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ABSTRACT

Three winter wheat varieties, PKB-Lepoklasa, Jugoslavija
and Francuska, differently susceptible to Fusarium spp.
and widely used on farms and in bread-making were
selected for the experiment. Three treatments were -
plied: the artificial inoculation with the isolates of Fusa-
rium spp., wheat protection with a fungicide on the basis
of active ingredients of flutriafol and carbendasim
(85+135 g I'Y) and monitoring of spontaneous infection
over different wheat phenophases. The same variety not
treated in the same location was the control. Trials were
performed during 2000-2003. The phytopathological es-
timation was done twice during the growth period. The
varieties  Jugoslavija, Francuska and PKB-Lepoklasa
had, on average, 85%, 65% and 100% plants infected with
the fungi of Fusarium spp., respectively, during the three
years. The presence of fungi reduced germination, as
mycotoxins inhibited the protein synthesis. The devel-
opment of fungi in wheat plants resulted in grain shrivel-
ling due to damages of the conducting system and
therefore to the statistically significant germination and
1000 kernels weight decrease. The fungi of the genus
Fusarium produce many mycotoxins, mainly of tricho-
thecene type B-deoxynivalenol. Additionally,
zearalenone and fumonisin were detected. These my-
cotoxins were detected in kernels of each variety under
artificial inoculation conditions. The content of each
mentioned toxin was higher in kernels completely (100%)
infected with fungi.

Key words: Fusarioses, germination, 1000 kernels weight,
mycotoxins, wheat.

INTRODUCTION

he increase of the population dersity resulted

in aneed to increase the food production and
to store it under as good as possible storage con
ditions in order to provide hygienicdly safe food.
According to FAO data, one fifth of losses of the
produced food originates from insects, microor-
ganisms and other pests. The lower these losses
are the smaler problems elated to famine in the
world.

Mycotoxins are secondary metabolites of
fungi with adverse effects on human and anima
hedth. Whesat can be infected by fungi of Fusa-
rium spp. not only inthefidd, but dso in the stor-

)

age. Fumonisins, zearadenone and trichothecene
(deoxynivdenol nivdenol and T,) are the most
important Fusarium toxins, very often occurring
in sgnificant concentrations in cereds. Recently,
the Working Group on the Evauation of the Ca-
cnogenic Risk has considered toxins of Fusarium
monilifor me (together with fumonising) as a pos-
sblecarcinogen factor for humans, the group 2B.

Congdering Serbia and Montenegro in rela-
tion to its geographicd location and climatic char-
acteristics mycotoxins originating from the fungi of
Fusarium spp., zeardenone and deoxynivaenal,
are the most important, while there are no dataon
fumonisns present in wheat. At the same time,
these mycotoxins are globdly mainly dated to
maize.

MATERIAL AND METHODS

Three varieties of winter wheat (Jugodavija,
Francuska and PKB-Lepoklasa) were used for
studying mycotoxins in wheat kernedls and prod-
ucts. Three treatments were applied:

1) the whest crop protection with afungcide
on the basis of the active ingredients of flutriafol
and carbendasim (85+135g1™);

2) atificid inoculaion with isolates of fungi of
Fusarium spp. during the whest flowering stage;

3) monitoring of spontaneous infection. The
same varieties from the same location bu not
treated were the control.

The trids, carried out under fidd conditions,
were set up according to the four-replicate block
design. The plot sizewas of 5 m? (1 x 5) and the
inter-row distance was of 20 cm. The sowing
density amounted to 600 kernds/m. The phyto-
pathologicd estimation was performed twice dur-
ing the wheat growth.

Germination of spikes (50 per a treagment),
sampled at full ripeness, was tested and identifica-
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tion of Fusarium spp., was done after the method
of Nelson et d. (1983).

Mycotoxicological tests were performed on
wheat kernd samples. The following toxins were
determined: zeardenone, fumonisns and deoxyni-
vaenol Zeardenone and deoxynivdenol were
edablished by the HPLC technique after the
APAC method. Fumonisins were edablished by a
modified HPLC fluorimetric method, i.e. by an
immunoaffinity column chromatography on the
fluorimeter Vicam, Watertown, MA (Scott and
Lawrence, 1995, Ware et al., 1994). The do-
tained values are the three- yeer trid results.

RESULTS AND DISCUSSION

Fusariosis is a disease that occurs in regions
under whest crop and sgnificantly reducesyields
and deteriorates technologica quality. The disease
is caused by many Fusarium species, but most
often by Fusarium graminearum, Fusarium
culmorum and Fusarium avenaceum. As dam
age is done to spikes, seed germination is Sgnifi-
cantly reduced, grain is of poor quality with dam
aged starch granules and storage proteins (Bechtel
et a., 1985). Infected kernds cause a seed dis
ease (Manka, 1989). Deoxynivdend ad niva
lenol are the most important trichothecenes syn
theszed by Fusarium graminearum (lchinoe et
a., 1983). Zeardenone, an estrogenic toxin, is
mainly detected in cereds infected with Fusarium
graminearum (Neish et d., 1983).

Trichothecenes and Fusarium toxins are
mainly detected in cereals and their products. The
symptoms of mycotoxicoses are the result of the
interactions between mycotoxins and functiona
molecules and subcdlular organdles in animd
cdls. According to Kiesding (1986), many ny-
cotoxins are active a the DNA leve digurbing the
process of transcription and inhibiting the trarsla:
tion & the protein synthess. Due to inhibition of

DNA synthes's, mycotoxins are very cytotoxic.

Weinert and Wolf (1995) and Volke a 4.
(1996) assume tha after infection, the fungi colo-
nise the infected spikelet and spread to the spike
spindle. Vascular bundles in the spike spindle are
damaged or completely destroyed, and the upper
part of the spike that is not supplied with water
and nutritive subgtances dtarts wilting. The poorly
filled kernels mean that the protein to starch ratio
is disturbed in favour of the protein due to short-
ening of the grain devdopment. Yidd and infec-
tion of grain are for the most part directly corre-
lated to spike diseases — therefore, a determina
tion of infected spikes is auffident for an fairly ac-
curate estimation of fusarioses. The activity of the
enzyme proteinase increases a germination, while
trichothecenes obstruct the protein  synthess,
hence whesat kernels infected with fungi have re-
duced germination.

Spikes were sampled in various phenophases
of the wheat development and grain germination
was determined and fungi of Fusarium species
were identified. The dotained results indicate that
Fusarium graminearum was a dominart species
in the tested varieties. Fusarium moniliforme
and Fusarium proliferatum occurred to a
gmdler extent (Table 1).

A high negative corrdaion (r = - 0.90) for
whesat seed germination and the degree of spike
infection was estimated by the regresson andysis
(Figure 1).

Vanco (1997) dudied the effects of fungi
Fusarium graminearum and Fusarium cul-
morum on the disease development in winter
wheat and determined the correlation between
1000 kernels weight and kernd weight per spike
(r=0.78andr = 0.66).

Thetrait 1000 kernels weight depends on the
vaiety, dimatic and edaphic factors, as well ason
theleve of applied cropping practices.

Table 1. The degree of spikeinfection (in %) of different winter wheat varieties caused by fungi of Fusarium spp.

Treatment (T)
Wheat variety (S) Pr]?tect_i on with Artificial inoculation with Spontaneousinfection Sx
ungicides fungi of Fusarium spp.
Jugoslavija 0.2 0.7 28.6
Francuska 0 0.3 21.8
PKB-L epoklasa 0 1 337
Tx 0.07 83.3 0.7 28.0
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Figure 1. Regression analysis between seed germination
and the degree of wheat spike infection

Regardless of the treatment in tested \arieties,
1000 kernels weight ranged from 381 g
(Francuska) to 44.2 g (Jugodavijg), and
amounted to 41.0 g in the variety PKB-Lepoklasa
(Protic, 2000). The regression analysis between
1000 kernels weight and the degree of infection of
wheat soikes with fungi of Fusarium spp. ex-
presses aweak correlation (r = 0.12, Figure 2).
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Figure 2. Regression analysisbetween 1000 kernels
weight and the degree of wheat spike infection

During the three-year of experimentation,
Golinski et a. (1997) determined that the degree
of infection of wheet grain with fungi of Fusarium
spp. ranged from 39.2 to 84.7% while 1000 ker-
nels waght decreased between 80.5-92.5% in
relaion to the control.

According to results obtained by Bdas
(1989), a high efficiency leve in spike protection
againgt pathogens of fusarioses was expressed by
commercid preparations with two active ingred-
ents (Impact-C) and mixture of two fungicides
goplied at the beginning of the whesat flowering
stage. Increases of grain yield and 1000 kernels
weight are corrdated to the effect of wheat pro-
tection againgt diseases, hence a relative yied in-
crease in relation to the control rangesfrom 2.1 to
14.5%. A correldion between the presence of
fungi and their development in the plant in 15 re-
Sstant and susceptible winter wheat varieties in-
oculated with Fusarium graminearum and
Fusarium moniliformeranged from r = 0.91 to
r = 0.99. Yidds were in corrdlaion with isolates
(r = 0.84-0.97) (Klechkovskaya, 1997).

Saric et al. (1984) determined 1000 kernels
weight of 27.5 to 36,5 in Vojvodina, while the
corresponding vaues for Belgrade ranged from
32.0 to 37.5 g (Saic, 1993) and from 32.5 to
36.5g (Misic, 1989).

Mycotoxins synthesized by Fusarium spp.
are stable during the production process and tend
to accumulate in the products that are mainly used
asfood and feed. They are synthesized by fungi in
cereals. Humid conditions during spring and sum
mer favour zeardenone and deoxynivaenol, while
dry conditions favour timonisns. The molecular
weight of mycotoxins is not adequately large for
animd and human organisms to produce -
propriate antibodies.

Zeardenone was detected only in kernds a-
tifigdly inoculaed with fungi of Fusarium spp.
(Table 2). The coefficient of corrdation (r =
0.46, Figure 3) was established by the regresson
andyss for the zeardenone concertretion in
whegt kernds and the degree of wheat spike in-
fection.

In spite of its nongeroidd  structure,
zeardenone expresses an oestrogenic  activity
agang the uterus tissue gsimulaing the protein
syrthesis (Kawabata et a., 1982). Swines are
very sendtive to zeardenone (Hagler et al., 1980).

Szuets et d. (1997) reported that the preme-
ture puberty of children in Hungary was attribu-
able to zeardenone, which was proved in the -
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rum of patients. This phenomenon was dso dbo-
saved in Northern Itay (Fara et d., 1979). Fu-
monisins were detected n kernes atificidly -
oculaed with fungi.
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maize under the tropics, humid and moderate re-
gions. The temperature and humidity are the most
important abiotic factors for toxigeness.
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Figure 3. Regression analysis between zearalenone
content in wheat kernels and the degree of wheat spike
infection

The lowest fumonisin concentrations were
determined in kernels of the variety Serbia and
Montenegro. On the other hand, the highest fu-
monisin concentrations were detected in kernels
of the variety Francuska and they amounted to
0.62 mg kg* on an average, while the highest val-
ues were obsarved in the third year of investiga
tion (0.64 mg kg") which was characterized by
high rdaive ar humidity and high temperaures
(Table 2). A low negative corrdation was esti-
mated for fumonisin concentrations in wheet ker-
nels and the degree of wheet pike infection with
fungi (Figure4).

Fusarium moniliforme and Fusarium pro-
liferatum are fumonisn producers. Food and
feed contamination with fumonisins is a congtant
risk, as Fusarium moniliforme is universdly dis
tributed in many economicdly important plants.
Fusarium moniliforme is a main pahogen in

Degree of infection (%)

Figure 4. Regression analysis between fumonisin con-
tent in wheat kernels and the degree of wheat spike
infection

Maize-based food, primarily maize flour and
grits, in many countries often contains fumonisns
(Pittet et ., 1992; Stock and Eppley, 1992). It is
wel known that fumonisn Bl causes LEM in
horses, lung edema and hydrothorax in swine,
liver cancer in ras, weight decrease in chickens,
and aso oesophagus cancer in humans (Kdler-
man et a, 1990; Gelderblom et al., 1991).

Deoxynivaenol was synthesized only in ker-
nes of al varidies that had been atificialy inocu
lated with fungi of Fusarium spp. (Table 2).
A low corrdation (r = 0.20) was found between
the deoxynivaenol content in wheat kernds and
the degree of wheat spike infection (Figure 5. In
dl animds, trichothecenes affect active cdls divi-
son such as epithdium, thymus, soleen, medulla
oblongata, ovary, testicles and lymph nodes. The
effect of trichothecenes depends on their concen
tration Ther high affinity to ribosome of ew

Table 2. The content of mycotoxins (mg kg™) in whesat grain

Mycotoxins

Variety Treatment — -
zearalenone fumonisin deoxynivalenol
Art|f|C|aI inoculation with fungi of 0.32 0.30 0.010
Jugosiavija [(Igmglzp.completely (100%) infected with
fungi of Fusarium spp. 0.38 0.40 0.015
ﬁlrjtglsgzl inoculation with fungi of 0.39 062 0.015
Francuska - - -
Kernels completely (100%) infected with
fungi of Fusarium spp 0.62 0.80 0.018
EKB-” Art|f|C|aI inoculation with fungi of Fusa- 0.47 056 0.017
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cayotic cdls, especidly 60 S, in which peptidyl
trarsferase activity proceeds, is the most impar-
tant. The active centre can be masked by the
components of a trichothecenes molecule.
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Figure 5. Regression analysis between deoxynivaenol
content in wheat kernels and the degree of wheat spike
infection

The acute and chronic toxicity of trichothe-
cenes means disturbance of lymphatic tissue and
changes of a immune response. A frequent intro-
duction of trichothecenes ethances susceptibility
of animds to infections with microorganisms
(Ueno, 1980.) In reltion to human hedth, it is
necessary to find out if deoxynivaendl is un
changed, or, is, as a potentialy toxic metabalite,
included into the food chain of humans viaanimd
products if animas were fed with deoxynivaenal.

Deoxynivaenal is phytotoxic due to the inhi-
bition of eucaryotic protein synthess (Casde and
Hart, 1988). The concentration of 0.3 mg * in-
hibits a coleoptile growth of whesat varieties S5
ceptible to fusarios's, while the 10- 100 fold- higher
concentration of thistrichothecene is necessary for
the growth of more resgant varieties. The de-
oxynivalenol concentration higher than 3 mg I*
inhibits the growth of whesat root (Shimada and
Otani, 1990).

CONCLUSIONS

The following condusions can be drawvn on
the bass of the results reated to the effects of
mycotoxins on germination and 1000 kernes
weight:

- fung Fusarium graminearum and Fusa-
rium moniliforme were dominant in the slected
winter wheat genotypes, while the fungus Fusa-
rium proliferatum was detected to a smdler ex-
tent;

- the variety PKB-Lepoklasa was com
pletely (100%) infected with fungi of Fusarium
spp. under atificid inoculation trestment during al
three years of investigation;

- the coefficient of correlation between ger-
mination and the degree of infection anounted to
r=-0.90;

-the regression anaysis between 1000 ker-
nels weight and the degree of infection shows a
low corrdation (r = 0.12);

- mycotoxins were observed only in tregt-
ments with arttificia inoculation with fungi of Fusa-
rium spp. The highest zearadenone concentrations
were determined in kerndls of the variety PKB-
Lepoklasa The degree of plant infection and
zeardenone concentrations were postively
correlated (r = 0.46). Onthe other hand, high
negaive vaues of corrdation coefficients were
estimated for zearalenone concentrations and
1000 kerrels weight (r = -0.83) and germination
(r=-0.80);

- fumonisins were mainly detected in whest
kernels especidly of the variety Francuska. Fu-
monisin concentrations were lowly correlated with
the degree of infection (r = -0.26) and germingtion
(r = -0.19) and highly but negetively corrdated
with 1000 kernels weight (r = -0.95) and germi-
nation (r = -0.60);

- concentrations of mycotoxins were higher
in kernds that were completely (100%) infected
with fungi of Fusarium spp. The content of
trichothecene type B-deoxynivadenol was the
highest in the variety PKB-Lepoklasa. De-
oxynivalenol concentrations were not correlated
with the degree of infection (r = 0.20).
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