contaminated with F.
graminearum and F. verticilloides. Maize is the staple
grain in Kenya and it is grown alongside wheat by most
farmers. Wheat fields are surrounded with different crops,
usually maize, sorghum or barley and therefore, cross-
contamination of the crops with Fusarium spp. is possible
(Vincent et al., 2006). Fusarium graminearum the
predominant causal agent of head blight (Kriel, 2006) but
it isalso amajor pathogen in ear rot of maize (Parry et al.,
1995; Sutton 1982). Fusarium verticilloidesis aso known
to infect both maize and wheat (Dill-Macky, 2000). The
co —occurrence of Fusarium species in maize and wheat
kernel  suggests co-occurrence  of  mycotoxins.
Fusarium.graminearum and F. poae produce type B
trichothecenes such as nivalenol, deoxynivalenol,
zearadlenone and fusarenon-x (Jennings et al., 2000;
Magan and Olsen, 2004) whereas F. verticilloides
produces fumonisins and moniliformin (M0ss,1996).
Ndung'u (2006) reported co-occurrence of mycotoxins
deoxynivalenol, zearalenone and aflatoxin B1 in
harvested wheat grain in Kenya. Deoxynivalenol was the
major mycotoxin while the rest were at low levels. These
mycotoxins cause a wide range of acute and chronic
effects in humans and animals (Edwards et al., 2001).
Contamination of maize with fumonisins has been
reported in Kenya (Kedera, 1999).

The study indicated that FHB is present in significant
levelsin Kenya and that it is due to a complex of different
Fusarium species, with F. graminearum and F.
avenaceum being the main species involved in
pathogenicity. The presence of F. graminearum in both
wheat and maize indicated that maize is a reservoir host
for the head blight pathogens. This is due to the growing
of wheat and maize in the same or neighbouring fields
and lack of proper rotation programmes. This suggests
that wheat and maize grain could be contaminated with
mycotoxin deoxynivalenol. Due to the health risks posed
by Fusarium mycotoxin contamination, there is need for

continuous surveillance for the major Fusarium
mycotoxins, especially deoxynivalenol to prevent carry
over to human food and anima feeds. Further
characterization of F. graminearum isolates from maize
and wheat would be necessary to determine whether
similar population infect both crops. In addition, the
resulting yield losses and possible management strategies
for FHB need to be determined.

Acknowledgement

This research was funded by the International Foundation
for Science (IFS) grant No.E/3654-1

References

Bai, G.H. & Shanner, G. 1996. Variation in Fusarium
graminearum and cultivar resistance to wheat scab.
Plant Disease 80, 975-979.

Bottallico, A. & Perrone, G. 2002. Toxigenic Fusarium
species and mycotoxins associated with headblight in
small grain cereds in Europe. Journa of Plant
Pathology 108, 611-624.

Chen, C.A., Griffey, M.A., Saghai, M., Stromberg, E.L.,
Biyashev, R.M., Zhao, W., Chappel, M.R., Pridgen,
T.H, Dong, Y. & Zeng, Z. 2006 Vaidation of two
major quantitative trait loci for Fusarium head blight
resistance in Chinese weat line W14. Plant Breeding
125, 99-101.

Dill Macky, R. & Jones, R.K. 2000. The effect of
previous crop residues and tillage on Fusarium
headblight of wheat. Plant Disease. 84, 71-76.

Dohlman, E. 2004. Mycotoxins regulations; Implications
for international agricultural trade. USDA, Economic
Research Service. Issues in diet, safety and health.
Agriculture Information Bulletin 2, 789-796.

Doohan, F.M., Brennan, J,& Cooke, B.M.2003.
Influence of climatic factors on Fusarium species
pathogenic to cereals European Journal of Plant
Pathology 109, 755-768

Edwards, S.G., Pirgozliev, SR., Hare, M.C., Jenkinson,
P. 2001. Quantification of trichothecene—producing
Fusarium species in harvested grain by competitive
PCR to determine efficacies of fungicides against
FHB. Applied Environmental Microbiology 67,1575—
1580.

Fandohan, P., Hell, K., Marasas, W.F.O. & Windfield
M.J. 2003. Infection of maize by Fusarium species
and contamination with fumonisins in Africa. Journal
of Biotechnology 2, 570 579.

Gilbert, J. 2002. Relationship between weather variables,
Fusarium head blight (FHB) severity and Fusarium
spore release from infected crop residue. Centre for
Agriculture and Agri-Food Canada, Winnipeg,
Manitoba R3T 2M9, Canada.

Gonzalez, H.H.L., Martinez E.J., Pacin A . & Resnik S.L..
1999. Relationship between Fusarium graminearum
and Alternaria alternata contamination and
deoxynivalenol occurrence on Argentinian durum.
Mycopathologia 144, 97-102

Heier, T., Jain, SK., Kogel, K.H., Poris Kuhneman, J.
2005. Influence of N fertilization and fungicide
strategies on Fusarium head blight severity and

866



mycotoxin content in winter wheat. Journal of
Phytopathology 153, 551-557.

Henriksen, B. & Ellen O. 2005. Natural Fusarium grain
infection level in wheat, barley and oat after early
application of fungicides and herbicides. Journal of
Phytopathology 153, 214-220.

Hershman D., Jones scott, Bowley, C. Needham, p. &
Bayless, R. 1999. Cooperative wheat head scab
survey. Kentucky Small Grain Growers Asssociation.
www.kysmallgrains.org.

Jennings, P., Turner, JA. & Nicholson, P. 2000.
Overview of Fusarium ear blight in the UK — effect of
fungicide treatment on disease control and mycotoxin
production. The British Crop Protection Council. Pests
and Diseases 2000 2, 707-712.

Jenkins, JE.E, Clark, W.S. & Buckle, A.E. 1988.
Fusarium diseases of cereals. HGCA Research
Review. London. Home-Grown Cereals Authority

Kedera, C. J. Plattner, R. D. &. Degardins A. 1999.
Incidence of Fusarium spp. and levels of fumonisins
Bl in maize in Western Kenya. Applied and
Environmental Microbiology 65, 41-44.

Kriel, W. 2006. Fusarium head blight of wheat: A most
challenging disease. Member articles in South African
Society of Plant Pathology. http://saspp.org/.

Magan, N. & Olsen, M., 2004. Mycotoxins in Food:
Detection and Control. Woodhead Publishing Ltd.,
Cambridge, UK.

Marasas, W.F.O. ,Smith ,JE. & Henderson, R.S. 1991.
Mycotoxins and animal foods. CRC Press, Boca
Raton,120.

Mesterhazy, A. 1978. Comparative analysis of artificial
inoculation methods with Fusarium species on winter
wheat varieties. Phytopathology. 93:12-25.

Miedaner, T., Gang, G. & Geiger, H.H. 1996.
Quantitative-genetic basis of aggressiveness of 42
isolates of Fusarium culmorum head blight. Plant
Disease 80, 500-504.

Moss, M.O. 1996. Mycotoxins — Centenary review.
Myecological Research 100, 513-523.

Munkvold, G.P, and Degardins A.E. 1997. Fumonisinsin
maize: Can we reduce their occurrence? Plant Disease
81, 556-564.

Musket, T., Davis, D., Abate, Z., McKendry, A. & Davis,
G. 2003. Molecular genetic diversity of
geographically diverse scab resistant wheat lines.
2003 Nationa Fusarium Head Blight Forum
Proceedings. National Fusarium Head Blight Forum;
December 13 - 15, 2003. Holiday Inn Select
Bloomington, Minnesota. 224-225.

Muthoni, JW. 2001. Comparative studies on virulence,
genetic variability and mycotoxin production among
isolates of Fusarium species infecting wheat. PhD.
Thesis, University of Nairobi.

Muthomi, JW., Oerke, E.-C., Mutitu, E. W., Schade-
Schuetze, A. & Dehne, H. W. 2002a. Susceptibility of
Kenya wheat varieties to head blight, fungal invasion
and deoxynivalenol accumulation inoculated with
Fusarium graminearum. Journal of Phytopathology
150, 30-36.

Muthomi, JW., Oerke E.-C., Mutitu E.W., Schade-
Schiitze A. & Dehne H.-W. 2002b. Variation among
Fusarium species and isolates infecting wheat ears
based on aggressiveness, mycotoxin production and
RAPD-PCR analysis. Journal of Plant Disease and
Protection, 109, 462 - 477.

Muthomi, J. W., Ndung'u, J. K., Chemining'wa, G. N. &
Wagacha, J. M. 2007. Reaction of some Kenyan
wheat cultivars to head blight after inoculation with
Fusarium graminearum. Asian Journal of Plant
Sciences (In press).

Muthomi, JW., Hindorf, H., Ndung'u, J. K. & Gathumbi,
JK. 2006. Occurrence of Fusarium head blight —
causing pathogens and mycotoxinsin Kenyan wheat .
http://www.tropentag.de/2006/abstracts/full/608.pdf .

Ndung'u, JK. 2006. Funga and mycotoxin
contamination of wheat from Nakuru and Nyandarua
districts of Kenya and pathogenicity of Fusarium
species on wheat. MSc. Thesis, University of Nairobi.

Nelson, P. E., Toussoun, T. A. & Marasas, W. F. O. 1983.
Fusarium species. An illustrated manua for
identification. Pennsylvania State University Press,
University park pp 193.

Nirenberg, H. 1981. A ssimplified method for identifying
Fusarium species occurring in wheat. Canadian
Journal of Botany 59, 1599 - 1609.

Parry, D.W., Jenkinson, P., & Mc Leod L. 1995.
Fusarium ear blight (Scab) in small grain cereals - a
review. Plant Pathology 44, 207-238.

Reid, L. M., Nicol, R. W., Ouéllet, T., Savard, M., Miller,
J. D, Young, J. C., Stewart, D. W., & Schaafsma, A.
W. 1999. Interaction of Fusarium graminearum and
F. moniliforme in maize ears: Disease progress, fungal
biomass, and mycotoxin accumulation.
Phytopathology 89, 1028-1037.

Schroeder, H.W. & Chrigensen, JJ. 1963 Factors
affecting the resistance of wheat to scab caused by
Gibberella zeae. Phytopathology 53, 831-8.

Seifert, K. 1996. Fuskey —Fusarium interactive key.
Agriculture and Agrifood Canada
http://res2.agr.gc.calecorc/fusariumOLl/cont_e.htm/

Sutton, J.C. 1982. Epidemiology of wheat head blight and
maize ear rot caused by Fusarium graminearum.
Canadian Journal of Plant Pathology 4, 195 - 209.

Vincent P., Didier H., Bernadette L. & Jean-Marc J. 2006.
An overview of fungal community diversity in
discased hop plantations. FEMS Microbiology
Ecology 56, 321-329.

Williamson, P.M. 1997. Black point of wheat: in vitro
production of symptoms, enzymes involved, and
association with Alternaria alternata. Australian
Journal of Agricultural Research 48, 13-19.

Zadoks, J.C., Chang, T.T. & Konzak, C.F. 1974. Decimal
code for growth stages of cereals. Weed Research 15,
415-421.

867



