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The fungi of the genus Fusarium cause Fusarium head blight (FHB), a devastating disease that reduces grain yield and
quality. They also produce mycotoxins which may pose a serious threat to human and animal health. This study investigated
the effects of NPK fertilisation, foliar application of Cu, Zn, and Mn, applied separately and in combination, and of the
Nano-Gro® organic growth stimulator on the occurrence of FHB in cultivar Dankowskie Diament rye based on the
mycological analysis of kernels and on the concentrations of Fusarium mycotoxins in grain. The severity of FHB caused
by seven species of the genus Fusarium was influenced by weather conditions in the analysed growing seasons. The
applied fertilisation and the Nano-Gro® organic growth stimulator exerted varied effects on FHB development and the
biosynthesis of Fusarium mycotoxins (deoxynivalenol, nivalenol, zearalenone and fumonisins) in grain. The greatest
reduction in deoxynivalenol and nivalenol concentrations was noted in 2013, and the levels of moniliformin were lower
in treated samples than in absolute control (untreated) samples in both years of the study. The severity of FHB positively
correlated with the concentrations of zearalenone, deoxynivalenol, nivalenol, and moniliformin in the grain samples.
Greater accumulation of ergosterol was noted in the rye grain harvested in 2013 than in 2012, and fertiliser treatment led
to higher ergosterol concentrations than did control treatment.
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Fusarium spp., common in all climate zones, can cause  culmorum and F. avenaceum are the most common in
many diseases in cereal crops (1-4). These fungi are  Europe, including Poland (2-3, 11). According to Rintelen
transmitted through soil and crop residues, compromising ~ (12), F. poae and F. tricinctum are more common than £
plant health as the infection spreads (5). Their pathogens ~ culmorum and F. graminearum when dry and cool
attack plants from the early stages of development (BBCH  conditions that prevail during flowering are followed by a
30) to maturity (BBCH 77). Fusarium head blight (FHB) ~ Wet period at a later stage of development. Champeil et al.
is a dangerous disease of various types of cereals, including ~ (13) foynd that t.he sever.ity of FHB in Wheat is la.rgely
rye, around the world. Langevin et al. (6) have demonstrated ~ determined by high relative humidity, wind, and rainfall
that rye is less susceptible to infections caused by Fusarium during ﬂowpr ing and hgrvest.
spp. than wheat and triticale, but more susceptible than According to the literature (14-15), these pathogens

barley and oats. Fusarium graminearum Schw. (Gibberella df(f? ligt;h(i’l)r ri)sgs);lislfril E(I)()f e:;gﬁzi‘xﬁeﬁga;ﬁ (111\] I)\}
zeae Schw. teleomorfa), F. culmorum (WG Smith) Sacc., prosp P ’ 18

fertilisation levels seem to increase the severity of infections
F. avenaceum (Coda: Fr.) Sacc. (Gibberella avenaceae v

o with obligate pathogens but decrease the severity of
Cook), F poae (Pech) Wollenw., F. moniliforme Sheldon

TR ) AN infections with facultative parasites, including Fusarium
(=F verticillioides (Sacc.) Nirenberg, G. fujikuroi (Sawada) ¢, (16) Potassium reduces the host plant’s susceptibility

Wollenw.), and_ F" tricinctum (Corda) Sacc. (G. i icincta g infections, but only when applied at optimal rates. Unlike
El-Gholl, McRithie, Scoulties, Ridings) are considered to hotagsium’s, phosphate’s role in plant resistance to
be major pathogens of cereal crops (3, 7-10). Fusarium pathogens varies considerably. Microelements such as Cu,
R ) ) Zn, Mn, and B, in turn, seem to be involved in a plant’s
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oxidative damage (even though rye can tolerate zinc
deficiency) (18); copper and boron are involved in cell wall
lignifications and the accumulation of phenolic compounds
and they enhance the rate of photosynthesis (19-20). An in
vitro study has shown that Zn, Cu, and Fe inhibit the growth
of some fungal species, including Fusarium (21). Another
in vitro study (22) demonstrated the inhibitory effects of
ZnS0, and Zn(ClO,), against I graminearum.

As winter rye (Secale cereale L.) is used for food and
feed production, its grain must be of high quality. In kernels
infected by Fusarium spp., starch granules and storage
proteins are damaged, which reduces flour strength (23).
Most importantly, toxigenic Fusarium species (3, 24-25),
contaminate grain by producing mycotoxins (2-3, 9, 13,
26), which pose a threat to human and animal health (27-
29). The most common mycotoxins produced by the
Fusarium spp. in cereal grains are zearalenone (ZEA), type
B trichothecenes [deoxynivalenol (DON) and nivalenol
(NIV)], and fumonisins (FBs) (30-31). Fusarium
graminearum and F. culmorum are important producers of
DON and NIV (2-3, 9, 32), whereas F. verticillioides and
F. proliferatum are responsible for the biosynthesis of
fumonisins (10, 31, 33-34). These compounds exhibit a
broad spectrum of toxic effects, including the nephrotoxic,
hepatotoxic, teratogenic, carcinogenic, and hyperoestrogenic
effects (2, 29, 35-37). Since Fusarium mycotoxins pose a
significant risk to human and animal health, many countries
have implemented legal regulations specifying the
maximum permissible levels of mycotoxins in maize and
small-grain cereals (38).

The aim of this study was to evaluate the effects of NPK
fertilisation, foliar application of microelements, and the
Nano-Gro® growth stimulator on the severity of FHB and
mycotoxin concentrations in winter rye kernels. We also
determined the levels of ergosterol as a selective indicator
of fungal biomass.

MATERIALS AND METHODS

Plant materials

Winter rye (Secale cereale L.) cultivar Dankowskie
Diament was grown in 2012 and 2013 in experimental plots.
The experiment had a randomised block design with three
replications. It was established in Tomaszkowo near Olsztyn
(53°72 N; 20°42 E) on podzolic soil of a granulometric
composition of light loam (complex 4, class I1Ib) according
to FAO [39]. The plot area for sowing and harvesting was
6.25 m? and 4.0 m?, respectively. The following analyses
were performed with standard methods in the Chemical and
Agricultural Station in Olsztyn: soil pH (in 1 molar solution
of KCI) = 4.62, organic carbon content = 7.93 g kg'!, total
nitrogen content=0.95 gkg'; plant-available macronutrients:
P=58.9 mg kg'!, K=203.4 mg kg', Mg=8.1 mg kg,
Cu=2.5 mg kg, Fe=1800 mg kg', Zn=7.9 mg kg, and

Mn=189 mg kg'. The experiment included seven
fertilisation treatments: 1). absolute control (without
fertilisation); 2) control with NPK (N=90 kg ha,
P,0.=70 kg ha"', and K,O=100 kg ha™); 3) NPK treatment
2+0.2 kg ha' Cu; 4) NPK treatment 2+0.2 kg ha'! Zn; 5)
NPK treatment 2+0.2 kg ha' Mn; 6) NPK treatment
2+0.2 kg ha! Cu+0.2 kg ha'! Zn+0.2 kgha' Mn; 7) NPK
treatment 2+Nano-Gro®.

Nitrogen was applied to the soil (54 kg ha') in the form
of 46 % granular urea in the tillering stage (BBCH-scale
22-23: 2-3 tillers detectable) and to the leaves (36 kg ha'')
in the form of 10 % urea solution in the stem elongation
stage (BBCH-scale 30-31: pseudostem and tillers erect, first
node at least 1 cm above the tillering node) (40). Phosphorus
(30.2 kg ha') was applied in the form of 46 % triple
superphosphate and potassium (83.1 kg ha™') in the form of
56 % potash salt before sowing. The microelements Cu,
Zn, and Mn were applied as aqueous solutions separately
or in combination in the stem elongation stage (BBCH 30-
31), as follows: 1 % solution of CuSO,, 1 % solution of
ZnSO,, and 0.5 % solution of MnSO,.

Nano-Gro® was also applied to the leaves in the stem
elongation stage in the form of eight granules dissolved in
300 L of water per hectare. Nano-Gro® is an organic growth
stimulator in the form of oligosaccharide granules
containing Fe, Co, Al, Mg, Mn, Ni, and Ag sulphates at a
concentration of 10 mol.

NPK fertilisers and the microelements were applied by
machine, and Nano-Gro® by hand.

Winter rye was sown at the rate of 160 kg ha in 2011
(date of sowing 14 September 2011; date of harvest 31 July
2012)and 172 kgha'in 2012 (date of sowing 17 September
2012; date of harvest 31 July 2013). The forecrop was winter
triticale. Tillage operations were conducted in accordance
with the agronomic requirements of rye. In both years,
weeds were destroyed with herbicides.

Phytopathological experiment

For the experiment we created the conditions of natural
infection. At the stage of early milk maturity (BBCH 73),
the severity of FHB (caused by Fusarium spp.) was
estimated on 50 ears per plot. The evaluation was conducted
using a five-point scale, where 1 represents up to 5 % of
the infested ear area, 2 6-10 %, 3 11-25 %, 4 26-50 %, and
5 more than 50 % of the infested area. The infestation index
(Ii) was expressed as percentage (39).

. Z(axb)x100%
=

where X (axb) is the sum of the products resulting from
the multiplication of the number of plants (a) with points
on the five-point scale (b); N is the total number of plants;
and I is the highest number of points on the scale.

After the harvest, 100 kernels were randomly collected
from pooled samples representing each fertilisation
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treatment. The kernels were sterilised in a 1 % solution of
sodium hypochlorite (NaOCl) for 3 min and washed three
times in sterile water. The fungi were cultured on a potato-
dextrose-agar medium PDA (Difco™, BD, Franklin Lakes,
NJ, USA) solidified in Petri dishes and identified under a
microscope according to the phytopathological keys and
monographs (41, 42).

Mycotoxin analysis

Standards and chemical reagents

Standard-grade moniliformin (MON), zearalenone
(ZEA), deoxynivalenol (DON), nivalenol (NIV), fumonisin
B1 (FB1) and B2 (FB2), and ergosterol (ERG) were
purchased from Sigma-Aldrich (Steinheim, Germany).
Sodium dihydrophosphate, potassium hydroxide, sodium
hydroxide, potassium chloride, acetic acid, hydrochloric
acid, and o-phosphoric acid were purchased from POCh
(Gliwice, Poland). HPLC-grade organic solvents disodium
tetraborate, n-pentane, 2-mercaptoethanol, and sodium
acetate and all the other chemicals were purchased from
Sigma-Aldrich (Steinheim, Germany). Water for the HPLC
mobile phase was purified using a Milli-Q system
(Millipore, Bedford, MA, USA).

Extraction and purification procedure

For the analysis we prepared 10 g of ground and
homogenised samples of winter rye kernels (two grain
samples per treatment). All mycotoxins (MON, ZEA, DON,
NIV, FB1 and FB2) and ERG were extracted and purified
according to the detailed procedure described elsewhere (3,
34). The elute was evaporated to dryness at 40 °C under a
stream of nitrogen. Dry residue was stored at -20 °C until
HPLC analyses.

HPLC analysis

The chromatographic system consisted of the Waters
2695 high-performance liquid chromatograph (Waters,
Milford, MA, USA) with the following detectors:

Waters 2475 Multi A Fluorescence Detector (A, =335
nm, A =440 nm) with a XBridge column (3.0x100 mm)
for FBI and FB2 analysis;

Waters 2996 Photodiode Array Detector with a Nova
Pak C-18 column (150 x 3.9 mm) for ERG (A, =282 nm)
analysis and a Nova Pak C-18 column (300 x 3.9 mm) for
DON, NIV (A =224 nm) and MON (A =229 nm)
analysis,

Waters 2475 Multi A Fluorescence Detector (A, =274
nm, A =440 nm) and Waters 2996 Photodiode Array
Detector with a Nova Pak C-18 column (150 x 3.9 mm) for
ZEA analysis.

The mycotoxins were quantified by measuring peak
areas and retention times using the calibration curve. The
limits of detection were as follows: 1 kg ha'! for ZEA,

10 ng g! for DON, NIV and MON, and 5 ng g"! for FB1-2
and ERG (3, 34).

Statistical analysis

The results were processed statistically STATISTICA®
10.0 (StatSoft Polska, Krakow, Poland) by the analysis of
variance (ANOVA). Mean values were compared with
Duncan’s test (p=0.05 for the field experiment, p=0.01 for
biochemical analyses). The correlation between FHB
severity and mycotoxin concentrations was determined by
calculating correlation coefficients (Pearson’s r). The
correlation analysis included replication data for 2012 and
2013 (N=28).

RESULTS AND DISCUSSION

The severity of FHB in winter rye

The development of FHB symptoms and the spread of
the disease were influenced by weather conditions from the
middle of heading to ripening (Table 1). In 2012, weather
conditions favoured the development of FHB. From the
middle of heading (BBCH 55) to the end of the early dough
stage (BBCH 83), rainfall total reached 230.8 mm. It was
fairly uniform over these stages, which, combined with
moderate temperature.

The most evident symptoms of FHB (Ii about 21 %)
were recorded in the first season of the study (2012) in the
NPK+Zn, NPK+Mn, and NPK+Nano-Gro® treatments
(Figure 1). Differences in disease severity between the
above and other experimental treatments were statistically
significant. Weaker symptoms of FHB were noted in plants
treated with NPK plus Cu and NPK plus the three
microelements.

In 2013, the growing season was shorter than in 2012.
Due to a relatively low temperature (14.7 and 15.8 °C at
the beginning and middle of May, respectively) and low
rainfall (27 mm total), some growth stages (BBCH 33, 51
and 59) overlapped or ran concurrently. Low precipitation
(78.1 mm total) was also recorded from the end of heading
(BBCH 59) to the end of the early dough stage (BBCH 83),
and rainfall was not distributed evenly (no precipitation in
mid June). In May and June, temperatures exceeded the
long-term average, which further lowered relative humidity.
The result was inhibited development of FHB. The
symptoms of infection caused by Fusarium spp. were mild,
and Ii did not exceed 3 % in any of the treatments. Similar
to season 2012, disease severity was the lowest in plants
subjected to foliar fertilisation with microelements, whereas
NPK+Cu treatment secured healthy plants at harvest.

Weather conditions, humidity and temperature in
particular, may affect the contribution of individual
Fusarium species to FHB severity (43). Nutrients such as
N, K, P, Mn, Zn, B, Cl, and Si, on the other hand, play an
important role in controlling this severity (15, 26). The form
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Table 1 Rye growth and weather conditions in 2012 and 2013 *

2012 2013 1961-2010
10 Temp.  Rain.
Month i BBCH-scale Temp. Rainf. BBCH-scale Temp.  Rainf. °C) (mm)
(growth stages) (°C) (mm) (growth stages) (°C) (mm) 5
30 Beginning of stem
elongation: pseudostem
51 Beginning and tillers erect, first
of heading: tip internode begins
of inflorescence 13.1 08 . to elongate, top of 147 6.5
emerged from sheath, inflorescence at least 1
first spikelet just cm above tillering node
visible (05.05.12) (06.05.13)
32 Node 2 at least 2 cm
above node 1 (10.05.13)
45 Late boot stage: flag
leaf sheath swollen
(14.05.13)
55 Middle of 51 Beginning of heading:
heading: half of tip of inflorescence
May inflorescence emerged from sheath,
I emerged (11.05.12) 12.0 48.6 first spikelet just visible 15.8 20.5
59 End of heading: (15.05.13)
inflorescence fully 55 Middle of heading: half
emerged of inflorescence emerged
59 End of heading:
inflorescence fully
emerged (20.05.13)
61 Beginning of
ﬂowerlngz ﬁrst 61 Beginning of
i anthers visible 14.8 23 flowering: first anthers 138 275
65 Full flowering: ..
50% of anthers visible
mature (28.05.12)
x/y 13.4 51.7 14.8 54.5 13.5 58.5
69 End of flowering:
all spikelets haV? 65 Full flowering: 50% of
I completed flowering 12.2 33.8 16.3 26.4
but some dehydrated anthers mature (03.06.13)
anthers may remain
71 Watery ripe: first 69 End of flowering: all
Jone I grains have reached 16.5 18.5 spikelets have completed 18.2 0
half their final size flowering
71 Watery ripe: first grains
| Early milk 164 509 have reached half their 181 348
final size
73 Early milk
x/y 15.0 103.2 17.5 61.2 16.1 80.4
1 83 Early dough 21.6 76.7 83 Early dough 18.2 16.9
87 H.ard dough: 87 Hard dough: grain
1 grain content 15.5 321 contentsolid. Fingernail 166  100.9
solid. Fingernail . .
. . impression held
July 1mpr6551'0n held' . '
91 Over-ripe: grain 91 Over-ripe: grain very
very hard, cannot be hard, cannot be dented
b dented by thumbnail 19:9 122 by thumbnail — harvest 19.1 41
— harvest (31.07.12) (31.07.12)
X/ 19.0 121.0 18.0 121.9 18.7 74.2

*data feed from the Tomaszkowo meteorological station)
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Figure 1 Severity of Fusarium head blight in winter rye; Ii -infestation index (%)

of N fertiliser may affect soil pH and the availability of
other nutrients, e.g. manganese (44). High rates of N
fertilisation in the form of NH, inhibit the growth of K
graminearum (Gibberella zeae). Yang et al. (45) and Liew
et al. (46) reported that Cu and B applied to the leaves
limited the development of the cereal diseases they studied
and enabled high yields without the use of chemical crop
protection agents.

Fusarium spp. and fusariotoxins

Ergosterol (ERG), a sterol found in the cell membranes
of fungi, spores, and vegetative cells of filamentous fungi,
is an indicator of the presence of fungi in cereal grains (34,
47). In our study, the 2013 ERG concentrations were high

2012
14

in rye grain samples collected from all but the NPK+Cu
treatment (Figure 2). In 2012, ERG levels were lower and
similar in all samples collected from plants treated with
foliar micronutrients. In agricultural research that the top
acceptable limit for ERG level is 7.0 ug g (48). Ergosterol
content is an indicator of the total content of the fungal
biomass, including toxigenic and non-toxigenic fungi. This
is why high ERG levels do not necessarily correlate with
mycotoxin levels, especially in plant samples naturally
contaminated with mycotoxins (49). The correlation
between ERG and mycotoxins levels, however, was
reported in controlled experiments with inoculation with
Fusarium pathogens (50).
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Figure 2 Ergosterol levels (ug g*) in winter rye samples
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Table 2 Fusarium spp. isolated from winter rye kernels (%)

Treatments

control

(NPK)

absolute

Fusarium species

NPK+Cu+Zn+Mn NPK+Nano-Gro®

NPK+Zn NPK+Mn

NPK+Cu

control

2012

53

1.7

8.0

Fusarium poae (Peck) Wollenw.

9.6
17.3

5.3

Fusarium sporotrichioides Sherbakoff

6.9

3.4

Fusarium culmorum (Wm.G. Sm.) Sacc.

11.9

10.5

3.5

4.0

Gibberella avenacea R.J. Cook (F. avenaceum)

Total number of fungi

116

118

114

104

118

114

100

2013

2.1

4.1

Fusarium poae (Peck) Wollenw.

20.1 6.3

6.4

2.3

Fusarium sporotrichioides Sherbakoff

4.0

2.4
2.4

7.0
2.3

4.5

2.0

Fusarium culmorum (Wm.G. Sm.) Sacc.

2.0
2.0
33.0

20.7

2.1

6.1

Gibberella avenacea R.J. Cook (F. avenaceum)

2.3

Gibberella tricincta E1-Gholl et al. (F. tricinctum)

4.2

2.3 12.8 4.9

2.3

2.0

Gibberella zeae (Schwein.) Petch (F. graminearum)

Monographella nivalis (Schaffnit) Mill.

Total number of fungi

4.2

1.2
82

100

96

94

86

88

98

The most common Fusarium mycotoxins in cereal
grains are type B trichothecenes (DON and NIV), ZEA,
and MON (2-3). Numerous authors (51-52) reported the
presence of mycotoxins, DON in particular, in all types of
cereal grains grown in 226 regions of the world. According
to Sadowski et al. (53), DON is the most common
mycotoxin that contaminates grain in Poland. Increased
levels of DON in cereal grains (51) are observed in years
with heavy rainfall and high humidity in the flowering stage,
which results in high FHB severity. In our study, high DON
levels (above the allowed limits) in the rye harvested in
2012 were consistent with our FHB severity findings
(Figure 3). Its concentrations were the lowest in grain
treated with NPK alone, and NPK plus Cu. These two
treatments and the treatment with NPK plus Nano-Gro®
showed the lowest levels of toxin-producing Fusarium
species, F. avenaceum, F. culmorum, F. poae and F.
sporotrichioides (8.8 %, 5.1 %, and 6.9 %, respectively).

In plants receiving other treatment the mycotoxin
concentrations were significantly higher and the colonies
of Fusarium spp. much more abundant. Fusarium culmorum
was the most common species in the NPK+Zn treatment,
and F culmorum and F. sporotrichioides accounted for
about 27 % of all isolates (Table 2). Buttner (52) found the
above species in 50 % of the 80 tested samples of rye grain;
43 % samples were infected by F graminearum. Polish
and German authors (4, 53) have pointed to a relationship
between FHB severity and DON content, which is
consistent with our findings, and is quite expected,
considering that £, culmorum is the main producer of DON.

Our findings for 2013 revealed low levels of DON
contamination, ranging from 100 ng g"' (NPK+Cu+Zn+Mn,
NPK+Nano-Gro®) to 910 ng g (control without fertiliser
treatment). Yet fungal colonisation of the rye kernels was
higher in 2013 than in 2012, particularly in the NPK+Mn,
NPK+Cu+Zn+Mn, and NPK+Nano-Gro® treatments, what
no correlation with mycotoxin levels — higher concentrations
of mycotoxins were in rye samples in 2012. Twaruzek et
al. (54) also reported that even though the Fusarium fungi
had a high share of the total fungal biomass, the production
of secondary fungal metabolites in rye grain was
insignificant, and DON was detected only in individual
samples. In our study DON was detected in the grain from
all treatments in both study years, but its producer F.
graminearum was not isolated in the first year, and F.
culmorum was not isolated in either year. This situation is
normal for field experiments; there are plant samples
contaminated with mycotoxins which do not have any
Fusarium spp. or FHB symptoms and, vice versa, there are
plant samples contaminated with various toxigenic
Fusarium spp. but not with mycotoxins.

Like DON, NNIV also showed significantly higher
levels in 2012 than in 2013 (Figure 4). The highest NIV
concentrations (800-835 ng g') were noted in untreated
(control) kernels and those treated with NPK+Nano-Gro®,
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and the observed differences were significantly higher than
in the rest of the treatments.

Similar to the trichothecenes, ZEA levels were higher
in 2012 than in 2013 (Figure 5). The most contaminated
kernels were harvested from plants treated with
NPK-+micronutrients, and significant differences in
mycotoxin content were noted between the NPK+Cu and
NPK+Nano-Gro® treatments versus the rest of the
treatments. In 2013, ZEA levels were below 10 ng g and
similarly distributed across the treatments.

The same is true for MON levels: significantly higher
in 2012 than in 2013 (Figure 6). Treatment significantly
reduced MON levels compared to untreated (absolute
control) samples, and the most efficient were the NPK and
the NPK+Cu, Zn, Mn treatments in both 2012 and 2013.

With FB1 the situation was different; its levels were
equally low in both study years, ranging from 3.3 ng g
(NPK+Zn+Cu+Mn) to 17.4 ng g' (NPK+Mn) in 2013
(Figure 7). In 2012, the most effective against FB1 was the
NPK+Zn+Cu+Mn treatment (6.6 ng g™).

Fumonisin B2 was not detected in rye grain. Mycotoxins
such as enniatins and beauvericin accumulate in smaller
amounts in cereal grains than trichothecenes and ZEA (33,
55).

Coefficients of correlation

We found a positive correlation (Pearson’s r) between
Fusarium head blight FHB and the concentrations of ZEA,
MON, DON, and NIV in rye grain (Table 3). In the case of
the latter two mycotoxins, the correlation coefficient was
close to unity (0.931-0.932). According to Waskiewicz et
al. (9), Zhang et al. (56), and Ji et al. (57), mycotoxin content
in grain positively correlates with the severity of FHB. By
contrast, Lacey et al. (58) reported the presence of DON in
grain with no macroscopic symptoms of FHB or grain
colonisation by Fusarium spp. These controversial findings
could result from differences in infection severity, different
plant development stages, and different grain harvest
methods (59-60).

Table 3 Correlation coefficients between Fusarium head blight
and ergosterol and mycotoxin levels in winter rye grain

Compound r
Ergosterol -0.615*
Fumonisin B1 0.008
Zearalenone 0.746*
Moniliformin 0.884*
Deoxynivalenol 0.931*
Nivalenol 0.932%*

*correlation coefficients are significant at a<0.05; N=28
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Djelovanje tretmana gnojivom na intenzitet fuzarijske paleZi klasa i sintezu mikotoksina u zimskoj razi

Gljivice iz roda Fusarium uzrokuju fuzarijsku palez klasa, bolest Zitarica koja unistava urod i kakvocu zrna. Osim toga,
ove gljivice proizvode mikotoksine koji mogu ozbiljno ugroziti zdravlje ljudi i Zivotinja. Istrazili smo djelovanje NPK
gnojiva, organskoga stimulatora rasta Nano-Gro® te lisne primjene Cu, Zn i Mn, zasebno ili u kombinaciji, na ucestalost
fuzarijske palezi klasa u zimskoj razi (kultivar Dankowskie Diament) na temelju mikoloske analize zrnja i koncentracije
fuzarijskih mikotoksina u njima. Na intenzitet bolesti zrnja koju uzrokuje sedam vrsta Fusarium gljivica ponajvise su
utjecale vremenske prilike u analiziranim razdobljima. Primijenjena gnojiva i organski stimulator rasta Nano-Gro® iskazali
su razlicite uCinke na razvoj fuzarijske palezi klasa i biosintezu fuzarijskih mikotoksina (deoksinivalenola, nivalenola,
zearalenona i fumonizina) u zrnju. U 2013. najvedi je pad zabiljezen u razinama deoksinivalenola i nivalenola, dok su
razine moniliformina bile niZe u tretiranim nego u netretiranim uzorcima (apsolutna kontrola) u obje godine istrazivanja.
Intenzitet fuzarijske palezi klasa korelirao je s koncentracijama zearalenona, deoksinivalenola, nivalenola i moniliformina
u uzorcima zrnja. Do izrazitijeg nakupljanja ergosterola doslo je urazi iz zetve 2013. u odnosu na 2012. godinu, a tretman
gnojivom dodatno je povisio razine ergosterola u odnosu na kontrolu.

KLJUCNE RUECI: deoksinivalenol; ergosterol; gnojenje mikroelementima, FHB; fumonizini; gljivice; moniliformin,
nivalenol; zearalenon



