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Abstract

Causal agents of Fusarium head blight (FHB) in organic spring barley protected
with biopreparations and contamination of the grain with deoxynivalenol, T-2
toxin, zearalenone, aflatoxins and ochratoxin A were analysed. The content of
mycotoxins was defined by ELISA. The main cause of spring barley FHB was
Fusarium poae, and accompanying species were F. graminearum, F. culmorum and F.
sporotrichioides. Among 15 examined spring barley cultivars DON was identified in
one cultivar only in control object, T-2 toxin also was detected in one cultivar in
both objects, i.e. control and protected one. ZEN was detected in majority of
cultivars in all objects. Mycotoxins were not detected in grain of three tested
cultivars. Ochratoxin A and aflatoxins were not found in spring barley grain.
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Introduction

Mycotoxin contamination in cereal grain results from Fusarium head blight
caused mainly by Fusarium graminearum, F. culmorum, F. crookwellense, F. avenaceum
and F. poae. Mycotoxins most frequently produced in cereal grain by Fusarium spp.
are zearalenone (ZEN) and trichothecenes which include deoxynivalenol (DON)
and toxin T-2 (Nicholson et al. 2003). Long-term exposure to trichothecenes con-
tained in food has a genotoxic and immunotoxic effect. It also causes erythro-
cytolysis, inhibits the synthesis of DNA, RNA and proteins at the ribosomal level
(Beyer et al. 2009, Pestka 2007).
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Barley is considered less susceptible to Fusarium head blight than wheat
(Langevin et al. 2004) although there are considerable variations in some geo-
graphical regions (Langseth and Elen 1996). Other important mycotoxins occur-
ring in cereals are aflatoxins and ochratoxins. Those have toxic, carcinogenic,
mutagenic and teratogenic properties (Sherif et al. 2008). They are produced by
fungi from the genera Aspergillus and Penicillium, mainly during cereal grain storage
(Olsen 2008).

Both in the systems of organic and conventional agricultural production it is
important to undertake actions aimed at reduction of risks related with the fungal
toxins occurrence (Dworecka-Kaszak 2008).

The objective of the study was estimation of the occurrence of toxigenic fungi
and the mycotoxins they produce in the grain of organic spring barley protected
with two chitosan-based biopreparations.

Material and methods

Grain samples from 15 spring barley cultivars from the harvest of 2009, grown
at the Organic Experimental Farm in Chwałowice, belonging to the Farming Advi-
sory Centre in Brwinów, division in Radom, were investigated. The forecrops were
potato and beetroot. In autumn 2008 compost was applied, at the dose of 12 t/ha.

Biochikol 020 PC and a biopreparation produced on the basis of F. culmorum and
colloidal chitin subjected to enzymatic hydrolysis by enzymes contained in the
post-culturing liquid of Trichoderma viride (PPB) were used. The biopreparations
were applied by spraying. Biochicol 020 PC (conc. 1%) was applied on 18.05.2009,
01.06.2009 and 15.06.2009, to protect the following cultivars: ‘Atico’, ‘Beatrix’,
‘Blask’, ‘Conchita’, ‘Frontier’, ‘Kormoran’, ‘Marthe’, ‘Mercada’, ‘Rufus’, ‘Signora’,
‘Skald’, ‘Skarb’, ‘Stratus’, ‘Tocada’ and ‘Victoriana’. The other preparation (by the
authors; dosage 36 l in 190 l of water per 1 ha) was applied on 01.06.2009 and
15.06.2009, to protect cultivars ‘Kormoran’, ‘Mercada’, ‘Rufus’ and ‘Signora’.

Conventional mycological analysis was performed in accordance with the mod-
ified procedure by Kwiatkowski and Wachowska (2005). The isolation and identi-
fication of fungi was performed in accordance with the method described by
Solarska (2005).

The content of aflatoxins, OTA, DON, toxin T-2 and ZEN in the grain of the
barley cultivars under study was assayed using the direct competitive ELISA
AgraQuant (Romer Labs) in compliance with the recommendations of the manu-
facturer. The tests permit quantitative measurement of the mycotoxins concentra-
tion within the range of 250–5000 g/kg for DON, 75–500 g/kg for toxin T-2,
40–1000 g/kg for ZEN, 1–20 g/kg for total aflatoxins and 2–40 g/kg for
ochratoxin A.

The results obtained were statistically processed using Statgraphics Centurion
XV program. Analysis of variance was performed and mean values were compared
using the Tukey test and the level of significance was set at = 0.05.
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Results

Fungi from the genus Fusarium were commonly isolated from spring barley ker-
nels. Fusarium poae was the most frequent species, constituting 43% of the total
number of Fusarium isolates (Fig. 1). Also frequently isolated were F. graminearum,
F. sporotrichioides and F. culmorum. The remaining Fusarium spp. were isolated rarely
and only from kernels of a few spring barley cultivars.

Fusarium spp., with the exception of F. graminearum, were more frequently iso-
lated from some combinations treated with the biopreparations, though no statisti-
cally significant differences in the number of those fungi isolates occurred (Table 1).

Out of the five mycotoxins assayed, DON, toxin T-2 and ZEN were found in the
grain of organic spring barley. Aflatoxin and ochratoxin A were not found (Table
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Fig. 1. Share of particular species in Fusarium spp. isolated from kernels of spring barley

Table 1
Occurrence of Fusarium spp. in kernels of spring barley cultivars

in relation to the biopreparation applied

Species
x ±SD*

P-Value (ANOVA)
control Biochikol 020 PC lab-made

biopreparation

F. poae 3.8 a ±3.23 4.13 a ±4.03 4.5 a ±3.0 0.9316

F. graminearum 1.07 a ±2.34 0.6 a ±2.06 0.5 a ±1.0 0.7998

F. sporotrichioides 0.2 a ±0.41 0.67 a ±0.91 1.0 a ±2.0 0.5278

F. culmorum 0.13 a ±0.35 0.26 a ±1.03 1.25 a ±2.5 0.1886

F. equiseti 0.13 a ±0.35 0.0 a ±0.0 0.25 a ±0.5 0.2236

F. semitectum 0.0 a ±0.0 0.33 a ±0.72 0.0 a ±0.0 0.1567

F. oxysporum 0.0 a ±0.0 0.2 a ±0.77 0.0 a ±0.0 0.5452

*Arithmetic mean of the number of isolates ±standard deviation; results denoted with the same
letter do not differ statistically significantly (p > 0.05).



2). DON was detected only in cv. ‘Blask’ from control treatment (260 g/kg) and
toxin T-2 only in cv. ‘Frontier’ (48.67 g/kg) in control treatment and in the treat-
ment with Biochikol 020 PC (56.43 g/kg). The presence of ZEN was noted in ker-
nels of 11 cultivars.

In kernels of cv. ‘Kormoran’ ZEN was detected only in the protected objects,
but after treatment with Biochikol 020 PC the concentration was higher (Table 2).
After treatment with Biochicol 020 PC most of the cultivars were contaminated
with ZEN, in nearly half of them the mycotoxin occurring at high concentrations
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Table 2
Content of mycotoxins in kernels of organic spring barley cultivars

depending on method of plant protection ( g/kg)

Cultivar
DON Toxin T-2 ZEN

K B PPB K B PPB K B PPB

‘Atico’ – – nd – – nd – – nd

‘Beatrix’ – – nd – – nd – – nd

‘Blask’ 260 – nd – – nd – 50.83 nd

‘Conchita’ – – nd – – nd 22.59 80.41 nd

‘Frontier’ – – nd 48.67 56.43 nd – – nd

‘Kormoran’ – – – – – – – 39.03 20.16

‘Marthe’ – – nd – – nd 39.52 – nd

‘Mercada’ – – – – – – 35.92 – –

‘Rufus’ – – – – – – 41.23 73.26 –

‘Signora’ – – – – – – – – –

‘Skald’ – – nd – – nd – 57.70 nd

‘Skarb’ – – nd – – nd – 25.49 nd

‘Stratus’ – – nd – – nd – 55.59 nd

‘Tocada’ – – nd – – nd 40.74 68.60 nd

‘Victoriana’ – – nd – – nd 64.28 27.40 nd

nd – not assessed.
K – control, B – Biochikol 020 PC, PPB – lab-made biopreparation.

Table 3
Concentration of zearalenone in kernels of spring barley cultivars

in relation to the biopreparation applied ( g/kg)

Biopreparation applied x ±SD*

Control 16.29 a ±22.16

Biochikol 020 PC 31.89 a ±30.82

Lab-made biopreparation 5.04 a ±10.08

P-Value (ANOVA) 0.1111

*Arithmetic mean ±standard deviation; results denoted with the same letter do not differ statisti-
cally significantly (p > 0.05).



only in treatments with the biopreparation, and in more than 1/3 of cultivars pro-
tected with that preparation the level of the mycotoxin was higher than in control.
However, no significant differences in the levels of that mycotoxin were noted
among the treatments (Table 3). Only two cultivars among the 15 cultivars studied
were contaminated with ZEN in the control treatment alone. ZEN was detected in
the grain in amounts ranging from 20.16 to 80.41 g/kg. In 26% of all cultivars
studied none of the mycotoxins analysed was detected in any experimental treat-
ment (Table 2).

Discussion

The results of the study indicated that F. poae was the main cause of FHB in or-
ganic spring barley. In recent years the species is considered the most important
pathogen of FHB of cereals grown in Great Britain, Ireland and Poland (Solarska et
al. 2008). Species accompanying F. poae in causing the disease on spring barley
were F. graminearum, F. culmorum and F. sporotrichioides. These are known producers
of dangerous mycotoxins, which pose a threat to human and animal health (Pestka
2007).

The use of natural substances with protective effects is of great importance to
organic farming, where the use of chemicals is prohibited. Studies conducted so far
on natural substances in the aspect of plant diseases control indicate their varied
effectiveness. Grapefruit extract showed good effects against some pathogens oc-
curring on ornamental plants (Wojdyła 2004), and in the case of cereals the results
obtained were similar to those from the study presented herein (Solarska 2004).

A chitosan-based preparation proved effective in the control of diseases of or-
ganic spring barley caused by Fusarium spp. (Baturo 2009). The results of that
study are divergent from our own study which indicated an increased share of
Fusarium spp. in most of the cultivars after the preparation application.

Whereas, our own study revealed a high effectiveness of the biopreparation
containing the fungus F. culmorum and colloidal chitin subjected to enzymatic hy-
drolysis by enzymes contained in the post-culturing liquid of T. viride. Cultivars
that accumulated ZEN after treatment with Biochicol 020 PC were free of this
mycotoxin in the treatment with the lab-made biopreparation, with the exception
of one cultivar. These results are convergent with those obtained by Jaro-
szuk-Ściseł et al. (2003) who demonstrated greater effectiveness against F.
culmorum in the cultivation of rye after application of a preparation from the
glucan-chitin fraction from the cell wall of the pathogen F. culmorum, as compared
to chitosan.

The cultivars of cereals have a strong effect on the accumulation of mycotoxins
(Solarska et al. 2008), which has been confirmed in the present study, as nearly
1/3 of the spring barley cultivars studied were free of all of the mycotoxins studied.

The presented study results suggest that it is necessary to increase the quality
control of agricultural produce due to the common occurrence of toxin-producing
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fungi and their metabolites, constituting a hazard to both human and animal
health, in cereal grain. In monitoring studies on the contamination of cereals with
mycotoxins most frequently only DON is taken into account. The results of our
study indicate a need of including also ZEM into the monitoring. It is also neces-
sary to test cereal cultivars in terms of their content of mycotoxins, as our study re-
vealed that there are barley cultivars that are free of mycotoxins, and only such
cultivars should be recommended for cultivation, especially in organic farming.

Streszczenie

TOKSYNOTWÓRCZE GRZYBY I MIKOTOKSYNY
W EKOLOGICZNYM JĘCZMIENIU JARYM

CHRONIONYM Z UŻYCIEM BIOPREPARATÓW NA BAZIE CHITOZANU

Określano przyczynę fuzariozy kłosów ekologicznego jęczmienia jarego chro-
nionego dwoma biopreparatami oraz zanieczyszczenie ziarna tego zboża przez de-
oksyniwalenol, toksynę T-2, zearalenon, aflatoksyny i ochratoksynę A. Zawartość
mikotoksyn określano metodą ELISA. Główną przyczyną fuzariozy kłosów jęcz-
mienia był grzyb Fusarium poae, a grzybami towarzyszącymi były gatunki F. gramine-
arum, F. culmorum oraz F. sporotrichioides. Spośród 15 badanych odmian DON wykry-
wano w obiekcie kontrolnym tylko w jednej z odmian chronionych z użyciem
biopreparatów, toksynę T-2 również w jednej odmianie zarówno w obiekcie chro-
nionym, jak i w kontroli, natomiast obecność zearalenonu stwierdzono w większo-
ści badanych odmian wzrastających w obiektach kontrolnych i chronionych. W
ziarnie trzech badanych odmian nie wykryto żadnej z testowanych mikotoksyn.
Ochratoksyna A i aflatoksyny nie były identyfikowane w ziarnie ekologicznego
jęczmienia.
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