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Abstract: Harrowing is one of the most popular mechanical methods to control weeds. Nevertheless,
the relationship between the effect of different harrowing intensities using spike-tooth harrow in
barley-pea intercrop on the yield and mycoflora of grains has not yet been studied. Therefore, the
aim of this study was to assess the effect of harrow intensity using spike-tooth harrow in barley-pea
mixture on the mycological quality of harvested grains, grain yield, as well as influence of barley and
pea grain moisture on the abundance of fungi. The field experiment was carried out during 2010-2012,
and it was conducted using a randomized complete block design with four replicates. Weed control
was mechanical and chemical. In this study, we have shown that harrowing in barley-pea intercrops
does not reduce the yield of either mixture components, both with respect to grain quantity or
mycological quality after harvest, compared to controls—without harrowing and the herbicide MCPA
(2-methyl-4-chlorophenoxyacetic acid). However, increasing the intensity of harrowing did not result
in a consistently larger crop yield or reduction in fungal abundance in the grains. The grains’ internal
structures and surface of both tested components of the mixture were colonized to a large extent by
cosmopolitan fungi, of which Alternaria alternata (Fr.) Keissl. was the most abundant.
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1. Introduction

At the moment, opposite agricultural trends are being observed in the world. On the one hand,
developing countries, especially those in tropical regions, are constantly increasing the use of pesticides
in the agricultural sector, to become self-sufficient and exist in the global economy [1]. On the other
hand, many developed countries, especially those belonging to the European Union, contribute to
reducing agrochemicals in agriculture and want to use integrated pest management techniques that
minimize pesticide use [2,3].

The undeniable fact is that pesticides can enhance the efficiency of agricultural production.
However, most of compounds carry a risk to people, other forms of life, and the surrounding
environment [4]. Therefore, it is not surprising that people living in developing countries are
particularly exposed to the negative effects of some pesticides [5]. The importance of this problem is
reflected by the fact that pesticides contribute to death or cause chronic diseases in ~1 million people
in the world every year [6]. However, it should be recognized that the toxicity of these compounds is
different. For example, 2-Methyl-4-chlorophenoxyacetic acid (MCPA) is a chlorophenoxy herbicide
which rarely causes death in humans. Nevertheless, acute MCPA poisoning in humans can cause
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many ailments, including those associated with liver, kidneys, digestive system as well as headache,
dizziness, muscle fasciculation, hypotension, dyspnea and coma [7]. Therefore, the entire agricultural
industry around the world should pay attention to excessive pesticide use in agriculture.

The agricultural industry can employ many alternative methods to reduce the use of pesticides in
plant protection. One of which is the cultivation of plant species, including those genetically modified,
that are resistant to selected phytopathogens and entomopathogens [8,9]. Another alternative way
could be the use of mixed sowing instead of pure stands, or introducing appropriate mechanical
treatments into agrotechnics [10,11]. In particular, the above two methods are useful for countries where
the cultivation of genetically modified crops is forbidden, for organic farming, and for sustainable
agricultural production.

Overall, crop mixtures, especially those in which the main components are cereals and legumes,
are more resistant to stress factors such as fungal pathogens or insect pests [2,3,12]. Therefore, their
yield is higher and more stable than pure stands of their component species [13]. Cereal-legume
mixtures seem to be desirable for conventional agricultural production as well as for organic and
sustainable farming [11]. Nevertheless, after harvest, cereals and legumes grains are colonized by
a wide range of microscopic fungi, including both toxigenic and pathogenic species. The presence
of these species leads to quantitative and qualitative crop losses, and thus raises concerns about the
grains’ wholesomeness and commercial value [2,3]. The abundance and species composition of fungi
colonizing plant grains largely depend on environmental factors and morphological traits of plant [14].
Nevertheless, moisture content in the biological material is the main factor affecting fungi occurrence
on plants [15].

Nowadays non-chemical methods are used to reduce the risk of yield losses not only due to
weeds, but also pests, soil-borne plant pathogens, etc. through the use of appropriate treatments as
well as crop rotation [10,16,17]. One of the mechanical weed control methods is harrowing, which
is particularly effective against small seedlings of annual weeds [16,18]. The great advantage of this
method is that it reduces both intra- and inter-row weeds, in addition to the fact that crop plants are
largely resistant to uprooting after their emergence [19]. By contrast, harrowing is not very effective, it
could even be considered ineffective, against perennial and firmly anchored weeds with deep roots [18].
The influence of harrowing on weed infestation of various crops has been studied, as well as the factors
influencing the effectiveness of harrowing in reducing weed infestation [13,16,20,21]. Nevertheless,
there are few reports on the effect of harrowing on grain colonization of barley-pea mixture components
by microscopic fungi [2,3]. The authors of these studies show that using a spring-tine harrow can
positively affect the mycological quality of the grains of both plant species. However, there are no
reports on the effect of the different harrowing intensities using spike-tooth harrow on the yield and
mycobiota of barley-pea mixture grains.

Therefore, the main goal of our research was to assess the effect of harrowing intensity using
spike-tooth harrow in barley-pea mixture on the grains’ mycological quality by determining the
number and species composition of cultivable microscopic fungi after harvest. We also investigated:
(1) whether harrowing and its intensity affect grain yield in barley and pea, and (2) the influence of
barley and pea grains” moisture on the abundance of fungi.

2. Materials and Methods

2.1. Field Experiment

The current study was conducted on the fields of the Swojec Agricultural Experimental Station
in Wroctaw, Poland (51°6' N, 17°8’ E). One-factor field experiment was conducted over three years
(2010-2012) using a randomized complete block design with four replicates. In total, 28 plots (36 m?
each) sown with a mixture of spring barley (99 germinating grains per m?) var. Nagradowicki; and pea
(63 germinating grains per m?), var. Milwa, were seeded on alluvial loamy sand soil.
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The preceding crops were winter rye (2010) and winter triticale (2011, 2012). The following
agronomical operations were carried out on the experimental field area: harvest of previous crop,
disking, harrowing with heavy harrow, and autumn plowing to a depth of 27-29 cm. In spring, the
field was harrowed and then fertilized with superphosphate 40% (40 kg per ha), potassium salt (50 kg
per ha), and ammonium nitrate 32% (40 kg per ha). Fertilizers were incorporated into the soil using
combined tillage implementation. Seeds (pea and spring barley) were seeded on 7 April 2010, 1 April
2011, and 28 April 2012. Harrowing of barley using a spike-tooth harrow was done on 8 May 2010,
28 April 2011, and 30 April 2012; at the beginning of tillering stage. The second harrowing, at the
full tillering stage of barley, was carried out on 25 May 2010, 6 May 2011, and 8 May 2012. Herbicide
treatment (Chwastox Extra 340SL “MCPA” with 2-methyl-4-chlorophenoxyacetic acid—1.5 L per ha)
was used on 26 May 2010, 10 May 2011 and 2012. The crop was harvested on 12 August 2010, 6 August
2011, and 1 August 2012 with a combine plot harvester. The experimental design consisted of:

1.  Control (without harrowing or herbicide application);

2. HT (herbicide application, Chwastox Extra 300 SL 1.5 L per ha at the full tillering stage of barley
23-26; the growth stage of barley according to Biologische Bundesanstalt, Bundessortenamt und
Chemische Industrie “BBCH” scale);

3. Z-1-0 (one pass of spike-tooth harrow at the beginning of the barley tillering stage; BBCH 21);

4. Z-0-1 (one pass of spike-tooth harrow at full tillering stage of barley; BBCH 23-26);

5. Z-1-1 (one pass of spike-tooth harrow at the beginning of barley tillering stage and one pass at
full tillering stage of barley; BBCH 21 + 23-26);

6.  Z-2-1 (two passes of spike-tooth harrow at the beginning of the barley tillering stage and one
pass at full tillering stage of barley; BBCH 21 + 23-26);

7.  Z-2-2 (two passes of spike-tooth harrow at the beginning of the barley tillering stage and two
passes at full tillering stage of barley; BBCH 21 + 23-26).

Results on the effect of harrowing on the density of mono- and dicotyledonous weeds have been
presented elsewhere [22].

2.2. Assessment of the Yield of Pea and Barley

At the mixture’s full maturity, four consecutive rows of each species with a length of 1 m were
collected (0.5 m?). The yields were weighed using a laboratory scale (Radwag WPE 300, accuracy:
=+ 0.01 g; Radwag, Radom, Poland). The harvest index was then calculated based on grain and straw
yield according to Wnuk et al. [23].

2.3. Measurement of Pea and Spring Barley Grains Moisture

Grain moisture of both species was measured on the day of mycological analysis using a moisture
analyzer (Radwag WPS 210S, accuracy: £0.01%; Radwag, Radom, Poland). Humidity values are given
as % of the water evaporated in the sample.

2.4. Mycological Assessment of Pea and Barley Grains

Eight hundred grains were chosen at random from each experimental treatment in each year of
the study. One hundred grains were surface disinfected (pea in 0.5% NaOCl for 1 min, and barley in
1.0% NaOCl for 10 min) before transferring into PDA medium (Potato Dextrose Agar, Biocorp) in Petri
dishes. Another 100 grains were placed on PDA without surface disinfection. Grains were incubated
in four replicates at 22 & 1.0 °C for 5-14 days in the dark. The CFU (Colony Forming Unit) number per
100 grains was then calculated and fungi were identified. Generally, fungal structures were observed
on PDA, and in the case of Penicillium, on Malt Extract Agar (MEA, Biocorp), Czapek-Dox Agar (1.2%
agar, Biocorp), and Czapek Yeast Autolysate Agar (CYA). Fungi were then identified using taxonomic
literature [24-26]. The phenotypes of some fungi were also compared with the strains from R. Ogoérek’s
collection (Department of Genetics, Institute of Genetics and Microbiology, University of Wroclaw,
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Wroctaw, Poland), which were identified using phenotypic and molecular studies, and their internal
transcribed spacer sequences were identified by the National Center for Biotechnology Information
(Bethesda, Rockville, MD, USA).

2.5. Data Analyses

The data were subjected to statistical analysis using the Statistica 12.0 package (StatSoft Polska
Sp. z o0.0., Krakéw, Poland). For this purpose, we used one-way analysis of variance (ANOVA) and
the Tukey HSD (honest significant difference) test at « < 0.05 for fungal colonization tests, yield of
grains, and grain moisture. Prior to ANOVA, the percentage data of grain moisture were transformed
to Bliss [27] angular degrees by applying the formula y = arcsin (value%)~%°. After transformation,
the variance was approximately constant, allowing ANOVA to compare particular components [27].
The Pearson (r) correlation coefficient at « < 0.05 was used to determine the relation between harrowing
intensity of spike-tooth harrow in the barley—pea mixture, yield and moisture of pea and barley grains,
and the abundance of fungi. The calculations were performed on the basis of means from three years
(2010-2012). In the analysis, harrowing intensity was solely based on the number of harrowings, not
on the timing (i.e., Z-0-1 was considered to have the same intensity as Z-1-0). Years was included
as a fixed factor, and block as a random factor. Pearson’s r can range from +1 to —1. A value of 0
indicates that there is no association between the two variables. A value less than 0 indicates a negative
association; that is, as the value of one variable increases, the value of the other decreases. A value
greater than 0 indicates a positive association; that is, as the values of both variables increase.

3. Results

In general, the intensity of harrowing did not significantly affect the average grain yield and the
harvest index of both tested components of the mixture over the years tested. Significant differences in
grain yield were recorded in 2011 for barley (puT, z2-1 = 0.0446) and in 2012 for pea (pyr, z-1-1 = 0.0079).
In 2011, HT treatment yielded more barley grain than Z-2-1. While in 2012, HT treatment yielded more
pea grain than any other treatment. Barley grain yield was also statistically different between the years
of research for the control (p2011, 2012 = 0.0397), HT (P2010, 2011 = 0.0134), and Z-1-0 (P2010, 2011 = 0.0263),
as well as in pea for HT (p2011, 2012 = 0.0203) (Table 1).

Table 1. Grain yield of spring barley and pea (g m~2),

Mean for 2010-2012

Treatment 2010 2011 2012

Yield Harvest Index

Control 141 a,g! 256 ab 132 ap 176.33 a 0.49 a

HT 154 ap 322 as 241 g 239.00 a 0.56 a

Spring Z-1-0 147 ap 270 ab 174 ag  197.00 a 0.52 a

barley Z-0-1 179 as 226 ab 218 as 207.67 a 0.52 a

Z-1-1 151 as 268 ab 213 a. 210.67 a 0.52 a

Z-2-1 160 as 184 b, 212 a. 185.33 a 0.51 a

Z-2-2 167 a, 213 ab 213 a, 197.67 a 0.52 a

Control 111 a 102 a 89 b, 100.67 a 0.47 a

HT 89 g 112 ag 216 s 139.00 a 0.47 a

Z-1-0 101 as 86 a. 93 b, 93.33 a 0.47 a

Pea  Z-0-1 72 as 104 a. 92 b, 89.33 a 0.47 a

Z-1-1 70 a, 78 a, 105 b, 84.33 a 0.45 a

Z-2-1 83 as 111 as 71 b, 88.33 a 0.47 a

Z-2-2 93 as 147 as 101 b, 113.67 a 0.51 a

! For each treatment, means followed by the same letter are not statistically different at « < 0.05 according to
Tukey’s HSD test. Small letters mark treatment differences within a given year; they refer to column means. Capital
letters mark the effect of years on grain moisture within a given treatment; they refer to row means.
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Spring barley and pea grain moisture before mycological analysis did not differ statistically
within each year of the study and when averaged over years (Table 2). However, there were significant
differences between the research years for some treatments. Such differences were noted in barley
for treatments such as control (ngnr 2012 = 0.0064), Z-1-0 (onll, 2012 = 0.0081), Z-0-1 (onll, 2010 = 0.0042,
P2010,2012 = 0.0056),‘ and in pea for control (pzon, 2012 = 0.0076), HT (PZOlO, 2011 = 0.0029), and Z-2-1
(p2010, 2011 = 0.0034).

Table 2. The average moisture of spring barley and pea grains (%).

Treatment 2010 2011 2012 Mean for 2010-2012
Control 443 a,pl 5.93 ay 2.34 ag 423 a
HT 4.00 a, 5.09 a, 2.39 a, 3.83 a
Z-1-0 5.20 e 689 a, 275 ay 497 a
. Z-0-1 5.30 ag 647 A, 3.45 ac 5.07 a
Spring barley ) 486 a, 4.80 a, 412 a, 459 a
721 445 a, 4.64 a, 3.5 a, 411 a
722 4.89 a, 5.06 a, 3.84 a, 4.60 a
Mean 493 A 5.89 A 3.24 A _
Control 632 a,p 410 ay 8.04 a, 6.15 a
HT 7.98 a, 527 ag 1011 A, 7.79 a
710 7.80 a, 7.10 a, 8.22 a, 7.71 a
Pea Z-0-1 7.89 a, 737 A, 767 A, 7.64 a
Z-11 6.56 a, 5.09 a, 6.89 a, 6.18 a
721 6.63 a, 5.8 ag 7.1 a, 6.37 a
722 6.45 a, 4.99 a, 7.09 a, 6.18 a
Mean 7.09 A 5.60 A 7.89 A _

! For each treatment, means followed by the same letter are not statistically different at « < 0.05 according to
Tukey’s HSD test. Small letters mark treatment differences within a given year; they refer to column means. Capital
letters mark the effect of years within a given treatment; they refer to row means.

More colony forming units of fungi were isolated from the non-disinfected grains of both tested
components of the mixture compared to the disinfected ones (Table 3). The intensity of harrowing
did not significantly affect the average number of mycobiota from the three years of research, with
the exception of non-disinfected pea grains (pz-1, ut = 0.0076). Nevertheless, research has shown
statistically significant differences in the total number of fungi between treatments within a given
year, and in some cases between years. However, no unambiguous tendency was noticed (Table 3).
On the other hand, we detected a positive correlation between grain moisture and the number of fungi
CFU isolated from disinfected and non-disinfected barley grains (respectively, r = 0.47 and p = 0.2920,
r=0.60 and p = 0.1528). A similar trend was observed between the grain yields and the number of fungi
CFU isolated from disinfected and non-disinfected barley grains (respectively, r = 0.33 and p = 0.4744,
r=0.38 and p = 0.4005). In contrast, correlations in the case of pea grain yield and the abundance
of fungi were negative (r = —0.84 and p = 0.018 for disinfected grains, r = —0.59 and p = 0.1645 for
non-disinfected grains). However, most of these correlations were not statistically significant.
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Table 3. The average number of total fungi isolated from disinfected and non-disinfected spring barley
and pea grains in 2010-2012 (CFU (Colony Forming Unit) per 100 grains).

Treatment 2010 2011 2012 Mean for 2010-2012
Control 84 b1 g by 99 a, 88.3 a
HT 79 bep 82 by 100 an 87.0 a
Z-1-0 82 by 69 d- 100 a, 83.7 2
disinfected Z-0-1 98 a 99 2, 102 a 99.7 a
Z-1-1 91 aby 80 P 102 a, 91.0 a
. Z-2-1 75 ‘¢ 68 dg 86 A 76.3 a
Spring z22 79 by 74 < 94 b, 82.3 a
barley
Control 102 ab, 118 b, 101 g 107.0 a
HT 100 b 113 <, 114 abe, 109.0 a
Z-1-0 106 ag 114 <, 116 b, 112.0 a
non-disinfected ~ Z-0-1 101 by 124 3, 106  cdeg 110.3 a
Z-1-1 100 b 116 be, 110 bed,g 108.7 a
Z-2-1 99 b, 101 ¢, 103 €A 101.0 a
Z-2-2 102 3 109 dp 122 A5 111.0 a
Control 45 o 50 by 62 N 52.3 2
HT 42 dep 37 do 57 d, 45.3 a
Z-1-0 56 by 58 2 72 b, 62.0 a
disinfected Z-0-1 44 cdg 40 <dg 80 a 54.7 a
Z-1-1 45 B 60 2 61 o 55.3 a
Z-2-1 59 ag 42 ¢ 72 b, 57.7 a
Pea Z-22 41 ¢ 52 by 58 dy 50.3 a
Control 118 b 180 2, 109 be 135.7 ab
HT 101 €A 108 b, 102 bcy 103.7 b
Z-1-0 150 ab 182 2, 157 a, 163.0 ab
non-disinfected  Z-0-1 102 A 127 by 104 A 111.0 ab
Z-1-1 136 abeg 179 a, 138  abe,g 151.0 ab
Z-2-1 165 a, 189 2, 151 ab 168.3 a
Z2-2 136 @, 170 2, 138  abc, 148.0 ab

! For each object, means followed by the same letter are not statistically different at o < 0.05 according to Tukey’s
HSD test; others are. Small letters mark the effect of a given treatment on the total number of fungi within a given
year; they refer to column means. Capital letters mark the effect of particular years on the total number of fungi
within a given treatment; they refer to row means.

The surface of non-disinfected grains contained more fungal species than that of disinfected
grains, with the exception for spring barley grains in 2010 where the values were at the same level
(Tables A1-A3). In total, from all the experimental treatments, 18 fungi species were isolated. The
disinfected and non-disinfected barley grains contained 14 and 16 fungal species, while pea grains
contained 12 and 15, respectively (Figures 1 and 2).
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100% ~

O Sordaria fimicola

O Sclerotinia sclerotiorum
O Rhizopus stolonifer

W Penicillium chrysogenum
@ Mucor mucedo

O Fusarium oxysporum
Fusarium graminearum
@ Fusarium equiseti
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10%

Treatment

Figure 1. The percentage each species of microscopic fungi cultured for the disinfected (D) and
non-disinfected (ND) grains of spring barely, mean for 2010-2012. Mucor mucedo Fresen. and
Penicillium chrysogenum Thom were isolated only from non-disinfected (ND) grains.

pea

FRER
s

O Trichoderma harzianum
O Sclerotinia sclerotiorum
W Rhizopus stolonifer

@ Penicillium chrysogenum
O Fusarium oxysporum

III I I I I Fusarium graminearum
O Fusarium equiseti

O Fusarium culmorum

B Fusarium avenaceum
40% | B Epicoccum nigrum

W Cladosporium herbarum

| Cladosporium cladosporioides
O Botrytis cinerea

® Aspergillus niger

m Alternaria alternata

Treatment

Figure 2. The percentage each species of microscopic fungi cultured for the disinfected (D)
and non-disinfected (ND) grains of pea, mean for 2010-2012. Penicillium chrysogenum Thom,
Sclerotinia sclerotiorum (Lib.) de Bary and Trichoderma harzianum Rifai were isolated only from
non-disinfected (ND) grains.

In all years of the experiment, there were significant differences in the number of fungal species
isolated from disinfected and non-disinfected grains (Tables A1-A3). The fungus most frequently
isolated from all the treatments and in all years of the study was Alternaria alternata (Fr.) Keissl. which
constituted from 54.7% (Z-2-2) to 74.9% (Z-1-0) of the total number of isolated fungi for disinfected
barley grains, and from 40.4 (HT) to 64.5 (control) for non-disinfected barley grains. Where as,
it was from 31.1% (Z-2-2) to 45.1% (Z-2-1) for disinfected pea grains, and from 40.3% (Z-2-2) to
51.1% (Z-2-1) for non-disinfected pea grains. Penicillium chrysogenum Thom was isolated only from
non-disinfected barley and pea grains. On the other hand, Mucor mucedo Fresen. was cultured only
from the non-disinfected grains barley, and Trichoderma harzianum Rifai only from the non-disinfected
pea grains. However, Sclerotinia sclerotiorum (Lib.) de Bary colonized disinfected and non-disinfected
barley grains, and only non-disinfected pea grains (Figures 1 and 2).

We detected some trends and relationships between the intensity of harrowing of the barley-pea
mixture using spike-tooth harrow and the mycoflora of grains for components of the mixture (Table 3).
Overall, negative correlation was found between the increase in the harrowing intensity and the
abundance of fungi cultured from disinfected (r = —0.48, p = 0.2714) and non-disinfected (r = —0.18,
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p = 0.6970) grains of spring barley. In the case of pea grains, the correlation between the intensity
of harrowing and the abundance of mycobiota was positive (*gisinfected grains = 0.17 and p = 0.7171,
Tnon-disinfected grains = 0.59 and p= 0.1667).

4. Discussion

Overall, in this study, the moisture of pea grains after harvest was higher than that for spring
barley grains. This is possibly due to differences in the morphological structure of these two plant
species. It should be noted that moisture content of materials is one of the main factors determining
the occurrence of fungi, and the number of colony forming unit of culturable fungi increases as the
material’s moisture increases [15]. The results of our research confirm this relationship. Moreover, they
show the necessity of proper grain storage after harvest in order to maintain their mycological quality.

According to Lejman et al. [2,3], more fungi were isolated from the surface of barley and pea
grains grown in a mixture than from the inner layers of these grains. In addition, the mycobiota of
non-disinfected grains contained more species than the disinfected ones. The same authors have also
reported that mechanical weed control using spring-tine harrow with different intensities does not
increase colonization of barley and pea grains by microscopic fungi in mixed cropping of barley and
pea. We obtained the same trends in our research growing the same mixture, but using spike-tooth
harrow. Furthermore, we show that the abundance of fungi inhabiting the inner layers of barley grains
decreased in the case of some treatments (i.e., Z-2-1 and Z-2-2) compared to control and HT treatments.
There may be many reasons for this. Nevertheless, most probably harrowing reduces plant density
including weeds that can be a reservoir or a pathogen “host” for some fungi, which results in the
reduction of humidity between plants. According to the previously mentioned dependence [15], the
drop in humidity results in a reduction in the number of fungi. On the other hand, Lejman [22] based
his findings on the same experiment, showing that the density of weeds (mean for 2010-2012) in full
maturity of a mixture (BBCH 89) decreases with increasing intensity of harrowing using spike-tooth
harrow, and a variant of experience in the form of Z-2-1 (47 weeds per m?) is the most optimal treatment.
In turn, 100 weeds per m? were recorded for the control (without harrowing or herbicide application),
86 for HT (herbicide application), 62 for Z-1-0, 63 for Z-0-1, 65 for Z-1-1, and 52 for Z-2-2. Therefore,
taking into account the results of our study and those by Lejman [22], it can be concluded that there is
a positive trend between the number of weeds and the abundance of fungi isolated from disinfected
barley grains. These data confirm the reports on weeds as a potential reservoir of fungi [28,29].

The most frequently isolated fungal species from barley and pea grains after harvest in a pure
and mixed sowing is A. alternata [2,3,30,31], and our research further confirms these reports. Overall,
these filamentous fungi are typical cosmopolitan species, and they are known as saprobic, endophytic,
as well as pathogenic fungi. Especially in their role as plant pathogens they may cause major losses
in a wide range of crops, which also occurs after harvest [32]. Furthermore, one of the reasons for
the frequent isolation of this species from plants can be its high availability for inoculation in the air.
Alternaria species dominate in the atmosphere of various regions of Europe, therefore, the maximum
concentration of propagation structures of these fungi in the air is during summer [33]. Moreover,
these species, together with other fungi, including Cladosporium ssp., which were isolated in our study,
can cause Black Point. This disease can occur on various cereals, and its symptoms appear in the form
of grain discoloration, which are mainly visible after harvest. As a consequence, such grains reduce
the quality of the flour, leading to its brown color [34].

In the past, harrowing was recommended as a method of reducing weeds only in the early growth
stages of crops. It was believed that only at these stages does harrowing not cause damage to the plants
of a crop to an extent that would lower its yield, while at the same time efficiently reducing weed
infestation [35]. At the moment, it is already known that the efficiency of harrowing is not affected
only by the timing of the cultivation but also by many different factors, e.g., number of harrows
passages, the working depth of the harrow, soil type, the species and its variety, weather conditions,
etc. [13,20,21,36]. We can conclude on the basis of our study and others [22] that mechanical weed



Agronomy 2019, 9, 103 90f17

control using spike-tooth harrow with appropriately selected intensity reduces weed infestation in the
barley—pea intercrop, but does not significantly reduce grain yield of the component species and the
harvest index of the mixture. Furthermore, it does not cause deterioration of mycological quality of
both components as compared to both the control without harrowing and herbicidal control. Thus,
our research confirms reports that mechanical cultivation may be seen as an alternative to chemical
weed control leading to the reduction of pesticides in agriculture [2,3,37].

5. Conclusions

This study contributes to a better understanding of the relationships between different intensities
of harrowing with spike-tooth harrow in the barley—pea mixture, grain yield of the component species,
and microscopic fungi after harvest. We conclude that harrowing in barley—pea intercrops does not
reduce the yield of either mixture components, either in grain quantity or in mycological quality, after
harvest compared to control without harrowing and control using the herbicide MCPA (Chwastox
Extra 340SL). However, increasing the intensity of harrowing did not result in a consistently larger crop
yield or reduction in fungal abundance in the grains. Regardless of treatment, the internal structures
and surface of both barley and pea grains were colonized to a large extent by cosmopolitan fungi, of
which A. alternata was the most abundant. The number of colony forming units of culturable fungi
were found to increase with increasing grain moisture. In the near future, we intend to expand our
research on the characteristics of entomophages, as well as introduce other plant mixtures and varieties
in order to thoroughly characterize this topic.
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all the samples (fieldwork) and wrote the paper; And P.S. designed the experiment. All the authors revised the
paper and approved the final version.
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of Wroclaw “Grant to Young Researchers”, grant number: 0420/2557/18.
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Appendix A

Table Al. The average number of fungi isolated from disinfected and non-disinfected grains of spring barley and pea in 2010 (CFU per 100 grains).

Fungi Species Treatment
Control HT Z-1-0 Z-0-1 Z-1-1 Z-2-1 Z-2-2
Alternaria alternata (Fr.) Keissl. 6021 56 2p 60 2c 7525 662 51 2g 413
Botrytis cinerea Pers. 0€a 1ef, 0d, 084 1ef, 0€a 1ef,
Cladosporium cladosporioides (Fresen.) G.A. de Vries 0€a 1efy 0d, 084 1efy 0€a 1efy
Cladosporium herbarum (Pers.) Link 2dg 1 efpe 195 08¢ 5b, 1dege 5d,
Drechslera avenae (Eidam) S. Tto 0¢c 1¢f 0dc 08¢ 1¢f 0¢c 69,
Epicoccum nigrum Link 1depp 1efE 0dg 3dep. 5P, 2¢dp 2¢cp
disinfected Fusarium avenaceum (Fr.) Sacc. 1dey 39de 4¢c 7bg 4bes 3¢ 11b,
Fusarium culmorum (W.G. Sm.) Sacc. 10b, 1, 4 4eds 2 dey 7bg 2¢p
Fusarium equiseti (Corda) Sacc. 0¢c 4€p0 144 18, 0fc 1 deg 1 ¢fg
Fusarium graminearum Schwabe 8°AB 7bg 8P, 5¢ 3edy 7bg 9¢A
Fusarium oxysporum Schltdl. 1de,p 2 de, 19,58 08p 2de, 0°¢p 0fg
Rhizopus stolonifer (Ehrenb.) Vuill. 0¢c 1¢f 3¢, 08¢ 0fc 0¢c 0fc
Sclerotinia sclerotiorum (Lib.) de Bary 0°¢g 0fg 095 18, 0fg 1 de, 0fg
Sorine barl Sordaria fimicola (Roberge ex Desm.) Ces. & De Not. 1de,p 0fg 0dg 2¢ef, 1¢f,p 20d, 0fg
PHing bariey Alternaria alternata (Fr.) Keissl. 713, 48 2p 652 492p 552¢ 492p 4523
Botrytis cinerea Pers. 0fg (R 0fg 0fg 0fg 7ed, 08p
Cladosporium cladosporioides (Fresen.) G.A. de Vries 34 218 0fp 0fp 0fp 08p 5€,
Cladosporium herbarum (Pers.) Link 3d, 3ef, 1efy 0fg 0fg 08p 08g
Drechslera avenae (Eidam) S. Ito 0fg 3ef 0fg 8 °p 54 18g 11b,
Epicoccum nigrum Link 5¢% 18b, 13 g 9°¢ 17b, 10b¢ 9¢
Fusarium avenaceum (Fr.) Sacc. 2 de.. 5dg 1efp 9€A 5dg 415 4efy
non-disinfected Fusarium culmorum (W.G. Sm.) Sacc. 0fp 4 de 695 0fp 9°Aa 8 9
Fusarium equiseti (Corda) Sacc. 1¢p 0bhp 2 €pc 2 €gc 3¢ 6de, 315
Fusarium graminearum Schwabe 12b¢ 8p 15bg 18b, 15 4ty 74p
Fusarium oxysporum Schltdl. 1¢fg 18hg 0fg 0fg 4de, 5ef, 18p
Mucor mucedo Fresen. 1 efg 0hc 0fc 0fc 0fc 08¢ 3f,
Penicillium chrysogenum Thom 0fg gde, 0fg 0fg 15 038p 038p
Rhizopus stolonifer (Ehrenb.) Vuill. 34 4 deg 0fp 69, 0fp 5¢ 5 08¢
Sclerotinia sclerotiorum (Lib.) de Bary 0fg 0hg 1efy 0fg 0fg 08p 08p

Sordaria fimicola (Roberge ex Desm.) Ces. & De Not. 0fc 0h¢ 2°¢g 0fc 0fc 08¢ 5€a
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Table A1. Cont.

Fungi Species Treatment

Control HT Z-1-0 Z-0-1 Z-1-1 Z-2-1 7-2-2

Alternaria alternata (Fr.) Keissl. 243, 20 2gc 293, 173  182%pc 282, 152¢

Aspergillus niger Tiegh. 1 1 0dg 0dg 0dg 0dg 1be,
Botrytis cinerea Pers. 0°¢g 0°g 0dg 3ed, 24, 09g 2bc,p

Cladosporium cladosporioides (Fresen.) G.A. de Vries 3¢AB 0°p 2ed,p  3ed,p 3cd,p 7A 1beg
Cladosporium herbarum (Pers.) Link 2B 4bc,p 4B 0dg 7b, 0dg 5bc,p

disinfected Epicoccum nigrum Link 0°¢c 2¢f 5 10 0d¢c 04c 4ed, 0°¢c

Fusarium avenaceum (Fr.) Sacc. 0¢c 0°¢c 04 3 cdpe 04 13b, 6bp

Fusarium culmorum (W.G. Sm.) Sacc. 3 8b,p 10b, 11b, 8P 24 2bey
Fusarium equiseti (Corda) Sacc. 1% 2B 0dc 4,8 6bc,  4cd,g 2bc,p

Fusarium graminearum Schwabe 8b,p 5b¢, pc 10b, 3dpe 1dc 1dc 1beg

Fusarium oxysporum Schltdl 0 0°p 0dg 0dg 0dg 0dg 1be,

Rhizopus stolonifer (Ehrenb.) Vuill. 3%; 0°g 0dg 0dg 0dg 04g 5be,

Pea Alternaria alternata (Fr.) Keissl. 532, 473 713 443 673 833, 553
Aspergillus niger Tiegh. 0dg 2 def | 2ed, qed, g 1%g 0°¢p 1¢d,p

Botrytis cinerea Pers. 3ed, 0fg (U 095 0°¢g pde, 04

Cladosporium cladosporioides (Fresen.) G.A. de Vries 7 “Bc 2 def 0dp 8 °Bc 0°p 12 5B 15b,
Cladosporium herbarum (Pers.) Link 38 P50 22b. 62b,  33bPgc  59b,  47b,p 5133

Epicoccum nigrum Link ged, 7ed, 6°AB 3cdg 5B 7ed, 3¢dg

non-disinfected Fusarium avenaceum (Fr.) Sacc. 0dg 1ef, 1edy 09g 0% 1€ 04
Fusarium culmorum (W.G. Sm.) Sacc. 1¢d¢ 9 04 3cdpe 1% dejBC 7 AB

Fusarium equiseti (Corda) Sacc. AN 3def, o 0dg 695 1% 0°¢p 0dg

Fusarium graminearum Schwabe 3, 1 efg ged, 09g 0°¢g 3de, 04

Fusarium oxysporum Schltdl 1ed, 0fg 09g 0dg 0°p 0°p 1edy

Penicillium chrysogenum Thom 0dg 0fg 04g 0dg 0 1€ 0dg
Rhizopus stolonifer (Ehrenb.) Vuill. 1¢d,p 6 cde (S 4d,p 0 5de,p 1,5
Sclerotinia sclerotiorum (Lib.) de Bary 0dg 1¢f,p ged, 0dg 2B 0°¢g 20d,p

! For each treatment, means followed by the same letter are not statistically different at o < 0.05 according to Tukey’s HSD test. Small letters mark treatment differences between within a
given year; they refer to column means. Capital letters mark the effect of years within a given treatment; they refer to row means.
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Table A2. The average number of fungi isolated from disinfected and non-disinfected grains of spring barley and pea in 2011 (CFU per 100 grains).

. . Treatment
Fungi Species

Control HT Z-1-0 Z-0-1 Z-1-1 7-2-1 7-2-2
Alternaria alternata (Fr.) Keissl. 62 21 602c 522 783, 56 2p 48 2g 4234

Botrytis cinerea Pers. 0 fB 0°¢p 0°¢p 0°¢p 0 fB 0°¢p 8CA

Cladosporium cladosporioides (Fresen.) G.A. de Vries 0fc 0¢c 2dg 0¢c 4d, 2dg 2°¢g
Epicoccum nigrum Link 0fc 0¢c 0¢c 1dep 2¢g 0¢c 12b,

disinfected Fusarium avenaceum (Fr.) Sacc. 2¢p 4 4 4 6°p 8b, 2¢p
Fusarium culmorum (W.G. Sm.) Sacc. 8b, 0°g 0°g 24p 4dc 0°g 69g

Fusarium equiseti (Corda) Sacc. 0fc 4 9b, 0¢c 0fc 0¢c 0fc

Fusarium graminearum Schwabe 6°c 12b, 24y 24y gby 24y 2¢p

Rhizopus stolonifer (Ehrenb.) Vuill. 0fg 24, 0°p 0°p 0fg 0°p 0fg

Sordaria fimicola (Roberge ex Desm.) Ces. & De Not. 4ds 0¢p 0¢p 12b, 0fp 8 0fp

. Alternaria alternata (Fr.) Keissl. 824 562 642 642 762 552 462
Spring barley Botrytis cinerecg Pe)rs. 0 gBA 0 g]]; 0 hBC 0 fBC 0 g: 0 e: 3h f
Cladosporium cladosporioides (Fresen.) G.A. de Vries 4€,5 4€,5 0hg 0fg 08p 0°¢g 0ig

Cladosporium herbarum (Pers.) Link 215 215 0hc 0fc 08¢ 0¢c 58,

Epicoccum nigrum Link 08k 18 104 4dy 4ep 64c g cdy

Fusarium avenaceum (Fr.) Sacc. 8 g 12€5 4f, 4dy 12b, e 7 efp

non-disinfected Fusarium culmorum (W.G. Sm.) Sacc. 08g 69¢c 6°c 2¢p 8 12b, 6 8¢
Fusarium equiseti (Corda) Sacc. 08g 08g 28p 6°c 8B 69¢c 15b,

Fusarium graminearum Schwabe 16 b¢ 18 by 18 by 34b, 69 10 °p 0k
Fusarium oxysporum Schltdl. 08g 08g 0hg 0fg 08g 0°¢g 10 €5

Mucor mucedo Fresen. 08g 2 fA 28, AN 08g 0°¢g 0ig

Penicillium chrysogenum Thom 08¢ 69, 0bhe 2°¢g 08¢ 0¢c 0ic
Rhizopus stolonifer (Ehrenb.) Vuill. 695 695 0h¢ 6°p 08¢ 695 gde,

Sordaria fimicola (Roberge ex Desm.) Ces. & De Not. 08¢ 08¢ 8d, 0fc 215 0¢c 0ic
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Table A2. Cont.

Fungi Species Treatment
Control HT Z-1-0 Z-0-1 Z-1-1 7-2-1 7-2-2
Alternaria alternata (Fr.) Keissl. 223, 13 323, 203 423, 203 18
Aspergillus niger Tiegh. 0° 0°g 4b, 13 0°g 0°g 4be,
Botrytis cinerea Pers. 2bc, g 0°¢g 0bg 0°¢ 0°¢g 0°¢ 4be,
Cladosporium cladosporioides (Fresen.) G.A. de Vries 0 2CAB 2b.5 2°AB 4be, 2CAB 0
Cladosporium herbarum (Pers.) Link 65 ,p 1% 8b.p 4bc,p 10b,p 12b, 4be,p
disinfected Epicoccum nigrum Link 2be, 0° 2b, 0° 0° 0° 0°
Fusarium avenaceum (Fr.) Sacc. 4beg 0% 2bp 0% 0°g 0 103,
Fusarium culmorum (W.G. Sm.) Sacc. 0 2C 0bg (I 0 0 0
Fusarium equiseti (Corda) Sacc. 2bc,p 5be, 0bg 0°g 0°g 0°g 0°g
Fusarium graminearum Schwabe 4 chC 12ab, gb Asc 10 bg 4 chC 2¢ 2 bcc
Pea Rhizopus stolonifer (Ehrenb.) Vuill. 8b,p 2 “pc 0bc 3 €ABC 0°c 6P Apc 102P 5
Alternaria alternata (Fr.) Keissl. 883, 52,8 782, 50%  72P,p 893, 722 5p
Aspergillus niger Tiegh. 0% 20dy 20, 0% 0% 09p 0%
Botrytis cinerea Pers. 0% 1 ch 0bg 0% 0% 0 dB 0
Cladosporium cladosporioides (Fresen.) G.A. de Vries 10 0dc 0b¢ 0 0°¢c 154 12b,3
Cladosporium herbarum (Pers.) Link 695 37 bc 8734 552g 883, 760, 7338
non-disinfected Epicoccum nigrum Link 3¢ ged, 5b, 4€0 8 6<d, 3be,
Fusarium avenaceum (Fr.) Sacc. 4€p 0dg 4b, 0°p 0°p 0dg 0°p
Fusarium culmorum (W.G. Sm.) Sacc. 0° 0dg 0bg 0°g 0°g 0dg 2be,
Fusarium equiseti (Corda) Sacc. 4, 0d¢c 0Pc 2% 0 0d¢c 0°c
Fusarium graminearum Schwabe 0°c 0d¢ 2bg 0°c 6°a 0d¢ 0°¢c
Penicillium chrysogenum Thom 2B 0dc 0bc 0°¢c 1% 3ed, 0°¢c
Rhizopus stolonifer (Ehrenb.) Vuill. 0, 12 5 4b, 16b, 4 0d, gbee

! For each treatment, means followed by the same letter are not statistically different at o < 0.05 according to Tukey’s HSD test. Small letters mark treatment differences between within a
given year; they refer to column means. Capital letters mark the effect of years within a given treatment; they refer to row means.
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Table A3. The average number of fungi isolated from disinfected and non-disinfected grains of spring barley in 2012 (CFU per 100 grains).

Fungi Species Treatment
Control HT Z-1-0 Z-0-1 Z-1-1 Z-2-1 7-2-2
Alternaria alternata (Fr.) Keissl. 612c! 602c 762, 66 2 58 2p 48 2 522
Drechslera avenae (Eidam) S. Ito 10 9¢ 12bg 4dg 8p 10 ¢ 12bg 18P,
Epicoccum nigrum Link 2¢c 8°a 0fp 2% 8d, 695 695
Fusarium avenaceum (Fr.) Sacc. 0fc 695 0fc 695 12b, 0¢c 12€5
disinfected Fusarium culmorum (W.G. Sm.) Sacc. 12€5 0fg 6°p 4¢c 265 120, 4¢c
Fusarium graminearum Schwabe 14 by 8D 12b¢ 16b4 8dp 8D 2%
Fusarium oxysporum Schltdl 0 fc 2°¢g 0 fc 08¢ 4€, 0¢c 08¢
Rhizopus stolonifer (Ehrenb.) Vuill. 0fg 0fg 2€0 08g 08g 0°¢g 08g
Sclerotinia sclerotiorum (Lib.) de Bary 0 fB AN 0 fB 08p 08p 0°¢p 08g
Spring barley Sordaria fimicola (Roberge ex Desm.) Ces. & De Not. 0fg 2%, 0fg 08p 08p 0°¢p 08p
Alternaria alternata (Fr.) Keissl. 54 3g 28 b 622, 443, 34 2 47 3¢ 442,
Drechslera avenae (Eidam) S. Ito 8dg 22 ¢ 14 p 24 bg 24 g 14 p 380,
Epicoccum nigrum Link 12 g 322, 14 g 20 “¢c 26 g 26 g 16 “p
Fusarium avenaceum (Fr.) Sacc. 08¢ 0hc 0¢c 69, 4°¢g 69, 0fc
non-disinfected Fusarium culmorum (W.G. Sm.) Sacc. 21 6fc 8dg 4¢p 21 0fp 144,
Fusarium equiseti (Corda) Sacc. 4€50 48, 0°¢g 08g 08p 4€5 0 fB
Fusarium graminearum Schwabe 18P, 124g 18b, 2fg 2% 64p 10 ¢c
Fusarium oxysporum Schltdl. 08c 0hc 0¢c 215 4¢, 0fc 0fc
Penicillium chrysogenum Thom 08g 20, 0°¢g 08y 08p 0fg 0fg

Rhizopus stolonifer (Ehrenb.) Vuill. 3ef 8°¢p 0¢p 4¢c 144, 0fp 0fp
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Table A3. Cont.
Fungi Species Treatment
Control HT Z-1-0 Z-0-1 Z-1-1 Z-2-1 7-2-2
Alternaria alternata (Fr.) Keissl. 20 3pc 20 P 2P 16P°cp 8% 30b, 142p
Botrytis cinerea Pers. 0fp 2¢de 0fp 4 deg 8¢ 0dp 4dg
Cladosporium cladosporioides (Fresen.) G.A. de Vries 0fg 20d, 0fg 2¢f, 0fg (I 0°g
Cladosporium herbarum (Pers.) Link 0fg 0°¢p 2°¢g 0fg 0fg 0dg 4d,
disinfected Fu‘sarium avenaceum (Fr.) Sacc. 0fc 0¢c 0fc 2¢f, 0fc 0d¢c 1¢
Fusarium culmorum (W.G. Sm.) Sacc. 12 ¢ 24 3g 323, 323, 253 343, 123
Fusarium equiseti (Corda) Sacc. 4°pg 3% 6°co 124 10PAg  8%%c 10 bepp
Fusarium graminearum Schwabe 16P4 3¢ 6°g 695 4450 04p 4dpc
Fusarium oxysporum Schltdl. 0fg 1de,p 0fg 0fg VAN 04 1¢a8
Rhizopus stolonifer (Ehrenb.) Vuill. 104, 2cdp 4dy 69¢c 4dy 0dg 8 °p
Pea Alternaria alternata (Fr.) Keissl. 392 5423 802 443 743¢c 862, 522p
Aspergillus niger Tiegh. 038g 0fg 0dg 2de, 0dg 0dg 0°g
Botrytis cinerea Pers. 7de, 0fc 0d¢c 1dege 0d¢c 24 0¢c
Cladosporium cladosporioides (Fresen.) G.A. de Vries 2 efg 0fp 0dp 8¢ 4dg 0dp 8
Cladosporium herbarum (Pers.) Link 26 °pp 9 g 58, 30bcp bigc b:éD 52,5
non-disinfected Epicoccum nigrum Link 3 dfeng 3 ieB 7 ;A 0¢c 0 jc 3 ZB 0¢c
Fusarium avenaceum (Fr.) Sacc. 1'8¢ 0'p 0% 0°¢p 29 49 0¢p
Fusarium culmorum (W.G. Sm.) Sacc. 15 g 2b, 4cdg 10 p 10 p 12 ¢cp 14 Ppe
Fusarium equiseti (Corda) Sacc. gd, 0fg 4eds 6 g 24dp 4dc 4 cde
Fusarium graminearum Schwabe 6 def 0fc 0dc 0¢c 0d¢c 24 0¢c
Fusarium oxysporum Schltdl. 08¢ 4d, 0d¢ 2 deg 0d¢ 0dc 2 deg
Rhizopus stolonifer (Ehrenb.) Vuill. 1 8¢ 8°a 04p 0°¢p 04p 4dg 0°¢p
Sclerotinia sclerotiorum (Lib.) de Bary 1 8¢ 0fc 4edg 1 de. 04 0dc 6,
Trichoderma harzianum Rifai 08g 2€0 095 0°¢g 09g 095 0°¢g

1 For each treatment, means followed by the same letter are not statistically different at « < 0.05 according to Tukey’s HSD test. Small letters mark treatment differences between within a

given year; they refer to column means. Capital letters mark the effect of years within a given treatment; they refer to row means.
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