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Abstract

Twelve barley genotypes were inoculated with two F. graminearum isolates of different chemotype 11 #148
(producing nivalenol/deoxynivalenol) and 1, #108 (deoxynivalenol/acetyldeoxynivalenol). For both 1; and I,
isolates, respectively, reductions (%) in number of kernels head—* 10.6 and 14.3; yield 39.6 and 35.7; weight of
1000 kernels 36.9 and 23.2 were observed in inoculated plants from control values. Chemical analysisrevealed the
presence (average concentration mg kg—1) of deoxynivalenol (1.3) and nivalenol (3.2) in kernels of all genotypes
inoculated with the |, isolate, and zearalenone (0.2) in three samples. After inoculation with the I, isolate,
deoxynivalenol (37.8) and zearalenone (0.4) were found in kernels of all genotypes, while 3-acetyldeoxynivalenol
and 15-acetyldeoxynivalenol, respectively, were determined infive and four samplesonly. No significant correlation
between examined characteristicswasfound for either thel, or |, isolate. Theresultsobtained contributeinformation
on the accumul ation of toxinsin cereal grain inoculated with F. graminearumisolates of different chemotypes.

Introduction derivatives and type Il with NIV as the most impor-
tant product of the trichothecene biosynthesis path-

Fusarium graminearum Schwabe, F. culmorum way. Since NIV is significantly moretoxic than DON,

(W.G.Sm.) Sacc. and F. avenaceum (Fr.) Sacc. are
internationally recognized as the most common fun-
gi causing head blight of barley (Parry et a., 1995).
Pathogenicity of F. graminearum on barley or wheat
is dlightly lower when compared with F. culmorum,
the most severe pathogen of the genus Fusarium
(Perkowski et al., 1995 a; Wong et al., 1995). Fusari-
um graminearum strains are able to form several toxic
secondary metabolites in kernels of infested cereals,
the most important being deoxynivalenol (DON) with
its acetylated derivatives (3-AcDON and 15-AcDON),
nivalenol (N1V) and zearalenone (ZEA) (Miller et a.,
1985; Mirocha et al., 1994; Perkowski et al., 1990,
1995 a). The profile of metabolitesformed is pathogen
chemotype dependent (Miller et a., 1991; Sydenham
et a., 1991). Two chemotypes of F. graminearum are
known: type | able to form DON with its acetylated

the prevalance of each fungus chemotype is impor-
tant in the toxicity of infested kernels (Yoshizawa and
Marooka, 1977). The aim of this work is study head
infection and toxin accumulation in different barley
genotypes under field conditions after artificial inocu-
lation with F. graminearum isolates of chemotypes |
and 1.

Materials and methods

Source of barley kernels

Eight cultivars (Apex, Aramir, Ars, Bielik, Diva,
Havila, Koru, Roland) and four lines (MOB-487,
NAD-685, NAD-785, POB-984) of spring barley were
inoculated under field conditions at the experimental
station RZD Czestawice near Lublin, Poland. Barley
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cultivars used in the inoculation experiment are very
common in the region of Lublin (South-East part of
Poland) and originally were introduced in Poland (cvs
Bielik and Ars), in The Netherlands (Apex, Aramir,
Diva and Havila), in Sweden (Roland) and in the
UK (Koru). All inoculated lines were of Polish ori-
gin and were tested in The Cereal Breeding Station,
Czedtawice, Poland. Two isolates of F. graminearum,
N° 148 = |, and 108 = |,, were used for inoculation.
The isolates were obtained from the culture collec-
tion at the Department of Plant Pathol ogy, Agricultur-
al University of Lublin, Poland. Pathogenicity of the
above isolates was tested by the germination potential
of Apex cultivar kernels, following inoculation with
F. graminearum. | solates #148 and #108, respectively,
reduced seed germination ability by up to 36 and 23%
of germinating seedlings. The Fusarium toxin poten-
tial of the strains was determined by in vitro cultures
on barley kernels (cv. Apex, 45% moisture, 20°C, 4
weeks). F. graminearum isolate N° 148 = I; was of
chemotype Il and was able to form NIV (with small
amountsof DON, ZEA), whileN° 108 = |, isolate was
of chemotype | with biosynthetic abilities of DON,
3-AcDON, 15-AcDON and ZEA.

Inoculum was prepared according to amodification
of the method of Mesterhazy (1978). Growing medi-
um (1 1) was prepared from water, starch (2 g), water
extract of 0.5 kg barley leaves, and was autoclaved
(1 h, 121°C and 1 atm) before use. F. graminearum
isolates were grown on the above medium according
to the method of Kiecana (1988). The medium was
inoculated with mycelium of two week-old cultures
of isolates #148 and #108 and was incubated for two
weeks at 18-20°C with natural (ambient) light. After
incubation, stirred (10 min) inoculum was filtered
through cheese-cloth, and the supernatant of the coni-
dial suspension (5 x 10° sporesml—1) used for inocu-
lation.

Each barley cultivar was sown on April 19, 1991
and grown separately on 10 m? experimental plotsbor-
dered with rows and paths. Eighty heads of barley (20
heads replicate 1) were inoculated with F. gramin-
earumfour daysafter anthesis(stage 10.5 onthe Feekes
scale) from 50 plants (July 1-5, 1991). Inoculum, pre-
pared as described above, (1 ml head—1) was applied
with alaboratory sprayer. The same cultivars sprayed
with distilled water were used asacontrol group. After
inoculation or water spraying, the heads were pro-
tected with plastic bags for 24 h to avoid water evap-
oration and spread of inoculum. Weather conditions
during the experiment did not significantly differ from

the multiannual average. Mature heads were collect-
ed on August 19, 1991 and threshed manually. Yield
(Y), number of kernelsheads—! (NK) and 1000 kernel
weight (TKW) were measured for four replicates sep-
arately, and were statistically correlated with results of
Fusariumtoxin content in the kernels.

Chemical analysis

Fusarium toxins (DON, 3-AcDON, 15-AcDON, NIV
and ZEA) were extracted from finely ground samples
as described by Tanaka et a., (1985). Trimethylsilyl
(TMS) esters of the metabolites were prepared as
described by Scott et a., (1986) and analyzed by gas
chromatography with 83Ni electron capture detection
(GC-ECD) after splitless injection on a Shimadzu C-
R4AX Chromatopac Gas Chromatograph fitted with
a25m x 0.25 mm Permabond SE-54-DF-0.25 col-
umn (Machery Nagel). The carrier gaswas helium (80
kPa) and the make-up gas nitrogen (45 ml min—1).
The injection temperature was 250 °C, while the tem-
perature programme for the column was 60°C for
1 min, then raised to 120°C (10°C min—?1) and to
280°C (4°C min~1), and held at this temperature for
20 min. Detector temperature was 330°C. Retention
times (min) of the derivatized metabolites were as fol-
lows: DON — 29.60; 3-AcDON — 35.75; 15-AcDON
—37.05 and NIV —40.90. Fusarium mycotoxins were
determined by capillary gaschromatography combined
with a selective mass detector (ion trap) workingin Cl
— mode with methane as a reagent gas. Trifluoroacy-
lated derivatives were prepared by reaction with tri-
fluoroacetic acid anhydride as described by Schwadorf
and Muller (1991). Detection limits for the metabo-
lites were 1-5 pg kg=! (<1-5 ug = ND), depend-
ing on toxin analyzed and content of impuritiesin the
extracts. Recoveries (from barley spiked with 200 and
500 ng of toxic metabolites) were 78-89%. Part of the
Florisil column eluate (Tanaka et al., 1985) was sub-
jected to ZEA analysis by fluorescence detection after
high-performance liquid chromatography (HPLC) on
a Lichrosorb Si 60 column (5 pm, 25 cm x 4 mm,
Merck) at 25°C with mobile phase (water — saturated
dichloromethane/ 1-propanol 98.5: 1.5 v/v), flow rate
2 ml min—!. A fluorescence detector (Model 1046 A,
Hewlet Packard, Germany) at an excitation 236 nm
and emission 450 nm wave-length was used. ‘ Exter-
nal standard’” method with ‘valley-to-valley’ integra-
tion was selected. Retention time of ZEA was 4.6 min
while the detection limit was 0.5 g kg .
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Table 1. The average reduction (%) from control values of yield (Y), number of kernels head—! (NK), 1000 kernel weight (TKW) and
concentration (mg kg—1) of Fusarium toxins (DON, NIV, 3-AcDON, 15-AcDON, ZEA) in 12 barley genotypes (8 cultivars and 4 lines)
inoculated with two F. graminearum isolates of different chemotype (I; = F.g. N°148, |, = F.g. N°108)

Cultivars Isolate
or I1 I»
lines Reduction (%) Concentration (mg kg—1) of Fusarium Reduction (%) Concentration (mg kg—1) of Fusarium
mycotoxins mycotoxins
Y NK TKW DON NIV 3-AcDON 15-AcDON ZEA Y NK TKW DON NIV 3-AcDON 15-AcDON ZEA
Apex 480 56 418 042 084 ND ND ND 168 49 74 1057 ND ND ND 049
Aramir 373 85 385 059 094 ND ND ND 217 49 149 678 ND ND ND 038
Ars 364 22 447 081 08 ND ND ND 49.4 105 456 6644 ND  ND ND 0.83
Biglik 352 150 256 0.15 041 ND ND ND 359 155 200 6850 ND  0.68 ND 0.70
Diva 363 105 337 011 080 ND ND ND 366 19.3 172 11.09 ND  ND ND 038
Havila 320 104 261 080 084 ND ND ND 368 161 128 2911 ND  ND ND 0.51
Koru 130 78221 071 391 ND ND ND 330 91105 041 ND ND ND 0.06
Roland 464 6.2 445 417 707 ND ND ND 523 283 375 824 ND 054 110 012
MOB-487 54.8 186 485 280 292 ND ND 0.25 335 121 256 10524 ND  0.77 554 036
NAD-685 50.0 21.5 448 153 567 ND ND 0.13 456 155 312 89.73 ND 068 196  0.65
NAD-785 34.7 9.8 287 100 550 ND ND ND 561 81 457 5246 ND 045 215 068
POB-984 523 9.4 437 257 809 ND ND 013 6.7 240 102 472 ND ND ND 0.15
Average 39.6 10.6 369 130 315 ND ND 017 357 143 232 3777 ND  0.62 244 044
Results with the |, isolate. Amounts of toxins were correlated,
with acoefficient of 0.74 at P < 0.01. After inoculation
Agronomic performance with the |, isolate, the following toxic metabolites (at

All barley genotypes inoculated with either I, or I,
F. graminearum isolate exhibited bleached heads, the
typical symptom of fusariosis. Kernels collected from
infected heads were small, shrivelled and soft, while
kernels from the control group did not exhibit symp-
toms of the disease. Yield (Y), number of kernels
head—! (NK) and weight of 1000 kernels (TKW) were
used as criteria of genotype resistance to fusariosis.
All resultsindicated that the two isolates of F. gramin-
earum used for inoculation were different (Table 1).
Reductions (%) of Y (39.6) and TKW (36.9) for | iso-
late were higher when compared with |,, respectively
35.7 and 23.2%, while the number of kernels head—?!
was reduced similarly for 1; (10.6%) and 1, (14.3%)
isolates. Y and TKW only weresignificantly correlated
for both strains (Table 2).

Chemical analysis of the mycotoxins

The following toxic secondary metabolites DON, 3-
AcDON, 15-AcDON, NIV and ZEA were detected in
kernels of barley genotypesinoculated with |; and I,
strains (Table 1). NIV, DON and ZEA at average con-
centrations(mg kg 1) of 3.2, 1.3 and 0.2, respectively,
were found in samples of barley kernels inoculated

average concentrations mg kg 1) were determinated:
DON (37.8); 3-AcDON (0.6); 15-AcDON (2.4) and
ZEA (0.4). NIV was not detected in these samples (I,
isolate). Amountsof DON formed by I, and I, isolates
were not significantly correlated.

Discussion

Results achieved in the described experiments indi-
cate that average yield reductions from control values
(%), (Table 1), after inoculation with isolate I, and I,
respectively, were as follows: Y 40 and 36; NK 11
and 14; TKW 37 and 23; this indicates broadly simi-
lar pathogenicity of the two isolates. Lower values of
TKW were observed in the case of isolate I,; how-
ever, correlation was significant for both isolates for
TKWI/Y (I, =0.83, I, = 0.81, P < 0.01). Published
information on barley fusariosis after artificial inocu-
lation is limited, and indicates (Mirocha et al., 1994,
Perkowski et a., 1995 a, 1996) that infected kernels
exhibit similar but stronger symptoms of the disease
when compared with samples naturally infested with
the pathogen. Similar observations were published for
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Table 2. Correlation coefficients between yield (Y), weight of 1000 kernels (TKW), number of kernels head—1 (NK), deoxynivalenol
(DON), nivalenol (NI1V) and zearalenone (ZEA) for 12 barley cultivars and lines inoculated with two F. graminearum isolates of

different chemotype (11 = F.g. N°148, I, = F.g. N°108)

I

I2

Y NK TKW DON Correlation Y NK TKW DON
NK 0.32 — - - coefficient NK 0.34 - - -
TKW 0.83** -0.04 - - l11#£15 TKW 0.81** -0.15 - -
DON -0.69* 0.27 -0.80** — (P<0.05) DON -0.32 0.47 -0.52 -
NIV -0.49 0.40 -0.62* 0.74** ZEA -0.32 0.59 -0.55 0.62*

* significant at P < 0.05
** gignificant at P < 0.01

wheat and rye (Snijders and Perkowski 1990, Wong et
al., 1995; Perkowski et al., 1995 b). Field experiments
with artificially inocul ated cereals is a good model for
elucidation of the pathogen’s effect on yield, the pro-
file of formed toxins and for understanding the mecha-
nism of fusariosis and biosynthesis of toxic Fusarium
metabolites. No significant correlations (significance
level P < 0.05) were observed either for NK/Y, TKW
or between these valuesfor 1, and |, isolates. We have
previously presented similar observationsfor astrong-
ly pathogenic F. culmorum isolate (Perkowski et al.,
1996). Yield reductions obtained in the current work
after inoculation of barley with F. graminearum indi-
cate that pathogenicity of these isolates is lower com-
pared to F. culmorum (Perkowski et al., 1996); this
confirms earlier observations (Mirocha et al., 1994;
Wong et al., 1995, Perkowski et a., 1995a)

Chemical analysisrevealed the presence of Fusari-
umtoxinsin samplesinoculated with both |1 and |, iso-
lates. As expected, the profile of toxic metaboliteswas
dependent on the chemotype of theisolate. F. gramin-
earumhasbeen differentiated into two popul ationsdes-
ignated as groups 1 and 2 (Francisand Burgess, 1977).
Isolates of group 1 are usually associated with diseases
of the crowns of plants and do not form peritheciain
culture. Members of group 2 are associated with dis-
eases of the aerial plant parts and readily form perithe-
ciaof Gibberella zeae (Schw.) Petchin culture (Francis
and Burgess 1977). Another classification based onthe
profile of toxic metabolites including estrogenic zear-
alenone (ZEA) and trichothecenes (DON, 3-AcDON,
15-AcDON, NIV) was suggested by Ichinoe et a.,
(1983). The NIV chemotype of F. graminearum is
able to form NIV and fusarenone-X (FUS-X) while
the DON chemotype produces DON and 3-AcDON.
Miller etal., (1991) suggested thefollowing more com-
plex groups of chemotypes: IA (DON, 3-AcDON),
IB (DON, 15-AcDON) and Il (NIV, diacetyl NIV).

Sugiura et al., (1990) observed that F. graminearum
isolates of chemotype | are able to form DON with
both isomers of its acetylated derivative (3-AcDON
and 15-AcDON), while chemotype Il NIV and low
amounts of DON. We obtained similar results in our
earlier experimentswith naturally infected wheat sam-
ples (Perkowski et al., 1990).

The I, isolate (belonging to the NIV chemotype)
in samples of al cultivars and lines, formed NIV at
an average concentration (mg kg~1) of 3.2 (from 0.4
Bielik to 8.1 POB-984), and DON at an average con-
centration of 1.3 (from 0.1 Bielik to 4.2 Roland). In
three samples, small amounts of ZEA were detected.
The correlation coefficient for amount of NIV/DON
was 0.74 (at P < 0.01). A similar coefficient of 0.68
(at P < 0.05) was found in a barley inoculation exper-
iment with another F. graminearum (N © 122) isolate
(Perkowski et at., 19954). The |, isolate belonging to
the DON chemotype formed DON at relatively high
concentrationsin all genotypes of barley, but since the
toxicity of the metabolite is 14-fold lower than NIV
(Yoshizawa and Morooka, 1977), the average toxic-
ity of samples inoculated with |; and I, (taking into
consideration levels of contamination) is probably the
same. In contrary to artificial inoculation experiments,
itisvery hardto forecast the presence of toxinsin sam-
ples naturally infested with fungi of the genus Fusari-
um. Results of screening analyses of Fusarium toxins
in cereals of South/Central Europeindicate simultane-
ous occurrence of DON and NIV. In Poland, among
48 analyzed wheat and barley samples (Ueno et dl.,
1985), 29% exhibited the presence of DON while 83%
had NIV. Inanother study, Golihski et al., (1996) found
DON and N1V in 50 and 30% of samples, respectively,
and in 16% of the samples simultaneous presence of
the metaboliteswas found. In other countriesthe rela-
tion (%) of DON/NIV positive sampleswasasfollows:
Germany (Muller et al., 1993) 85/28 in 373 wheat and



barley samples, Norway and Holland (Sundheim et
al., 1988; Tanaka et al., 1990) 67/100 and 90/79 in
102 and 29 samples, respectively, and from samples
collected internationally (Tanakaet al., 1988) 45/48in
292 cereal samples. The fact that F. graminearumand
F. culmorum are very common pathogens of cereals
explainsthe high percentage of DON positive samples.
Recent publications indicate that in addition to F. cul-
morum and F. graminearum (Perkowski et al., 1992;
Mirocha et al., 1994), F. crookwellense (Golihski et
al., 1988) and F. poae (Pettersson 1991) are able to
form NIV. This could explain the high percentage of
the metabolite-positive samples obtained. In the exper-
iment described abovewe observed that in all cultivars
and lines, the profile of toxinsformed wasvery similar
for the same chemotype of the fungus used for inocu-
lation. We did not find significant correlations (at P <
0.05) between the samevariablein experimentswith |1
and |, isolates. However, results indicate that the cvs
Aramir, Koru, Havila, Diva and Apex are resistant to
fusariosis, whereas lines MOB-487 and NAD-685 are
very susceptible to the disease.
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