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Awareness and perception of contemporary climate change
in the opinion of berry producers in Poland

Swiadomo$é i postrzeganie wspotczesnych zmian klimatu w opinii producentow
owocow jagodowych w Polsce

Abstract. Agriculture, including horticulture, is one of the most vulnerable industries due to its high
dependence on weather conditions. The topic of the impact of climate change on agriculture is being
addressed more and more frequently, but research on berry producers’ awareness and perception of
climate change is rarely conducted. Meanwhile, adaptation and mitigation measures at the farm level
depend largely on the farmer’s awareness. Hence, the aim of this work was to identify the opinions
of berry fruit producers in Poland and to assess their level of awareness, in terms of climate change
and perception of the two-sided impact, i.e. climate change on production and production on climate.
The data used in the work came from survey research conducted in 2021-2023 among 140 berry
producers from 13 voivodeships of Poland. Only 8.57% of the surveyed berry producers are climate
denialists, but as many as 75% of producers believe that berry production does not contribute to
climate change. Producers point to rising in air temperature, dry spells, spring frosts, increased fre-
quency of thunderstorms, strong winds and hailstorms as the most dangerous phenomena accompa-
nying climate change. Producers include adaptation changes in their organizational and investment
plans, but most see obstacles to implementation.

Keywords: climate change, producers’ awareness, berry production, adaptation to climate change,
Poland
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INTRODUCTION

Climate change has always taken place, but in the 20th century its pace has become
particularly rapid [Kudlinski 2006, Kundzewicz and Juda-Rezler 2010]. The effects of
climate change are already having an impact on agriculture worldwide and the phenome-
non of climate change is now recognized as one of the most serious challenges facing the
environment, society and economies. Climate change has and will continue to have a di-
rect or indirect impact on many sectors of the economy, including agriculture and horti-
culture. Fruit cultivation is the agricultural activity most sensitive and most intensely im-
pacted by global warming and climate change. As a result, fruit trees are negatively af-
fected by unsuitable climate conditions during winter rest, flowering, budding and fruiting
periods and large economic losses occur [Oguz et al. 2023]. Many components of climate
change exposure are addressed in research, including precipitation [Lottering et al. 2021],
heat [Quiller et al. 2017], frost [Parker et al. 2021], the occurrence of extreme weather
events [Rosenzweig et al. 2002], but also the impact of high exposure on reducing yields
[Lesk et al. 2022] or deteriorating crop quality [Bisbis et al. 2019]. Weather variability,
rising temperature, shifting agroecosystem boundaries and the increasing occurrence of
extreme weather events such as droughts are forcing the need for adaptation, given the
maintenance of current plans, proper food quality and food security.

Projections for Poland indicate that extreme weather events will occur more fre-
quently and become more intense [Kundzewicz and Kozyra 2011]. It is predicted that pre-
cipitation may be violent and heavy, causing floods, an increase in the frequency of heat
waves and drought during the growing season. In addition, the intensity of strong winds,
an increase in temperature and unfavorable seasonal changes in water resources will ad-
versely affect crop yields, or the processing of agricultural commodities, as well as
transport and storage conditions [Kurnik 2019]. For example, changes in the hydrological
cycle associated with climate change bring not only onerous, prolonged droughts [Jozwiak
and Zielinski 2018], but also a change like precipitation: snow becomes less frequent,
while the intensity of downpours instead of fine precipitation increases [Szwed et al.
2017]. The cited authors believe that agriculture in Poland may also experience positive
changes related to the lengthening of the average growing season and the expansion of the
area under certain thermophilic crops, but realistically extreme weather and climatic con-
ditions will result in lower agricultural yields.

In fruit growing, climate change is exacerbating threats such as frost damage and inad-
equate cooling. Growth rates, premature ripening at higher temperature and increasing pest
populations threaten the quality of specialty crops, as well as changes in their nutritional
profiles, including sugars, acids and antioxidants [Bisbis et al. 2019, Lennert et al. 2024].
For example, an earlier spring accelerates the development of plants, which may multiply
losses when late frosts occur. Such a situation in Poland occurred in 2017 when losses in
orchard crops reached about 30% [Pfleiderer et al. 2019]. According to Prandecki [2020],
effective solutions to climate problems require the simultaneous application of mitigation
and adaptation measures. Their implementation at the farm level depends on several factors,
including the type of crop, water availability, soil quality, and, most importantly, the farmer’s
awareness and knowledge of climate change [Sekowski 2014]. In the face of the increasingly
noticeable phenomena accompanying climate change, the awareness of producers is im-
portant in this aspect, which will allow them to optimally manage favorable changes and
effectively adapt to unfavorable changes [Kundzewicz and Juda-Rezler 2010, Sekowski
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2014]. Since agricultural production and climate change have a two-way interaction, studies
are being undertaken on farmers’ awareness of the impact of production on the environment
[Syp and Zukiewicz 2017]. The agricultural sector is not only directly influenced by weather
phenomena, including those that are more likely to occur in the future but can significantly
contribute to climate change mitigation [Jorgensen and Termansen 2016]. There is also re-
search on climate change and its impact on the environment [Hajto et al. 2021], environmen-
tal assessments of agricultural and horticultural production to increase knowledge of the en-
vironment left behind by such crops, the search for environmental improvements that can be
implemented as sustainable practices [Pérez et al. 2022].

Hence, the purpose of the article was to identify the opinions and assess the level of
awareness of berry producers in Poland, in terms of the observed climate change and the
impact of berry production on the process, as well as the process on production. Human
capital, including the awareness of producers in terms of the reality of climate change
represents a kind of potential for adaptation to its changes, support and implementation of
sustainable and regenerative agriculture practices. This article is based on the part of the
research entitled “Implementation of climate change adaptation strategies on farms with
berry production”, is intended as an overview of producers’ views on the process of cli-
mate change. The results of the research topic undertaken can be used to improve the
capacity of human and institutional capital for climate change adaptation and mitigation.

The study poses the following research questions:

— Do berry growers perceive climate change phenomena and to what extent?

— What are the observed and potential effects of climate change and its impact on
berry production in Poland in the opinion of growers?

— What are the sources of climate change in the opinion of berry growers, including
whether fruit production influences these changes and why?

MATERIAL AND METHODS

Data for the analyses came from surveys carried out in Poland in 2021-2023 by diag-
nostic survey, using a questionnaire technique, aimed at three groups of fruit producers —
blueberry, strawberry and raspberry. Purposive survey sampling was used, with cultivation
of at least one in-ground berry fruit species, i.e. highbush blueberry (Vaccinium corymbosum
L.), strawberry (Fragaria ananassa Duch.) or raspberry (Rubus idaeus L.), on the farm as
the selection criterion. The survey was conducted primarily using an online survey method
(CAWI, or Computer Assisted Web Interview). Producers were reached through various
sources, including social media, the Association of Polish Blueberry Growers, as well as
other industry platforms (including jagodnik.pl) and groups on Facebook, where a link to the
survey was posted with a request to complete it. Difficult access to the operative and reluc-
tance of growers to participate in the survey dictated the use of an additional method of
sample selection, i.e. snowball sampling, whereby an initially small group of respondents
were surveyed and members of that group recommended other individuals belonging to the
general population for further study. A total of 78, 42 and 40 farm owners with blueberry,
strawberry and raspberry production, respectively, participated in the survey, of which high-
bush blueberry producers completed 68 questionnaires from 10 provinces, 36 questionnaires
were obtained from strawberry producers from 8 provinces and 36 questionnaires were com-
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pleted by raspberry producers from 5 provinces, respectively, were qualified for further anal-
ysis, after prior verification of the completeness of responses. The structure of the farms by
type and space (by province) is shown in Figure 1. and the characteristics of surveyed pro-
ducers and farms is shown in Table 1. Attitudes to climate change were analyzed in most
cases from the perspective of all surveyed berry producers and producers of individual spe-
cies, which allowed us to capture differences in views and opinions on the topic under study.
In the article, in order to avoid repetition — in the case of farms with highbush blueberry,
strawberry and raspberry production, the terms blueberry, strawberry, and raspberry, respec-
tively, are used in the tables and graphs.

Table 1. Selected characteristics of the surveyed farms

Number of holdings Structure (%)
Specification
A B Cc A B c
20-29 years 14 11 6 20.59 30.56 16.67
30-39 years 10 8 13 14.70 22.22 36.11
Age 40-49 years 14 7 9 20.59 19.44 25.00
50-59 years 14 8 8 20.59 22.22 22.22
60 and more years 16 0 0 23.53 0.00 0.00
primary 0 2 0 0.00 5.56 0.00
vocational 2 4 4 2.94 11.11 11.11
Education
secondary education 22 12 11 32.35 33.33 30.56
higher education 44 18 21 64.71 50.00 58.33
Off-farm | ves 30 10 21 | 4412 | 27.78 | 5833
income no 38 26 14 55.88 | 72.22 | 41.67
Average UAA area 64.821/8.252 | 11.78 | 12.43 - - -
Average area under blueberries 19.91% 8.03* 4.45 1.57 - - -
puerags :Za;fe‘;f (E/i)r fy crops 30.729/44.00° | 37.78 | 1263 | - - -

A —blueberry, B — strawberry, C — raspberry

UAA - utilised agricultural area

Yincluding two large farms 1500 and 120 ha

2 excluding two large farms 1500 and 120 ha

3 including two large plantations 600 and 120 ha

4 excluding two large plantations 600 and 120 ha

% including two large farms 1500 and 120 ha and with berry crops 600 and 120 ha respectively
& excluding two large farms 1500 and 120 ha and with berry crops 600 and 120 ha respectively
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Fig. 1. Structure of the surveyed farms by type and space (%)
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The small research frame made it impossible to analyze the correlation of the issues
investigated with the characteristics of the producers (demographic characteristics) or the
characteristics of the farms themselves. Hence, the primary data collected were subjected
to quantitative analyses. Descriptive statistics, structure indices, mean values (X) and
a measure of variability, i.e. standard deviation (SD), were used. To assess the impact of
the phenomena accompanying climate change on berry production and to analyze the po-
sition of the surveyed berry growers towards the observed and potential effects of climate
change and its impact on production in Poland, the mean values obtained were assigned
ranks, creating data series in the surveyed groups of respondents. Spearman'’s rank corre-
lation analysis was used to indicate the degree of co-occurrence between opinion series in
the three producer groups studied. This coefficient can be applied to any variable whose
values can be ordered [Jozwiak and Podgorski 2006], and correlation means the strength
and direction of the relationship between two variables (or groups under study), i.e. that
the variables move similarly, but not necessarily one variable is the cause of the other. In
the case of the occurrence of observations with equal values of the ranked variable, these
observations were assigned an identical rank, equal to the average of their consecutive
numbers (hence they may take incomplete values). The following levels of correlation
were used to interpret the results: <0.2 — no linear relationship; 0.2-0.4 — weak relation-
ship; 0.4-0.7 — moderate relationship; 0.7-0.9 — fairly strong relationship; >0.9 — very
strong relationship. Statistical significance level o was taken at p = 0.05. The figures and
tables presented in the paper include the survey questions asked of the surveyed producers.

RESULTS AND DISCUSSION

The results of the study indicate that the majority of the analyzed berry producers per-
ceive climate change and related phenomena in their environment. Of the entire group of
producers analyzed, 8.57% of them are climate denialists, including about 11% of blueberry
and strawberry producers. All surveyed raspberry growers notice climate change in their
area. Among the surveyed producers, the proportion of those who are not convinced of the
reality of the climate change phenomenon is slightly higher than in most European countries
(about 10%) and Poland (about 7%) [Wojcik and Byrka 2016, Budziszewska et al. 2023].

The problem of perceiving the causes of climate change is complex. However, ac-
cording to [Kundzewicz and Juda-Rezler 2010], changes in the composition of the Earth’s
atmosphere and changes in the properties of the Earth’s surface are influenced both by
natural factors, but increasingly also by human activity. Human-induced climate change
is already affecting many weather and climate extremes. Evidence of observed changes in
extremes such as heat waves, heavy precipitation, and droughts, among others, and in par-
ticular their effects has since been reinforced by the attribution of human influence [Ku-
rowska 2020, IPCC 2021]. The majority, some 61%, of the surveyed berry growers, who
are convinced of the reality of the climate change phenomenon, believe that this process
and its effects are equally the result of human activity and natural environmental change
(Fig. 2). The highest percentage in favour of this statement was found among raspberry
producers (72.22%), while the lowest was among blueberry producers (50.00%). Accord-
ing to Budziszewska et al. [2023], such a view is incompatible with scientific knowledge,
and in Poland such people are in the majority — 57.20% of respondents — and many people
still do not understand that humans are the biggest contributor to climate change. Among
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the producers surveyed, one in four advocated the statement that climate change is mainly
the result of human activity. According to Budziszewska et al. [2023], the majority of
Europeans believe that human influence in shaping climate change is greater than the
change resulting from natural processes, and the proportion of people who deny the phe-
nomenon of climate change or believe that it is caused solely by natural causes oscillates
around 10%. Among the producers surveyed, the proportion seeing climate change mainly
in the environment was over 14% and was highest among strawberry producers (nearly
19%). The research results differ slightly from those conducted by Syp and Zukiewicz
[2017] among 125 farmers from the L.eczna district. The study by the cited authors shows
that 39% of farmers consider human activity and natural changes in the environment as
equivalent causes of climate change, 37% of respondents stated that these changes are
only the result of human activity, and 24% of respondents considered natural processes in
the environment. The differences in the perception of the causes of climate change among
the surveyed berry growers and farmers — according to a study by Syp and Zukiewicz
[2017] — may be due to the different production profiles of the two groups, and thus the
use of different production technologies. The issue of the perception of the impact of their
production on climate change will be discussed later in the paper.

Raspberry 16,67 11,11 72,22
Strawberry 12,50 18,75 68,75
Blueberry 36,67 13,33 50,00
All 25,00 14,06 60,94
0,00 20,00 40,00 60,00 80,00 100,00

Observed climate change and its effects are mainly the result of human activities

Observed climate change and its effects are mainly the result of natural
environmental changes

Fig. 2. Determinants of climate change in the opinion of surveyed berry producers in Poland
(in percentage of surveyed individual groups)

Surveyed producers perceiving climate change in their environment were also asked
to assess the impact of phenomena accompanying these changes on berry production. The
owners of all analyzed farm groups assessed the phenomena accompanying climate
change as hurting their production activities (Tab. 2). Even theoretically positive changes
related to the lengthening of the average growing season, from the point of view of berry
fruit producers, whose production is seasonal, were assessed negatively by them. This was
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influenced by a realistic assessment of possible weather conditions, e.g. the occurrence of
spring frosts, which tended to reduce yields. In the top three most unfavorable phenomena,
blueberry producers mentioned longer dry spells, more frequent hurricanes and thunder-
storms and heavy rain, strawberry producers mentioned heavy rain, periods of drought and
heat waves, and raspberry producers mentioned periods of drought, hurricanes and thun-
derstorms and heat waves. The assessment of the impact of weather phenomena observed
in the process of climate change by the analyzed producers of each species was similar
and characterized by a strong relationship, as indicated by the value of Spearman rank
correlation coefficients (Tab. 2).

Table 2. Evaluation of phenomena accompanying climate change on berry production
in the opinion of surveyed producers (on a scale of -3 to 3, where “negative” values indicate
the strength of negative phenomena, 0 — neutral phenomena and “positive” values positive
phenomena (-3 — very negative, 0 — neutral, 3 — very positive)

Xt SD Rank

Specification
A B C A B C A B C

Extension of the average

growing season -0.70 | -0.78 | -1.00 | 1.60 | 0.87 | 1.51 | 80 | 9.0 | 85

Increase in temperature -053 | 094 | -111 157|109 |130| 90 | 80 | 6.5
Heat waves -1,20 | -2.17 | -156 | 1.77 | 0.85 | 1.86 | 6.0 | 3.0 | 3.0
Flood -0.87 | -1.44 | -050 | 1.33 | 1.08 | 1.03 | 7.0 | 7.0 | 10.0
Heavy rain, storms -1.63 | -261 | -1.22 | 1.25 | 0.77 | 1.15 | 3.0 | 1.0 | 45
mgrgtgﬁﬂge”t hurricanes |4 70 | 211 | 167 | 120 | 1.12 | 1.43 | 20 | 40 | 2.0
More frequent hailstorms -153 | -183 | -1.22 | 156 | 1.03 | 1.46 | 5.0 | 6.0 | 45
No snow in winter -1.60 | =200 | -1.11 | 1.45 | 1.07 | 1.12 | 40 | 50 | 6,5
Longer periods of drought | -1.80 | -2.33 | -2.11 | 1.47 | 1.07 | 151 | 1.0 | 20 | 1.0
Increase in sunshine -0.50 | -0.28 | -1.00 | 1.36 | 1.88 | 1.31 | 10.0 | 10.0 | 85
Spearman rank correlation A/B AIC B/C
coefficient p <.01000 rho = 0.866666667 rho = 0.82907566 | rho = 0.782907566

ton ascale of -3 to 3, A — blueberry (n = 60), B — strawberry (n = 32), C — raspberry (n = 36)
Source: own study

Producers also presented their position on the observed and potential effects of climate
change and its impact on berry production in Poland. Producers, irrespective of the type
of berry produced, are mainly concerned about rising temperature and longer periods of
drought, which may adversely affect fruit yields. This is, in the opinion of producers, the
most important effect of climate change in terms of risks. Producers’ concerns are not
unfounded. According to IUNG reports [2023a, 2023b], the area of soils at risk of drought
in Poland varies dynamically from one reporting period to another. For example, as in the
reporting period from 1 May to 30 June 2023, agricultural drought was recorded in fruit
bush crops, in 1441 municipalities (i.e. 58.18% of Poland’s municipalities), and drought
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was recorded in 43.27% of the country’s arable land. Agricultural drought was also rec-
orded in strawberry crops, in 1246 municipalities (50.30% of Poland’s municipalities)
[TUNG 2023a, 2023b]. For many years, the future situation of agricultural production in
Poland has assumed that changes in the structure of water balance leading to water deficit
will be a factor determining the level of plant and animal production [Mirkowska 2009].

The producers surveyed also identified and assessed the effects of climate change,
from the point of view of its impact on their business. In the first place, they indicated the
phenomenon of rising temperature and longer periods of drought, which, among other
things, affects the quantity and quality of the crop and forces new investments (e.qg. irriga-
tion). Here, the average score ranged from 4.50 to 4.35 (Tab. 3). This was followed by the
risk of frost during unfavourable periods for plant development and a decrease in yield
(mean score of 4.44 to 4.35), an increase in the frequency of extreme weather events, e.g.
storms, hailstorms, winds, tornadoes (mean score of 4.44 to 4.16) and the appearance of
new invasive species (pests, diseases), which increases the use of plant protection products
(mean score of 4.47 to 4.15). The consequence of the above-mentioned phenomena is an
increase in production costs and necessary investments on farms. This was also the opinion
of farmers in a study by Syp and Zukiewicz [2017]. Here, the vast majority of farmers fear
that the consequence of the changes taking place will be an increase in the costs of agri-
cultural production (69%) and a reduction in the standard of living (61%). In the case of
the surveyed berry producers, as many as 94.29% see threats to production. Among the
main sources of risk, producers cite an increase in production costs. Such concerns are
expressed by 71.49%, 77.78% and 66.67% of blueberry, strawberry and raspberry fruit
producers respectively. The increase in production costs is due to several factors, including
market, legal, agrotechnical and climatic conditions. However, it should be emphasised
that, in the opinion of the surveyed producers, it is the climatic conditions, apart from
market conditions, that will have the greatest impact on production costs.

Nearly half of the surveyed blueberry and strawberry producers and 30% of the rasp-
berry producers anticipate an increase in outlays and costs in the coming years as a result
of the need for changes and investments in terms of adapting to climate change and miti-
gating the consequences of extreme climate events. The producers surveyed earned in-
come not only from berry production as the share of berry crops in total UAA (utilised
agricultural area) represented 30.72/44.00%, 37.78% and 12.63% for blueberry, straw-
berry and raspberry holdings respectively. However, income from berry production was
the only source of income on these farms for 55.88% of blueberry farms, 72.22% of straw-
berry farms and 41.67% of raspberry farms.

Crop production is highly dependent on weather and climate conditions, but often also
has an impact on climate change. A small percentage of the surveyed producers, only
17.65% (Fig. 3), believe that berry production contributes to climate change. This opinion
was expressed by blueberry and strawberry producers, while none by raspberry producers.
Among the mentioned factors/activities, influencing climate change, the blueberry pro-
ducers indicated mainly the significant water consumption in production, the use of chill-
ers and thus CO; emissions, and exhaust emissions from machinery and equipment used
in the production and post-production process (storage, transport). The raspberry growers
indicating the reality of the impact of their production on the climate mentioned mainly
the use of organic fertilization, significant water consumption, the use of refrigeration
units, agrotechnical treatments accompanied by CO, emissions and evaporation of water
from the soil (Tab. 4).
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Table 3. Position of surveyed berry growers towards observed and potential effects of climate

change and its impact on production (on a scale of 1 to 5, where 1 — strongly disagree,

5 — strongly agree)

Climate change is causing

SD

Rank

B

B

Increase in investment/ costs

4.26

4.22

1.08

1.19

121

4

An increase in production risk
and, for example, the need
to take out insurance

4.06

3.75

1.14

0.95

1.44

7.0

7.0

8.0

The occurrence of frost

at unfavorable periods for plant
development and a drop in
yields

4.35

4.35

4.44

1.01

1.43

1.13

15

3.0

45

Lack of snow in winter, water
shortages, which among other
things reduces soil fertility

412

4.44

4.45

1.19

1.01

0.71

6.0

2.0

3.0

Increased temperature and
longer periods of drought,
which among other things af-
fect the quantity and quality of
the crop

and necessitate new invest-
ments (e.g. irrigation)

4.35

4.50

4.50

0.98

0.85

1.00

15

1.0

1.0

An increase in the frequency of
extreme weather events —
thunderstorms, hailstorms,
winds, tornadoes — which affect
lower crop yields

4.24

4.16

4.44

1.12

0.78

1.05

4.0

6.0

45

The extension of the growing
season, which can increase
yields

3.00

2.63

3.78

1.17

1.39

1.12

8.0

8.0

7.0

The appearance of new invasive
species (pests, diseases), which
increases the use of plant
protection products

4.15

4.30

4.47

1.17

0.76

1.10

5.0

5.0

2.0

Spearman rank correlation
coefficient p <.01000

A/B

rho = 0.718575757

AlC

rho = 0.536144578

0.754504545

B/C
rho =

A — blueberry, B — strawberry, C — raspberry
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Fig. 3. Do you think that blueberry (n = 68)/strawberry (n = 32)/raspberry (n = 36) production
contributes to climate change? (in % of each group of farms surveyed)

However, the majority of berry growers surveyed, 75%, think that berry production does
not contribute to climate change. Producers of the different species mentioned several factors
which, in their opinion, prove this. First of all, producers emphasized that berry production,
compared to meat production, has a much smaller carbon footprint. In addition, the most
frequently mentioned factors influencing climate protection, in all farm groups, were a sig-
nificant proportion of manual work, mainly in harvesting or sorting the fruit, a limited num-
ber of agrotechnical procedures, (perennial crops) and the rational use of plant protection
products. The opinions of producers of individual berry species, in terms of the lack of im-
pact of these productions on climate change, are presented in Table 4.

At the farm level, there are many opportunities to implement mitigating (e.g. pro-
environmental farm profile) and adaptive actions and measures so that the damage and
negative impacts of change are minimized, while the positive impacts are fully exploited.
The adaptive potential of farms varies and depends on many resources, including human,
financial, organizational, infrastructural and knowledge. Hence, each farm is characterized
by a specific adaptation potential. These activities at farm level in many cases are not yet
taking place for various reasons such as lack of: investment resources, adaptation policy
initiatives, adaptation capacity and access to knowledge. On the farms surveyed, the larger
farms’ adaptation measures already made were recorded and mainly concerned berry crops
under shelter. It is encouraging that most producers include adaptation changes in their
organizational and investment intentions. However, a significant percentage, i.e. 61.76,
44.44 and 50.00% of the surveyed producers of blueberries, strawberries and raspberries
respectively, see obstacles to the introduction of various forms of adaptation of berry pro-
duction to climate change. These difficulties are primarily perceived by producers as the
lack of sufficient monitoring and early warning systems for risks (30.95, 31.25 and 44.44%
of blueberry, strawberry and raspberry producers respectively), lack of investment support
for farms (33.33, 37.50, 33.3%) and lack of training and technological advice taking into
account aspects of adapting production to increased climate risks.
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Table 4. Categories of impacts in berry production contributing to climate change
and limiting climate change impacts, according to surveyed growers (in %)

Berry production
A B I
Negative impact on the climate!

Categories of impacts

A significant water consumption in production 62.50 - 37.50

Application of organic fertilizer (including

manure) and nitrous oxide emissions (NO2) B B 50.00

Use of chillers — emission of gases such as CO2 37.50 - 37.50

,:i\grr]c;-gglnical treatments including exhaust emis- 25.00 B 25.00

Use of plant protection products, pesticides 12.5 - -

Use of packaging 12.5 - -
Protective effect on the climate?

A significant proportion of manual work 65.22 31.25 61.54

Perennial cultivation — low number of
agro-technical operations, 60.87 31.25 23.08
hence low emissions of CO:

Small carbon footprint compared to,

- 56.52 31.25 26.92
for example, meat production
Reducmg_ agr_o-technlcal measures, 5217 56.25 38.46
e.g. plowing intensity
No or limited use of organic fertilizer 34.78 B B
and nitrous oxide emissions (NO2) '
Absence or rational use of plant protection 34.78 71.87 61.54
products
Rational fertilisation, precise application 34.78 71.87 61.54

of fertilisers

L A — blueberry (n = 16); B — strawberry (n = 0) - strawberry producers did not declare any negative impact of
this production on climate change; C — raspberry (n=8),
2 A —blueberry (n = 46), B — strawberry (n = 30), C — raspberry (n = 26)

CONCLUSION

The results of the research carried out allow the research questions posed in the study to
be answered and indicate. The majority of the analysed berry producers perceive climate
change and related phenomena in their environment. Only 8.57% of them are climate deni-
alists. Some 61% of the producers surveyed are convinced of the reality of the climate change
phenomenon, believing that this process and its effects are due equally to human activity and
natural environmental changes. Among the most adverse phenomena accompanying climate
change, producers cited droughts, more frequent hurricanes, storms and heavy rain, heat
waves. The producers surveyed also identified and assessed the effects of climate change,
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from the point of view of its impact on their operations. Among the most dangerous phe-
nomena, they indicated an increase in temperature and longer periods of drought, the occur-
rence of frosts at unfavorable times for plant development, an increase in the frequency of
extreme weather phenomena — storms, hailstorms, winds, tornadoes and the appearance of
new invasive species. The consequence of the aforementioned phenomena is an increase in
production costs and necessary investments on farms. The producers surveyed were aware
that berry production has the potential to both negatively impact and protect the climate. As
many as 75% of producers think that berry production does not contribute to climate change,
which is mainly due to the high proportion of manual work, mainly in harvesting or sorting
the fruit, the limited number of agrotechnical operations (perennial crops) and the rational
use of plant protection products. Producers take adaptation changes into account in their
organizational and investment plans, but most also see obstacles to the introduction of vari-
ous forms of adaptation of berry production to climate change. These difficulties are mainly
attributed by producers to the lack of sufficient monitoring and early-warning systems for
risks, the lack of investment support for farms, and the lack of training and technological
advice on how to adapt production to increased climate risks.
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Obrona zywnosci na etapie produkcji rolnej —
czy jesteSmy gotowi?
Food defense at the stage of agricultural production — are we ready?

Abstrakt. Ze wzgledu na dynamiczng sytuacje zewnetrzng wywotang m.in. toczacymi si¢ wojnami,
np. w Ukrainie, podmioty rolne podlegaja wielu wplywom, takze negatywnym, ktore przektadaja
sie na zwigkszenie ryzyka ich funkcjonowania. Istniejgca i napigta sytuacja polityczna zmusza do
przyjrzenia si¢ szczegdélnemu ryzyku jakim jest agroterroryzm. Uzasadnieniem do zajecia si¢ tym
tematem jest skromna jeszcze literatura krajowa oraz fakt, iz zagrozenie o tym charakterze istnieje
i jest bardzo realne. Celem pracy bylo uzyskanie odpowiedzi na pytanie: czy i w jakim zakresie
istniejace prawo oraz dziatanie wtasciwych urzedow sprzyjaja przygotowaniu podmiotéw dziataja-
cych w obszarze produkcji podstawowej do obrony zywnosci? Jako metode badawcza wykorzystano
glownie studia literaturowe oraz kwerendg aktow prawa stosowanego oraz prywatnego prawa Zyw-
nosciowego. We wnioskach wykazano, ze zardwno unijne, jak i krajowe prawo zywnosciowe nie
zobowigzuje do wdrozenia dziatan na rzecz obrony zywnosci w sektorze rolnym. Podkreslono
wazna rol¢ dyrektywy o odpornosci podmiotéw krytycznych (dyrektywy CER) oraz potrzebg wdro-
zenia programow edukacyjnych, pozwalajacych na stworzenie wytycznych dla producentow rol-
nych, opartych na najlepszych dostgpnych wzorcach i systemach na skuteczng obrong zywnosci
w obszarze rolnym. Potwierdzono takze braki informacyjne na temat agroterroryzmu I zagrozen z
nim zwigzanych po stronie wlasciwych urzedéw zajmujacych si¢ bezpieczenstwem zywnosci i rol-
nictwem.

Stowa kluczowe: agroterroryzm, obrona zywnosci, infrastruktura krytyczna, prawo zywnosciowe,
schematy certyfikacji
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Podmioty dziatajace na rynku, w tym te reprezentujace produkcje rolna, podlegaja
wielu wplywom zewngtrznym, ktore przekltadaja si¢ na rézne przemiany i niosg ryzyko
zwigzane z funkcjonowaniem tych podmiotéw. Zgodnie z art. 3 pkt 17 rozporzadzenia
(WE) nr 178/2002 Parlamentu Europejskiego i Rady z dnia 28 stycznia 2002 r. ustanawia-
jacego ogdlne zasady i wymagania prawa zywnosciowego, powotujacego Europejski
Urzad ds. Bezpieczenstwa Zywnosci oraz ustanawiajacego procedury w zakresie bezpie-
czenstwa zywnosci produkcja rolna wpisuje si¢ w ,,produkcje podstawowa”, ktora ozna-
cza uzyskiwanie produktow podstawowych poprzez produkcje, uprawe lub hodowle zwie-
rzat, w tym zbiory, dojenie i hodowle zwierzat gospodarskich przed ubojem. Oznacza
takze lowiectwo i rybotéwstwo oraz zbieranie runa lesnego [Rozporzadzenie 178/2002].
Podmioty tego rodzaju odczuwaja skutki m.in. postpandemii [Tariq i in. 2024], zmian po-
godowych i klimatycznych [El Hathat i in. 2023a, 2023b], zaburzen w tancuchach dostaw
np. w zwigzku z dostawami nawozow sztucznych [Kowalska i in. 2024, Tundys i in. 2024]
czy wojng w Ukrainie [ Wisniewska 2024]. Wtasnie ze wzglgdu na obecnie napieta sytua-
cj¢ polityczng nie mozna rowniez pominaé zagrozen zwiazanych ze zjawiskiem terrory-
zmu zywnosciowego, ktory w obrebie tzw. produkcji podstawowej nosi miano agroterro-
ryzmu. Zgodnie ze Swiatowa Organizacja Zdrowia (WHO — Word Health Organization)
terroryzm zywnos$ciowy to akt zastraszenia celowym skazeniem zywno§$ci przeznaczonej
do konsumpc;ji przez cztowieka czynnikami chemicznymi, biologicznymi, fizycznymi lub
radiologicznymi/radioaktywnymi w celu wywotania $mierci ludnosci cywilnej lub
uszczerbku dla zdrowia i/lub zaklocenia stabilno$ci spotecznej, ekonomicznej lub poli-
tycznej panstwa [World Health Organization 2008]. Z kolei agroterroryzm jest definio-
wany jako przeprowadzenie ataku przeciwko sektorowi rolniczemu. Dotyczy to nie tylko
upraw rolnych czy produkcji pasz, ale rowniez sadownictwa, hodowli zwierzat oraz m.in.
akwakultury (hodowli ryb). Najbardziej prawdopodobng forma zdarzenia agroterrory-
stycznego jest atak przy uzyciu broni biologicznej, zwlaszcza wiruséw, bakterii, grzybow
i ich toksyn, ze wzgledu na ich skuteczno$¢ oraz stosunkowo niskg cene i fatwos$¢ samo-
dzielnego wytworzenia przez terrorystow. Stad pojecie agroterroryzmu bywa czgsto za-
wezane do miana bioterroryzmu rolniczego [Zawojska 2011]. Moze on by¢ zainicjowany
przez kraje dziatajace z motywow militarnych, politycznych, ideologicznych czy gospo-
darczych. Moze wynikac¢ z checi dominacji roznych korporacji rolnych, ktore daza do wy-
eliminowania konkurencji. Moze takze by¢ przeprowadzany przez osoby indywidualne,
w ramach rewanzu czy sabotazu, jak rowniez jako tzw. narkoterroryzm przez kartele nar-
kotykowe, zainteresowane przejeciem danego terenu pod uprawe roslin narkotycznych
[Foxell 2001]. Dowodow na to, ze akty agroterroryzmu maja miejsce, dostarcza zaréwno
historia, jak i wspolczesne doswiadczenie. Dla przyktadu w latach 1861-1865 generat
William Tecumseh Sherman, w trakcie wojny secesyjnej, w celu pokonania i ztamania
wojsk Konfederatow, dopuszczat si¢ m.in. palenia upraw, skazenia wod, zwierzat, stawow
rybnych [Kornfeld 2003]. Wspoétczesnie, w zwiazku z agresja Rosji na Ukraine, przybrato
ono kilka form, np. kradziez zboza przez Rosj¢ i proby jego sprzedazy jako wlasnego
zasobu, niszczenie zapasow i podpalanie pol zbozowych, celowe ataki na gospodarstwa
rolne, bombardowanie elewatorow zbozowych, zaminowywanie pol w celu uczynienia
z nich gruntow niezdatnych do uzytku [Wisniewska 2024].
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Niewatpliwie agroterroryzm jest trudny do przewidzenia i zapobiezenia, jesli chodzi
0 jego wystgpowanie w trakcie dziatan wojennych, to jednak wdrozenie dziatan prewen-
cyjnych w okresie pokoju i wzglednej stabilnosci politycznej wydaje si¢ niezbedne. Tym
bardziej, iz, jak wskazuja specjaliéci, atak na sektor rolny jest stosunkowo tatwy do prze-
prowadzenia [Foxell 2001]. Wynika to z faktu, ze gospodarstwa rolne sg geograficznie
rozproszone na niechronionych przestrzeniach (np. otwarte pola i pastwiska), co ulatwia
terrorystom dostgp. Takze wiele patogendw, np. roslinnych, mozna tatwo wyizolowac ze
srodowiska lub uzyska¢ w legalnych laboratoriach. Dodatkowo emocjonalna reakcja opi-
nii publicznej na terroryzm rolny (a tym samym presja wywierana na wladze) jest stabsza
niz w przypadku terroryzmu wymierzonego bezposrednio w zdrowie lub zycie cztowieka
[Zawojska 2011]. W obecnej dobie jesli chodzi o agroterroryzm, cho¢ nie tylko, nie mozna
poming¢ cyberterroryzmu, czyli ataku poprzez sieci internetowe. Cyberterroryzm to atak
kryminalny przy uzyciu komputera oraz sieci telekomunikacyjnych, powodujacy uzycie
sity, zniszczenie badz tez przerwanie ustug w celu wywotania strachu poprzez wywotanie
zamieszania i niepewnos$ci w okreslonej czesci populacji [Kotodziejeczyk 2017]. Fakt, iz
jest to zjawisko realne i bardzo grozne w skutkach, potwierdzaja m.in. Sitnicki i in. [2024],
Patil i Chinmayi [2024] czy Friha i in. [2022].

Zagadnienie agroterroryzmu, mimo ze szeroko omoéwione w mi¢dzynarodowe;j litera-
turze przedmiotu [Utami i Puspitasari 2023, Manoussopoulos i in. 2024], jest jeszcze dosé¢
stabo sygnalizowane w literaturze krajowej. Potwierdzaja to wyniki przegladu recenzo-
wanych artykutow naukowych, dostepnych w potaczonych bazach danych repozytorium
rodzimego uniwersytetu, poszerzone o analize¢ prac w bazie Google Scholar z lat 2000—
2024. W odpowiedzi na hasta ,,agroterroryzm”, ,terroryzm rolniczy”, ,,bioterroryzm rol-
niczy”, po usuni¢ciu duplikatow i prac poza zakresem, uzyskano tacznie 10 rekordow
[Lipa 2006, Zuber 2006, Zawojska 2011, Wisniewska i Czernyszewcz 2014, Boczek
i Lewandowski 2015, Szwejkowska i Truszkowski 2016, Wiza i in. 2019, Jarynowski i in.
2022, Jarynowski 2023, Wisniewska 2024]. Powyzsze potwierdza istniejaca lukg poznaw-
cza 1 uzasadnia zaj¢cie si¢ tg tematyka, w szczegdlnosci z perspektywy innego waznego
zjawiska, jakim jest obrona zywnosci (ang. food defense), pod pojeciem ktorej mozna
rozumie¢ zbidr réznych dziatan systemowych, realizowanych na poziomie danego pod-
miotu rolnego, sktadajacych si¢ z zapobiegania, nadzorowania, gotowosci i reagowania,
a takze wspierajacych ich warunkéw stuzacych osiagnigciu stanu pozwalajacego na za-
gwarantowanie, iz Zywnos$¢ jest wolna od zagrozen i ich skutkéw wywotanych jej celo-
wym zanieczyszczeniem [Wisniewska 2021].

Artykul ma charakter polemiczny. Problemem badawczym podjetym w niniejszej
pracy jest pytanie: czy i w jakim zakresie istniejace prawo oraz dziatanie wlasciwych urzg-
dow sprzyja przygotowaniu podmiotow dziatajacych w obszarze produkcji podstawowe;j
do obrony zywnosci? Celem pracy jest uzyskanie odpowiedzi na to pytanie oraz przeana-
lizowanie istniejacych, takze fakultatywnych, rozwiazan w tym zakresie. Aby zrealizowaé
zatozenia badawcze, oprocz analizy krytycznej literatury, ktora pozwolita uzasadni¢ pod-
jecie badan, zastosowano nast¢pujace metody naukowe: analiz¢ aktow prawnych, prze-
glad stron internetowych stosownych urzedow, analiz¢ norm i standardow, analiz¢ kry-
tyczna, a takze syntezg 1 wnioskowanie logiczne.
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METODYKA I MATERIAL BADAWCZY

Jesli chodzi o akty prawne analiza dotyczyta legislacji europejskiej i krajowej wpisu-
jacej sie¢ w prawo zywno$ciowe, rozumiane za Korzycka-Iwanow [2005] jako ,,0g0t prze-
pisow regulujacych stosunki spoleczne zwigzane ze wszystkimi etapami produkcji, prze-
twarzania i dystrybucji zywnosci, oraz pasz dla zwierzat przeznaczonych na zywnos¢ — ze
wzgledu na ochrone zycia i zdrowia, interesy ekonomiczne konsumenta oraz rzetelno$é
obrotu, przy uwzglednieniu ochrony $rodowiska i zdrowia oraz dobrostanu zwierzat”.
Analizie poddano takze prawo dotyczace rolnictwa ekologicznego oraz integrowanej pro-
dukcji roslin. Ponadto przeanalizowano ustawodawstwo dotyczace zapobiegania terrory-
zmowi oraz infrastruktury krytycznej. Stan prawny przyjeto na dzien 1.08.2024 r. Analiza
objeta rowniez strony internetowe. Zastosowano w tym przypadku metod¢ analitycznej
oceny stron internetowych, ktora jest jedng z metod oceny jako$ci informacji zawartych
na stronach internetowych. Polega na wieloaspektowym przyjrzeniu si¢ informacjom, ro-
zumieniu ich cech formalnych, tresciowych oraz okresleniu, ktore z nich sa najwazniejsze
w danym momencie i wobec konkretnych potrzeb [Zdonek i Hysa 2014]. W tym przy-
padku ocenie poddano strony: Ministerstwa Rolnictwa i Rozwoju Wsi, Panstwowej In-
spekcji Sanitarnej oraz Panstwowej Inspekcji Ochrony Roélin i Nasiennictwa. Celem tego
przegladu byto zidentyfikowanie tresci dotyczacych programdéw wsparcia rolnictwa na
rzecz obrony zywnosci, w tym podej$¢ o charakterze edukacyjnym, zaadresowanych do
podmiotéw funkcjonujacych na etapie produkcji podstawowej ogolnie oraz produke;ji ro-
$linnej w szczegolnosci. Jezeli zag chodzi o normy i standardy, analiza objeto tzw. pry-
watne prawo zywnosciowe (ang. private food law), czyli rozne podejscia o charakterze
dobrowolnym, ktore obejmuja ,,programy/systemy certyfikacji, normy, standardy, prze-
wodniki, kodeksy dobrych praktyk. Jest ono tworzone przez prywatne podmioty dziata-
jace w przemysle rolno-spozywczym i na jego rzecz” [van der Meulen 2011]. Prawo o
tym charakterze pelni rolg regulacyjna, a jego wdrozenie przez producentdéw stanowi czg-
sto przepustke na rynek. Ze wzgledu na to, ze zapisy prywatnego prawa Zywnosciowego
z reguly wyprzedzaja zapisy zawarte w prawie stanowionym, mozna uznac, iz pomiedzy
tymi aktami zachodzi wazny efekt synergii, z korzyscia dla konsumenta zywnosci.

WYNIKI | DYSKUSJA

Agroterroryzm w prawie Zywnosciowym

Z przeprowadzonej analizy wynika, iz zarowno w unijnym, jak i krajowym prawie zyw-
nosciowym trudno doszuka¢ si¢ uregulowan dotyczacych agroterroryzmu czy szerzej terro-
ryzmu zywnos$ciowego. Na poziomie UE za najwazniejsze w tym wzgledzie nalezy uznaé
Rozporzadzenie (WE) 852/2004 Parlamentu Europejskiego i Rady z 29 kwietnia 2004 r.
w sprawie higieny srodkoéw spozywczych [Rozporzadzenie 852/2004]. Zobowigzuje ono
przedsigbiorstwa spozywcze do tego, by na wszystkich etapach produkeji, przetwarzania
i dystrybucji zywnosci odbywajacych si¢ pod ich kontrola, spetniane byty wlasciwe wymogi
higieny ustanowione w tym rozporzadzeniu i uszczegoétowione w zatacznikach I II do tego
aktu. Kluczowym wymogiem wedle tego przepisu jest obowigzek wdrozenia systemu
HACCP (Hazard Analysis and Critical Point), czyli przeprowadzenia analizy zagrozen i kry-
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tycznych punktéw kontroli. Zgodnie z krajowa Ustawg z 25 sierpnia 2006 r. o bezpieczen-
stwie zywnoSci i zywienia HACCP to postgpowanie majace na celu zapewnienie bezpie-
czenstwa zywnosci przez identyfikacj¢ i oszacowanie skali zagrozen z punktu widzenia wy-
magan zdrowotnych zywno$ci oraz ryzyka wystapienia zagrozen podczas przebiegu wszyst-
kich etapéw produkcji i obrotu zywnoscig. Wedtug Rozporzadzenia (WE) 178/2002 zagro-
zenie oznacza¢ bedzie czynnik biologiczny, chemiczny lub fizyczny w zywnosci lub paszy
badz stan zywnosci lub paszy mogacy powodowa¢ negatywne skutki dla zdrowia [Rozpo-
rzadzenie 178/2002]. Zgodnie z Rozporzadzeniem (WE) 852/2004 istnienie lub powstanie
takiego zagrozenia jest okreslone mianem zanieczyszczenia [Rozporzadzenie 852/2004].
Z kolei zgodnie z Rozporzadzeniem Rady (EWG) nr 315/93 z 8 lutego 1993 r. ustanawia-
jacym procedury Wspdlnoty w odniesieniu do substancji skazajacych w zywnosci sub-
stancja zanieczyszczajaca to kazda substancja nieumyslnie (niecelowo) dodana do zyw-
nosci, ktora jest obecna w takiej zywnosci jako rezultat produkeji, wytwarzania, przetwa-
rzania, przygotowywania, obrobki, pakowania, opakowywania, transportu lub przecho-
wywania zywnosci jako rezultat skazenia srodowiska [Rozporzadzenie 315/93]. Powyz-
sze oznacza, iz zasady systemu HACCP wspierane dobrymi praktykami higienicznymi
i produkcyjnymi nie obejmuja przypadkdéw celowego skazenia zywnosci, a tym samym
obrony przed takimi przypadkami. Ponadto sam system HACCP, zgodnie z cytowanym
prawem UE, nie jest obowigzkowy do wdrozenia przez przedstawicieli produkcji podsta-
wowej, czyli np. producentéw rolnych, ktoérzy sa zobligowani jedynie do wdrozenia tzw.
dobrych praktyk higienicznych.

Wymagan ani zobowigzan dotyczacych obrony zywnosci nie ma rowniez w prawie
regulujacym zasady produkcji ekologicznej i znakowania produktow ekologicznych.
Glownym aktem prawnym UE stosowanym od 1 stycznia 2022 r. jest Rozporzadzenie
Parlamentu Europejskiego i Rady (UE) 2018/848 z dnia 30 maja 2018 r. w sprawie pro-
dukcji ekologicznej i znakowania produktéw ekologicznych i uchylajace rozporzadzenie
Rady (WE) nr 834/2007, ze zmianami [Rozporzadzenie 2018/848]. Aktami krajowymi
w tym zakresie sa przede wszystkim Ustawa z dnia 23 czerwca 2022 r. o rolnictwie eko-
logicznym i produkcji ekologicznej [Ustawa z dnia 23 czerwca 2002] oraz Rozporzadze-
nie Ministra Rolnictwa i Rozwoju z dnia 7 lipca 2023 r. w sprawie warunkow produkcji
ekologicznej w zakresie pozostawionym do okre$lenia przez panstwo cztonkowskie Unii
Europejskiej lub wlasciwy organ panstwa cztonkowskiego Unii Europejskiej [Rozporza-
dzenie Ministra Rolnictwa]. Nie dostrzega si¢ takze zadnych odniesien, jesli chodzi o le-
gislacje dotyczaca integrowanej produkcji roslin [ Ustawa z dnia 8 marca 2013 ].Z analizy
aktow prawa wynika takze, iz ani polskie, ani unijne prawo nie definiuje wprost pojgcia
terroryzmu. Nie wprowadza takze definicji terroryzmu zywnos$ciowego czy tez agroterro-
ryzmu, bioterroryzmu. Niemniej w prawie Unii Europejskiej w sprawie zwalczania terro-
ryzmu wprowadzono pojecie przestgpstw o charakterze terrorystycznym, wskazujac, ze
sa to ,,czyny umyslne, okreslone zgodnie z prawem krajowym jako przestgpstwa, ktore ze
wzgledu na swoj charakter lub kontekst moga wyrzadzi¢ powazne szkody panstwu lub
organizacji migdzynarodowej” [Dyrektywa Parlamentu Europejskiego i Rady 2017/541].
Definicja ,,przestgpstwa o charakterze terrorystycznym” pojawia si¢ rOwniez w prawie
krajowym, w ustawie z 16 kwietnia 2004 r. o zmianie ustawy — Kodeks karny oraz nie-
ktorych innych ustaw ([Ustawa z dnia 16 kwietnia 2004]. W art. 115 tego aktu zwrdcono
takze uwagg na cel ataku, jakim jest powazne zastraszenie wielu 0osob, zmuszenie wtadz
krajowych lub innych panstw albo organow organizacji migdzynarodowych do podjgcia
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lub zaniechania danych czynno$ci. Podkreslono, ze celem takich dziatan moze by¢ po-
nadto spowodowanie powaznych zaktdcen w ustroju lub gospodarce, jak rowniez grozba
popetnienia takiego czynu. Bardzo ogdlne zapisy znajduja si¢ takze w ustawodawstwie
dotyczacym infrastruktury krytycznej. Jesli chodzi o prawo UE, na uwage zastuguje tu
Dyrektywa Rady 2008/114/WE z 8 grudnia 2008 r. w sprawie rozpoznawania i wyzna-
czania europejskiej infrastruktury krytycznej oraz oceny potrzeb w zakresie poprawy jej
ochrony (tekst majgcy znaczenie dla EOG). Zgodni z . art. 2 cytowanej dyrektywy za in-
frastrukture krytyczng uznano sktadnik, system lub cz¢$¢ infrastruktury o podstawowym
znaczeniu spotecznym, dla zdrowia, bezpieczenstwa, ochrony, dobrobytu materialnego
lub spotecznego ludnosci. Jest nig takze taka infrastruktura, ktorej zaklocenie lub znisz-
czenie, w wyniku utracenia wspomnianych funkcji, bardzo istotnie wplynetoby na dane
panstwo cztonkowskie [Dyrektywa 2008/114]. Infrastruktura krytyczna jest takze ujeta w
prawie krajowym, w ustawie z dnia 10 czerwca 2016 r. o dziataniach antyterrorystycznych
[Ustawa z dnia 10 czerwca 2016], odsytajacej w przedmiocie tego zagadnienia do ustawy
z dnia 26 kwietnia 2007 ro zarzadzaniu kryzysowym. Wedle . art. 3 ust. 2 wspomnianego
aktu prawnego ,,infrastruktura krytyczna to systemy oraz wchodzace w ich sktad powia-
zane ze soba funkcjonalnie obiekty, w tym obiekty budowlane, urzadzenia, instalacje,
ushugi kluczowe dla bezpieczenstwa panstwa i jego obywateli oraz sluzgce zapewnieniu
sprawnego funkcjonowania organdéw administracji publicznej, a takze instytucji i przed-
sigbiorcow. Infrastruktura krytyczna obejmuje systemy: a) zaopatrzenia w energig, su-
rowce energetyczne i paliwa, b) facznosci, ¢) sieci teleinformatycznych, d) finansowe,
e) zaopatrzenia w zywnos¢, f) zaopatrzenia w wodg, g) ochrony zdrowia, h) transportowe,
1) ratownicze, j) zapewniajace ciaglo§¢ dziatania administracji publicznej, k) produkcji,
sktadowania, przechowywania i stosowania substancji chemicznych i promieniotwor-
czych, w tym rurociagi substancji niebezpiecznych” [Ustawa z dnia 26 kwietnia 2007].
Uwzgledniajac powyzsze, mozna potwierdzié, ze uprawy rolne jako element i warunek
funkcjonowania systemu zaopatrzenia w zywno$¢, do tego rodzaju infrastruktury naleza
[McCreight 2022, Manning i Kowalska 2023, Moersdorf i in. 2024]. Niemniej w sprzecz-
nosci do tego zatozenia, wedle ktorego produkcja zywnosci nie znajduje si¢ na rzadowej
liscie infrastruktury krytycznej, lezy odpowiedz Ministerstwa Rolnictwa i Rozwoju Wsi
z dnia 27 kwietnia 2020 r. na interpelacj¢ poselska nr 3957 [Minister Rolnictwa i Rozwoju
Wsi 2020]. Tym samym, zgodnie z ustawg o zarzadzaniu kryzysowym z 26 kwietnia 2007
1., nie podlega ona ochronie rozumianej jako ,,wszelkie dziatania zmierzajace do zapew-
nienia funkcjonalnosci, ciagloéci dziatan i integralnoéci infrastruktury krytycznej w celu
zapobiegania zagrozeniom, ryzykom lub stabym punktom oraz ograniczenia i neutraliza-
cji ich skutkow oraz szybkiego odtworzenia tej infrastruktury na wypadek awarii, atakow
oraz innych zdarzen zaklocajacych jej prawidtowe funkcjonowanie”. Takie stanowisko,
zbiezne z aktualnym jeszcze prawem UE, czyli Dyrektywa 2008/114/WE, wywotuje nie-
pokdj wsrdd przedstawicieli srodowiska rolniczego [Wiadomos$ci handlowe 2022] i nie
odpowiada naukowym opiniom w tym zakresie [Sarker 2024]. Inaczej jest w Stanach
Zjednoczonych, gdzie sektor zywnosci i rolnictwa jest jednym z 16 sektorow infrastruk-
tury krytycznej, ktorych aktywa, systemy i sieci, zarobwno fizyczne, jak i wirtualne, sa
uwazane za tak istotne, ze ich unieruchomienie lub zniszczenie miatoby ostabiajacy
wplyw na bezpieczenstwo ogoélnie, na krajowe bezpieczenstwo gospodarcze, krajowe
zdrowie publiczne lub dowolna kombinacj¢ tych czynnikow [U.S. Food and Drug Admi-
nistration 2024]. Nalezy jednak doda¢, ze cytowana dyrektywa 2008/114/WE, ktora sku-
pia si¢ wylacznie na wyznaczeniu europejskich infrastruktur krytycznych w sektorach
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energii i transportu, zostanie wkrotce zastagpiona nowym aktem prawa. Komisja Europe;j-
ska doszta do wniosku, ze ochrona tylko tych obszar6w jest niewystarczajaca i nie jest w
stanie sprosta¢ wszystkim pojawiajacym si¢ zagrozeniom, co spowodowato, ze zakres
przedmiotowy nowego aktu prawa — Dyrektywy Parlamentu Europejskiego i Rady (UE)
2022/2557 z dnia 14 grudnia 2022 r. w sprawie odporno$ci podmiotéw krytycznych i
uchylajacej Dyrektywe Rady 2008/114/WE (Tekst majacy znaczenie dla EOG), zw. dy-
rektywa CER (ang. Critical Entities’ Resilience) — zostal znacznie poszerzony, obejmujac
nastgpujace sektory: energetyka (energia elektryczna, centralne ogrzewanie i chtodzenie,
ropa, gaz, wodoér), transport (powietrzny, kolejowy, wodny, ladowy), bankowos¢, infra-
struktura rynkéw finansowych, zdrowie, woda pitna, $cieki, infrastruktura cyfrowa, admi-
nistracja publiczna, przestrzen kosmiczna, a takze wytwarzanie, przetwarzanie i dystrybu-
cja zywnosci [Dyrektywa 2022/2557]. W zwiazku z powyzszym zmian wlaczajacych pro-
dukcje rolng do systemow zaopatrzenia w zywno$¢ mozna si¢ takze spodziewaé w prawie
krajowym. Wydaje si¢ jednak, ze ze wzgledu na réznorodny charakter gospodarstw rol-
nych (wielkos¢, wlasnos$¢, rodzaj produkcji, rodzaj odbiorcéw) nalezatoby ustanowi¢ od-
powiednie kryteria klasyfikacji tych podmiotow, w celu zaliczenia ich do infrastruktury
krytycznej. Na pewno beda to gospodarstwa, ktdre pelnig wazng rolg w tancuchu dostaw,
np. dla wojska. Moga to by¢ takze gospodarstwa, ktore spetniaja nowe, czesto nickomer-
cyj.ne funkcje, np. zachowanie bioréznorodnosci, ochrona dobrostanu zwierzat czy utrzy-
manie tradycji kulturowej [Kotoszko-Chomentowska i Sieczko 2014].

Zgodnie z Dyrektywa 2022/2557 do 17 lipca 2026 r. panstwa cztonkowskie okresla
podmioty krytyczne we wskazanych sektorach, a wlasciwe organy, na podstawie wlasnej
strategii zwigkszania odpornosci oraz wynikéw oceny ryzyka, wyodrebnig 1 zawiadomia
dany podmiot, ze zostat okreslony jako krytyczny. Podmiot ten bedzie zmuszony spehnié¢
wymogi w zakresie odpornosci w ciggu 10 miesiecy od zawiadomienia. Odporno$é, zgodnie
z cytowanym aktem, oznacza ,,zdolno$¢ podmiotu krytycznego do zapobiegania incyden-
towi, ochrony przed nim, odpowiedzi na niego, stawiania mu oporu, tagodzenia i absorbo-
wania incydentu oraz adaptacji i odtworzenia po incydencie”. Incydent oznacza ,,kazde zda-
rzenie, ktére moze znaczaco zakloci¢ lub ktore zaktoca $§wiadczenie ustugi kluczowe;,
w tym gdy wptywa ono na krajowe systemy chroniace praworzadnos¢”, zas ustuga kluczowa
»ma decydujace znaczenie dla utrzymania niezbednych funkcji spotecznych, niezbednej
dzialalnosci gospodarczej, zdrowia i bezpieczenstwa publicznego lubsrodowiska”. W art. 12
Dyrektywy (UE) 2022/2557 ws$rod wymienionych incydentow wskazuje si¢ takze na prze-
stepstwa terrorystyczne. Jesli za$ chodzi o kwesti¢ odpornosci w odniesieniu do gospodar-
stwa rolnego (ang. farm resilience), zostata ona zdefiniowana przez badaczy jako ,,zdolnosé
gospodarstwa rolnego do radzenia sobie z zaktdceniami lub powrotu do rutynowego rezimu
funkcjonowania po tych zakldceniach” [de Oliveira i in. 2019]. Grzelczak i in. [2023]
w przegladzie literatury dotyczacej tego zagadnienia dodaja, iz odpornos¢ mozna tu anali-
zowac¢ na roznych poziomach (pola, gospodarstwa, regionalnym i globalnym) z perspektywy
bezpieczenstwa zywnosciowego jako utrzymania produkcji wystarczajacej ilosci pozywnej
zywnosci w obliczu ,,chronicznych i ostrych perturbacji sSrodowiskowych”. Powyzsze ozna-
cza, ze nie jest to kwestia jednoznaczna, a nade wszystko bardzo kompleksowa i trudna oraz
wymagajaca wszechstronnego przygotowania i wsparcia. Co jednak. kluczowe, wedle art.
13 Dyrektywy (UE) 2022/2557 ,kazdy podmiot uznany za krytyczny bedzie zobowiazany
wprowadzi¢ odpowiednie i proporcjonalne s$rodki techniczne, $rodki bezpieczenstwa
i $rodki organizacyjne stuzace zapewnieniu ich odpornosci, na podstawie odpowiednich in-
formacji dostarczonych przez panstwa cztonkowskie dotyczacych oceny ryzyka panstwa
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cztonkowskiego oraz wynikéw oceny ryzyka podmiotu krytycznego, w tym s$rodki nie-
zbedne w celu: a) zapobiegania incydentom, z nalezytym uwzglednieniem srodkéw zmniej-
szania ryzyka zwigzanego z katastrofami i przystosowania si¢ do zmiany klimatu; b) zapew-
nienia odpowiedniej fizycznej ochrony budynkdw i terendw oraz infrastruktury krytycznej,
z nalezytym uwzglednieniem np. zainstalowania ogrodzen, budowy barier, narzedzi i pro-
cedur monitorowania terenu podlegajacego ochronie, sprzetu do wykrywania i kontroli do-
stepu; ¢) odpowiedzi na incydenty, stawiania im oporu i tagodzenia ich skutkow, z nalezy-
tym uwzglednieniem wdrazania procedur i protokolow zarzadzania ryzykiem i zarzadzania
kryzysowego, a takze procedur ostrzegawczych; d) odtworzenia po incydentach, z nalezy-
tym uwzglednieniem $rodkéw na rzecz cigglosci dzialania oraz identyfikacji alternatywnych
tancuchow dostaw w celu przywrdcenia swiadczenia ushugi kluczowej; e) zapewnienia od-
powiedniego zarzadzania bezpieczenstwem pracownikow, z nalezytym uwzglednieniem
srodkow takich jak ustanowienie kategorii personelu wykonujacego funkcje krytyczne, usta-
nowienie praw dostepu do budynkow i terendw, infrastruktury krytycznej i informacji szcze-
golnie chronionych, ustanowienie procedur sprawdzenia przesztosci zgodnie z art. 14 Dy-
rektywy (UE) 2022/2557, wyznaczenie kategorii os6b podlegajacych takim procedurom
sprawdzenia przesztosci oraz okreslenie odpowiednich wymogow szkoleniowych i kwalifi-
kacji; f) zwickszania $§wiadomosci odpowiedniego personelu na temat $srodkow, o ktorych
mowa w lit. a)—e), z nalezytym uwzglgdnieniem szkolen, materialow informacyjnych i ¢wi-
czen” [Dyrektywa 2022/257]. Zgodnie z ta Dyrektywa panstwa cztonkowskie winny zapew-
ni¢, aby podmioty krytyczne posiadaty i stosowaly plan zwigkszania odpornosci lub rowno-
wazny dokument opisujacy zastosowane $rodki.

Poniewaz prawo, co do zasady, ma charakter ogdlny, nie wskazuje sposobu sporzadza-
nia takiego planu ani nie charakteryzuje jego doktadnej zawartosci. Relatywnie dhugi okres
dostosowania si¢ do wymagan cytowanego rozporzadzenia moze mie¢ takze wplyw na od-
ozenie prac w tym zakresie. Otwarte pozostaje zatem pytanie, w jakim stopniu i Kiedy po-
jedyncze gospodarstwa zostang objete pomoca panstwa w tym obszarze oraz jakie urzedy i
stuzby zostana w t¢ pomoc zaangazowane. Tym bardziej, iz ciaglo$¢ dziatan podmiotow
infrastruktury krytycznej jest podstawa bezpieczenstwa danego kraju i nie tylko, a zatem
potrzebuja one nie tylko czasu na dostosowanie si¢ do nowych wymagan, ale tez wsparcia
ze strony panstwa.

Informacja na temat agroterroryzmu przekazywana przez urzedy ds. bezpieczenstwa zywnosci
i rolnictwa

Jak wynika z analizy tresci stron internetowych najwazniejszych instytucji rzadowych
zajmujacych si¢ rolnictwem, jak dotad nie zauwaza si¢ informacji o inicjatywach shuzacych
tego rodzaju wsparciu. Dotychczasowe dzialania lokuja si¢ w sferze Krajowego Planu Od-
budowy i1 Zwigkszania Odpornosci jako planu rozwojowego okreslajacego cele zwigzane
z odbudowg i tworzeniem odpornosci spoteczno-gospodarczej Polski po kryzysie wywota-
nym pandemia COVID-19. Nie odnotowuje si¢ rowniez zadnych innych informacji doty-
czacych inicjatyw, np. o charakterze edukacyjnym, przeznaczonych dla wtascicieli gospo-
darstw rolnych. Ponadto po wpisaniu stowa ,,agroterroryzm” do wyszukiwarki na stronach
urzgdow takze nie uzyskano zadnej odpowiedzi. Z kolei w odpowiedzi na hasto ,.terroryzm”
nastapito jedynie przekierowanie do stron whasciwych komend policji w Polsce, na ktorych
mozna uzyska¢ ogolne informacje na temat terroryzmu jako takiego, jego skutkow, ogol-
nych sposoboéw postgpowania oraz kontaktowania si¢ z wlasciwymi shuzbami. Przy braku
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czytelnej informacji na ten temat trudno jest zatem ocenié¢, czy wspomniane urzgdy czynia
starania na rzecz obrony zywnosci, co oczywiscie nie wyklucza, iz okreslone, specyficzne
przedsiewzigcia sa podejmowane. Niemniejnie jest to oczywiste. Tymczasem np. w Stanach.
Zjednoczonych na stronie Agencji ds. Zywnosci i Lekéw (FDA — Food and Drug Admini-
stration) [U.S. Food and Drug Administration 2018] znajduje si¢ pelna informacja na temat
Inicjatywy Strategicznego Partnerstwa w Programie Agroterroryzmu (SPPA — Strategic
Partnership Program Agroterrorism) ze wskazaniem, iz jej celem jest przeprowadzenie serii
ocen sektora zywnosci i rolnictwa we wspotpracy z prywatnym przemystem rolno-spozyw-
czym i wolontariuszami stanowymi. Jest ona w petni skoordynowana z programem ochrony
infrastruktury zywnosci i rolnictwa, zgodnie z Krajowym Planem Ochrony Infrastruktury
(NIPP — National Infrastructure Protection Plan), Planami Sektorowymi (SSP — Sector Spe-
cific Plans), Krajowymi Wytycznymi Gotowosci (National Preparedness Guidelines) oraz
Dyrektywa Prezydencka Bezpieczenstwa Wewngtrznego 9 (HSPD-9 — Homeland Security
Presidential Directive 9) pt. Obrona amerykanskiego rolnictwa i zywnosci (Defense of US
Agriculture and Food). Oceny SPPA sa przeprowadzane na zasadzie dobrowolno$ci miedzy
jednym lub wigksza liczba przedstawicieli branzy rolno-spozywczej dla konkretnego gospo-
darstwa, produktu lub towaru, ich stowarzyszeniami handlowymi oraz federalnymi.i stano-
wymi urzgdnikami ds. rolnictwa, zdrowia publicznego i prawa [U.S. Food and Drug Admi-
nistration 2018]. Wspolnie przeprowadzaja oni ocen¢ podatnosci procesu produkcyjnego
danej branzy przy uzyciu narzgdzia CARVER + Shock. Na akronim ten skltadajg si¢ oce-
niane czynniki: krytyczno$¢ (C — criticality), dostepnos¢ (A — accessibility), mozliwo$¢ po-
wrotu do stanu sprzed ataku (R — recuperability), podatnos¢ (V — vulnerability), skutek (E —
effect), rozpoznawalno$¢ (R — recognizability) i szok (S - shock), jako zbiorczy wskaznik
wczesniejszych czynnikoéw [ Wisniewska 2016].

Obrona zywnoS$ci w prywatnym prawie zywno$ciowym

Jak wynika z przyjetej metodyki badawczej, analizie poddano rowniez schematy cer-
tyfikacji zywnoS$ci wpisujace si¢ w tzw. prywatne prawo zywnosciowe. Tu kluczowa role
odgrywaja standardy objete Globalng Inicjatywa na rzecz Bezpieczefistwa Zywnosci
(GFIS — Global Food Safety Initiative). To uznana na $wiecie organizacja o .charakterze
nonprofit, ktorej celem jest m.in. przegladanie i porownywanie istniejacych standardow
bezpieczenstwa zywnosci majacych zastosowanie wobec podmiotéw w catym tancuchu
dostaw, a takze ustanawianie uzgodnionych wymagan kluczowych na rzecz wzajemnej
uznawalnosci i redukcji kosztow wielokrotnych certyfikacji [Wisniewska 2022, Gerardi
2023]. Aktualnie (stan na sierpien 2024) GFSI rekomenduje dwanascie takich standardow,
przy czym wsrod schematow dedykowanych specyficznie rolnictwu roslinnemu znajduja
si¢ GlobalGAP, AsiaGAP, a takze Primus GFS. W cytowanych specyfikacjach, tak jak
w kazdym ze standardow zatwierdzonych przez GFSI, znajduja si¢ wymagania dotyczace
konieczno$ci obrony zywnosci. Niemniej takze i w tym przypadku wymagania sg bardzo
ogo6lne, gdyz odnosza si¢ jedynie do potrzeby wdrozenia stosownych procedur. Przykta-
dowo w przypadku standardu GlobalGAP (Globalna Dobra Praktyka Rolnicza), ktérego
wdrozenie przektada si¢ na wzrost konkurencyjnosci, mozliwosci eksportu [Fiankor i in.
2020], lepszy dostep do rynkéw [Gichuki i in. 2020], mozliwos¢ wspolpracy z sieciami
handlowymi [Bieniek-Majka 2024] oraz wigkszg zdolnoé¢ do dostarczenia produktow
bezpiecznych i o dobrej jakosci [Flachsbarth i in. 2020], ocenia si¢: ,,Czy istnieje ocena
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ryzyka w zakresie obrony zywnosci i czy istniejg procedury majace na celu przeciwdzia-
lanie zidentyfikowanym zagrozeniom w tym zakresie?”’. Wymaganie za$ brzmi nastgpu-
jaco: ,,Potencjalne zagrozenia dla bezpieczenstwa zywnosci na wszystkich etapach opera-
cji powinny zosta¢ zidentyfikowane, ocenione i uszeregowane pod wzglgdem waznosci.
Identyfikacja ryzyka zwigzanego z bezpieczenstwem zywnos$ci musi zapewnial, ze
wszystkie dane wejsciowe pochodzg z bezpiecznych i zabezpieczonych zrodet. Informacje
0 wszystkich pracownikach i podwykonawcach musza by¢ dostepne. W przypadku celo-
wego zagrozenia nalezy wdrozy¢ procedury dzialan naprawczych”.

Jak juz jednak wspomniano, standardy zatwierdzone przez GFSI, podobnie, jak
i przyszte wymagania prawne dotyczace infrastruktury krytycznej, nie okreslaja sposobow
wdrozenia obrony zywnosci. W tym wzgledzie konieczne jest positkowanie si¢ istnieja-
cymi juz rozwigzaniami i propozycjami systemow dotyczacymi tego zagadnienia. Jednym
Z nich jest wspomniany juz system CARVER + Shock, stworzony przez wspomniane juz
FDA oraz Departament Rolnictwa Stanow Zjednoczonych (USDA — U.S. Department of
Agriculture) i Departament Bezpieczenstwa Krajowego Stanéw Zjednoczonych (DHS —
Department of Homeland Security), niemniej zgodnie z wiedza autorki literatura ze stu-
diami przypadkow jest jeszcze niezbyt liczna. Jako przyktad mozna jednak wskazac opra-
cowanie dotyczace hodowli kurczat, opisujace poszczegdlne etapy zastosowania tej me-
tody z wykorzystaniem odpowiedniego oprogramowania [Yadav i Sharma 2011], a takze
opracowanie rodzime opisujace przypadek uprawy cebuli [Wysokinska-Senkus i in.
2022]. Kolejnym znanym podejsciem stuzacym obronie zywnosci jest system TACCP
(Threat Analysis Critical Control Point), zaprezentowany w specyfikacji PAS 96 z 2017
r., stworzony przez British Standards Institution (BSI). Zostat przeznaczony dla wszyst-
kich podmiotéw dziatajacych w tancuchu zywnosciowym, a tym samym, moga z niego
korzystaé takze producenci podstawowi. Walorem tego opracowania jest fakt, iz zawarto
w nim takze wytyczne w postaci list kontrolnych, pozwalajace potwierdzi¢, czy na terenie
danego podmiotu zapewniono wlasciwa ochrone réznych obszarow. Dzigki wdrozeniu
tego systemu producent rolny zyskuje swiadomos¢ co do tego, kto moze chcie¢ go zaata-
kowa¢, jak moze to zrobi¢ i w jakim miejscu oraz jak najlepiej si¢ przygotowac do takiej
sytuacji. Jak podkresla Aldrick [2016], piszacy o celowych skazeniach chemicznych w
rolnictwie, aby skutecznie zarzadza¢ ryzykiem zwiazanym z agroterroryzmem, podmioty
rolne musza przyjac holistyczne podejscie, ktore wykracza poza standardowy program
warunkow higienicznych i powinny w tym celu wykorzysta¢ takie strategie jak systemy
TACCP i CARVER + Shock. Doda¢ takze nalezy, iz pracg nad ksztaltowaniem odporno-
$ci w rolnictwie, czy to na poziomie gospodarstw indywidualnych, czy tez grup produ-
cenckich, mozna rozpocza¢ od wdrozenia prostych, zrozumiatych zasad, podejs¢, np. ta-
kich, ktore poprzedzaja i wspomagaja system CARVER + Shock. Jest to np. system
ALERT uznany za warunek wstgpny wszelkich dziatan na rzecz obrony zywnosci. Akro-
nim ten mozna rozumie¢ nastepujaco: A (assure) — zapewnij, by kazdy twoj poddostawca
byl gwarantowany i1 aby uzywane przez ciebie surowce do produkcji pochodzily z pew-
nych zrodet; L (look) — dogladaj bezpieczenstwa surowcoéw i plodéw rolnych na terenie
twojego gospodarstwa; E (employees) — dowiedz si¢ wszystkiego o swoich pracownikach
i 0 osobach odwiedzajacych twoje gospodarstwo; R (report) — zapisuj, rejestruj stan bez-
pieczenstwa twojego gospodarstwa; T (threat) — podejmij dziatania i powiadamiaj sto-
sowne stuzby oraz innych rolnikoéw na wypadek, gdy odnotujesz/podejrzewasz zagrozenie
lub zaobserwujesz podejrzane zachowanie [Wisniewska 2016]. Ta dobra praktyka winna
si¢ sta¢ codziennym nawykiem. Badania dotyczace ochrony akwakultury [Rasco i Bledsoe
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2010] oraz zrédet wody pitnej [Popa i Glevitzky 2021] potwierdzaja, iz to proste podejscie
jest bardzo uzyteczne i skuteczne.

WNIOSKI

Jak podkreslono, obszar rolny to jeden z najwrazliwszych celéw ataku terrorystycz-
nego, co czyni go niezwykle podatnym na tego typu dzialania. Obserwowane i licznie
udokumentowane przypadki tego typu na $wiecie potwierdzaja, ze jest to zagrozenie, kto-
rego obecnie nie mozna bagatelizowac. Jako przyktad mozna wskaza¢ wszelkie biezace
incydenty majace miejsce w Ukrainie. Ze wzgledu na to wymaga on szczeg6lnej ochrony,
W rozumieniu obrony zywnosci. Przeprowadzone badania i analizy, wynikajace z posta-
wionego problemu badawczego i przyjetego celu, pozwalaja wysnu¢ nastepujace wnioski
i postulaty:

1. Zaréwno unijne, jak i krajowe prawo zywnosciowe nie zobowiazuje do wdrozenia
dziatan na rzecz obrony zywnos$ci w sektorze rolnym. Niemniej w zwigzku ze zmiang
prawa UE dotyczacego infrastruktury krytycznej, a tym samym uznania wytwarzania,
przetwarzania i dystrybucji zywnosci za element systemu tej infrastruktury, istnieja
szanse na to, ze produkcja podstawowa, w rozumieniu rozporzadzenia 178/2002, zo-
stanie obj¢ta obowigzkiem opracowania i wdrazania procedur i protokotow zarzadza-
nia ryzykiem i zarzadzania kryzysowego oraz procedur ostrzegawczych, takze na wy-
padek zdarzenia agroterrorystycznego.

2. Wilasciwe ministerstwa oraz urzedy im podlegte (Ministerstwa Rolnictwa i Rozwoju
Wsi, Panstwowa Inspekcja Sanitarna, Panstwowa Inspekcja Ochrony Ro$lin i Nasien-
nictwa), ze wzgledu na zobowigzania zwigzane z wdrozeniem dyrektywy CER, po-
winny jak najszybciej podja¢ dziatania majace na celu wsparcie producentow rolnych,
na czele z organizacja powszechnych inicjatyw o charakterze edukacyjnym. Aby tak
si¢ stato, konieczna wydaje si¢ rowniez dtugo oczekiwana zmiana w prawie, regulu-
jaca i porzadkujaca kompetencje tych instytucji.

3. Wazna rolg¢ w zakresie obrony zywnosci w produkcji rolnej, ale nie tylko, petni pry-
watne prawo zywno$ciowe, w ktorym brakuje wskazan dotyczacych sposobow jej
wdrozenia, co nie utatwia ochrony przed agroterroryzmem.

4. Poniewaz nie kazde gospodarstwo rolne uczestniczy w dobrowolnym schemacie cer-
tyfikacji, np. w ramach systemu GlobalGAP, problematyka oraz wymagania doty-
czace obrony zywnoS$ci maja w tym obszarze charakter niszowy i nie obejmuja zdecy-
dowanej wigkszosci gospodarstw, szczegodlnie indywidualnych i mniejszych.

5. Istnieje potrzeba, aby pracownicy stosownych resortow przeszli gruntowne przygoto-
wanie, pozwalajgce im na stworzenie wytycznych dla producentow rolnych, opartych
na najlepszych dostgpnych wzorcach i systemach, w tym systemach CARVER +
Shock oraz TACCP.

6. Niezbgdnym warunkiem wstgpnym pozwalajacym w sposob stopniowy przygotowaé
si¢ do obrony Zywnosci powinno by¢ zalecenie opracowania na poziomie wtasciwych
urzedow i wdrozenia programow opartych na zrozumiatych zasadach wczesnego
ostrzegania, np. wzorowanych na systemie ALERT.

Wyniki badan nie sa jednak wolne od ograniczen. Wynikaja z faktu, iz nie rozpoznano
innego ustawodawstwa, poza prawem UE oraz Polski. Nie przeanalizowano takze mniej
znanych podej$¢ wpisujacych si¢ w schematy certyfikacji bezpieczenstwa zywnosci, poza
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uznawanymi przez GFSI. Stad przyszle kierunki badan moglyby dotyczy¢ innych dodat-
kowych rozwiazan, w szczegoélnosci spoza Europy i Standw Zjednoczonych, ktore jako
dobra praktyka wdrazania obrony zywnosci wzmocnityby wiedz¢ na temat istniejacych
mozliwo$ci wezesnego ostrzegania i reagowania przed aktem celowego skazenia na etapie
produkcji podstawowej i nie tylko.
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Abstract. Due to the dynamic external situation caused, among other things, by ongoing wars, such
as in Ukraine, agricultural entities are subject to many influences, including negative ones, which
translate into an increase in the risk of their operation. The existing and tense political situation
forces us to look at the specific risk of agroterrorism. The rationale for dealing with this topic is the
still modest national literature and the fact that a threat of this nature exists and is very real. The
purpose of the study was to answer the question: whether and to what extent the existing law and
the action of the relevant authorities are conducive to the preparation of primary production actors
for food defense? As a research method, mainly literature studies and a search for acts of applied
law and private food law were used. The conclusions show that EU and national food laws do not
oblige implementing food defense measures in the agricultural sector. The important role of the
Critical Entity Resilience Directive (CER Directive) was emphasized, as well as the need to imple-
ment educational programs to create guidelines for agricultural producers, based on the best availa-
ble models and systems for effective food defense in the agricultural area. Information deficiencies
on agroterrorism and its risks, on the part of the relevant food security and agricultural authorities,
were also confirmed.
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Agrobiofortyfikacja pszenicy jarej azotem i siarkg w aspekcie poprawy plonu
i jakosci ziarna

Abstract. In order to identify the impact of nitrogen and sulfur fertilizer on the yield and grain
quality of spring wheat as well as on the improvement of its chemical and health-promoting proper-
ties, a strict 3-year field experiment was carried out. The subject of the experiment was the Kandela
variety of spring wheat (Triticum aestivum L.) fertilized with various rates of nitrogen (factor I) and
sulfur (factor I1). The experiment was carried out in the years 2014-2016 in a split-plot design, in a
private farm in Malice near Hrubieszow (Poland), on dystrophic typical medium brown soil, made
of medium-grained sandy loam and classified as a good rye soil complex. The experiment included
2 factors (in four replicates): I. nitrogen fertilization at a rate of 0, 50, 100, and 150 kg ha%; II. sulfur
fertilization at a rate of 0 and 40 kg ha'. After harvesting spring wheat, grain yield (at 11% moisture
content) from each plot was determined (kg) and converted into t ha™. The following grain quality
characteristics were examined in the dry matter: starch content (g kg?), gluten content (g kg™2), total
protein (g kg™?), cysteine (mg g*), methionine (mg g), fat (g kg™?), and crude fiber (g kg?). As
regards the features influencing health-promoting properties, the content of flavonoids (expressed
as quercetin equivalents; %) and o-dihydroxy phenols (expressed as caffeic acid equivalents; %)
was determined. Based on the conducted research, it was shown that the application of nitrogen
(factor 1) at the rates of 100 and 150 kg ha* and sulfur fertilization (factor I1) at a rate of 40 had the
most beneficial effect (statistically significant difference) on spring wheat grain yield. The use of
a rate of 50 kg N ha?, regardless of sulfur addition, was insufficient because it did not produce
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beneficial effects. It should be stated that under negative sulfur balance in the cultivated soils of the
study area, it is necessary to use sulfur fertilizers. To sum up, the obtained research results indicate
that in the spring wheat production system, the variant of 150 kg N ha* combined with 40 kg S ha-
1 should be recommended. This variant of fertilization had a significant positive impact on both the
productivity and the qualitative and health-promoting characteristics of spring wheat grains.

Keywords: spring wheat, nitrogen, sulfur, agrobiofortification, yield, grain quality

INTRODUCTION

Cereals are considered strategic crops in the global economy. Cereal grain, after pro-
cessing, is the most important raw material used in food production, providing many val-
uable nutrients and energy. The economic value of cereals results from the size of their
production, which is the result of the area sown and the yield per 1 ha. According to the
report of the United Nations Food and Agriculture Organization, wheat production in the
world will continue to increase, and in the 2023/2024 season it reached 782 million tons
[FAO 2023].

Due to its poorly developed root system, spring wheat is a cereal with high water
requirements and responds with a decrease in yield in years with less rainfall, especially
on lighter soils. A negative feature of spring wheat is its high sensitivity to drought in high
air temperature conditions, especially during tillering, stem shooting and earing. Unfa-
vourable conditions cause thinning of plants, drying of shoots and poorer filling and de-
velopment of grain, which results in lower grain yield [Wyzifiska and Grabinski 2020].

Nitrogen plays a very important role in the process of plant growth and development.
It affects the distribution of assimilates between roots and assimilation organs. It deter-
mines the photosynthetic activity of leaves and the entire plant, and consequently affects
the number of ears per unit area, the number of grains in an ear and the weight of a thou-
sand grains, and thus the productivity of the crop. It is an extremely important component
of proteins, chlorophyll, vitamins, hormones and participates in the process of building
DNA. It is also a component of enzymes and takes part in all reactions related to them
[Jamal et al. 2010].

Nitrogen fertilizers will be fully utilized by plants when they also receive sulfur in the
form of sulphate SO4, i.e., absorbed by plants via the root system. Therefore, the most
important function of sulfur is its role in nitrogen management, and its deficiency in the
soil leads to a significant reduction in the use of fertilizer nitrogen by plants. It is assumed
that a deficiency of 1 kg of S leads to a reduction in nitrogen uptake by the plant from
1 to 3 kg. Nitrogen not taken up by the crop is dispersed in the environment, posing
a threat not only to water quality, but also to the atmosphere [Salvagiotti et al. 2009].

Empirical studies aimed to determine the impact of nitrogen and sulfur on crop yield
and quality are nowadays conducted across the world. The beneficial effects of nitrogen
and sulfur on the quantity and biological value of yield are particularly found in experi-
ments with oilseed rape [Malhi et al. 2007]. The inclusion of sulfur in the basic nitrogen
fertilization of cereals results in yield optimization due to the higher unit productivity and
the improved quality of harvested grain [Scherer 2001, Verlinden 2002, Staugaitis et al.
2014]. Sulfur is an essential element for plant and animal life. It is an important component
of amino acids (cysteine, cystine, and methionine). Sulfur activates many enzymes and
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participates in enzymatic and redox reactions (photosynthetic activity), thus affecting an
increase in plant protein, sugar, and fat content. Appropriately balanced S and N fertiliza-
tion is important due to mutual interactions during the process of uptake and assimilation
of these nutrients by the plant [Piloeam 2015]. Part of interactions between N and S me-
tabolism originate from O-acetyl-serine, the immediate precursor for cysteine, but the con-
centration of this sulfur amino acid depends on nitrogen nutrition [Hesse et al. 2015]. As
an important component of wheat protein, sulfur contributes to an improvement in flour
quality parameters [Tea et al. 2007, Klikocka and Cybulska 2014, Dostalova et al. 2015,
Klikocka et al. 2016].

Cereals and their processed products provide to the modern man in the daily dietary
intake about 30% of energy and protein as well as about 54% of carbohydrates. Cereal
products are a source of dietary fiber, which prevents lifestyle diseases such as: diabetes,
atherosclerosis, obesity, caries, myocardial ischemia, and constipation, in 65%. Amino
acids, peptides, and proteins provide a proper tissue structure, regulate metabolic pro-
cesses, and facilitate absorption of metabolic nutrients. Flavonoids contribute to the inhi-
bition of the development of cancers, type 2 diabetes, and atherosclerosis [Vitaglione et
al. 2008]. The above information shows how important it is to appropriately select agro-
nomic practices (fertilization) for cereals in order to ensure the best possible grain quality
parameters for the consumer.

In the context of the research problem undertaken in this article, it becomes interesting
and advisable to identify the role of sulfur fertilization in determining the yield quantity
and quality of spring wheat as well as the chemical composition and health-promoting
properties of this cereal grain under the soil and climatic conditions of central-eastern Po-
land, a region with small industrial pressure, as far as this element is concerned.

The selection of the research problem was based on previously conducted field obser-
vations and an analysis of the literature regarding the status of nitrogen and sulfur in the
biosphere and in crop fertilization [Salvagiotti et al. 2009, Ahmad et al. 2011, Muttucu-
maru et al. 2013, Tabak et al. 2020, Soofizada et al. 2022]. This allowed us to formulate
a working hypothesis of the present study, which is the following: cultivated soils do not
naturally meet the requirement of spring wheat for nitrogen and sulfur.

To verify the set hypothesis, a field experiment was carried out in the period 2014—
2016, which was designed to determine the grain yield and quality of spring wheat (the
grain chemical composition and health-promoting properties) under the application of ni-
trogen fertilization at rates of 0, 50, 100, and 150 kg N ha?, respectively, in combination
with sulfur fertilization at a rate of 40 kg S ha*. Moreover, the study evaluated the effect
of fertilization applied on the selection of the optimal combined N+S rate that would have
the most beneficial influence on the productivity and quality of spring wheat grain.

MATERIALS AND METHODS

Experiment design and field management

The field experiment was conducted in the period 2014-2016, in the village of Malice
near the city of Hrubieszow (50°42'N, 23°15'E), Poland on dystrophic typical medium
brown soil, derived from medium-grained sandy loam [WRB IUSS 2015] (sand 68%, silt
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31%, clay 1%) and classified as a good rye soil complex, with a slightly acidic pH. Imme-
diately before the establishment of the experiment, the following soil properties were de-
termined from the 0-25 cm of soil layer (Tab. 1).

Table 1. The soil characteristics in the field experiment — before starting the experiment

R . Study year
Specification Unit
2014 2015 2016
pH in M CaClz - 5.7 5.6 5.8
C — total 9.2 8.9 8.5
gkg
N — total 0.9 0.9 0.8
N — mineral kg hat 70.8 69.4 67.9
P —available 53.5 55.5 50.3
K —available 87.6 86.2 80.6
Mg — available mg kg* 35.8 34.7 35.3
S — total 98.8 89.3 82.0
S-SO4— available 154 13.6 12.3

The subject of the experiment was the Kandela variety of spring wheat (Triticum aes-
tivum L.), fertilized with various rates of nitrogen (factor 1) and sulfur (factor Il). The field
experiment was set up as a split-block design in four replicates. The objects of the exper-
iment were blocks: A, B, C and D, in which the following were drawn: N — nitrogen fer-
tilization (4 levels of N) and S — sulfur fertilization (at a rate of 0 and 40 kg ha™). In total,
32 plots were drawn. The size of a single plot for sowing wheat was — 30 m? (5 x 6 m),
and the size of a single plot for harvesting was — 20 m? (4 x 5 m). This experimental
scheme was repeated in each of the three years of research in a different part of the field
(and the forecrop for spring wheat was potato each year).

The field trial included 2 factors:

1. Nitrogen fertilization at the following rates: 0 (control), 50, 100, 150 kg ha™;

2. Sulfur fertilization: 0, 40 kg ha™.

Nitrogen was applied as ammonium nitrate (34%). A nitrogen rate of 50 kg N ha™* was
used before sowing, whereas 100 kg N ha was applied at two times: before sowing and as
top dressing at the stem elongation stage — BBCH 30-31. A rate of 150 kg N ha™%, in turn,
was applied at three times: before sowing, as top dressing at the stem elongation stage —
BBCH 30-31, and as top dressing between the middle of heading and the end of heading —
BBCH 55-59 (Tab. 2). Sulfur at a rate of 40 kg ha™ was applied at two times: before sowing
at a rate of 30 kg S ha™* as kieserite — MgSO, x H,O — and foliarly between the middle of
heading and the end of heading (BBCH 55-59) at a rate of 10 kg S ha* as magnesium sulfate
heptahydrate (MgSO4 x 7 H,0) (5% solution of SO5 per 300 dm® H,0 ha?).

Before sowing, phosphorus fertilizer (46% granulated triple superphosphate at a rate of
90 kg P20sha™) and potassium fertilizer (60% potassium salt at a rate of 100 kg K20 ha™)
were applied in all treatments. The plots with different fertilization treatments were balanced
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by applying magnesium lime and calcium carbonate in order to equalize the soil pH. This
ensured that the same input soil conditions were achieved in all experimental sites.

Table 2. The nitrogen and sulfur rate application design

Rate Application time
Element 9 -
(kg ha™) before sowing BBCH 30-31 BBCH 55-59
0 — — _
. 50 50 - _
Nitrogen (N)
100 50 50 -
150 50 50 50
0 — - _
Sulfur (S)
40 30 - 10

The agronomic practices for the cultivation of spring wheat were consistent with the
current agronomic recommendations. The Kandela spring wheat variety, classified as class
A wheat in terms of its commercial value and characterized by very good baking proper-
ties, was sown at a plant density of 500 plants per 1 m2. Sowing was carried out between
March 28 and April 5, depending on the year.

Before sowing, seeds were dressed with the seed dressing Vitavax 200 FS (a.i. car-
boxin) at a rate of 300 cm® 100 kg*. A mixture of the herbicides Granstar 75 WG (tribe-
nuron-methyl) (20 g ha*) and Puma Super 069 EW (fenoxaprop-P-ethyl) (1 dm®ha?) was
used at the tillering stage (BBCH 28) to destroy monocotyledonous and dicotyledonous
weeds. The occurrence of root rot diseases was reduced by applying Alert 375 SC (flusi-
lazole + carbendazim) — 1.0 dm?® ha* at the stem elongation stage (BBCH 30-32), whereas
Tilt CB 37,5 (propiconazole + carbendazim) was applied at a rate 1 dm?® ha* against leaf
and ear diseases at BBCH 58-59. To control pests, Decis 2,5 EC (deltamethrin) was used
at a rate of 0.25 dm® ha' at BBCH 58-59. The growth regulator Stabilan 750 SL
(chlormequat chloride) was applied at a rate 1.8 dm® ha* at the stem elongation stage
(BBCH 30-32) to prevent crop lodging. In each year of the study, spring wheat was har-
vested in the second decade of August.

Plant sampling and measurement

The experiment investigated the following characteristics: grain yield (t ha™), grain
starch content (g kg™), gluten content (g kg2), total protein content (g kg™), cysteine (cys-
teic acid) content (mg g), methionine (methionine sulfone) content (mg g™), crude fat
content (g kg™), crude dietary fiber content (g kg™), flavonoid content (expressed as quer-
cetin equivalents; g kg™), o-dihydroxy phenol content (expressed as caffeic acid equiva-
lents; g kg™) and ash content (g kg™).

Spring wheat grain yield was determined at the fully ripe stage (BBCH 89-92). Before
weighing, the grain yield was brought to the same moisture content of 11%.
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Wet gluten was obtained according to the Polish Standard [PN-A-74041 1977]. Glu-
ten samples (2 mm thick) were placed on a Petri dish floating on the surface of an ultra-
sonic scrubber. The samples were sonicated for 300 s in a Sonic-0.5 ultrasonic scrubber
(Polsonic Palczynski sp.j., Warsaw, Poland) using 40 kHz ultrasound at 80 W.

Grain total protein content was calculated as the product of the grain N content x 5.7.
Determination of N content was carried out by the Kjeldahl method (ISO 5983-1, Animal
feeding stuffs, Determination of nitrogen con-tent and calculation of crude protein content,
Part 1: Kjeldahl method) [Barbano et al. 1991].

Starch content was measured as glucose using an enzymatic-colorimetric assay, after
initial gelatinization in an autoclave, followed by enzymatic hydrolysis [Sindt et al. 2000].

Cysteine (cysteic acid) content (mg g*) and methionine (methionine sulfone) content
(mg g*) were determined by the CLA/PLC/34/2011 method [Mackowiak-Dryka et al. 2020].

Ash content (g kg') was determined by the CLB/PSO/5/2019 method [Scope of ac-
creditation... 2023].

Crude fat content (g kg?) was determined by the Soxhlet method (ON-A-
74039:1964), [Salimon et al. 2014].

Total dietary fiber content (in g kg*) was determined by the enzymatic gravimetric
method using a Fibertec 2010 system (FOSS, Hillered, Denmark). The sample was sub-
jected to digestion with the following enzymes: thermostable alpha-amylase, pepsin, and
pancreatin; the weight of the undigested residue was determined, and the soluble dietary
fiber supernatant was precipitated from the solution and its weight was determined.

Determination of flavonoid content was carried out using Christ-Miiller’s method
[Polish Pharmacopoeia 1X 2011]. Flavonoid content was determined spectrophotometri-
cally, after extraction of flavonoids from the raw material, and expressed as quercetin
equivalents (QE). This method involves acid hydrolysis of flavonol glycosides, followed
by the formation of colored complexes of these flavonoid compounds with AICls. Absorb-
ance was measured at A = 425.0 nm with a Cintra 20 UV-VIS spectrometer (GBC).

Total dihydroxy phenol content was measured spectrophotometrically at a wave-
length of A = 725 nm (Shimadzu 1800 spectrophotometer, Shimadzu Corp. Kyoto, Japan)
and expressed as caffeic acid equivalents. To make the measurement on the spectropho-
tometer, 50-500 uL of the extract (depending on the expected value of absorption of the
tested sample) was transferred into a volumetric flask. A total of 2.0 cm®methanol, 10 cm?
H,0, 2 cm? Folin reagent, and 1.0 cm?® of a 10% solution of Na,CO3; were added. The
samples were put aside for 0.5 h, while subsequently, they were made up with deionized
water up to the mark and measured on the spectrophotometer at a wavelength of A =725 nm
in relation to the reference sample [Singleton and Rossi 1965].

Statistical analysis

The Statistica PL 13.3 program was used for the analysis of variance (ANOVA), and
the Tukey’s test was used to determine the Honestly Significant Difference (HSD) value at
p < 0.05. Due to the statistical insignificance of most interactions (double and triple) between
the main factors (N rate; S rate) and years of research (), Tables 3 and 4 (wczesniej 5)
present average research results from 3 years for main effects and results in individual years
of research for a given feature resulting. Tables 3 and 4 also present research results regard-
ing the interaction between the rates of N fertilization and S fertilization.



Table 3. The effect of nitrogen and sulfur fertilization on the yield and quality characteristics of spring wheat grain

Fertilization

Characteristic

grain yield starch gluten total protein cysteine methionine fat
(tha?) (9kg™) (gkg™) (g kg™ (mgg™?) (mgg?) (9kg™)
ON 5.61¢ 63352 275.5d 149.7 ¢ 405" 3.06 ¢ 7.3¢
Mean over
b b
the years of study 50 N 5.77¢ 634.02 290.2 ¢ 158.3 ¢ 4,36 3.18¢ 9.3
Ig{e’s\' fertilization 100 N 6.69" 632.8° 316.4° 162.9° 4492 3350 9.9
150 N 6.94 2 635.8 2 361.02 168.4 2 4,652 3.50 2 12.32
Mean over 0S 6.16° 632.4 P 304.2° 158.42 426" 3.03b 8.8b
the years of study
Iztrei fertilization 40S 6.34 2 635.7 2 317.42 161.32 4512 3.512 10.6 @
40S+0N 5.65b 635.32 2843 P 151.0° 4330 3.292 7.7
Mean over
the years of study | 40 S +50 N 5.87b 636.0 208.7b 160.6 2 4.44b 3.452 9.9b
for interaction:
S rate x varied 40'S + 100 N 6.80 2 633.72 32460 163.32 452b 3572 10.6
N rates
40'S + 150 N 7.052 637.72 362.0° 170.12 4762 3.732 14.1a
In the years 2014 6.207 P 631.4 b 303.7 2 165.12 4.492 3.302 10.42
of research — 2015 6.1315 63350 315.0° 162.3" 4492 3.252 9.82
regardless
of Sand N rates 2016 6.435 2 637.32 31362 152.2°¢ 4182 3.26° 8.8b




Characteristic
Fertilization grain yield starch gluten total protein cysteine methionine fat

(tha) (9kg?) (gkg™) (@kg™) (mgg) (mgg) (kg™

N 9.19 0.18 104.6 4.27 5.06 5.05 18.42

S 1.43 0.26 2.13 0.88 2.88 7.33 9.04

Y 2.06 0.38 1.62 3.44 3.30 0.67 6.90

CVv% N xS 9.31 0.32 10.73 4.39 6.19 8.92 21.26
SxY 2.53 0.66 2.73 3.62 4.58 8.83 11.72

NxY 9.60 0.47 10.80 5.65 6.14 5.80 20.84

N xS xY 8.52 0.45 9.61 4.45 5.18 6.50 15.25

N 0.0007 0.4162 0.0000 0.0000 0.0179 0.0020 0.0003

S 0.0000 0.0375 0.0203 0.0176 0.0346 0.0000 0.0021

Y 0.0003 0.0208 0.1371 0.0000 0.0555 0.6403 00215

p-value N xS 0.0047 0.0627 0.0041 0.0039 0.0045 0.0635 0.0038
SxY 0.3506 0.0082 0.7419 0.1287 0.4806 0.0012 0.3365

NxY 0.0046 0.6569 0.2697 0.0591 0.9723 0.1244 0.1372

N x S xY 0.0032 0.5637 0.3948 0.4239 0.8875 0.1356 0.1478

Values followed by different letters within a column are statistically different (p < 0.05); CV% — coefficient of variation
Variables: N — nitrogen rate; S — sulfur rate; Y — year; N x S — nitrogen rate x sulfur rate; S XY — sulfur rate x year); N x Y — nitrogen rate x year; N x S x Y — nitrogen rate x
sulfur rate x year



Table 4. The effect of nitrogen and sulfur fertilization on the quality and health-promoting characteristics of spring wheat grain

Fertilization

Crude fiber content

Flavonoids content

O-dihydroxy phenols

Ash content

(gkg?) (9 kgt content (g kg™) (g kgt
0N 34.0°¢ 0.18¢ 0.74¢ 18.24
bc c c c
Mean over the years of study SON 877 0.21 0.78 18.9
for N fertilization rates 100 N 38.9b 0.24 b 0.81" 19.9°
150 N 4192 0.273 0.912 21.14
b b b b
Mean over the years of study 0S 366 0.19 0.77 18.9
for S fertilization rates 405 3962 0.26 2 0.853 2024
40S+0N 349¢ 0.21b 0.79°b 18.8°¢
Mean over the years of study 40S+50N 39.0°P 0.24 b 0.83° 19.7 b
for interaction:
S rate x varied N rates 40S+ 100N 406° 0.28" 0.86° 2050
40S+ 150 N 43.84 0.332 0.94¢2 2184
2014 36.1° 0.18¢ 0.65 ¢ 19.2°
In the years of research — a b b a
regardless of S and N rates 2015 425 0.24 081 20.0
2016 358" 0.27@ 0.982 19.4°




Fertilization Crude fiber content | Flavonoids content O-dihydroxy phenols Ash content
(9 kg?) (@ kg™ content (g kg™) (9 kg?)
N 7.39 1491 7.59 5.56
S 3.86 16.50 5.41 3.44
L 8.15 16.38 26.35 1.68
CV% N xS 8.40 22.68 9.34 6.55
SxL 9.10 26.29 17.39 391
NxL 11.60 22.36 18.37 6.05
N xS xY 11.78 23.45 18.41 6.25
N 0.0001 0.0024 0.0087 0.0001
S 0.0006 0.0002 0.0073 0.0001
Y 0.0000 0.0007 0.0001 0.0170
p-value N xS 0.0025 0.0009 0.0008 0.0022
SxY 0.1778 0.0031 0.2730 0.2366
NxY 0.0199 0.8792 0.4486 0.1075
N xS xY 0.1623 0.7985 0.4564 0.1268

Values followed by different letters within a column are statistically different (p < 0.05); CV% — coefficient of variation
Variables: N — nitrogen rate; S — sulfur rate; Y — year; N x S — nitrogen rate x sulfur rate; S XY — sulfur rate x year); N X Y — nitrogen rate X year; N X S x Y — nitrogen rate x
sulfur rate x year.
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Moreover, the coefficient of variation (CV%), which is a measure of the scatter of
results, was calculated as the quotient of the standard deviation and mean. Tables 5 and 6
present correlation coefficients (r) at p < 0.05 between spring wheat grain yield and the
examined grain quality traits and significant correlations are expressed.

Table 5. The correlation coefficients (r) between the tested quality characteristics of

spring wheat grain

L Grain Starch | Gluten Tota] Cysteine | Methionine Fat
Characteristic - protein
studied yield content | content content content content content
(tha) | (kg™) | @kg™) | (ygny | MO | (mag™) | (kg™
Grain yield 1 B 3 B B B B
(tha?)
Starch content
0.211 1 - - - - -
(9kg™)
Gluten content
0.859* 0.238 1 - - - -
(9kg™)
Total protein * -
content (g kg %) 0.534 -0.061 | 0.62 1 - - -
Cysteine content | g3« | 0051 | 0.637% | 0.816% | 1 - -
(mgg™)
Methionine | g 5gpx | g511% | 0.538% | 0.460% | 0.623% 1 -
content (mg g*)
(F;L‘;?P)tem 0.677* | 0061 | 0.716* | 0.623* | 0.715% | 0.587* 1
Significant at p = 0.05: r = 0.406; * statistically significant correlation
Table 6. The correlation coefficients between the tested technological characteristics of
spring wheat grain
- o Crude fiber | Flavonoids | O-difydroxy Ash
Characteristic Grain yield phenols
- & content content content
studied (tha') (@ kg (kg ) content (kg
(@kg™)
Grain yield 1 B B 3 B
(tha?)
Crude fiber -
content (g kg?) 0.455 ! - B B
FIavqr:md content 0.576* 0.523% 1 B B
(g kg™)
O-dihydroxy
phenol content 0.487* 0.249 0.77* 1 -
(kg™
Ash content 0.738* 0.785* 0.681* 0.476* 1
(g kg™

Significant at p = 0.05: r = 0.406; * statistically significant correlation.

47




48 E. HARASIM, C.A. KWIATKOWSKI, J. BUCZEK, O. KLIKOCKA-WISNIEWSKA

Weather conditions

The total rainfall during the growing season of spring wheat (I111-VI11) in 2014 was
519.7 mm and it was higher by 152.2 mm than the long-term mean (1971-2011: 367.5
mm). In the 2015 growing season, the total rainfall was 266.4 mm and hence it was lower
than the long-term mean by 101.1 mm. During the 2016 growing season, in turn, the
amount of rainfall was higher than the long-term mean by 84.2 mm, standing at 451.7 mm.
The sums of air temperatures in the growing seasons analyzed (I111-V111) were higher than
the long-term sum (1971-2011: 2392°C). Thus, it was higher by 254°C in the 2014 season,
in the 2015 season — by 320°C, while in the 2016 season — by 247°C. The mean air tem-
perature generally exceeded the long-term mean temperature in each month of the years
analyzed (Fig. 1).
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Fig. 1. The total rainfall (mm) and the sum of air temperature (°C) in the years 2014—2016 as well
as the long-term means (1971-2011)

Source: Meteorological Research Station in Zamo$¢



Agrobiofortification of spring wheat with nitrogen and sulfur in terms of improving yield and grain quality 49

Based on the meteorological data, Selyaninov’ s hydrothermal coefficient was calcu-
lated [Bac et al. 1993] according to the following formula:

p x 10
= 57

where: p — total rainfall (mm); X t - the sum of mean daily temperatures for a given
month (°C).

The values of the hydrothermal coefficients were calculated for the spring wheat
growing season (I11-VI1I1). The individual growing seasons were determined to be as fol-
lows: 2014 — rather wet (1.96); 2015 — dry, close to rather dry (0.98); and 2016 — rather
wet, close to optimal (1.71).

RESULTS

The grain yield of spring wheat increased proportionately after the application of each
nitrogen rate (Fig. 2 ), but it was the largest after the application of the highest nitrogen
rate used in this study (150 kg ha'l), standing at 6.947 t ha*. It was higher by 1.335t ha*
(19.2%) relative to the yield obtained from the control treatment (without nitrogen fertili-
zation application) (Tab. 3). Sulfur fertilization (factor 1) showed a beneficial effect com-
pared to the control, which was expressed by an increase in spring wheat grain yield (by
2.8%). In the case of nitrogen doses of 100 and 150 kg ha?, sulfur supplementation (factor
1) at a dose of 40 kg ha* resulted in a significant increase in grain yield (Tab. 3).

8.0
7.5 y = 9E-06N?* + 0.0085N + 5.540, R2=10.85,
7.0 n=12,P<0.05
6.5
6.0
55
5.0
4.5
4.0

, tha'!

o

Grain yield

0 50 100 150
N dose, N, kg ha'!

Fig. 2. The effect of nitrogen rate on the grain yield of spring wheat (t ha™)
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The weather conditions, i.e. the rainfall and air temperature during the spring wheat
growing season in 2016 (rather wet, close to optimal — 1.71), were significantly most fa-
vorable in terms of the value of the grain yield obtained relative to 2014 (rather wet — 1.96)
and compared to 2015 (dry, close to rather dry — 0.96).

The grain yield of spring wheat showed variation as affected by nitrogen fertilization
(CV% =9.19), sulfur fertilization (CV% = 1.43), and the interaction of these factors (CV%
= 9.31). The weather factor caused low variation (CV% = 2.06), but its interaction with
nitrogen fertilization was high (CV% = 9.31), whereas it was lower in the case of sulfur
fertilization (CV% = 2.53) —as in Table 3.

The analysis of the study results revealed a significantly beneficial effect of nitrogen
fertilization (factor I) on all the tested quality characteristics of spring wheat grain, except
for starch content. There was a significant increase in the grain content of gluten, total
protein and methionine with increasing nitrogen rate, with this content being the highest
after the application of a rate of 150 kg N ha™* (respectively 31.0%, 12.5%, and 14.4%).

As far as cysteine content is concerned, already the nitrogen rate, 50 kg N ha%, caused
a significant increase in amino acid content (by 7.1%) relative to that found for the control
treatment, without nitrogen. A further increase in nitrogen rate did not have a significant
effect on increasing the cysteine content. The fat content in spring wheat grain was the
significant highest after the application of nitrogen fertilization at a rate of 150 kg N ha™
(68.5%). The application of the rates of 50 and 100 kg N ha™* had a similar effect on fat
content, which was significantly higher (by 27.4-35.6%) than in the case of grain har-
vested from the control treatments, where no nitrogen fertilization was used (Tab. 3).

As far as sulfur fertilization (factor 1) is concerned, the analysis of the study results
showed sulfur to have a beneficial effect on increasing the content of gluten (by 4.3%),
cysteine (by 5.8%), methionine (by 15.8%) and fat (by 20.4%) compared to their values
in the treatments without S fertilization (Tab. 3).

The influence of the interaction between the dose of nitrogen 150 kg ha* and sulfur
40 kg ha ! was statistically significant in the case of gluten, cysteine, fat (Tab. 3) and crude
fiber, flavonoids, o-dihydroxy phenols and ash content (Tab. 4).

The weather conditions, the rainfall and temperature during the spring wheat growing
season in the years 2014-2016, did not cause significant differences in the content of glu-
ten, cysteine and methionine in spring wheat grain. The other grain quality characteristics
were modified under the influence of weather. The weather pattern in 2014 (rather wet —
hydrothermal coefficient 1.96) favored the significantly highest accumulation of total pro-
tein (165.1 g kg ) and fat (10.4 g kg1). The 2015 growing season (dry, close to rather dry
—0.98) beneficially affected the total protein and fat content in wheat grain relative to the
2016 season. The 2016 growing season (rather wet, close to optimal — 1.71) promoted the
significantly highest starch content (63.73%), but it significantly reduced the total protein
and fat content in wheat grain (Tab. 3).

The studied quality characteristics of spring wheat grain exhibited greater variation as
affected by nitrogen fertilization than under the influence of sulfur amendment. The
weather factor only slightly affected the variation of the characteristics studied (from CV%
= 0.67 for methionine content to CV% = 26.5 for o-dihydroxy phenol content) — as in
Table 3, Table 4.
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Significant positive correlations were obtained between wheat grain yield and all the
other grain quality characteristics, except for starch content (r = 0.211). The highest correla-
tion coefficient was found between grain yield and gluten content (r = 0.859) — as in Table 5.

The content of crude fiber (dietary fiber), flavonoids (expressed as quercetin equiva-
lents), o-dihydroxy phenols (expressed as caffeic acid equivalents) and ash increased signif-
icantly with increasing nitrogen rate, being the significantly highest after the application of
an N rate of 150 kg ha™* (respectively 41.9 g kg, 0.27 g kg%, 0.91 g kg%, and 21.1 g kg?).
Nonetheless, as regards crude fiber content and o-dihydroxy phenol content, the applica-
tion of the nitrogen rate of 50 kg ha™ did not result in a significant increase in these compo-
nents relative to the control. It was only a rate of 100 kg ha*and its increase to 150 kg ha™
that produced significant increases in the grain content of crude fiber and o-dihydroxy
phenols (Tab. 4).

In the case of sulfur fertilization (factor Il), sulfur was found to have a significant
beneficial effect on the increase in the content of crude fiber (dietary fiber; by 8.1%),
flavonoids (by 36.8%), o-dihydroxy phenols (by 10.4%) and ash (by 6.8%) compared to
that found in the treatments without S fertilization (Tab. 4).

The rainfall and temperature during the spring wheat growing season in the period 2014—
2016 caused significant differences in the content of crude fiber, flavonoids, o-dihydroxy
phenols and ash in spring wheat grain. Among all the years studied, the weather conditions
in the year 2014 (rather wet) were the most unfavorable (statistically proven significance
of differences) to the distribution of the results for the characteristics analyzed. The 2015
growing season (dry, close to rather dry) favored a significant increase in the grain content
of crude fiber and ash. The weather pattern in 2016 (rater wet, close to optimal), on the other
hand, caused a significant increase in the grain content of flavonoids and o-dihydroxy phe-
nols (Tab. 4).

Significant positive correlations were obtained between wheat grain yield and all the
quality and health-promoting characteristics. The highest correlation coefficient was
found between grain yield and ash content (r = 0.738). The tested characteristics were
significantly positively correlated with one another. This relationship was not statistically
significant only between crude fiber content and o-dihydroxy phenols content (r = 0.249)
—asin Table 6.

DISCUSSION

This study demonstrated a significantly beneficial effect of nitrogen fertilization on
spring wheat grain yield. The grain yield had the most favorable characteristics after the
application of the medium and highest nitrogen rates, i.e. 100 and 150 kg ha, compared
to the control treatment (without nitrogen). The increase was 16.3% and 23.7%, respec-
tively, for the medium and highest rates. Nitrogen is considered to be one of the most
important yield-forming elements and its positive influence on yields of cereals and other
crops has been proven by many authors [Ladha et al. 2016, Litke et al. 2018, Boulelouah
et al. 2022, Ghafoor et al. 2022, van Grinsven et al. 2022, Kamdi et al. 2024]

The thesis on the beneficial effects of sulfur on spring wheat yield has been confirmed
by studies of many authors [Jarvan et al. 2012, Skwierawska et al. 2016, Hemesh 2020, Yu
et al. 2021]. According to Podlesna et al. [2008] as well as Klikocka and Cybulska [2014],
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the cultivation of wheat under sulfur deficiency conditions led to plant growth and develop-
ment inhibition as well as to changes in the chemical composition of vegetative organs and
grain. Plants with limited access to sulfate sulfur in the soil showed a radical reduction in the
grain yield from the main stem and branches, with a simultaneous decrease in thousand grain
weight. The above described observations are also reflected in the present study, in which
the addition of sulfur to N fertilization (100 and 150 kg N ha™') at an amount of 40 kg S ha™*
had a significant effect on the increase in grain yield by 2.8%. The beneficial impact of the
addition of sulfur to nitrogen fertilization on wheat yield has also been confirmed by Sal-
vagiotti et al. [2009], Klikocka et al. [2016], and Shivay et al. [2016].

Tabak et al. [2020] proved on the example of winter wheat that the significantly highest
agronomic and physiological effectiveness of nitrogen fertilization as well as the highest ap-
parent nitrogen recovery were obtained after fertilization with 150 kg N ha™! (similarly to our
study on spring wheat). The incorporation of higher rates (200 kg and 250 kg N ha™'), on the
other hand, proved to be irrational economically and production-wise. Moreover, these au-
thors emphasize that sulfur fertilization increased nitrogen recovery compared to nitrogen fer-
tilization without sulfur, which is also stressed in our study results presented in this paper.

Shivay et al. [2016] prove that an even 5% addition of sulfur to nitrogen fertilizer
(urea) is sufficient to cover 50% of the sulfur requirement of wheat crops and to increase
nitrogen recovery efficiency by 60%. Furthermore, in the long term this will bring envi-
ronmental benefits in the form of reduction in emissions and nitrogen losses because the
addition of sulfur increases nitrogen recovery efficiency.

Based on the present study, it can be generally stated that sulfur fertilization increased
the effects of nitrogen on the yield of spring wheat as well as on the grain quality charac-
teristics. After the incorporation of sulfur, the values of the studied characteristics in-
creased compared to each N rate level. This type of action of a yield-increasing factor, in
this case the fertilizer factor, highlights the additive effect of sulfur. It is manifested under
the action of a deficiency factor to a relatively weak degree, in accordance with the rules
defined by law of diminishing returns, known as the Mitscherlich law [Gupta and Schnug
2001, Grzebisz 2009]. Generally, the additive interaction of nutrients manifests itself when
there is a constant increase in yield weight as a consequence of the use of a second factor.
Soofizada et al. [2022] found that S fertilization increases grain yield without decreasing
grain protein content, whereas N fertilization effectively increases grain protein content
and protein yield per hectare.

A very important element of the cultivation of quality wheat is its suitability for bak-
ing purposes. Naeem and MacRitchie [2003] noted that agro-biofortification with sulfur,
combined with nitrogen fertilization, had a positive effect on most of the wheat quality
parameters. Jarwan et al. [2008] found that the application of sulfur in an experiment with
winter wheat did not have a clear influence on grain protein and wet gluten content, but in
some other experiments the gluten index increased and the protein quality improved. Jo-
hansson et al. [2004], in turn, claim that the protein and gluten content in wheat grain
predominantly depends on an appropriately selected rate of nitrogen fertilization. Luo et
al. [2000], on the other hand, obtained an improvement in the parameters related to grain
gluten content as affected by the addition of sulfur to N fertilization. Tea et al. [2005] also
reports that fertilization of wheat with sulfur affects positively the content of gluten and
its rheological properties. Sulfur affected an increase in amino acid content and all baking
quality parameters in a study by Podlesna [2005]. The present research also revealed
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a beneficial effect on sulfur amino acids: cysteine and methionine, with the latter one de-
termining flour quality. Wang et al. [2023] note that cysteine in cereal grains optimizes
the balance of amino acids, regulating the ratio of other amino acids and in this way im-
proving the nutritional quality of grain, at the same time ensuring a constant increase in
protein concentration. Overall, S applied at a rate of 60-90 kg ha in a study conducted
by these authors synergistically improved both the yield and nutritional quality of maize,
meeting the requirements for sustainable development in maize production. Jarvan et al.
[2008] report that the first organic product of sulfur in the plant is cysteine, an exogenous
amino acid that determines the quality of plant protein and its value for animals and hu-
mans. Plants well fed with sulfur increase the content of not only chlorophyll, but also
protein. This dependence underlies a strong functional relationship, occurring already at
the molecular level, between sulfur and nitrogen [Hesse et al. 2015]. Klikocka and Marks
[2018] noted an improvement in the health-promoting properties of spring wheat grain (in
particular the grain content of micronutrients) under the influence of supplementation of
nitrogen fertilization with sulfur addition.

Protein is produced in the plant at the expense of starch contained in it, which is
a consequence of the process of consumption of carbon compounds during the protein
synthesis process. These negative correlations were also noticed in the present study be-
cause nitrogen fertilization affected an increase in the content of protein and sulfur amino
acids: cysteine and methionine, at the expense of the reduced starch content. Jarvan et al.
[2008] also claim that the result of an increased content of proper proteins in the plant after
sulfur application is significant plant growth, while in the leaves an increase in chloro-
phyll, which is manifested in more intense leaf color.

Gozlinski [1970] found that sulfur application in the cultivation of spring oats and
barley contributed to an increased use of absorbed nitrogen for yield formation and protein
synthesis. Under sulfur deficiency, the absorbed nitrogen accumulated mainly in straw and
occurred in non-protein form in a large amount, due to which this part of nitrogen was not
used in grain yield. A similar relationship was also observed in the study by Klikocka and
Cybulska [2016].

The yield-forming role of sulfur is manifested in an increase in grain yield through
better use of nitrogen fertilizer. In agricultural practice, this task consists in transformation
of the nitrogen fertilizer used into protein yield. Therefore, proper nutrition of wheat with
sulfur improves the grain quality characteristics [Wilson et al. 2020, Ghafoor et al. 2022,
Soofizada et al. 2022]. The present study also demonstrated that the differences in the
content of gluten, total protein, cysteine, methionine, fat, crude fiber, flavonoids, o-dihy-
droxy phenols and ash were statistically significant depending on the nitrogen rate applied
(factor 1) and the addition of sulfur to fertilization (factor II). The grain content of gluten,
total protein and methionine increased significantly and directly proportionally with in-
creasing nitrogen rate, being the highest after the application of a rate of 150 kg N ha*
(respectively 41.9 g kg, 0.27 g kg, 0.91 g kg%, and 21.1 g kg™b).

The fat content in spring wheat grain was the highest after the application of nitrogen
fertilization at a rate of 150 kg N ha* (12.3 g kg ). The application of the rates of 50 and
100 kg N ha™ had a similar effect on the fat content, which was significantly higher than
in the case of grain harvested from the control plots where no nitrogen was applied. The
grain content of crude fiber (dietary fiber), flavonoids (expressed as quercetin equivalents),



54 E. HARASIM, C.A. KWIATKOWSKI, J. BUCZEK, O. KLIKOCKA-WISNIEWSKA

o-dihydroxy phenols (expressed as caffeic acid equivalents) and ash increased signifi-
cantly with increasing nitrogen rate and it was the highest after the application of N at an
amount of 150 kg ha (respectively 4.19%, 0.027%, 0.091%, and 2.11%). Nitrogen is
considered to be one of the most important yield-forming elements, undoubtedly also hav-
ing the greatest effect on the quality parameters of grain and flour, among others protein
and wet gluten content, gluten weakening, falling number, Zeleny sedimentation value,
flour water absorption, or bread volume [Moss et al. 1991, Dostalova et al. 2015]. In the
case of sulfur fertilization (factor Il), the analysis of the study results revealed that sulfur
has a beneficial effect on increasing the content of gluten, cysteine, methionine and fat as
well as of dietary fiber, flavonoids, o-dihydroxy phenols and ash relative to the treatments
without S fertilization. In the studies by Podlesna et al. [2008], Pompa et al. [2009], and
Kurmanbayeva et al. [2021], fertilization of winter wheat with sulfur at a rate of 60 kg S ha
!led to an increase in the grain content of protein (by 0.8-1.2%) and gluten (by 1.5-2%).
Klikocka et al. [2016], on the other hand, additionally demonstrated a beneficial effect of
sulfur fertilization on increasing the grain content of cysteine and methionine.

Raffan et al. [2020] draw attention to the enormous importance of sulfur in fertiliza-
tion of cereals. These authors claim that the concentration of free (soluble, non-protein)
aspargine may increase in wheat grain many times in response to sulfur deficiency. This
aggravates a serious problem related to food safety and regulatory compliance in the food
industry because free aspargine may be converted into a carcinogenic contaminant, acryla-
mide, during baking and processing. Wilson et al. [2020] also proved the positive effect
of sulfur addition to nitrogen fertilization on reducing the concentration of deleterious as-
paragine in winter wheat grain.

CONCLUSIONS

The present study revealed that the Kandela variety of spring wheat, grown on dys-
trophic typical brown soil, showed a positive response to nitrogen and sulfur fertilization,
as expressed by yield quantity and grain quality.

The values of the studied characteristics of spring wheat grain yield and quality were
determined more strongly by nitrogen fertilization and its interaction with weather condi-
tions than by sulfur fertilization.

The application of nitrogen at the rates of 100 and 150 kg ha*, combined with sulfur
fertilization at a rate of 40 kg ha™, had a significant effect on the grain yield of spring
wheat, compared to the control and the nitrogen dose of 50 kg ha .

The values of the studied quality and health-promoting characteristics of spring wheat
grain, were favorable and proportional to increasing nitrogen rate and the addition of sulfur
at a rate of 40 kg ha™.

Significantly the highest contents of gluten, cysteine cysteic acid), fat, crude fiber,
flavonoids (expressed as quercetin equivalents), o-dihydroxy phenols (expressed as caf-
feic acid equivalents) and ash were found in the fertilization variant of 40 kg S ha* +
150 kg N kg ha.

Starch content was a constant trait and was only dependent on sulfur fertilization. The
application of a nitrogen rate of 50 kg ha *was insufficient, regardless of sulfur amendment.
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Most of the grain quality and health-promoting characteristics tested, the grain chem-
ical composition, and the accumulation of nutrients in grain dry matter were generally
positively correlated with grain yield.

To sum up, it should be stated that under the conditions of negative sulfur balance in
cultivated soils and nitrogen fertilization application, it is necessary to use sulfur in the
cultivation of crops. Because cereal processed products are the basis of the food pyramid
(alongside vegetables and fruit), their quality is very important for the functioning of the
organism. As shown by this study, spring wheat grain is a valuable source of nutrients
being a component of many diet supplements, improving human condition and health.
This research has demonstrated that the addition of sulfur to NPK fertilization is an effi-
cient method for supplementation (enrichment) of the components of spring wheat grain.
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w latach 1993-2022. Czes¢ 1. Bogactwo gatunkowe i roznorodnos¢ biologiczna

Abstract. The research aimed to assess changes in segetal flora richness and biodiversity in cereal
crops in a selected habitat (Matopolska voivodship; southern Poland) from 1993 to 2022. The research
material consisted of 65 phytosociological relevés representing selected years of the analyzed multian-
nual period. The total species richness and the average number of segetal species on individual fields
slightly decreased. In the first year of the study (1993), the total number of species was 56, and the
average number of species in the phytosociological relevé was 23. However, in the last year (2022),
the total number of species was 55, while their average number was around 20. The proportion of
monocotyledonous weeds in the total weed infestation constantly increased, from 10% in 1993 to 23%
in 2022. The studied flora was dominated by short-lived species (especially therophytes) throughout
the entire multiannual period. The Shannon-Wiener diversity index remained at a relatively similar
level for many years —in 1993 it was 0.8, and in 2022 — it was 0.9, which generally indicates a constant
diversity of the studied flora of fields. The Simpson dominance index showed a decreasing trend; in
the first year of the study it was 0.4, and in the last year — less than 0.3.
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INTRODUCTION

The species richness and diversity of field flora are the result of a number of factors,
including anthropogenic impacts, which deserve much more attention than they currently
receive. In recent decades, significant changes in flora and segetal communities have been
observed in Europe. Numerous researchers pointed to the reduction in biodiversity, the
uniformity of phytocenoses, and even the possibility of losing some of the weed species
(especially applies to annual species with a narrow ecological amplitude and low compet-
itive abilities) [Baessler and Klotz 2006, Bomanowska 2006, TySer et al. 2009,
Kapeluszny and Haliniarz 2010, Meyer et al. 2013, Richner et al. 2015, Dabkowska et al.
2017, Skrajna 2021]. The increasing importance of intensive agriculture is indicated as the
cause of transformations in flora and segetal communities, which is related, amongst other
factors, to changes in land use, intensive mineral fertilization, reduced crop rotation and
tillage, purification of seed material, and the widespread use of herbicides [Storkey et al.
2012, Dabkowska et al. 2017, Feledyn-Szewczyk et al. 2020]. Other researchers indicated
importance of arable weeds in the proper maintenance of agroecosystems [Marshall et al.
2003, Trzcinska-Tacik 2003]. The role of weeds as the basis of agricultural food webs and
their significance for domestic and wild pollinators was also emphasized [Bretagnolle and
Gaba 2015]. These factors mean there is an urgent need to address issues related to as-
sessing changes and even protecting flora biodiversity in agricultural ecosystems, as sug-
gested by many authors [Marshall et al. 2003, Feledyn-Szewczyk et al. 2020].

The basis for biodiversity analyses is the richness and diversity of species occurring in
the studied area. The species richness of a plant community is most often measured by the
number of species and taxonomic groups (genera, families) in a given area. The species di-
versity is expressed by the number of life forms, growth forms, taxonomic groups, and life
strategies [Falinska 2004]. When assessing biodiversity, the number of species, their propor-
tion, and frequency of occurrence are considered. The species composition of phytocenosis
depends on the flora of a given area, which is influenced by climatic and soil conditions, and
its history. However, in the case of agrophytocenosis, an essential factor influencing the spe-
cies composition of the flora is the crop production intensity [Stawicka et al. 2004]. Many
ecological indicators have been developed to assess the biodiversity of phytocenoses. The
most frequently used of these are the Shannon-Wiener diversity index (H) and the Simpson
dominance index (C), which take into account the proportion of species and provide infor-
mation about their role in the community [Shannon 1948, Simpson 1949].

The study aimed to assess changes in the species richness and diversity of weeds ac-
companying cereal crops in a selected habitat of southern Poland over 30 years (from 1993
to 2022).

MATERIAL AND METHODS

The study area is located in southern Poland (Matopolska voivodship, Krakow county,
municipality of Kocmyrzéw-Luborzyca) in the village of Goszcza (50°11'09"N,
20°03"27"E; Fig. 1, Phot. 1). According to the physical and geographical division of Po-
land [Kondracki 2009], the area is located within the Miechow Upland mesoregion.
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Fig. 1. The location of the village of Goszcza in the Matopolska voivodship and the municipality
of Kocmyrzow-Luborzyca

Fig. 2. The cereal fields included in the study area
[photo: archive of the Department of Agroecology and Crop Production]

The research material consisted of 65 phytosociological relevés from selected years
of the multiannual period, i.e., 1993, 1998, 2003, 2008, 2013, 2018, and 2022. The phyto-
sociological relevés were made using the Braun-Blanquet method [Braun-Blanquet 1964].
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In the research was applied, a 7-degree scale of the Braun-Blanquet, i.e., 5: 100-75.1%
area coverage by species, 4: 75-50.1%, 3: 50-25.1%, 2: 25-5.1%, 1. 5-1%, +: <1%,

r: single occurrence of plants of particular species.

Table 1. The weather conditions near the study area from 1993 to 2022

Temperature (°C)
Month

Mean

Year f
I Nl v v | ve|vilvi]ix | X | x| xn|toryear
1993 | -0.2|-17| 2.0 | 75 | 137|162 |16.9|175|179|105| 24| 1.4 | 83
1998 | 0.0 | 29 | 3.6 | 94 |100|135|155|149|141| 52 |-01|-12| 7.3
2003 |-36|-56| 1.8 | 7.0 |141|154 179189194 | 51 | 44 |-02]| 7.9
2008 | 2.0 | 3.3 | 46 | 86 |14.1|185(19.1|182|128|107| 50| 11| 98
2013 | 24|-06|-09| 88 |142|176|19.2|18.8|12.0|103| 49 | 4.0 75
2018 | 1.0 | -3.3| 0.9 [14.7|175| 185|199 |20.8|16.1|109| 46 | 1.0 | 102
2022 | 04 | 34 | 40| 7.1 | 152|197 /196|206 (129|118 | 42 | 04 | 9.9

Precipitation (mm)
Month

Sum

Year f
I Wl | v | v |vevin|vin| x| X | Xl | xn|Yoryear
1993 | 22.1|175|24.4|19.8 | 45.1 | 58.0 | 47.1 | 63.5 | 27.5 | 30.0 | 35.4 | 20.1 | 410.5
1998 | 37.1|21.7 | 25.3 |112.7] 60.3 | 39.3 |107.0| 46.3 | 58.9 | 95.0 | 30.9 | 22.2 | 656.7
2003 | 32.9|17.9 | 26.7 | 40.9 | 33.8| 92.3 | 40.0 | 44.8 | 16.0 | 38.7 | 14.9 | 19.7 | 418.6
2008 | 24.7| 9.1 | 715|351 | 27.5|25.9 [142.1| 452 |111.3| 51.1 | 24.3 | 41.0 | 608.8
2013 | 62.0 | 22.1|32.3|20.1 | 98.8|213.1| 27.2 | 25.7 | 86.1 | 13.7 | 70.8 | 47.5 | 719.4
2018 | 23.2|11.0|29.0 | 7.4 | 62.4| 856 [119.8|56.2 | 70.8 | 41.6 | 9.8 | 40.2 | 557.0
2022 | 21.6 | 24.4 | 14.6 | 41.0 | 20.6 | 35.2 | 85.8 | 65.2 | 51.8 | 17.4 | 39.6 | 63.4 | 480.6

The entire research material has been archived in the Department of Agroecology and
Crop Production of the University of Agriculture in Krakow. Floristic research was con-
ducted each year at the end of June or the beginning of July on the same set of spring and
winter cereal fields. The area of the fields usually did not exceed 1 ha, and the area of each
phytosociological relevé was approximately 100 m?. The present research was carried out
on heavy brown rendzina classified as agricultural soil complex 3 (defective wheat com-
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plex; 3Rb(c)) [Soil-agricultural map... 1992]. Based on laboratory analysis, the soil reac-
tion was determined as neutral (pH in HO = 7.2; pH in KCI = 6.6). The top layer of soil
was rich in carbonate rock debris.

Meteorological conditions near the study area in the years of the research were varied
(Tab. 1). Comparing the first and last year of the study, an increase in the average air
temperature and total precipitation was observed.

Since about the mid-1990s, cereals dominated the crop structure in the study area. At
the same time, in the last decade, some areas were excluded from arable use as a result of
permanent sod cover or fallowing, which resulted in a reduction in the number of fields
with cereal crops. During the study, traces of herbicide usage were recorded every time.
Simultaneously, the number of fields where chemical weed control was used constantly
increased (Tab. 2).

Table 2. The number of phytosociological relevés and the number of fields using herbicides
in the study area from 1993 to 2022

Specification 1993 1998 2003 2008 2013 2018 2022
The number of , 8 10 10 1 11 8 7
phytosociological relevés
The number of fields 2 9 8 10 9 8 7

with herbicides use

The aim of the research was achieved through:

1. analysis of changes in the total species richness of field flora in the study area (total
number of species in the assessed set of fields) and species richness of an average plant
patch (arithmetic average number of species in the phytosociological relevé);

2. analysis of flora taking into account botanical class (monocotyledonous and dicot-
yledonous species), persistence (short-lived species —annual and biennial, permanent spe-
cies — perennial) and Raunkizr plant life forms (therophyte, hemicryptophyte, geophyte,
and chamaephyte) [Zarzycki et al. 2002, Rzymowska 2013, Skrajna 2021];

3. assessment of changes in the species diversity of phytocenoses in the study area using
ecological indicators: the Shannon-Wiener diversity index (H) [Shannon 1948] and the
Simpson dominance index (C) [Simpson 1949], which were calculated for each phytosoci-
ological relevé from the assessed multiannual period according to the following formulas:

H=-% (%) log (%)
R CVLAY)
C=2()
where: n; — the proportion of i-th species in the total area in the phytosociological relevé
covered by weeds, N — the total coverage of the area by all species present in the phytoso-
ciological relevé.

The value of the diversity index (H) increases with an increase in the number of spe-
cies and their equalized proportion in the phytosociological relevé, while the decrease in



64 D. GALA-CZEKAJ, T. DABKOWSKA, T. LABZA

the value of the dominance index (C) indicates an increase in the diversity of the phytoce-
nosis [Falinska 2004];

4., assessment of the role of individual species in weed infestation of cereal crops,
expressed by cover index (D) and phytosociological constancy (S) [Pawtowski 1972],
which were calculated for every species, in each year of study.

The cover index (D) shows the proportion of individual species in the flora of a given
ecosystem:

D:§-100(%)

where: s — the sum of the values of the average cover by a species in the individual phy-
tosociological relevé, n — total number of phytosociological relevés.

Phytosociological constancy (S) determines the probability that at least one individual
of a given species will occur within the soil unit covered by the research:

s:§~100(%)

where: N — the number of phytosociological relevés in which a given species occurred,
n — total number of phytosociological relevés.

The phytosociological constancy (S) is expressed on a 5-point scale, in which degree
I means rare and sporadic species (occurring in 0.1-20.0% of phytosociological relevés
within a soil unit), degree Il — uncommon species (20.1-40.0% of relevés), degree 111 —
moderately frequent species (40.1-60.0% of relevés), degree IV — frequent species
(60.1-80.0% of relevés), degree V — permanent species (80.1-100.0% of relevés).

The nomenclature of the species and botanical families were given after Mirek et al. [2020].

Statistical analysis of selected results was performed a one-way analysis of variance
(ANOVA) using the Statistica 13.3 software. The significance of differences between
means was checked using Duncan’s test with a significance level of p < 0.05.

RESULTS AND DISCUSSION

In the analyzed years of research, the presence of a total of 111 species of weeds
accompanying cereal crops was recorded, which belong to 29 botanical families (Tab. 3).
The most frequently represented plant species were from the Asteraceae (20 species), Po-
aceae (13 species) and Fabaceae (12 species) families. Whereas the least numerous in the
segetal flora in the study area (1 representative) were species from the families: Amaran-
thaceae, Campanulaceae, Convolvulaceae, Crassulaceae, Equisetaceae, Juncaceae, Pa-
paveraceae, Primulaceae, Rosaceae, Oxalidaceae, Valerianaceae and Violaceae.



Tab. 3. List of segetal flora species recorded in the study area from 1993 to 2022

Year of study
No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D S D
1 |Achillea millefolium L. s.str. |Asteraceae I 63 | 1| 15.0 I 6.3 P H 199; (’) 11 g %,
2 |Adonis aestivalis L. Ranunculaceae | 11| 200 | I 5.0 1 4.5 SL T 199; (’) 11 ;) %,
. . 1993, 1998,
3 |Aethusa cynapium L. Apiaceae mr| 313 (1| 25.0 1 4.5 I 6.3 I 43 SL T 20132022
4 |Agrostis capillaris L. Poaceae I 0.9 P 2013
S |Amaranthus retroflexus L. | Amaranthaceae 1 13 SL T 2018
6 |4 1l is L Primul, mrj{ 25.0 |IvV| 35.0 I 09 |IV]| 291 |1I| 10.0 I 14.3 SL T 1993, 1998,
nagallis arvensis L. rimulaceae . . . . . . 20082022
Anthriscus sylvestris (L.) .
7 Hoffin. Apiaceae I 1.8 P H 2008
8 ﬁpgz . iea-venti (L.) Poaceae | 250 |[IV| 450 |11 | 20.0 |11 496.5| 11 | 1782 | 11 | 2200 | V | 307.1 | SL | T | 1993-2022
9 |Aphanes arvensis L. Rosaceae I 4.5 SL T 2013
. . . 1998, 2003,
10 |Arctium minus (Hill) Bemh. |Asteraceae I 1.0 1 1.0 I 1.3 I 1.4 SL H 2018, 2022
11 |Arenaria serpyllifolia L. Caryophyllaceae I 0.9 SL T 2008
12 |Artemisia vulgaris L. Asteraceae Imj| 1.0 (I 200 (I | 55 || 191 | I 88 [ III | 57 P [CH(H)| 1998-2022
13 |Atriplex patula L. Chenopodiaceae | 11 | 12.5 SL T 1993




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D S D
14 |Avena fatua L. Poaceae m| 75 |1I|392.0 |V [2870.0|1I|854.5| V | 1100.0 | IV | 1037.5| V | 3643 | SL T 1993-2022
15 |Bromus secalinus L. Poaceae 1 5.5 I 6.3 I | 2643 SL T 2013-2022
16 |Campanula Campanulaceae | 11 | 188 | 11| 15.0 P | H(G) | 1993, 1998
rapunculoides L.
17 f/l"e’;ke”” bursazpastoris (L) \ g, cicaceae m| 125 1] 50 [ 1] 50 [1| 91 [m| 64 |1 | 75 [m| 371 | SL | T |1993-2022
18 |Carduus crispus L. Asteraceae I 1.3 SL H 2018
19 |Centaurea cyanus L. Asteraceae IV| 313 | II| 200 |[OI| 250 |V [190.0 IV | 264 | II | 138 |1l | 2929 | SL T 1993-2022
20 |Chaenorhinum minus (L) g\ o tariaceae 1| 09 [ 1| 13 SL | T |2013-2018
Lange
g1 |Chamomilla recutita (L) 4c1oricoge 1] 13 [1] 60 [1]100][1]09 | 1] 09 1| 143 | sL | 1 |199201
Rauschert 2022
22 |Chenopodium album L. Chenopodiaceae | V | 68.8 |11 | 350 |[IV| 350 [ II | 10.0 | I 5.5 IV | 263 | V| 307.1 SL T 1993-2022
23 |Cichorium intybus L. Asteraceae 1 5.0 H(G) 2003
24 | Cirsium arvense (L.) Scop. |Asteraceae IV| 375 [IV| 2050 [IV| 450 |[HI| 20.0 [IV | 29.1 || 313 | IV | 443 G 1993-2022
25 |Consolida regalis Gray Ranunculaceae | V | 732.5 | V| 56.0 |1l | 41.0 [IV| 382 NI | 155 | II | 20.0 |III| 357 SL T 1993-2022
26 |Convolvulus arvensis L. Convolvulaceae | V | 1675.0| V | 1490.0| V | 850 |V [2455| V | 2227 | V | 563 | V | 3357 P G(H) | 1993-2022
. 1993,
27 |Dactylis glomerata L. Poaceae I 1.3 1 1.8 1 0.9 I 1.3 | 157 P H 20082022
28 | D ta L Api | 150 I 0.9 I 1.3 I 1.4 SL | H(T) 1998,
aucus carota L. piaceae . . . . 20132022




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D S D
29 |Echinochioa:crus-galli (L)) po o, 1| 45 (M| 1700 | T | 63 | 1| 286 | SL | T |2008-2022
P.Beauv.
1993-1998,
30 [Elymus repens (L.) Gould  |Poaceae Iv| 375 (11| 30.0 Im| 19.1 | ar| 318 |Iv | 313 | IV | 285.7 P G
2008-2022
31 |Equisetum arvense L. Equisetaceae 1 0.9 I 7.1 P G 2008, 2022
32 |Erigeron annuus (L.) Pers. |Asteraceae I 1.3 I 1.4 SL H(T) | 2018, 2022
Lo . 1993,
33 |Euphorbia exigua L. Euphorbiaceae | IV | 43.8 I 4.5 I 5.5 IV | 213 SL T 2008-2018
34 |Euphorbia helioscopia L. |Euphorbiaceae |11 | 31.3 | V| 50.0 |III| 21.0 [III| 155 | I | 245 |[IV | 3338 I 7.1 SL T 1993-2022
. . . 1993, 2008,
35 |Falcaria vulgaris Bernh. Apiaceae 1 1.3 I 0.9 1 13 I 1.4 P H 2018-2022
36 levlzp ia convolvulus (L) Al porvonaceae | V| 688 | V| 450 [1v| 450 [1v| 327 | v | 409 [1v| 500 | v [3s7.0 ] sL | T | 19932022
37 |Fumaria officinalis L. Fumariaceae I 5.0 1 13 SL T 2003, 2018
38 |Fumaria vaillantii Loisel.  |Fumariaceae Ir| 18.8 SL T 1993
39 |Galeopsis ladanum L. Lamiaceae 1 1.3 SL T 1993
40 |Galeopsis tetrahit L. Lamiaceae | 25.0 |HOr| 300 | 1| 200 |[1II| 10.0 | I 14.5 1 6.3 1I 8.6 SL T 1993-2022
Galinsoga ciliata (Raf)) S. F. 1998-2003,
41 Blake Asteraceae | 200 | 1| 100 I 4.5 I 1.3 SL T 20132018
42 |Galinsoga parviflora Cav. |Asteraceae 1 5.0 1 1.4 SL T 1998, 2022
43 |Galium aparine L. Rubiaceae V| 500 [ V| 550 [IV]| 450 | V| 500 [IV| 455 |IV | 313 | V| 786 SL 1993-2022




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D D S D S D S D S D
44 |Galium mollugo L. s.str. Rubiaceae I 6.3 1 0.9 P H(G) | 1993, 2008
45 |Geranium dissectum L. Geraniaceae I 6.3 1 0.9 SL T 1993, 2013
46 |Geranium pusillum L. Geraniaceae Ir| 10.0 I 1.8 Im | 18.6 SL T 19928 (’)223 13,
Heracleum .
47 sphondylium L.s.str. Apiaceae I 0.9 P H 2013
48 |Juncus bufonius L. Juncaceae 1 4.5 SL T 2013
. 1998,
49 |Lactuca serriola L. Asteraceae 1 1.0 I 0.9 1I 7.5 Im | 22.9 SL H 2013-2022
50 |Lamium album L. Lamiaceae 1 14.3 P H 2022
51 |Lamium amplexicaule L. Lamiaceae 1 5.0 I 0.9 SL T 1998, 2013
. . 1993-2003,
52 |Lamium purpureum L. Lamiaceae I 6.3 I 10.0 1.0 I 6.4 1I 2.9 SL T 2013, 2022
53 |Lapsana communis L. s.str. |Asteraceae | 188 || 250 6.0 II 11.8 1T 13.8 SL T(H) 19932003,
2013-2018
54 |Lathyrus tuberosus L. Fabaceae V| 263 |1I| 30.0 100 | I 9.1 I 9.1 P H 1993-2013
1993, 1998,
55 |Lithospermum arvense L. |Boraginaceae Ir| 125 (10| 25.0 I 5.5 1 4.5 I 1.4 SL T 2008, 2013,
2022
56 |Lolium multiflorum Lam. Poaceae m| 15.0 | 22.9 H(T) | 1998, 2022
57 |Lolium perenne L. Poaceae 1 0.9 1 10.0 I 1.3 H 2008-2018




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 | tence | form* | year
S D S D S D S D S D S D S D
sg |Matricaria maritima L.\, oo oe m| 75 || 150 || 200 [1v] 201 |1 | 200 |1V | 213 |[1I| 314 | SL | H(T) | 1993-2022
subsp. inodora (L.) Dostal
59 |Medicago lupulina L. Fabaceae I 6.3 I 5.0 Im| 200 |1 5.5 II 7.3 SL | H(T) | 1993-2013
60 ]ggfl:’j””’” album (Mill) | o oyitaceae | 11| 188 | 1| 50 || 150 |1u] 64 | 1| 09 |m| so | 1] 143 | su | Tan | 1993-2022
61 ]F‘fel“”d””’” noctiflorum (L) o omyillaceae | 1| 125 | 1| 5.0 SL | T | 1993-1998
62 |Mentha arvensis L. Lamiaceae I| 10.0 I 63 | IV | 200 P G 199;’)2231 8,
63 |Myosotis arvensis (L.) Hill. |Boraginaceae IV| 438 |IV| 400 | I 5.0 I 9.1 |1l | 273 I 12.5 SL | T(H) | 1993-2018
64 | Oclontites serotine (Lam.) ¢ 1 taviaceae |1V | 375 [ 10| 200 || 210 | 1] 164 | 1| 09 SL | T | 19932013
Rchb. s.str.
. . 1993, 2003,
65 |Oxalis fontana Bunge Oxalidaceae 1| 20.0 1 5.0 I 18.2 I 6.3 P G 2013, 2018
1993-2013,
66 |Papaver rhoeas L. Papaveraceae V| 375 (IIT| 25.0 | I 6.0 |HII| 164 |III| 118 I 14.3 SL T 2022
67 |Phleum pratense L. Poaceae I 5.0 1 6.0 |II| 8.2 I 22.7 1I 13.8 | IV | 38.6 P H 1998-2022
68 |Pimpinella saxifraga L. Apiaceae 1 0.9 I 14.3 P H 2013, 2022
69 |Plantago intermedia Gilib. |Plantaginaceae I 13.6 P H(T) 2013
70 |Plantago lanceolata L. Plantaginaceae I 14.3 P H 2022
71 |Plantago major L. s.str. Plantaginaceae I 6.0 1 4.5 I 1.3 P H 199§ (’) 12}(3) 13,




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D D
72 |Poa annua L. Poaceae 14.3 SL | H(T) 2022
73 |Poa trivialis L. Poaceae I 6.3 P H 1993
74 |Polygonum aviculare L. Polygonaceae V| 500 [IV| 350 | I 10.0 | I 5.5 1T 6.4 I 1.3 429 SL T 1993-2022
75 |Polygonum hydropiper L. | Polygonaceae I 9.1 SL T 2013
Polygonum lapathifolium L.
76 subsp. pallidum (With.) Fr, Polygonaceae m| 260 | I | 100 |1 09 | II 7.3 I | 20.0 SL T 1998-2018
77 |Polygonum persicaria L. Polygonaceae I 6.3 1 1.8 143 SL T 199; (’)22 3 13,
78 |Ranunculus repens L. Ranunculaceae 1 10.0 P H 1998
79 |Raphanus raphanistrum L. | Brassicaceae 1 6.0 SL T 1998
Rhinanthus serotinus .
80 (Schinh.) Oborny Scrophulariaceae | V | 681.3 | 1 5.0 SL T 1993, 1998
81 |Rumex crispus L. Polygonaceae 1 0.9 1 0.9 P H 2008, 2013
Sedum maximum (L.)
82 Hoffm. Crassulaceae 1 6.3 I 0.9 P G(H) | 1993, 2008
83 |Setaria viridis (L.) P.Beauv. |Poaceae I 19.1 | OI | 37.5 1.4 SL T 2013-2022
84 |Sherardia arvensis L. Rubiaceae I 5.5 1I 7.5 1.4 SL T 2013-2022
Silene vulgaris (Moench) 1998, 2003,
85 Garcke Caryophyllaceae Im| 150 [ | 20.0 I 2.7 P C(H) 2013
86 |Sinapis arvensis L. Brassicaceae m| 313 |IV| 400 | I 100 | I 4.5 I 2.7 1 6.3 1.4 SL T 1993-2022
87 |Solidago canadensis L. Asteraceae 1.4 P H(G) 2022




Year of study

No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D S D
88 |Solidago gigantea Aiton Asteraceae 1 0.9 P H(G) 2013
. 1993-2003,
89 |Sonchus arvensis L. Asteraceae IV| 688 [IV| 40.0 | I 10.0 II 100 | II 13.8 I 7.1 P G(H) 2013-2022
90 |Sonchus asper (L.) Hill Asteraceae I 6.0 11 2.5 SL T 1998, 2018
91 |Stachys palustris L. Lamiaceae I 6.3 1 5.0 P G 1993, 2003
. . . 1993, 1998,
92 |Stellaria media (L.) Vill. Caryophyllaceae | 111 | 31.3 |II| 35.0 1I 10.0 | I 7.5 SL | T(H) 2013. 2018
93 |Symphytum officinale L. Boraginaceae I 5.0 P G(H) 2003
94 g‘,’l’g ”;‘“c”m officinale FH. 4 toraceae | 37.5 |[Iv| 450 || 150 | 1| 09 |1 | 145 [m| 263 | 1| 71 | P | H | 19932022
95 |Thlaspi arvense L. Brassicaceae I 5.0 m| 160 | I 5.5 1 0.9 m | 17.1 SL | T(H) 19928(;22 3 13,
96 |Trifolium arvense L. Fabaceae 1 1.3 SL T 1993
97 |Trifolium aureum Pollich Fabaceae I 0.9 H 2013
98 |Trifolium pratense L. Fabaceae 1 5.0 H 1998
99 |Trifolium repens L. Fabaceae I 1.3 I 5.0 1| 45 P H(C) 1993(’)3398’
100 |Tussilago farfara L. Asteraceae 1 5.0 P G 1998
101 | Valerianella dentata L)\ ingceqe 1| 50 1| 13 SL | T |1998 2018
Pollich
102 |Veronica agrestis L. Scrophulariaceae | 1 6.3 Im| 100 I 1.3 SL T ! 99; (’) 12 g 13,




Year of study
No Species Famil Persis-| Life | Occurrence
P y 1993 1998 2003 2008 2013 2018 2022 tence | form* year
S D S D S D S D S D S D S D
103 |Veronica arvensis L. Scrophulariaceae I 1.0 I 45 (11| 19.1 1I 15.7 SL T 20023(;22 3 13,
104 |Veroni ica Poi Scrophulari | 188 | 1I | 20.0 Im| 64 | I | 236 [IV| 313 SL T 1993, 1998,
eronica persica Poir. crophulariaceae . . . . . 20082022
105 |Vicia angustifolia L. Fabaceae Imj| 250 | 1 50 [T} 200 | I ]| 55 | 1I 6.4 SL T 1993-2013
- 1993,
106 |Vicia dasycarpa Ten. Fabaceae 1 6.3 I 13,6 | I 2.5 SL T 2013-2018
107 |Vicia grandiflora Scop. Fabaceae I 14.3 SL T 2022
108 |Vicia hirsuta (L.) Gray Fabaceae mry 250 | 1II| 250 [ I | 9.1 II| 100 I 1.3 I 7.1 SL T 1998-2022
109 SV;i’r”et’f’m‘”’e”"“ L) | Fabaceae | 110 |m| 20 [1] 09 |m| 100 |m| 75 [ 1] 71 | SL | T | 19982022
110 |Vicia villosa Roth Fabaceae 1 13 SL | T(H) 2018
111 |Viol is Murra; Viol | 188 |II| 30.0 | 168 | 1I| 273 [ | 213 I 1.4 SL T 1993, 1998,
iola arvensis y iolaceae . . . . . 20082022

S — degree of phytosociological constancy, D — cover index, P — perennial species, SL — short-lived species, C — chamaephyte, G — geophyte, H — hemicryptophyte,
T — therophyte
* The first plant life form given in the table was used for calculations
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The species of field flora found in each of the assessed years of the multiannual period,
which usually maintained a high area cover index, were: Apera spica-venti (D = 25.0—
496.5), Avena fatua (D = 7.5-2870.0), Centaurea cyanus (D = 13.8-292.9), Chenopodium
album (D =5.5-307.1), Cirsium arvense (D = 20.0-205.0), Consolida regalis (D = 15.5—
732.5), Convolvulus arvensis (D = 56.3-1675.0), Fallopia convolvulus (D = 32.7-357.1),
and Galium aparine (D = 31.3-78.6). In the study area, in addition to typical segetal
weeds, accidental species were also recorded, entering from contact communities (usually
ruderal ones). These included among others, Erigeron annuus, Solidago canadensis, Sol-
idago gigantea, Lactuca serriola, Plantago major, and Plantago lanceolata. These spe-
cies were not a permanent component of agrocenoses. However, remaining in the field
edge zone, they increased the total number of species in the studied flora. The total number
of species on the assessed set of fields in the multiannual period decreased slightly, com-
paring the first and last year of the study (Fig. 3).

Number of spceies (pcs.)

1993 1998 2003 2008 2013 2018 2022
m Total number of species = Average number of species

* Means with various letters are significantly different, according to Duncan test (p < 0.05).

Fig. 3. The total and average number of segetal flora species in the study area
in assessed years of the multiannual period from 1993 to 2022

In the first year of the study, a total of 56 species were recorded, compared to 55 in
the last year of the study. The highest number of weeds — 72 species —was observed in 2013,
a figure which is nearly double that observed in 2003 (the lowest total number of species).
The highest average number of species in the phytosociological relevé was recorded in 1993
(23 species) and 1998 (25 species); this is significantly higher than the lowest average num-
ber of species recorded in 2008 (13 species) and in 2003 (14 species). The poverty of species
in 2003 and 2008 is probably a result of the increase in the application of herbicides in the
study area during this period (cf. Tab. 2). Comparing the average humber of weeds in the
phytosociological relevé over the multiannual period, it may be noted that a slight decrease
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in the number of species in 2022 concerning the first year of the study, but the difference
between these years is not significant. However, the impoverishment of flora was visible in
the decrease in the constancy of occurrence or even disappearance of species, especially
calciphilous (including Adonis aestivalis, Fumaria officinalis, Fumaria vaillantii, Lithosper-
mum arvense, Campanula rapunculoides, Valerianella dentata and Lathyrus tuberosus) and
the decrease in coverage of the area by weeds (cf. Tab. 3).

In many European regions [TySer et al. 2009, Meyer et al. 2013, Richner et al. 2015],
including Poland [Bomanowska 2006, Dabkowska et al. 2007, Kapeluszny and Haliniarz
2010, Dabkowska and Sygulska 2013, Rzymowska 2013, Skrajna 2021], a decrease in the
species richness of segetal flora was observed. Although consistent with this tendency, the
changes recorded in our study area from 1993 to 2022 were not so radical. For example,
TySer et al. [2009], based on research conducted in the middle and northern Bohemia dur-
ing the period from 1975 to 2005, reported a reduction in species richness in phytosocio-
logical relevés, of about 46% (1975 — 33 taxa, 2005 — 18 taxa). Meyer et al. [2013] point
to losses of segetal plant species in Central Germany between the 1950s/1960s and 2009.
The research showed a reduction in the regional species pool of 23% (from 301 to 233
vascular species) and plot-level diversity (from medians of 24 to 7 species). Similarly as
in our study, the authors noticed that disappearing species, such as Adonis aestivalis or
Lathyrus tuberosus, included species associated with base-rich soils. In research con-
ducted by Baessler and Klotz [2006], typical weed species with highly significant decrease
were, e.g., Consolida regalis and Lithospermum arvense. Kapeluszny and Haliniarz
[2010] indicated Fumaria officinalis, Fumaria vaillantii, Adonis aestivalis, Lathyrus tu-
berosus, Campanula rapunculoides, Valerianella dentata as the endangered species of
segetal flora in the central-eastern Poland. Additionally, our results confirm the observa-
tions made by Dabkowska et al. [2007], conducted in the same area (in the 1993-2005
years). The authors noted a systematic reduction in area coverage and phytosociological
constancy of the above-mentioned calcareous species.

Inthe studied flora, a constant increase in the number and proportion of monocotyledonous
species of the Poaceae family was observed in the weed infestation of crops (Fig. 4).

Comparing the first and last years of the study, the number of monocotyledonous spe-
cies doubled (5 in 1993, 10 in 2022), and their proportion more than doubled (10% in
1993, 23% in 2022). In 1993, the occurrence of the following species was recorded in the
study area: Avena fatua (AVEFA), Apera spica-venti (APESV), Dactylis glomerata, Ely-
mus repens and Poa trivialis. All of these, excluding Poa trivialis were recorded in each
analyzed year of the study. The remaining species of monocotyledonous recorded in the
subsequent years of the study were Phleum pratense since 1998, Echinochloa crus-galli
since 2008, Bromus secalinus since 2013, and Setaria viridis since 2018. Among the spe-
cies found only once in the analyzed period were reported Agrostis capillaris (2013), Poa
annua (2022) and Lolium multiflorum (2022). Moreover, the presence of Lolium perenne
was also observed between 2008 and 2018.

Analyzing the threat to crops, expressed as the sum of the cover indexes, a decrease
in the total coverage of the area by weeds, along with a substantial rise in the coverage of
the area by monocotyledonous species, was recorded in the subsequent years of the study

(Fig. 5).
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Number of species (pcs.)

1993 1998 2003 2008 2013 2018 2022
M Dicotyledonous B Monocotyledonous

Fig. 4. The total number of monocotyledonous and dicotyledonous species of segetal flora
in the study area in assessed years of the multiannual period from 1993 to 2022
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In 1993, the sum of weed cover indexes was 4246.3, including only 77.6 for mono-
cotyledonous species. In subsequent years, a systematic decrease in the sum of cover in-
dexes of the area caused by undesirable species was observed, indicating a reduction in
the threat posed to crops by weeds. In the last year of our study, an increase in the sum of
weed cover indexes was observed. This could have resulted from, among other things,
errors in the selection and use of herbicides, as well as intensification of the phenomenon
of weed resistance to chemical plant protection products. One year, 2003, was worthy of
particular note. Then there was a slight increase in coverage of the area by weeds (com-
pared to the previous year) and a significant increase in the proportion of monocotyle-
donous species which accounted for 80% of the total coverage of the area. Since 1998, the
most expansive monocotyledonous species was Avena fatua (Fig. 6a). During the period
from 1998 to 2022, the sum of cover indexes (D) for this species ranged from 364.3 (2022)
to 2870.0 (2003), attaining degrees Il to V of phytosociological constancy (cf. Tab. 3).
The next most expansive monocotyledonous species in the study area was Apera spica-
venti (Fig. 6b), for which the sum of cover indexes ranged from 20.0 (2003) to 495.5
(2008). The high sums of cover indexes in the last year of the study for Avena fatua (given
above) and Apera spica-venti (D = 307.1) and degree V of phytosociological constancy,
showed that, despite chemical control, they were still competitors that pose a threat to
cereal crops.

Representatives of the Poaceae family, along with species of the Asteraceae and Fa-
baceae families, constituted the most numerous group in the segetal flora of the studied
set of fields (cf. Tab. 3). The importance of species belonging to those families in the weed
infestation of cereal crops was observed in various regions of Poland [Bomanowska 2006,
Dabkowska and Labza 2010, Rzymowska 2013, Skrajna 2021] and Europe [Glemnitz et
al. 2000, Fanfarillo et al. 2020]. Moreover, numerous authors considered attention to the
increasing importance of monocotyledonous species from Poaceae family, in the segetal
flora of agrophytocenoses in Poland in recent decades. Dabkowska et al. [2007], Dabkow-
ska and Labza [2010], Kapeluszny and Haliniarz [2010], based on the results of multian-
nual analyses of flora in habitats of southern and central-eastern Poland, pointed to Avena
fatua and Apera spica-venti as the most expansive grass weeds, posing the greatest threat
to cereal crops in recent decades. As in our research, in the studies of Dabkowska et al.
[2007], Dabkowska and Labza [2010] as well as Kapeluszny and Haliniarz [2010], there
was an apparent increase in the intensification of the proportion of Avena fatua in the weed
infestation of cereal crops in the 1990s, especially on rendzina soils in lowland habitats.
Dabkowska et al. [2007], conducting research from 1993 to 2005 on the same land where
our study was performed, noted a considerable increase in area coverage by monocotyle-
donous species. In 1993, the sum of cover indexes was 77.6, while in 1999 — it was nearly
10 times and in 2005 — over 20 times higher. However, Meyer et al. [2013] found a decline
in the frequency and cover of most species of Poaceae in Central Germany, including
some expansive species, such as Avena fatua or Apera spica-venti.
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Fig. 6. The weed infestation of cereal crops in the study area by (a) Avena fatua and (b) Apera
spica-venti (photos: archive of the Department of Agroecology and Crop Production)

In the segetal flora of cereal crops in the studied habitat short-lived species (especially
therophytes) were predominant over perennial species (Fig.7 and Fig. 8). The smallest
number of short-lived species was recorded in 2003, amounting to 30, while the most sig-
nificant number was in 2013 — 53.

Number of species (pcs.)

1993 1998 2003 2008 2013 2018 2022
m Short-lived = Perennial

Fig. 7. The total number of short-lived and perennial species of segetal flora in the study area
in assessed years of the multiannual period from 1993 to 2022
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The proportion of short-lived species in the weed infestation of crops, in relation to
the total number of species, oscillated in the range between 66.7% (2008) and 73.7%
(2018). Moreover, an obvious predominance of therophytes over species representing
other plant life forms was observed, which related to the agricultural nature of the land.
The highest richness of therophytes was recorded in 2013 — 47 species (when it was the
highest total species richness), and their proportion of the total number of species was
65.4%. In 2003, the lowest number of therophytes of 27 species was found, with a propor-
tion of 64.3%. The number of hemicryptophytes fluctuated between 7 and 17 species (pro-
portion of 16.7 to 29.8%). The number of geophytes during the multiannual period re-
mained constant within the range of 5 to 7 species, and the number of chamaephytes stayed
within the range of 0 to 2.
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Fig. 8. The total number of plant life form of segetal flora in the study area in assessed years
of the multiannual period from 1993 to 2022

Our findings are consistent with results obtained by other authors, who also underlined
the predominance of short-lived species over perennial ones and therophytes over other
plant life forms in the segetal flora of various regions of Poland. The results of research
by Bomanowska [2006] showed the field flora of the Kampinos National Park was domi-
nated by therophytes (46.9% of the flora), with a large proportion of hemicryptophytes
(39.9%) and smaller for geophytes (9.2%) and chamaephytes (3.2%). Analysis of species
persistence also revealed a slight predominance of short-lived species (51.5% of the flora)
over perennial ones (48.5%). Skrajna [2021], comparing the flora of agrocenoses of the
Katuszyn Upland (eastern Poland) over a similar research period (1996 to 2021), presented
that short-lived species (60%) prevailed over perennial ones (40%). Moreover, the pro-
portion of individual plant life forms was similar to that obtained in our study, which is
typical for annual crops.
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The values of the Shannon-Wiener diversity index (H) and the Simpson dominance
index (C) accurately reflect the state of the richness and species diversity of the studied
agrophytocenoses (Fig. 9).
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Means with various letters are significantly different, according to Duncan test (p < 0.05).

Fig. 9. The average Shannon-Wiener diversity index (H) and Simpson dominance index (C)
of segetal flora in the study area in assessed years of the multiannual period from 1993 to 2022

For most years of the study, the average H index was at a similar level, ranging from
0.77 to 0.94, which proves that the proportion of individual segetal species in the weed
infestation was relatively even. The highest value (1.14) was in 1998, and the lowest (0.57)
was in 2008 (significant difference). A decrease in the Shannon-Wiener diversity index
causes an increase (undesirable from the agricultural point of view) in the Simpson dom-
inance index (C). The lowest dominance of individual species in the study area was found
in 1998 when the C index was only 0.16 and was significantly lower than in 2008 (0.47;
highest value). The low value of the H index and, also the high value of the C index rec-
orded in 2008 were related, among others, to the dominance of monocotyledonous species
in the infestation of the studied crops with weeds, namely Avena fatua and Apera spica-
venti (cf. Fig. 5). However, comparing the first and last year of the study, a slight increase
in the H index and a decrease in the C index can be found (for a similar total number of
species in both years). This fact may indicate a fairly even proportion of individual species
in the flora of the studied set of fields without a precise proportion of dominant species,
and on relatively effective chemical control compared to the years in which dominant spe-
cies were observed.

The value of the diversity and dominance indexes for the study area are similar to
those obtained by Dgbkowska et al. [2017] in studies conducted in several locations within
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lowland habitats of southern Poland (assessed as favorable for intensive agricultural pro-
duction) and located near the area of our research. In the research mentioned above, similar
to the results of our study, the average H index was within the range of 0.7 to 1.3, while
the average C index was from 0.1 to 0.3. In contrast, Dostatny [2006] found floral diversity
to be much higher (H = 2.2-2.8) for rendzinas of the Niecka Nidziafiska region in the same
period. As Trzciniska-Tacik [2003] pointed out, the biodiversity of segetal communities
depends on, among others, habitat conditions, including soil conditions, and it is greater
on fertile soils. Skrajna [2021] confirmed this by comparing biodiversity indexes in cereal
crops on compact and light soils of the Katuszyn Upland (eastern Poland). In this study,
the H index oscillated within the range of 1.32 to 1.61, and the C index was within the
range of 0.29 to 0.40 for light and compact soils, respectively.

SUMMARY

The study conducted on the composition of segetal communities and changes in their
diversity over the period from 1993 to 2022 allowed the following findings conclusions.

1. The total species richness of the segetal flora of the study area over the years in
question did not undergo any apparent impoverishment. However, a decrease in the aver-
age number of species recorded on individual fields and the constancy of occurrence, as
well as area coverage by determined species, especially calciphilous, was observed.

2. In the weed infestation of the studied crops, there was a noticeable increase in the
number of monocotyledonous species, their proportion in the weed infestation and cover-
age of the area. Short-lived species were predominant over perennial species, and thero-
phytes, along with hemicryptophytes, were the most numerous plant life forms.

4. The value of the Shannon-Wiener diversity index over the multiannual period re-
mained at a fairly similar level, indicating that the diversity of the flora of the studied set
of fields remained stable over time.

5. There was a decreasing trend in the Simpson dominance index over the years in
question, which may be related to an increase in the intensity of the application of chemical
plant protection products compared to the initial year of the study.

6. The results indicate that it is justified to continue research into the species richness
and diversity of field flora of the study area to monitor the behavior of individual plant
species and groups of weeds under the effect of the intensification of agriculture.
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Impact of sowing date and nitrogen fertilization
on two cultivars of Tritordeum yield potential —
a Polish pilot study

Wplyw terminu siewu i nawozenia azotem na potencjat plonowania
dwoch odmian Tritordeum — polskie badania pilotazowe

Abstract: Agricultural production diversity is becoming a key to solve challenges of modern agricul-
ture — including those related to climate change. The main cereals cultivated in Europe are wheat, rye
and barley. One of the new cereals introduced recently into products is Tritordeum —a hybrid of durum
wheat and a wild form of barley. It is adapted for cultivation conditions of warm and dry climate of
Mediterranean. However, recent shifts in climate make it an interesting alternative also for temperate
climates. It is also a response to increasing consumer demands for food of good nutritional value. A
pilot study (pot experiment) on Tritordeum (two cultivars) yield potential under 3 increasing nitrogen
fertilization rates (N1, N2 and N3) have been established in 2019-2021in eastern Poland. Tritordeum
cv. Bulel and Tritordeum cv. Aucan performance have been compared with Triticum durum Desf. and
Triticum aestivum L. performance for two sowing dates — autumn and spring. The results demonstrated
that the yield level of Tritordeum cv. Bulel was comparable to durum wheat yields. Yields of T. aes-
tivum L. were higher (only by 8% for autumn sowing and approximately 43% for spring sowing).
Moreover, Tritordeum cv. Bulel had lower yield level than Tritordeum cv. Aucan (by approximately
1-8%). All tested species showed good performance under medium (N2) or even low (N1) nitrogen
fertilization rate. The other traits tested (number of ears, productive tillering, thousand grains weight)
placed Tritordeum (in particular Tritordeum cv. Bulel) closer to T. durum Desf. than to T. aestivum L.
Triticum aestivum L. had higher results in terms of particularly tillering rate and number of spikes per
pot than other 3 tested species. Tritordeum has shown that it can be a promising species for cultivation
under Polish conditions as its yielding potential can reach yielding potential of T. durum Desf. Further
field studies on performance of this crop are needed.
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INTRODUCTION

Cereal grains are an important part of the human diet. The acreage under cereals
reached over 736.0 min ha in 2020, nearly a half of all worlds croplands (1,561.6 min ha),
indicates the great economic importance of this group of crops [FAO 2022]. The first cul-
tivated cereals can be traced back to ancient times. Broomcorn (Panicum miliaceum L.)
was cultivated in China at least 10,000 years ago [Hunt et al. 2011]. Quinoa (Chenopodium
quinoa Willd) was first cultivated in Latin America between 5,000 and 7,000 years ago
[Kheto et al. 2022]. In the past also rye (Secale cereale L.), einkorn (Triticum boeoticum
Boiss), emmer wheat (Triticum dicoccoides Schweinf.), wild barley (Hordeum sponta-
neum Koch), and wild oats (Avena sterilis L.) were the important sources of food for hu-
man population [Bar-Yosef 2011]. The most important cereals globally nowadays include
wheat, rice, maize, and barley. Triticum aestivum L. is cultivated in Europe, east Asia,
India, both Americas and in Australia. In 2022, 30% of the world’s cereal grain production
was wheat grain [FAOSTAT 2024]. Genetically, it is a hexaploid, which was created
through hybridization of tetraploid Triticum turgidum L. with diploid Aegilops tauschii
Coss [Wang et al. 2013].

The main cereals cultivated in EU are wheat, rye, barley and spelt. T. aestivum L. is
main substrate for flour and groats production. It is also widely grown as a basic agricul-
tural feedstuff. Rye (S. cereale L.) is another important cereal cultivated in Europe, his-
torically significant and still a key crop in many parts of the region [Hagenblad et al. 2016].
Spelt, a subspecies of wheat widely cultivated in Europe before 20th century, continues to
be cultivated in Europe and plays an important role as a high-value niche product [Abrouk
etal. 2018]. Barley (Hordeum vulgare L.) has been cultivated in Europe for approximately
6,000 years [Lempidinen-Avci et al. 2018]. This cereal crop is utilized mostly as animal
feed and for beer production (malting) [Gashaw 2021]. The genetic diversity present in
both wild and cultivated barley offers significant potential for breeding programmes and
improving crop quality [Zhang et al. 2014]. Cereal breeding is the most important factor
behind the improvement of crop productivity and thus addresses the global food security
challenges [Jansone et al. 2022].

Progress in cereal breeding provides new varieties that have high yield potential, are
more resistant to diseases and pests. Through breeding programs, significant advancements
have been made particularly by utilizing dwarf genes and exploiting heterosis [Akbar et al.
2021]. Most of the breeding programmes are resulting in increased diversity within species
and new genotypes within the same species (breeding for new cultivars). It is also possible
to carry out plant breeding to create new species (eg. through hybridization process). Triti-
cale (x Triticosecale Wittmack) is a cereal crop that originated from the successful hybridi-
zation of hexaploid wheat (T. aestivum L.) and rye (S. cereale L.) in 19th century [Ma and
Gustafson 2006, Alvarez et al. 2021]. This novel plant, resembling a cross between wheat
and rye but morphologically more similar to wheat, was one of the first successful synthetic
amphiploid cereals [McGoverin et al. 2011, Goéral et al. 2020]. Breeding efforts for triticale
have focused on improving its adaptability to local conditions, increased yield potential, dis-
ease resistance and nutritional quality of grain. This resulted in improved importance of this
cereal in Europe over the last few decades, with production area almost doubled since 2000
to almost 3.3 million ha in 2010 [Kaltsikes et al. 1984, Alvarez et al. 2021]. Currently, ac-
cording to FAOSTAT [2024] 86% of Triticale is cultivated in Europe (3.1 mIn ha), with
about 1.2 min ha under cultivation in Poland solely [GUS 2023].
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Certainly a lesser-known hybrid-cereal is Tritordeum. The parental forms of this spe-
cies are durum wheat (Triticum durum Desf.) and a wild form of barley (Hordeum chilense
Roem. and Schult) [Martin and Sanchez-Mongelaguna 1981]. The crop have been devel-
oped by Spanish National Research Council in the 70s. In 2013 it was introduced to the
market. Tritordeum, similarly to Barley, is a drought tolerant with good wateruse effi-
ciency. This makes it a good choice for regions with limited water resources. It is adapted
to dry climates, resilient to environmental changes, and have a potential for applications
in the food industry, such as breadmaking and pasta production [Landolfi and Blandino
2023, Papadopoulos et al. 2023]. The grain yield of the Tritordeum is not as high as Trit-
icum yields, however, it has higher protein content than wheat. It contains higher levels of
carotenoids, arabinoxylans, and antioxidants, with lower immunotoxic peptides compared
to wheat [Visioli et al. 2020, Nitride et al. 2022]. Tritordeum might be considered as crop
adapted to organic farming conditions, as it is showing increased rhizosphere bacterial
diversity and beneficial effects on plant growth. Bread made from Tritordeum is of yellow
colour, has fewer immunogenic epitopes than wheat, making it a potential alternative for
those wishing to reduce gluten intake without compromising gut health [Haro et al. 2022].
Tritordeum is one of the plants where both the parental forms and the resulting hybrid are
best adapted to the warm and fairly dry Mediterranean climate. It seems that, due to the
climate changes taking place, there is also the possibility of cultivating this species in
Poland. Tritordeum grain has high nutritional value, which is related to the absence of
allergenic proteins and its increased lutein content.

To date, there are no scientific results on the possibility of cultivating Tritordeum
under Polish climate conditions. Therefore, the yield potential of this cereal under Polish
conditions is not known. Information on this subject can be gleaned from research results
obtained under similar climatic conditions to Poland. Although Tritordeum is considered
a thermophilic crop and is grown as a spring crop, it can also be cultivated as winter crop
(under favourable conditions). In a study carried out by Martinek et al. [2003] Tritordeum
was cultivated under central European climate conditions. A good winter hardiness and
higher grain yields were found for autumn sowing of this species compared to spring sow-
ing. The authors state that this may have been due to a mild winter and favourable stag-
gering conditions, as well as better water supply for plants sown in autumn. The yield of
plants sown in spring was 1.4-2.44 t hal, with a yield of 2.04-3.92 t ha* of winter crops.
As shown in the study by Vaquero et al. [2018], yielding potential of Tritordeum can be
higher and range from 4.0 t ha to 5.5 t ha %, Such research results give reason to believe
that there is a possibility of growing Tritordeum in Poland.

Currently, there are no cultivated varieties of Tritordeum listed in the register of the
Central Plant Variety Testing Centre, as well as in the Community Catalogue of Agricul-
tural Varieties (CCA). Two cultivars are registered with the Community Plant Variety
Office (CPVO): Aucan (in 2010) and Bulel (in 2015). A further 12 genetic lines are can-
didates for variety registration; and in 2018 they were tested in field trials [Rozewicz and
Wyzinska 2021].

The aim of the study was to assess the possibility of growing two Tritordeum cultivars
in Poland under autumn and spring sowing conditions, as well as to evaluate the produc-
tion potential of this species at different nitrogen fertilization rates with comparison to
T. aestivum L. and T. durum Desf.
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MATERIAL AND METHODS

The study was carried out in 2019-2021 with harvest in 2020 and 2021 as two two-
factor pot experiments, using the independent series method. Experiments were located in
the Vegetation Hall belong to the Institute of Soil Science and Plant Cultivation — State
Research Institute in Putawy (51.413, 21.965). Mitscherlich pots were used in four repli-
cates per test object. The first experiment used an autumn sowing date for two Tritordeum
cultivars and the second a spring sowing date. In both experiments, the first order factor
was the nitrogen rate. Three levels of nitrogen fertilization were considered: N1 -1.2g N
per pot; N2 — 2.4 g N per pot; N3 — 3.6 g N per pot. In both experiments, the second order
factor was the cereal species. In the first experiment these were: 1) T. durum — Metis (win-
ter form), 2) Tritordeum — Aucan cultivar, 3) Tritordeum — Bulel cultivar, 4) T. aestivum
L. — Plejada cultivar (winter form). On the other hand, for the second experiment the fol-
lowing were selected: 1) T. durum Desf.— SMH 87 cultivar (spring form), 2) Tritordeum
— Aucan cultivar, 3) Tritordeum — Bulel cultivar, 4) T. aestivum L. — Rusalka cultivar
(spring form). The pots were filled with 7 kg of pseudo-polylic soil. Nitrogen was given
in the form of NH4NO3, applying 2 dose before sowing and 'z dose at the stalk shooting
stage. Fertilization with other nutrients was: P,Os — 2.52 g per pot in the form of KH,PO4,
K20 — 2.04 g per pot in the form of K,SO4, Mg — 0.5 g per pot in the form of MgSOQ.. In
addition, iron (50 mg per pot), boron (5 mg per pot), manganese (3 mg per pot) and copper
(3 mg per pot) were added to the soil substrate. The moisture content of the substrate was
maintained throughout the growing season at 60% of the field water capacity. Moisture
was controlled by gravimetric method, with pot weighting prior to watering (irrigation) to
calculate the difference between the currnet weight and the target weight. Monthly tem-
peratures during vegetation were, generally higher than average for 1981-2020, which
seems to be a new reality in Poland nowadays (Tab. 1). Harvest was done at full maturity.
After harvest, grain yield and yield structure elements (spikes per pot, tillering rate, thou-
sand grain weight) were determined.

Table 1. Temperature (°C) in the experiment hall during the growing seasons of the study

Month 2019/2020 2020/2021 1981-2020 average
September 144 14.9 13.3
October 10.8 10.4 8.0
November 6.4 51 2.7
December 31 1.7 -1.4
January 1.7 -14 -33
February 34 2.7 -2.3
March 4.7 2.8 1.6
April 8.9 6.9 8.7
May 11.9 12.9 14.5
June 19.1 20.0 17.2
July 19.3 22.2 19.5
August 20.3 17.1 17.8




Impact of sowing date and nitrogen fertilization on two cultivars of Tritordeum yield potential... 87

Statistical comparison was done on a basis of analysis of variance ANOVA with post-
hoc Tukey test at p <0.05. Results were statistically processed with Statistica ver. 13.1
(StatSoft, Inc., Tulsa, OK, USA)

RESULTS AND DISCUSSION

Yields

In 2020, for autumn-sown cereals, T. aestivum L. yields (average of the 3 tested ferti-
lization levels) were higher than those of the 3 other tested cereals. As a result of the
weather pattern in 2021 (January 2021) Tritordeum sown in the autumn (both cultivars)
did not survive the winter, and therefore no results are available for this species for 2021.
No yield differences were observed between T. durum Desf. and T. aestivum L. for autumn
sowing in 2021, while T. aestivum L. was significantly higher yielded when sown in spring
(Tab. 2). Gallardo and Fereres [1993] found Tritordeum yields in Spain to be at the 23—
53% of T. durum Desf. and T. aestivum L. yields. Suchowilska et al. [2021] found Tritor-
deum yields in Poland at a level of about 50% of T. durum Desf. This was not confirmed
in the present study, where Tritordeum cv. Bulel (B) yielded generally at same level as
T. durum Desf. and at 57-94% of T. aestivum L. yields. Tritordeum cv. Aucan (A) yields
in the present study were at similar level and reached approximately 55-92% of T. aes-
tivum L. yield potential. The reason behind lower levels of yield gap between Tritordeum
and wheat may be due to scale of experiment (field experiment in Suchowilska et al.
[2021] experiment vs. pot experiment in present study) and different set of cultivars tested.
Currently, the global share of arable land suitable for durum wheat is 13%. Ongoing cli-
mate change could reduce this area by 19% by mid-century, and almost by half (48%) by
the end of the century. On the other hand, the ongoing climate change may create favorable
climate conditions for durum wheat cultivation in many areas of central and western Eu-
rope [Ceglar et al. 2021]. In Poland, such changes are visible and creating increasingly
better conditions for the cultivation and breeding of pasta (durum) wheat. Compared to
common wheat, yields of durum wheat are relatively resilient for drought occurring during
the ripening period [Makowska et al. 2008, Harasim 2018]. In a study by Rachon et al.
[2022], the winter form of durum wheat (cv. Lapidur) yielded significantly lower than
common wheat varieties. The same relationship was found for the spring form (cv. Flora-
dur and cv. Haristide) of T. durum Desf. Yields of durum wheat were about 1 t ha* lower
than yields of common wheat. However, durum wheat flour has a different quality and its
unique qualities make it perfect for pasta production.

Kakabouki et al. [2020] tested same Tritordeum cultivars as in present study (Bulel and
Aucan) under mediterranean conditions and found yields of both varieties to be at the same
level. However, in our own research yields of Bulel and Aucan differed significantly for
spring sowing dates. Moreover, authors found yields of Tritordeum to be at a level of about
47-79% of yield potential of T. aestivum L. (lower yield potential that in present study).
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Table 2. Grain yield (g pot™) of tested crop species in 2020 and 2021 — mean for tested species
(all N-levels combined)

ot | soumgase | 1w pes | IO | Toomn | T seton
2020 autumn 36.137° 35.922° 36.892° 39.1632
spring 23.528 b 17.566 © 21.543b 316022
autumn 44.438 2 n.d. n.d. 45223
2021 spring 28.00° 20.250 ¢ 20.450° 35.7202

Different lowercase letters indicate significant differences between crop species at p < 0.05
n.d. — no data

In 2020, the highest yielding T. aestivum L., had statistically significan reaction to N
fertilization rate. Research has shown that N2 and N3 fertilization resulted in a significant
increase in yield to about 41 g pot™ compared to fertilization with N1 (about 32 g pot™). For
Tritordeum, the yield response to nitrogen fertilization was different for cultivar A and for
cultivar B: Tritordeum A yielded the highest for N3 fertilization (41 g pot™) and Tritordeum
B yielded highest for N2 fertilization (39 g pot™). For T. durum Desf., the highest yields
were observed for N2 fertilization. Among of the tested species, a progressive increase in
yield with increasing nitrogen fertilization rate was evident particularly for Tritordeum cv.
A for which an increase in fertilization from N1 to N3 resulted in a yield increase of about
30%. The results also indicate a general trend of high yields already for N2 fertilization for
most of the plants tested, with the exception of Tritordeum cv. A (Fig. 1).

Different nitrogen fertilization rate resulted in different yields of durum wheat and
common wheat in 2021: nitrogen fertilization at N2 and N3 levels gave a significant yield
increase compared to N1 levels. The results indicate that nitrogen fertilization above the
N2 level is not justified, as it did not give a significant yield increase (Fig. 1).

Tested spring sown cereals, in general, had lower levels of yields than autumn-sown
cereals. On the other hand, Tritordeum sown in autumn 2020 (harvested in 2021) had sig-
nificant frost damge which resulted in total crop failure. Crop failure was due to drop of
temperature to about —20°C for few days. Intestringly, at the same time, same Tritordeum
cultivars were cultivated in field conditions (unpublished results of Authors studies) and
no frost damage was recorded. The risk of frost damage was much higher at pot trials,
where crop roots were not protected from frost by snow.

In 2020, similarly to autumn-sown cereals, spring-sown T. aestivum L. had the highest
yields (average for the 3 tested fertilization levels of about 32 g per pot). The second high-
est yielded in 2020 was Tritordeum cv. B and T. durum Desf. (yields level of approxi-
mately 22 g pot?) — Table 2. Interestingly, for spring cereals harvested in 2020, there is
a clear trend towards high yields with N1 fertilization rate. The highest yields with N1
fertilization were recorded for T. aestivum L., T. durum Desf. and Tritordeum cv. B. For
Tritordeum cv. A, the highest yields were recorded for the N2 fertilization level (Fig. 1).



60 60

50 50 a4 a
a
40 40 b
bew

30 30

20 20

10 10

0 0
T. durum Tritordeum  Tritordeum  T. aestivum T. durum Tritordeum  Tritordeum  T. aestivum
cv. A cv.B cv. A cv. B
EN1 mN2 mN3 EN1 mN2 mN3 =
2020 2021

Different lowercase letters indicate significant differences between fertilization levels

Fig. 1. Grain yield (g pot™) of tested cereal species sown in autumn fertilized with different nitrogen rates
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Average performance of tested spring-sown cereals in terms of their yields was similar
in 2020 and 2021, — with the highest level of yields recorded for T. aestivum L. in both
years of the study (approx. 32 g pot* and 35 g pot 2, respectively), followed by T. durum
Desf. and Tritordeum cv. B while Tritordeum cv. A yields were the lowest among all four
tested cereals in 2020 and in 2021 (approx. 18 g pot?* and 20 g pot™?, respectively). In
2021, higher doses of nitrogen fertilization resulted in progressive yield increase espe-
cially for T. aestivum L., with the highest yields obtained for N3 fertilization rate (40 g
pot?). Both tested cultivars of Tritordeum reacted positively in terms of yield increase for
N3 fertilization, while yield increase for T. durum Desf. was the same for N2 and N3
fertilization rate (Fig. 2). In the study of Folina et al. [2020] cv. Bulel Tritordeum under
NPK mineral fertilization reacted in significant (48%) incerease in yield (compared to
control with no fertilization), while natural fertilization with compost and manure resulted
in lower yield increase of 14% and 19% respectively. Significance of nitrogen fertilization
impact on crop yields is well know, and multiple studies have confirmed higher doses of
nitrogen positively impacts yields. This was also confirmed for T. durum Desf., species
closy related to Tritordeum [Tedone et al. 2014, Ayadi et al. 2015, Galieni et al. 2016].

Spikes per pot

Differences in the number of spikes (ears) per pot were evident for the species tested.
In general, T. aestivum L. had the highest number of spikes in both 2020 and 2021, and
for both autumn-sown and for spring sown crops. The only exception was 2021, where for
autumn sown cereals there was no differences observed between T. aestivum L. and T.
durum Desf. (both tested Tritordeum cultivars froze). The second highest number of ears
were observed for T. durum Desf. and Tritordeum cv. Bulel for both spring and autumn
sowing dates. For cereals sown in spring 2021, the second highest number of ears per pot
was recorded for Tritordeum cv. B (Tab. 3). Montesano et al. [2021], on a basis of com-
parison of 5 lines of Tritordeum and one T. durum Desf. cultivar, found number of spikes
of T. durum Desf. to be at similar level as of most Tritordeum lines. However, study also
found one line of Tritordeum with significanly lower and one with significantly higher
number of spikes than Tritordeum, which can indicate number of spikes are strongly de-
pendent on plant genotype.

The nitrogen fertilization rate had a significant effect on the number of ears. For spe-
cies sown at the autumn sowing date and harvested in 2020, higher fertilization rates re-
sulted in a reduction in the number of ears per pot. On the other hand, autumn-sown cereals
harvested in 2021 (T. aestivum L. and T. durum Desf.) showed a significant increase in
the number of ears per pot for the N2 fertilization level (with no data for Tritordeum). For
cereals sown at the spring sowing date, the fertilization level had different effects on the
different species. For Tritordeum cv. A and Tritordeum cv. B, a decrease in the number of
ears per pot for the N3 application rate was observed in 2020 (appropriately 19.5 and 21.5
ears). In 2021, Tritordeum cv. A responded with a decrease in the number of ears per pot
only for the N2 fertilization rate (23 ears). For Tritordeum cv. B, in 2021, no response of
this species to nitrogen fertilization (in terms of number of ears) was observed at the spring
sowing date. Spring sown T. aestivum L. responded with an increase in ear number with
increasing fertilization levels in 2021, and the highest number of ears for N2 fertilization
in 2020 (Tab. 3, Fig. 3 and 4).
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Table 3. Number of spikes per pot of tested cereal species depending of sowing date

Harvest year Sowing T. durum Tritordeum | Tritordeum | T. aestivum
date Desf. cv. Aucan cv. Bulel L.
2020 autumn 23.527° 17.566 © 21.543° 31.6022
spring 27.083° 22.916 ¢ 25.500 b 30.666 2
autumn 25.25 n.d. n.d. 24.833
2021 spring 24.166 © 24.666 ° 27.916° 31.0002

Different lowercase letters indicate significant differences between crop species at p < 0.05
n.d. — no data

Productive tillering coefficient

Some differences were observed between the species tested in terms of productive
tillering coefficient. It was the highest for T. aestivum L. for both sowing dates (autumn
and spring) with the exception of the autumn sowing date of 2021, where no differences
were observed between T. aestivum L. and T. durum Desf. (both Tritordeum varieties
froze). The tillering rate for winter wheat reached a value of approx. 3 (Tab. 4). Kakabouki
et al. [2020] found tillering rate of Tritordeum cv. Bulel significantly higher than Tritor-
deum cv. Aucan. In the present study, this was only confirmed for 2020 and autumn date
of sowing. Authors [Kakabouki et al. 2020], also found Tritordeum cv. Bulel to have
higher rate of tillering than T. aestivum L., which wasn’t confirmed in the present study.
Studies found, that nitrogen deficiency in winter wheat is associated with a reduced rate
of leaf appearance and tiller growth, while an increase in nitrogen application rate in-
creases tiller density and reduces tiller mortality [Yang et al. 2019].

Fertilization rate, in most cases, had no effect on crop tillering rate. The only differ-
ences in tillering rate were recorded for spring T. aestivum L. In 2020, increasing the fer-
tilization rate to N2 resulted in an increase in productive tillering to a level of 3.5., while
in 2021, fertilization at the N3 rate resulted in a similar increase in productive tillering (to
about 3.5) — Figures 5 and 6.

Table 4. Productive tillering coefficient of tested cereal species depending on sowing date

Harvest Sowing T. durum Tritordeum cv. | Tritordeumcv. | T. aestivum L.
year date Desf. Aucan Bulel
2020 autumn 2.353° 1.756 ¢ 2.154 b 3.1602
spring 2.708° 2.291° 2.550°P 3.166 2
2021 autumn 2.525 n.d. n.d. 2.483
spring 2.416° 2.466 P 2.791° 3.1002

Different lowercase letters indicate significant differences between crop species at p < 0.05

n.d. — no data
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Fig. 5. Productive tillering coefficient of tested cereal species sown in autumn fertilized with different nitrogen rates
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Impact of sowing date and nitrogen fertilization on two cultivars of Tritordeum yield potential... 97

Thousand grain weight

The thousand grain weight for the tested cereals sown in the autumn was significantly
the lowest for Tritordeum cv. A in 2020. There was no differences between crop species
in 2021. For spring-sown cereals, the lowest thousand-grain weight was recorded for Tri-
tordeum cv. B, both in 2020 and 2021 (28.473 g and 29.406 g) — Table 5.

Table 5. Thousand grain weight of tested cereal depending on sowing date

Harvest | Sowing Tritordeum cv. Tritordeum T. aestivum L.
T. durum Desf.
year date Aucan cv. Bulel
2020 autumn 44,724 @ 37.965° 39.727 @ 43.039 2
spring 30.753° 32.793% 28.473°¢ 31.487®
2021 autumn 43.648 n.d. n.d. 44.747
spring 37.106 2 30.911 b¢ 29.406 © 33.206°

Different lowercase letters indicate significant differences between crop species at p < 0.05
n.d. — no data

Different levels of fertilization had an effect on some of the species tested. For the
autumn sowing date, in 2020, thousand grain weight increased significantly with increas-
ing fertilization for T. durum Desf., while fertilization at the N3 level caused a significant
reduction in thousand grain weight for T. aestivum L. (Fig. 7). For the spring sowing date,
in 2020 only Tritordeum cv. A showed a decrease in thousand grain weight at increased
fertilization level N2. In 2021, the same variety of Tritordeum showed an increase in thou-
sand grain weight for fertilization levels of N2 and N3. Spring common wheat harvested
in 2021 fertilized with higher doses of nitrogen (N2 fertilization level) had higher thousand
grain mass than N1 and N3 nitrogen fertilization rates (Fig. 8). Kakabouki et al. [2020]
tested different genotypes of Tritordeum for their thousand grain mass. Authors found
Tritordeum cv. Aucan thousand grain mass to be significantly greater than Tritordeum cv.
Bulel’s in both years of the study (31.4 g and 28.5 g in 2019 and 31.3 and 28.7 in 2020
respectively). Therefore, the level of thousand grain mass for both Tritordeum cultivars
found by autor was at similar level as in present study. On the other hand, study by Mon-
tesano et al. [2021] showed thousand grains mass able to reach 33.8 g—38.2 g depending
on Tritordeum genotype.

Folina et al. [2020] found Tritordeum cv. Bulel 1000 grain weight to significantly
increase under mineral fertilization with NPK (increase from 27.5 g to 31.9 g), compost
fertilization (increase to 29 g) and manure fertilization (29.8 g). Therefore, mass of thou-
sand grains of Tritordeum cv. Bulel fertilized with NPK found by authors was at lower
level as Tritordeum cv. Bulel sown in autumn thousand grain mass found in present study
(39.7 g) and on slightly higher level than for spring Tritordeum cv. Bulel (28.5 g in 2020
and 29.4 g in 2021).
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CONCLUSIONS

The results of the pot experiment on the yield and some traits of the two Tritordeum
hybrid varieties in relation to the two dominant wheat species in Poland: common wheat
(T. aestivum L.) and durum wheat (T. durum Desf.), showed the yield level of Tritordeum,
particularly Tritordeum cv. Bulel, was similar to that of T. durum Desf., while the yields
of T. aestivum L. were at higher level (8% for autumn sowing and about 43% for spring
sowing). Moreover, Tritordeum cv. Bulel, showed a slightly lower yield level than cv.
Aucan (by about 1-8%).

The other traits tested (number of ears, productive tillering, thousand grains weight)
placed Tritordeum (in particular Tritordeum cv. Bulel) closer to T. durum Desf. than to T.
aestivum L. The latter showed higher results in terms of particularly tillering rate and num-
ber of spikes per pot. This shows, that, under Polish clime conditions (moderate climate),
yields of Tritordeum (sown in autumn) can match-up yields of T. durum Desf., and be
very close to T. aestivum L. performance. Moreover, there is a risk of frost damage to
Tritordeum sown in autumn —which has occurred in pots. The performance of Tritordeum
should be further tested, as currently climate of Poland is quickly shifting towards warmer
climate zones. Study found, to no surprise, that nitrogen fertilization stimulates yields.
However, the optimal level of fertilization depends on the species, cultivar, which also
demonstrates the importance of conducting fertiliser trials to optimise the economic ef-
fects (applying only as much fertiliser as necessary) of cultivation.
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(Triticum aestivum L.) plant growth stimulation
and flag leaf infection by fungal pathogens

Wpltyw wybranych ekstraktow roslinnych na stymulacje wzrostu roslin
i indeks porazenie liscia flagowego pszenicy ozimej (Triticum aestivum L.)
przez patogeny grzybowe

Abstract. The aim of the study was to assess the effect of plant extracts from hemp inflorescences (H)
as well as a mixture of extracts from hemp inflorescences, sage leaves and tansy leaves (M) on the stim-
ulation of plant growth and the infection index of the flag leaf of winter wheat (Triticum aestivum L.) by
fungal pathogens in a two-year field experiment. The analysis of selected biometric parameters in both
growing seasons (2022/2023 and 2023/2024) showed a beneficial effect of both types of extracts, re-
gardless of the type and concentration of the extract, on the length of ears, fresh weight of the aerial part
of plants and the mass of one thousand wheat grains. The study also analyzed the intensity of the occur-
rence of wheat flag leaf diseases (septoria leaf blotch, tan spot of wheat, and brown leaf rust of cereals),
in two growing seasons. In the case of septoria leaf blotch, the lowest infection index (IP) of the flag leaf
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INTRODUCTION

Wheat (Triticum L.) is one of the most important cereal crops worldwide. In Poland,
it is considered the most valuable cereal species, requiring good quality soils and a suffi-
ciently long growing season [Dobosz et al. 2023]. The greatest threat to wheat cultivation
arises from pathogenic fungi, which can cause substantial and destructive yield losses
[Kayim et al. 2022]. Agrochemicals used to date, such as fertilizers and pesticides, have
led to serious negative environmental effects, such as water and soil pollution, destruction
of soil structure, nutrient depletion and loss of biodiversity [Bastos et al. 2020, Soto-
Gomez and Pérez-Rodriguez 2022, Szpunar-Krok et al. 2022]. The reduction of chemical
use in agriculture and the growing interest in environmentally friendly protection methods
have led to intensified research into the development of eco-friendly plant protection strat-
egies [Rohr et al. 2019, Rouphael and Colla 2020, Szpunar-Krok et al. 2022, Kursa et al.
2024a, 2024b]. Among the main recommendations in wheat cultivation, in addition to the
selection of appropriate varieties adapted to environmental conditions, are the protection
of the flag leaf and the proper scheduling of agronomic practices [Kayim et al. 2022].
Nutrients supplied by the flag leaf are essential building materials for quality grain filling
[Rédoi et al. 2022]. Infection of the flag leaf leads to a reduction in yield and economic
losses [Alam et al. 2013, Kayim et al. 2022]. The most threatening fungal diseases affect-
ing wheat leaves include: septoria leaf blotch caused by Zymoseptoria tritici, tan spot of
wheat caused by Pyrenophora tritici-repentis, brown leaf rust of cereals caused by Puc-
cinia recondita, and powdery mildew caused by Blumeria graminis [Panasiewicz et al.
2008, El Jarroudi et al. 2022, Abdel-Kader et al. 2023, Schierenbeck et al. 2023]. The use
of natural biostimulants of plant origin is increasing significantly. Current research con-
firms the protective and stimulating potential of plant extracts [Baltazar et al. 2021, Kisi-
riko et al. 2021, Kursa et al. 2024a]. Biostimulants positively affect both the qualitative
and quantitative yield parameters, biochemical characteristics of plants and can mitigate
abiotic stresses [Zulfigar et al. 2020, Ma et al. 2022]. Furthermore, the biostimulatory ef-
fects of plant extracts have been confirmed to improve plant growth and development,
including fruiting, seed germination and emergence, root development, and shoot elonga-
tion, as well as increasing nutrient and water uptake [Baltazar et al. 2021, Kisiriko et al.
2021]. The positive influence of biostimulants is attributed to improving soil microbial
activity as well as increasing the presence of factors responsible for the solubility of nu-
trients in the soil. Moreover, the wide-range effects of biostimulants can be attributed to
the biosynthesis of phytohormones, enhanced photosynthetic efficiency, improved carbon
and nitrogen metabolism, and increased sugar content as a carbon source [Elzaawely et al.
2017, Zulfigar et al. 2020]. Pannacci et al. [2022] proved that aqueous extract of mugwort
(Artemisia vulgaris L.) stimulates seed germination and seedling growth in vegetable
crops (onion, carrot, tomato, rapeseed, cauliflower and lettuce). Extracts from herbal
plants (John’s wort, giant goldenrod, common dandelion, red clover, nettle, valerian) pos-
itively affect the yield, chemical composition and antioxidant activity of celeriac (Apium
graveolens L. var. rapaceum) [Godlewska et al. 2020]. Ben-Jabeur et al. [2019] confirmed
that coating wheat kernels with thyme essential oil improved drought resistance in wheat.

The aim of the present research was to evaluate the effects of selected plant extracts
on specific biometric traits of winter wheat (Triticum aestivum L.), including the fresh and
dry weight of roots and aerial parts, the length and thickness of stem, as well as yield, and
the health status of the flag leaf.
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MATERIAL AND METHODS

Field experiment

The field experiment was conducted between 2022 and 2024 on a farm located in
Skrzynice, Lublin Voivodeship (51°11'67"N, 22°25'00"E) on soil with varying levels of
available mineral nutrients (Tab. 1). The experiment was set up using a randomized block
design in an independent arrangement, with four replicates. The area of the individual
experimental plot was 10 m? (2 m x 5 m). Winter wheat, cultivar Venecja (Hodowla Roélin
Strzelce Sp. z 0.0. Grupa IHAR, Strzelce, Poland), was sown at a rate of 270 kg ha in
the third decade of September (2022/2023 and 2023/2024 growing seasons) on a field
previously used for potato cultivation. Soil preparation for winter wheat included a set of
post-harvest tillage operations, ploughing, pre-sowing fertilization, and cultivator seed
drill preparation, followed by pre-sowing fertilization based on prior soil analysis and in
accordance with fertilizer recommendations.

Table 1. Content of bioavailable forms of mineral nutrients in soil during the growing seasons
2022/2023 and 2023/2024

Assimilable mineral forms

Growing H | Reaction Phosphorus — P,Os | Potassium —K,O | Magnesium—Mg | Nitrogen — N min.
season P (mg kg soil) (mg kg soil) (mg kg soil) (kg ha™)
content |abundance| content |abundance| content [abundance| content | abundance
2022/2023 | 4.7 | acidic 77.0 low 90.0 low 430 low 95.9 high
slightly .
2023/2024 | 6.2 acidic 97.0 low 179.0 | moderate | 54.0 low 117.4 | very high

Preparation and application of plant extracts

The field experiment is a continuation of several years of laboratory research con-
ducted with plant extracts to assess their biocidal activity [Kursa et al. 2022, Kursa et al.
2024a, 2024b]. Plant extracts with the strongest antimicrobial properties such as tansy,
sage, hemp were selected for further field research. The plant extracts were prepared on
the basis of dried leaves of sage (Salvia officinalis L.), tansy (Tanacetum vulgare L.) and
dried lateral inflorescences of hemp (Cannabis sativa L.). The plant extracts were prepared
according to the methodology described by Kursa et al. [2022]. The following experimen-
tal combinations were used in the study:

C — spraying plants with water (absolute control),

F — spraying plants with a fungicide (Tarcza Lan Extra 250 EW, active ingredient —tebu-
conazole, dose 250 g/l; relative control),

H — spraying plants with a 20% hemp inflorescence extract,

M — spraying plants with a 20% mixture of extracts from hemp, sage, and tansy.
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Potassium silicate (0.17%) and glycerin (1%) were added to each type of plant extract.
The mixture of extracts, containing pure (100%) plant extracts, was prepared from the
hemp extract, sage extract, and tansy extract ina 2 : 2 : 1 ratio. For all experimental com-
binations, three foliar applications were performed at a rate of 300 dm® ha* during the
following wheat developmental stages: BBCH 29 (the end at tillering stage), BBCH 37—
39 (the flag leaf stage), and BBCH 55 (the earring stage). Foliar treatments were con-
ducted using a Kwazar Orion sprayer at a pressure of 0.2 MPa. Other plant protection
measures were carried out in accordance with the recommended practices for plant pro-
tection for the years 2022—-2024 [Program Ochrony Roslin Rolniczych 2022, 2023, 2024].

Weather conditions

Weather conditions are presented based on data from the Institute of Meteorology and
Water Management — National Research Institute, sourced from the synoptic station in
Radawiec Duzy, Konopnica municipality (51°13'00"N, 22°23'35"E, altitude 238 m).
Selyaninov’s hydrothermal coefficient (k) was used to assess the weather conditions dur-
ing the growing season of the plants, calculated according to the following formula:

P

k=——
0.1x>Yt

where: P —total monthly precipitation (mm), Xt — monthly sum of air temperatures >10°C
[Kopcinska et al. 2018] according to the scale developed by Skowera and Puta [2004] for
the territory of Poland. The analyzed parameters are divided into ten classes based on the
values of the k coefficient with the following ranges: k < 0.4 (ss — extremely dry); 0.4 <k
<0.7 (bs — very dry); 0.7 <k <1.0 (s —dry); 1.0 <k < 1.3 (ds — fairly dry); 1.3 <k < 1.6
(0 — optimal); 1.6 <k <2.0 (dw — fairly wet); 2.0 <k <2.5 (w — wet); 2.5 <k <3.0 (bw —
very wet); k > 3.0 (sw — extremely wet).

Assessment of fresh and dry weight of plant, internode length and thickness

The fresh and dry weights of the roots as well as aerial parts of the plants were ana-
lyzed. The assessment of these parameters was conducted three weeks after the experi-
mental treatments, which corresponded to the BBCH 59-61 developmental stages (end of
heading — beginning of flowering). These parameters were evaluated on 50 plants from
each experimental combination. The fresh weight of the roots and aerial parts was ex-
pressed in g f.w. plant™'. The plant material was dried for 7 days in a ventilated room at
23-25°C. It was subsequently weighed, and the results were expressed in g d.w. plant™.
The length and thickness of the internode were measured between the first and second
nodes, while the thickness was measured above the first node. Measurements were taken
using an electronic caliper (Limit CDN-NT IP67).

Assessment of the flag leaf infection index

Wheat health status was assessed at the plant flowering stage (BBCH 61-69) by de-
termining the percentage of the flag leaf area infected by the following pathogens: tan spot
of wheat (P. tritici-repentis), septoria leaf blotch (Z. tritici) and brown leaf rust of cereals
(P. recondita), using EPPO PP 1/26(4) methodology [EPPO 2012]. Randomly sampled
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flag leaves were evaluated for each experimental combination (50 randomly selected
leaves in 4 replicates, 200 in total). The assessment of the degree of infection of the ana-
lyzed leaf area was conducted using a 4-point scale: 1° — 1-25% of the area with infection
symptoms; 2° — 26-50% of the area with infection symptoms; 3° — 51-75% of the area
with infection symptoms; 4° — 76-100% of the area with infection symptoms. Subse-
quently, the leaf infection index (IP) was calculated according to the formula:

[ x1°) + (nx2°) + (n x 3°) + (n x 4%)

IP = x 1009
i XN %

where: n = the number of leaves at a given level of infection, N = total number of leaves,
i = the highest degree of the scale.

Evaluation of ear length and thousand-grain weight (TGW)

Ear length was measured in 50 plants from each experimental combination during the
BBCH 89-91 developmental stages (fully ripe of grain). Thousand-grain weight (TGW)
was assessed by analyzing 200 ears from each experimental combination at the BBCH
89-91 developmental stages.

Statistical analysis

The collected data were analyzed using Statistica software version 13.3 (19842017
TIBCO Software INC, Palo Alto, CA, USA). A one-way analysis of variance (ANOVA)
was conducted, and the significance of differences was assessed using Tukey’s post hoc
test and Kruskal-Wallis test at a significance level of p = 0.05.

As part of the assessment of the linear relation between variables (quantitative traits):
— flag leaf infection index (IP%) and ear length (cm), and thousand-grain weight (g) of

wheat,

— weather conditions (coefficient k) vs. flag leaf infection index (1P%).

Pearson’s linear correlation coefficient (r) was determined, and the interpretation was
based on the following Matyja [2014] scale: negligible correlation: 0 < r < |0.1]; weak
correlation: 0.1 < r <0.3]; moderate correlation: [0.3| < r <0.5]; strong correlation: |0.5]
<r<|0.7|; very strong correlation: |0.7| <r <|0.9|; nearly perfect correlation: |0.9| <r <|1].

RESULTS

Weather conditions

High variability in weather conditions was recorded throughout the experiment.
Weather conditions had a significant impact on the development of flag leaf diseases in
winter wheat. In the 2022/2023 growing season, the average monthly temperatures from
March to July were close to the long-term averages (Fig. 1). In the corresponding period
of the 2023/2024 season, the average monthly temperature exceeded the long-term aver-
age by 1-4°C. At the same time, the average monthly temperatures during the autumn and
winter months (September—February) of both growing seasons were generally higher than
the long-term average. The distribution of rainfall during the two-year study period was
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uneven. In the first year, autumn rainfall (September—November) was lower than the long-
term average, while in the winter months (December—February), it was higher, and in the
spring and summer, it was close to the long-term averages (except for April and June). In
contrast, the following growing season was characterized by significant variability. From
October to March, as well as in June and July, precipitation levels were higher compared
to the long-term average, whereas low rainfall was recorded in April, May, and August

(Fig. 1)

Assessment of fresh and dry plant weight, internode length and thickness

The fresh and dry weight of plant included an analysis of the roots and aerial parts.
Root dry weight was higher in the 2022/2023 season than in the 2023/2024 season. The
plants treated with a 20% mixture of plant extracts (M) consistently had the highest dry
and fresh root weight each year. However, only in the second year of the study were these
differences statistically significant compared to the values obtained in the control trials (C,
F) — Table 2. The average fresh weight of the aerial part was highest in the 2022/2023
growing season for plants treated with a 20% hemp extract (H — 8.50 g plant™). This value

Table 2. Fresh and dry weight of wheat roots and aerial parts

Fresh weight (g plant™) +SD Dry weight (g plant?) £SD
Experimental . .
L root aerial part root aerial part
combination
2022/20232023/2024|2022/2023 | 2023/2024 | 2022/2023 | 2023/2024 | 2022/2023 | 2023/2024

Absolute 0.52 0.40 6.50 6.87 0.14 0.17 2.50 2.50
control +0.252 +£0.15% | +£1.54° +1.51° +0.07% | +0.08* | +1.24° +0.41°
Spraying with 0.49 0.32 7.10 7.11 0.14 0.15 2.70 2.80
fungicide +0.292 +0.17¢ +1.49" +1.30% +0.07% +0.08° +1.282 +0.52%
issy'ggv‘\'l‘g:h 0.45 0.54 8.50 8.13 0.13 0.23 3.00 3.19

P +0.24° +0.22% +1.242 +1.312 +0.07° +0.10% +1.182 +0.75%
extract
Spraying with

. 0.65 0.58 8.20 7.28 0.18 0.28 3.00 3.06
a mixture of

+0.28? +0.232 +1.89% +1.62% +0.10? +0.132 +1.432 +0.86°

plant extracts

a, b, ¢ — values in columns marked with the same letter do not differ significantly at a significance level of
p<0.05

was significantly different from the control combinations (C —6.50 g plant*and F-7.10 g
plant?). Similarly, in the second year of the study, the highest value of fresh weight for
the aerial part was recorded for plants treated with hemp extract (H — 8.13 g plant™), alt-
hough this value differed significantly only from the absolute control (C — 6.87 g plant™).
The dry weight of the aerial plant part was higher in the 2022/2023 season than in the
2023/2024 season. The narrowest statistically significant values compared to the control
were obtained for plants treated with the mixture of plant extracts (M). They were signif-
icantly higher only compared to the absolute control (C) and did not differ significantly
from the combination treated with hemp extract and fungicide (Tab. 2). The studies also
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indicated that the plant extracts applied as a spray had a beneficial effect on the length and
thickness of wheat internode. The longest internodes were obtained in both growing sea-
sons following the application of the plant extract mixture (M: 2022/2023 — 8.32 c¢cm;
2023/2024 — 9.08 cm), with their length being statistically greater than that of the control
group (C: 2022/2023 — 7.01 cm; 2023/2024 — 7.95 cm) — Table 3. Spraying the plants with
hemp inflorescence extract also increased internode length, but the values obtained were
not significantly higher compared to the control (Tab. 3). The influence of plant extracts
on internode thickness was observed only in the first year of the study, and only in the
case of spraying the plants with the mixture of extracts (M — 4.68 mm) — Table 3. This
trend was not confirmed in the second year of the study, although the results did not differ
significantly between the experimental combinations.

Table 3. Average internode length (cm) and thickness (mm)

. Internode length (cm) £SD Internode thickness (mm) +SD
Experimental
combination
2022/2023 2023/2024 2022/2023 2023/2024
Absolute control 7.01 £1.42° 7.95 £0.76° 3.83 £0.49° 4.60 £0.452

Spraying with fungicide 7.60 £1.41% 8.03 £1.26% 4.00 +£0.51° 4.15 +0.652

Spraying with

7.91 £1.20% 8.15 +0.75% 4.10 £0.64° 4.25 +0.682
hemp flower extract

Spraying with a mixture

8.32 +£1.512 9.08 +1.442 4.68 £0.592 423 £0.912
of plant extracts

a, b — values in columns marked with the same letter do not differ significantly at a significance level of p <0.05

Flag leaf infection index

Analyses conducted between 2022 and 2024 revealed the presence of septoria leaf
blotch (Z. tritici), tan spot of wheat (P. tritici-repentis), and brown leaf rust of cereals (P.
recondita) on flag leaves (Fig. 2.). The intensity of these diseases on the flag leaf varied
depending on the protective treatments applied and weather conditions during the growing
season (Fig. 3, Tab 4). The most severe infection of the flag leaf by P. triticina was rec-
orded in the 2023/2024 season for the control combination (C — 74.75%), while the lowest
infection was observed in the 2022/23 season for the fungicide combination (F — 0.33%)
and the plant extract mixture (M — 3.66%) — Figure 3. Pearson’s linear correlation coeffi-
cient (r) showed a very high relationship between disease intensity and prevailing weather
conditions (r =-0.77) — Table 4.

During the two-year field trials, flag leaves were the least affected by septoria leaf
blotch. The disease occurred in both growing seasons at a relatively low level (IP: 2-9%).
An exceptionally high infection index was recorded in the 2023/2024 season for the con-
trol combination (C — 22.99%). After spraying the plants with hemp extract and a mixture
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Fig. 2. Symptoms of diseases on winter wheat leaves: A — septoria leaf blotch (Z. tritici),
B — tan spot of wheat (P. tritici-repentis), C — brown leaf rust of cereals (P. recondita)
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of plant extracts, the flag leaves were less affected by Z. tritici. However, significant dif-
ferences in the infection index compared to the control were only observed in the
2023/2024 season (H — 2.13%, M — 3.8%) — Figure 3. Pearson’s linear correlation coeffi-
cient (r) showed a weak association with prevailing weather conditions and disease in the
analyzed growing seasons (Tab. 4).
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C — absolute control, F — spraying with fungicide, H — spraying with hemp flower extract, M — spraying with
a mixture of plant extracts
a, b, ¢ — values marked with the same letter do not differ significantly at a significance level of p < 0.05

Fig. 3. Infection index (IP%) of wheat flag leaves by septoria leaf blotch (Z. tritici), tan spot
of wheat (P. tritici-repentis), and brown leaf rust of cereals (P. recondita)

The flag leaves were also affected by P. tritici-repentis, with the infection index rang-
ing between 6.23% and 42.80%. Stronger pathogen infection was observed in the first year
of the study in all experimental combinations, except for the absolute control (C). Spraying
plants with plant extracts did not result in significantly lower infection rates (H — 24.43%,
M — 26.05%) compared to the control (C — 28.92%), but it was significantly lower than
after fungicide application (F — 37.27%). In the second year of the study, the highest in-
fection index for flag leaves caused by tan spot of wheat was recorded in the control com-
bination (C — 42.80%), as well as after fungicide application (F — 29.75%). On the other
hand, plants sprayed with plant extracts (H — 6.23%, M — 9.50%) had a lower flag leaf
infection index compared to the control plants. However, only after the application of
hemp extract did the degree of leaf infection differed significantly from both controls (C
and F), while the use of the extract mixture reduced infection only in comparison to the
absolute control (C) — Figure 2, Table 4. Pearson’s linear correlation coefficient (r) be-
tween the flag leaf infection index due to tan spot of wheat and weather conditions indi-
cated a weak relationship between these factors (r = 0.26) — Table 4.
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Table 4. Pearson’s linear correlation coefficient (r) and interpretation of the relationship

Flag leaf infection index (IP%)

Specification b leaf
septoria leaf blotch tan spot of wheat rown leaf rust
of cereals
Weather conditions: -0.15 0.26 -0.77*
Coefficient k weak weak very high

r — correlation coefficient between the flag leaf infection index, weather conditions and experimental combina-
tions; results significant at a significance level of p < 0.05 are denoted by *

Ear length and thousand-grain weight (TGW)

Ear length and thousand-grain weight are presented in table 4. Additionally, the cor-
relation coefficient (r) was determined between the specified parameters and the assessed
diseases of the flag leaf (Tab. 5). The study showed that the plant extracts (M, H) applied
in the form of foliar sprays had a beneficial effect on ear length and thousand-grain weight.
In both growing seasons, the longest ears were observed in plants sprayed with hemp ex-
tract (2022/2023: H — 10.32 cm; 2023/24: H-10.92 cm), with these measurements signif-
icantly differing from the control group (2022/2023: C —9.64 cm; F —9.75 cm; 2023/2024:
C - 9.89 cm; F — 10.24 cm). Spraying the plants with a mixture of extracts (M) in both
study years, also increased ear length, and the values obtained were significantly different
from the absolute control (C), but did not differ from the fungicide trial (F) (Tab. 5). The
highest thousand-grain weight in both growing seasons was recorded for the treatment
sprayed with a 20% mixture of plant extracts (M) (2022/2023 — 40.45 g; 2023/2024 —
44.13 g). However, only in the second year of the study were these values statistically

Table 5. Ear length (cm) and thousand-grain weight (TGW)

) Ear length (cm) +SD TGW (g) +SD
Experimental
combination 2022/2023 2023/2024 2022/2023 2023/2024
Absolute control 9.64 +0.95¢ 9.89+1.12¢ | 39.83+0.59% | 42.44 0980
Spraying

- - 9.75 +£1.02% 10.24 +0.72"¢ 39.32 +0.47° 43.98 +0.60%
with fungicide

Spraying
with hemp flower 10.32 +0.882 10.92 £0.972 40.16 £0.51% 41.16 £0.53¢
extract

Spraying
with a mixture 10.16 £0.84% 10.40 +0.882 40.45 +0.362 44.13 £1.192
of plant extracts

a, b, ¢ — values marked with the same letter do not differ significantly at a significance level of p < 0.05
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higher than the control (C — 42.44 g) — Table 5. Pearson’s linear correlation coefficient (r)
showed that the flag leaf infection with tan spot of wheat had the greatest negative effect
on yield parameters (Tab. 6). In the 2022/2023 season, an increase in P. tritici-repentis
infection decreased ear length (r = —0.51) and thousand-grain weight (r = —0.49). In the
2023/2024 season, it was only associated with a decrease in ear length (r =-0.61). A neg-
ative correlation was also observed between septoria leaf blotch and the analyzed param-
eters during both growing seasons. The strongest (high) correlation of this type occurred
in the 2023/2024 season for ear length (r = —0.57). On the other hand, the occurrence of
brown leaf rust of cereals (P. triticina) showed a weak correlation with yield parameters
in both growing seasons, except for thousand-grain weight in the 2023/2024 season, where
the correlation was high (r = -0.58) — Table 6.

Table 6. Pearson’s linear correlation coefficient (r) and interpretation of the relationship

Flag leaf diseases 2022/2023 2023/2024
(IP%) ear length TGW ear length TGW
Septoria leaf -0.38 -0.18 -0.57* -0.08
blotch moderate weak high negligible
-0.51* -0.49* -0.61* 0.11
Tan spot of wheat high moderate high weak
Brown leaf rust 0.19 0.39 0.14 —0.58*
of cereals weak moderate weak high

r — correlation coefficient between the flag leaf infection index and yield parameters
TGW - thousand-grain weight
* results significant at p < 0.05

DISCUSSION

European herbaceous plants are a rich source of numerous biologically active com-
pounds and contain numerous phenolic compounds, terpenes and alkaloids [Acheuk et al.
2022, Szparaga 2023].

The biostimulatory effects of these compounds are analyzed in terms of their impact
on plant growth, physical traits, and yield [Drobek et al. 2019]. The literature reports on
the biostimulatory properties of plant extracts on crops, while also highlighting the selec-
tivity of their action [Pannacci et al. 2022, Szparaga 2023]. Maksoud and coauthors [2023]
also confirmed the biostimulatory effect of extract from the leaves of henna (Lawsonia
inermis) on the yield, growth of shoots and root systems, as well as certain biochemical
traits of winter wheat. The biostimulatory effect of extract from dodder (Cuscuta reflexa)
on the growth and yield of wheat seeds under stress conditions has been attributed to in-
creased seed germination enzyme activity and enhanced antioxidant defense mechanisms
[Ali et al. 2020]. Nevertheless, there is a limited number of studies on the use of plant
extracts in the cultivation of winter wheat under European conditions. Baltazar et al.
[2021] highlighted the need to identify the molecular mechanisms of biostimulants, as well
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as to define their functional roles in cultivated plants. Our research confirmed the limited
scientific reports in this area, indicating that extracts from herbaceous plants based on
hemp, sage, and tansy act as biostimulants, improving the growth and yield of winter
wheat.

Gupta et al. [2022] also indicated the potential application of biostimulants in allevi-
ating biotic stress in plants. Secondary metabolites contained in plants are the main group
of bioactive compounds characterized not only by biostimulatory effects, but also by bio-
protective properties [Mrid et al. 2021].

Gebashe et al. [2021] emphasized the role of biostimulants in controlling plant dis-
eases. This creates a need to evaluate the effectiveness of these substances for their anti-
microbial properties. Szparaga [2023] reported a high biocidal potential of water extracts
(decoctions, infusions, and macerates) from the roots of burdock and lovage, flax seeds,
mugwort leaves, and verbascum flowers against the fungi Botrytis cinerea Pers., Fusarium
avenaceum (Fr.) Sacc, F. culmorum (Wm.G. Sm.) Sacc., F. sambucinum (Fuckel), F.
solani (Mart.) Sacc., Rhizoctonia solani (J.G. Kiihn), Sclerotinia sclerotiorum (Lib. de
Bary) and Thielaviopsis basicola (Berk. i Broome). Kursa et al. [2022] also confirmed the
high effectiveness of sage and tansy plant extracts at a concentration of 20% in inhibiting
the growth of Fusarium isolated from cereal grains (especially on F. avenaceum, F. cul-
morum, F. graminearum, F. sporotrichioides) in in vitro tests.

Due to the necessity to reduce pesticide usage in the European Union [Directive
2009/128/EC, European Commission 2019], numerous attempts are being made to find
alternative methods for plant protection [Montanarella and Panagos 2021, Kursa et al.
2024b]. Many studies still focus on assessing the biocidal effects of plant extracts under
laboratory conditions [Fierascu et al. 2015, Korpinen et al. 2021, Kursa et al. 2022, Wens
and Geuens 2022, Szparaga 2023]. Recent scientific studies indicate that plant extracts are
more effective against fungal phytopathogens than synthetic preparations. It has been
demonstrated, among other findings, that extracts from clove, ginger, and cinnamon were
more effective than the fungicide Amistar 250 SC (active ingredient: azoxystrobin) in con-
trolling wheat stem rust, and that cinnamon bark extract outperformed Mancozeb 75 WG
(active ingredient; mancozeb) against Rhizoctonia solani [Singh et al. 2019, EI-Gamal et
al. 2022]. The increasing phenomenon of pathogen resistance to pesticides also under-
scores the necessity of reducing fungicide application. Chen et al. [2021] documented a
high resistance of field populations of Fusarium graminearum to tebuconazole. In this
context, it is worth noting the promising prospect of alternating the use of synthetic fun-
gicides with products of natural origin [Szczygiet et al. 2024]. Da Silva Santana and col-
leagues [2022] also highlighted the role of plant extracts as inducers of plant resistance,
attributed to the presence of bioactive compounds such as ethylene, jasmonic acid, sali-
cylic acid, abscisic acid, brassinosteroids, gibberellins, auxins, and cytokinins, which are
involved in the plant defensive response [Bari and Jones 2009, Mukherjee and Patel 2020].
Jamiotkowska [2020] and El-Gamal et al. [2022] described the beneficial effect of plant
extracts on the total phenolic content and oxidative enzymes, which are responsible for
inducing plant resistance to pathogenic factors.

Field trials confirmed the beneficial effect of the tested plant extracts in reducing the
infection index of the winter wheat flag leaf caused by septoria leaf blotch, tan spot of
wheat, and brown leaf rust of cereals. Until now, research on the effects of active sub-
stances on crop health, both in Poland and worldwide, has focused primarily on chemical
substances [Panasiewicz et al. 2008, Tsialtas et al. 2018]. Only in recent years has there
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been increased interest in the use of substances of natural origin, most of which, however,
focused on their biostimulatory effects [Carvalho et al. 2021, Lozowicka et al. 2022,
Pannacci et al. 2022, Szpunar-Krok et al. 2022]. The results of the conducted research
demonstrate that the intensity of fungal diseases in wheat cultivation is determined not
only by weather conditions but also by the protective treatments applied using a mixture
of plant extracts based on hemp, sage, and tansy. In many cases, the application of plant
extracts was more effective than the chemical protection based on tebuconazole used in
the experiment. It was also found that the application of a mixture of plant extracts was
more effective in protecting the flag leaf than the application of a single-component hemp
extract. It can be assumed that the positive effects of using plant extracts demonstrated in
the current study were also related to the addition of a small amount of silicon to the mix-
ture. As a micronutrient, silicon enhances plant resistance to biotic stress. Sakr [2016]
reported that the saturation of cell walls with silicon increased plant resistance to fungal
diseases by forming a physical barrier that hindered pathogen penetration into plant cells
(preventive action as a physical protection mechanism). Additionally, silicon actively par-
ticipates in the expression of natural defense mechanisms. The role of silicon in reducing
wheat diseases (tan spot of wheat and Fusarium head blight) has been confirmed by nu-
merous researchers [Zamojska et al. 2018, Pazdiora et al. 2021]. Dallagnol et al. [2020]
described the influence of silicon on stimulating plant defense mechanisms not only
against fungal pathogens but also against abiotic factors. The development and health of
the wheat flag leaf are undoubtedly influenced by the weather conditions during the grow-
ing season. Hysek et al. [2017] reported that temperature and rainfall from March to June
strongly correlated with the prevalence of fungal pathogens. Brown leaf rust of cereals (P.
recondita) is a disease strongly correlated with weather conditions, such as high tempera-
tures and humidity, sunny and dry conditions in spring and early summer, and the presence
of dew at night and/or before rainfall. This correlation has been documented in previous
studies [Kolmer 2013, Caubel et al. 2017, Rodriguez-Moreno et al. 2020, Pietrusinska-
Radzio and Zurek 2024] and is further confirmed by our own research. Simultaneously,
the observed reduction in the duration of developmental phases during the second year of
the study may have contributed to increased pathogen pressure on the plants [Simoén et al.
2020].

CONCLUSIONS

This study described the effects of hemp, sage and tansy extracts on the growth, yield
and health of winter wheat leaf flag under field conditions. The two-year field trial has
indicated that the mixture of extracts under study can be applied as a potential bioprepa-
ration for wheat protection. The comprehensive effects of plant extracts demonstrated in
the present study may address the needs of modern agriculture, which aims to reduce pes-
ticide use and counteract the issue of pathogen resistance. The research conducted allows
to formulate the following conclusions:

— plant extracts based on hemp, sage, and tansy (particularly their mixture) can be uti-
lized as a biostimulant in winter wheat cultivation (stimulating fresh and dry weight,
length and thickness of stem, ear length, and thousand-grain weight),

— plant extracts reduced the development of septoria leaf blotch (Z. tritici) and tan spot
of wheat (P. tritici-repentis) on the flag leaf of winter wheat,
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— the tested extracts had no significant effect on limiting the development of brown leaf
rust of cereals (P. recondita), and the progression of this disease was determined by
the prevailing weather conditions.

The present research represents the first stage of analyses conducted as part of a two-
year field trial. Mycological analysis of plants, assessment of soil biological activity, chlo-
rophyll content and morphological analysis of leaves will allow a more comprehensive
evaluation of the effects of plant extracts on wheat plants and its cultivation environment.
Comprehensive analyses will enable the determination of the composition of the extract
mixture, which will form the basis for developing a biostimulant and biocidal product for
use in cereal cultivation, particularly in organic farming systems.
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Dochodowos$¢ uprawy bobiku Vicia faba var. minor L.
na nasiona w zaleznosci od aplikacji bakterii
symbiotycznych

Profitability of growing field beans Vicia faba var. minor L. for seeds depending
on the application of symbiotic bacteria

Abstrakt. Optacalno$¢ uprawy bobiku w Polsce zalezy od wielu czynnikéw. Celem badan byto
okreslenie wptywu aplikacji dwoch preparatow zawierajacych bakterie wigzace azot atmosferycz-
ny na optacalno$¢ produkcji nasion bobiku. Analiz¢ dochodowosci przeprowadzono na podstawie
wynikéw badan pochodzacych z doswiadczenia przeprowadzonego w latach 20222023 na polach
Stacji Naukowo-Dydaktycznej w Swojczycach, nalezacej do Uniwersytetu Przyrodniczego we
Wroclawiu. Za gtéwne determinanty warunkujace optacalno$¢ produkcji bobiku w Polsce uznano
wielko$¢ uzyskanego plonu nasion z 1 hektara, cene sprzedazy nasion oraz stopien wsparcia finan-
sowego do uprawy roslin stragczkowych na nasiona. Aplikacja bakterii symbiotycznych w techno-
logii uprawy bobiku moze przyczyni¢ si¢ do istotnego zwickszenia plonéw nasion, co jednak nie
gwarantuje uzyskania satysfakcjonujacych wynikoéw finansowych dla jego producentow. Aby
uprawa bobiku wraz z doptatami do produkcji ro$lin straczkowych na nasiona przyniosta dodatni
dochdd, konieczne jest uzyskanie plonéw nasion przekraczajacych 3,5t z 1 hektara.
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Znaczenie gospodarcze roslin bobowatych grubonasiennych wynika przede wszyst-
kim z wysokiej zawarto$¢ bialka w nasionach. Sa one cennym komponentem biatkowym
pozywienia cztowieka oraz podstawowym zrédlem surowcowym do produkcji pasz dla
zwierzat [Florek i in. 2012, Oleksiak i Bronisz 2021]. Bobik (Vicia faba var. minor L.)
zaliczany jest do wazniejszych gospodarczo roslin z rodziny bobowatych [Jarecki i Bo-
brecka-Jamro 2015]. Produkcja bobiku na $wiecie prowadzona jest gtéwnie w Chinach,
Afryce Poélnocnej, Europie, Australii oraz Azji Zachodniej [Rawal i Navarro 2019].
W Polsce powierzchnia uprawy bobowatych grubonasiennych w latach 2022 i 2023
wynosita odpowiednio 413 tys. ha i 625 tys. ha, w tym bobiku 34,3 tys. ha i 37,9 tys. ha
[ARIMR 2022, 2023]. Jak podaja Kezeya Sepngang i in. [2020], Polska zajmuje 6sme
miejsce wsrod producentow nasion bobiku w Unii Europejskiej. Wedlug Eurostatu
[2023] produkcja nasion bobiku w Europie w 2023 r. wyniosta 1 160 tys. ton, natomiast
w Polsce 94 tys. ton.

Bardzo wazna cecha ro$lin bobowatych jest zdolnos¢ do wigzania azotu atmosfe-
rycznego przez bakterie korzeniowe, co ma duze znaczenie zardwno ekonomiczne, jak
i proekologiczne [Smiglak-Krajewska i Lakowski 2013]. Powszechnie wiadomo, ze
bakterie symbiotyczne z rodzaju Rhizobium leguminosarum bv. viciae przyczyniaja si¢
do powstawania na korzeniach bobiku brodawek, w ktorych zachodzi proces przeksztal-
cania azotu atmosferycznego do formy amonowej, niezbednej dla wzrostu i rozwoju
roslin [Martyniuk 2019]. Swego rodzaju rewolucja na rynku preparatoéw zawierajacych
bakterie wiazace azot atmosferyczny z powietrza jest preparat o nazwie handlowej Blu-
eN. Srodek ten stosuje si¢ nalistnie w uprawach rolniczych. Cechuje go zawarto$¢ unika-
towych bakterii Methylobacterium symbioticum SB0023/3 T, ktére zasiedlaja czeSci
nadziemne roslin, a pobieranie azotu odbywa si¢ poprzez liscie [Torres Vera i in. 2024].
Bakterie symbiotyczne moga istotnie wptywac na wielko$¢ uzyskiwanych plonéw na-
sion ros$lin bobowatych, co w konsekwencji znaczaco wptywa na optacalno$¢ prowadzo-
nej produkcji. Dotychczas w krajowej literaturze brakuje danych dotyczacych mozliwo-
$ci wykorzystania nowych preparatéw mikrobiologicznych w uprawie bobiku, co stato
si¢ bezposrednig inspiracjg do podjecia niniejszych badan.

Celem badan bylo okreslenie wptywu aplikacji preparatow zawierajacych zréznico-
wane bakterie wigzace azot atmosferyczny na optacalnos¢ produkcji nasion bobiku.
Jednocze$nie badania te byly proba odpowiedzi na pytanie dotyczace zasadnosci stoso-
wania dostgpnych na rynku preparatow o charakterze mikrobiologicznym w uprawie
bobiku.

MATERIAL I METODY

Dos$wiadczenie polowe przeprowadzono w latach 2022-2023, jako jednoczynniko-
we w uktadzie losowanych blokow, w czterech powtorzeniach. Zlokalizowane byto na
polach Stacji Naukowo-Dydaktycznej w Swojczycach (51°11'N, 17°14'E) nalezacej do
Uniwersytetu Przyrodniczego we Wroctawiu. Czynnikiem badawczym byt sposob apli-
kacji dwoch roznych bakterii symbiotycznych:

— obiekt kontrolny — brak aplikacji bakterii symbiotycznych,

— oprysk nalistny preparatem BlueN (Corteva Agriscience) w fazie BBCH 13,
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— przedsiewne szczepienie nasion nitraging (Nitragia Biofood SC. ZPHU) w fazie
BBCH 00,

— przedsiewne szczepienie nasion nitraging (Nitragia Biofood SC. ZPHU) w fazie
BBCH 00 + oprysk nalistny preparatem BlueN (Corteva Agriscience) w fazie BBCH 13.

Fazy rozwojowe ro$lin podano zgodnie ze skalg Biologische Bundesanstalt, Bunde-
ssortenamt und Chemische Industrie (BBCH) [Adamczewski i Matysiak 2011].

Nitragina dedykowana dla bobiku z firmy Biofood zawierala bakterie Rhizobium le-
guminosarum bv. viciae, natomiast preparat BlueN oparty byt na Methylobacterium
symbioticum SB0023/3 T. Obydwa preparaty stosowano w do$wiadczeniu w dawkach
zgodnych z zaleceniami poszczegolnych producentéw. Przed siewem bobiku nie wyko-
nano zaprawiania chemicznego nasion ze wzglgdu na brak substancji aktywnych do-
puszczonych przez MRiIRW w latach 2022—-2023 do aplikacji w tym celu.

W doswiadczeniu wykorzystano niskotaninowg odmian¢ bobiku Domino (Hodowla
Roslin Strzelce sp. z 0.0. Grupa IHAR), ze wzgledu na przeznaczenie zebranych nasion
na cele paszowe. Zgodnie z zaleceniami hodowcy bobik wysiewano w liczbie 60 nasion
o pelnej wartosci uzytkowej na 1 m? Siew wykonano 14 kwietnia 2022 r. i 29 marca
2023 r. siewnikiem rzegdowym na glebokos¢ 6—8 cm, w rozstawie rzgdow 15 cm. Agro-
technike bobiku prowadzono zgodnie z ,,Metodyka integrowanej ochrony i produkcji
bobiku” [Strazynski i Mrowczynski 2016]. Doswiadczenie zatozono corocznie na glebie
typu mada rzeczna (2F gs:ps, F — mada rzeczna, 2F — kompleks pszenny dobry, gs —
glina $rednia, ps — piasek stabo gliniasty, RIII b). Powierzchnia pojedynczego poletka do
zbioru wynosita 15 m? Zbiér wykonano kombajnem poletkowym 8 sierpnia 2022 r. i 23
sierpnia 2023 r.

Analizie statystycznej poddano uzyskany plon nasion bobiku, ktory sprowadzono do
statej wilgotnosci wynoszacej 15%, oraz plon biatka z 1 ha obliczony jako iloczyn su-
chej masy plonu nasion z jednostki powierzchni i zawarto$ci biatka ogdélem w nasionach.
Zawartos¢ biatka ogétem w nasionach oznaczono w laboratorium Instytutu Agroekologii
i Produkcji Roslinnej UPWr metoda Kjeldahla — oznaczono azot ogolny, a nastepnie,
stosujac wspolczynnik 6,25, obliczono zawarto$¢ biatka ogétem.

Analize wariancji (ANOVA) wykonano zgodnie z metodyka dos§wiadczen polowych
w uktadzie losowanych blokéw [Elandt 1964] oddzielnie dla kazdego roku badawczego.
Wyniki oceniono testem t-Studenta za pomoca NIR (najmniejsza istotna réznica) przy
poziomie ufnosci P = 0,05. Do obliczen statystycznych wykorzystano programy: AWA
[Bartkowiak 1978], Statistica 13.3 PL oraz Microsoft Excel.

Ze wzgledu na odmienny sposob naliczania przez Agencj¢ Restrukturyzacji i Mo-
dernizacji Rolnictwa (ARiIMR) platnosci bezposrednich i doptat do produkcji roslin
straczkowych uprawianych na nasiona w latach 2022 i 2023 dochodowo$¢ produkcji
bobiku wyliczono odr¢bnie dla obydwu lat badan.

Koszty produkcji nasion bobiku skalkulowano na podstawie danych opublikowa-
nych przez Pomorski O$rodek Doradztwa Rolniczego w Lubaniu [https://podr.pl/wp-
content/uploads/2022/08/Kalkulacje-rolnicze_2022.pdf, https://podr.pl/wp-content/
uploads/2023/05/Bobik.pdf] oraz danych komercyjnych [CGFP 2024]. Efektywnos¢
ekonomiczng produkcji nasion bobiku okreslono na podstawie uzyskanego dochodu
z dziatalnosci z doptatami / bez doptat do 1 ha, ktéry wyliczono jako réznicg wartosci
produkcji (przychody ze sprzedazy nasion wraz z doptatami / bez doptat) oraz sumy
kosztow ogotem (bezposrednich i posrednich). Powyzsza analize przeprowadzono wg
Kopcia [1983] metoda porownawcza.
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Koszty ogoétem to suma wysokosci naktadow (koszty bezposrednie + koszty posred-
nie) wymagana do wytworzenia produktu lub ustugi [Chmielewski 2008]. W badaniach
wlasnych w kalkulacji kosztéw ogodtem uwzgledniono koszty bezposrednie i posrednie
oraz sumy kosztow poniesione w poszczegdlnych latach badan w uprawie bobiku w zalez-
nosci od sposobu aplikacji bakterii symbiotycznych. Do kosztéw bezposrednich przypo-
rzadkowane zostaly te elementy kosztow, ktore mozna zaliczy¢ do kosztow danego pro-
duktu [Skarzynska 2017]. W badaniach wiasnych koszty bezposrednie poniesione na 1 ha
plantacji bobiku obejmowaly: zabiegi uprawowe, szczepionki, materiat siewny i siew,
nawozy i nawozenie, $rodki ochrony roslin i ochrona plantacji, zbiér nasion oraz ich trans-
port do gospodarstwa. Sumaryczne koszty bezposrednie wynosity: 5070,00-5355,00 zt
w roku 2022 i 5210,00-5495,00 zt w 2023. Koszty posrednie stanowily: podatek rolny
(132,00 z1) i narzut od kosztéw eksploatacji maszyn (5% kosztow bezposrednich).

Skarzynska [2017] definiuje réznice migdzy roczng wartoscia produkcji (przychody
ze sprzedazy) z 1 ha, a poniesionymi kosztami bezposrednimi jako nadwyzke bezpo-
srednia. W badaniach wlasnych $rednia nadwyzka bezposrednia zostata wyliczona
z uwzglednieniem doplat oraz bez uwzgledniania doptat przystugujacych producentowi
do uprawy bobiku na nasiona. W rachunku ekonomicznym przyj¢to wykonanie wszyst-
kich prac agrotechnicznych przy wykorzystaniu maszyn i narzedzi wlasnych.

W badaniach wilasnych przyjeto, ze doptaty do 1 ha produkcji bobiku na nasiona by-
ly uzaleznione od aktualnych stawek obowiazujacych w danym roku badawczym. Takie
postgpowanie pozwolito dodatkowo wskaza¢ zalezno$ci / rozbieznosci wynikajace ze
zmian uwarunkowan ekonomicznych produkcji ro§lin straczkowych na nasiona. Jako
sumg platnosci wynikajacych z funkcjonowania w ramach wspolnej polityki rolnej przy-
jeto: jednolita ptatnos$é obszarowa (2022 r.) / podstawowe wsparcie dochodow do celow
zrownowazonosci (2023 r.), platno$¢ do uprawy roslin straczkowych na nasiona (lata
2022 i 2023), ptatnos¢ do zazieleniania (2022 r.), ptatnos¢ redystrybucyjna (2023 r.),
doptate do zuzytego materiatu siewnego w stopniu kwalifikowanym C1 (lata 2022
12023). W obliczeniach nie uj¢to kosztow ubezpieczenia uprawy. Wartos¢ produkeji dla
poszczegolnych obiektow badawczych wynikata z uzyskanego plonu nasion bobiku oraz
sredniej krajowej ceny sprzedazy. Ceng sprzedazy 1 t nasion bobiku (1050,00 zt) ustalo-
no na podstawie $rednich cen skupu w latach 2022-2023. W przeprowadzonych bada-
niach nie uwzgledniono potencjalnych korzysci ekonomicznych z uprawy bobiku jako
przedplonu dla gatunkow nastgpczych.

WYNIKI BADAN I DYSKUSJA

W Polsce w ostatnich latach obserwujemy tendencj¢ wzrostowa areatu uprawy [Bo-
jarszczuk 1 Ksigzak 2018, Eurostat 2023] i zbiorow roslin bobowatych grubonasiennych
po okresie stagnacji, jaka miata miejsce w latach 2004-2008. Wynika ona gtéwnie ze
wzrostu powierzchni uprawy, a nie plonowania roslin [Kopinski i Matyka 2012, Eurostat
2023]. Ponadto Florek i Czerwinska-Kayzer [2018] zwracajg uwage na fakt, ze korzysci
biologiczne z uprawy roslin bobowatych, oprocz wielkosci uzyskiwanego plonu, powin-
ny by¢ uwzgledniane w rachunku optacalnosci przy podejmowaniu decyzji produkcyj-
nych dotyczacych calego gospodarstwa. W badaniach wiasnych plony nasion bobiku,
uzyskane zarowno w 2022, jak i 2023 r., ksztaltowane byly przez rodzaj aplikowanych
bakterii symbiotycznych (tab. 1, 2). Istotnie najnizsze plony nasion (odpowiednio 2,60
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i 3,65 t-ha?) uzyskano na obiektach kontrolnych, natomiast stosowanie bakterii w postaci
szczepienia nasion (Nitragina), oprysku dolistnego (BlueN) lub potaczonego szczepienia
(Nitragina) i oprysku dolistnego (BlueN), w kazdym roku badan powodowato zwigckszenie
plonowania. W roku 2022 kazdy wariant aplikacji bakterii symbiotycznych powodowat
wzrost plonu nasion w odniesieniu do kontroli (tab. 1). Z kolei w 2023 roku najlepszym
efektem plonotwoérczym odznaczato si¢ szczepienie nasion Nitraging lub potaczone kolej-
no zabiegi szczepienia nasion Nitraging i oprysku preparatem BlueN (tab. 2). Uzyskane
plony biatka z 1 ha byly wypadkowa wielkosci plonu i zawartosci biatka w nasionach.
W obydwu sezonach wegetacyjnych istotnie najwyzsze plony biatka z 1 ha uzyskano po
aplikacji Nitraginy w fazie BBCH 00 i BlueN w fazie BBCH 13 (tab. 1, 2).

Smiglak-Krajewska i Lakowski [2013] wskazuja, Zze producenci rolni obawiajg sie
podejmowac decyzji o uprawie roslin bobowatych ze wzgledu na ich niska optacalnosé
produkcji oraz niestabilno$¢ plonow. Waznym powodem w tym zakresie byl czesto
wskazywany takze brak rynkow zbytu, co jednak w ostatnim czasie ulega w Polsce
i Europie znacznym zmianom.

Tabela 1. Plony nasion, biatka ogélem oraz zawarto$¢ biatka ogotem w nasionach bobiku w 2022 r.
Table 1. Seed yield, total proteins and total protein content in horse bean seeds in 2022

o Plon nasion Zawarto$¢ b_ia%ka ogdlem Plon biatka ogotem
Wyszczegolnienie . w nasionach L
o Seed yield . Total protein yield
Specification (tha d) Content of total protein "
in seeds (g'kg™) (kg-ha™)
Kontrola/Control 2,60 303,8 671
BlueN 3,09 293,6 770
Nitragina 3,11 291,2 768
Nitragina + BlueN 3,25 316,3 875
NIR (o = 0,05)
LSD (a = 0.05) 0,150 i 38,7

Tabela 2. Plony nasion, biatka ogotem oraz zawarto$¢ biatka ogétem w nasionach bobiku w 2023 r.
Table 2. Seed yield, total proteins and total protein content in horse bean seeds in 2023

o Plon nasion Zawarto$¢ b_ia’fka ogodtem Plon biatka ogdtem
Wyszczegdlnienie - w nasionach L
gy Seed yield - Total protein yield
Specification (tha 1) Content of total protein in "
seeds (g-kg™?) (kg-ha™)
Kontrola/Control 3,65 306,0 949
BlueN 3,93 293,6 981
Nitragina 4,10 291,3 1015
Nitragina + BlueN 4,06 316,4 1091
NIR (a = 0,05)
LSD (0. = 0.05) 0,085 B 21,7
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W badaniach wlasnych koszty ogétem uprawy 1 ha bobiku (tab. 3, 4) ksztaltowaly
si¢ od 5545,50 zt do 5901,75 zl, a wykazane roznice zalezaty gltéwnie od kosztow zaku-
pu i aplikacji preparatoéw Nitragina i BlueN. Biorac pod uwage zebrane w 2022 r. plony
nasion oraz przychody uzyskane z ich sprzedazy tacznie z doptatami okazato sie, ze
zaden wariant badawczy nie zapewnit uzyskania przez producenta / rolnika dodatniej
warto$ci nadwyzki bezposredniej (tab. 3). Wynika z tego, ze plony w zakresie od 2,60 do
3,25 t nasion z 1 ha oraz stopien wsparcia doplatami do produkcji bobiku w 2022 r. byly
wysoce niekorzystne. Szczegoélnie uwidocznito si¢ to w odniesieniu do obliczonej nad-
wyzki bezposredniej bez doptat, ktorej ujemne wartosci ksztaltowaly si¢ w zakresie od
—1884,50 zt do —2340,00 zt (tab. 3).

Tabela 3. Kalkulacje kosztow i dochodéw uprawy bobiku na nasiona (zt-ha™) w 2022 r.
Table 3. Calculations of costs and income of growing horse bean for seeds (PLN-ha?) in 2022

Wyszczegodlnienie Controla . Nitragina
Specification Control BlueN Nitragina + BlueN
Plon nasion / Seed yield (t-ha™?) 2,60 3,09 3,11 3,25

Przychody ze sprzedazy + doplaty
Sales revenue + subsidies
Produkcja gltéwna (przychody

ze sprzedazy bez doptat) 2730,00 | 324450 | 326550 | 3412,50
Main production (sales revenue — subsidies)
Jednolita ptatnos¢ obszarowa (JPO)

4384,17 | 4898,67 | 4919,67 | 5066,67

: 518,01
Single area payment
Specjalna ptatno$¢ dla roslin straczkowych

. 673,50

Special payment for legumes
Zazielenienie/ Greening 347,66
Doptata do materiatu siewnego roslin
straczkowych 115,00
Subsidy for seed of legumes
Koszty ogétem / Total cost 545550 | 5670,75 | 5539,50 | 5754,75
Koszty bezposrednie / Direct costs 5070,00 5275,00 5150,00 5355,00
Koszty posrednie / Indirect costs 385,50 395,75 389,50 399,75

Nadwyzka bezposrednia

Gross margin

Nadwyzka bezposrednia bez doptat
Gross margin (without subsidies)
Koszt produkcji 1 t nasion

Production cost of 1 t of seeds

Plon biatka / Total protein yield
(kg-ha™)

Koszt produkcji 1 kg biatka
Production cost of 1 kg of protein
Dochdd z dziatalnosci z doptatami Income
from activity with subsidies

Dochéd z dziatalnosci bez doptat
Income from activity without subsidies

-685,83 | -376,33 | -230,33 | -288,33

—2340,00 | —2030,50 | —1884,50 | —1942,50

2098,26 | 183519 | 1781,19 | 1770,69

671 770 768 875

8,13 7,36 7,21 6,58

-1071,33 | 772,08 | —619,83 | -688,08

—2725,50 | —2426,25 | —2274,00 | —2342,25
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Jednoczesnie stwierdzono, ze najwyzszym kosztem produkcji 1 t nasion bobiku
(2098,26 zt) odznaczat si¢ obiekt kontrolny (bez aplikacji bakterii symbiotycznych).
Z kolei koszt produkcji 1 kg biatka z nasion bobiku byt wysoki i w zaleznosci od warian-
tu badawczego wynosit w 2022 r. od 6,58 do 8,13 zt. Zar6wno dochdd z dziatalnosci
wraz z doplatami, jak i bez doptat, w zadnej kombinacji badawczej, nie osiaggnal warto-
$ci dodatniej, co jest przestankg wysoce zniechecajacg rolnikoéw do uprawy tego gatunku
(tab. 3). Majchrzycki i in. [2002] twierdza, ze przed podjeciem decyzji o rozpoczeciu
produkcji roslin bobowatych na pasze¢ nalezy obliczy¢, czy warto$¢ uzyskanej produkcji
przewyzsza jej koszty oraz czy koszt wyprodukowania biatka w gospodarstwie jest niz-
szy od ceny biatka $ruty poekstrakcyjnej sojowej oferowanej na rynku.

W 2023 r.wprowadzono w Polsce czgéciowo nowe zasady wsparcia do produkcji rol-
nej, co wptyneto na zwigkszenie zainteresowania uprawg roslin straczkowych na nasiona.
W badaniach wlasnych uzyskane plony nasion bobiku wahaly si¢ od 3,65 do 4,10 t-ha™.
Pozwolito to na uzyskanie przychodéw ze sprzedazy (wraz z doplatami) na poziomie
5639,72 — 6112,22 zt z 1 ha (tab. 4). Bioragc pod uwagg koszty ogotem, ktére byly w 2023 r.
zblizone do kosztéw poniesionych na uprawe bobiku w 2022 r., udalo si¢ wygenerowaé
dodatnig nadwyzke bezposrednia w zakresie od 429,72 zt do 822,22 zt z 1 ha. Najwicksza
nadwyzke bezposrednia (obliczana wraz z doptatami) uzyskano w uprawie bobiku,
w ktorej stosowano przedsiewne szczepienie nasion preparatem Nitragina (tab. 4).

Florek [2017] oraz Jerzak i Mikulski [2017] twierdza, ze obecne wsparcie finansowe
ze strony panstwa zachgcajace do produkcji roslin bobowatych grubonasiennych spetnia
tylko funkcje stabilizujaca dochody producentéw, nie przekladajac si¢ na towarowosé
nasion. Pozytywnych zmian upatruja w powigzaniu doptat do roslin bobowatych z wiel-
kos$cia produkcji, a nie powierzchnig upraw. W omawianym aspekcie wskazuja na wzra-
stajagce zainteresowanie kwalifikowanym materiatem siewnym ro$lin bobowatych gru-
bonasiennych.

W badaniach wlasnych uzyskano odmienne wartosci nadwyzki bezposredniej bez
doptat. Zaden z wariantéw aplikacji bakterii symbiotycznych w roku 2023 nie zapewniat
uzyskania dodatnich warto$ci. Koszt produkcji 1 t nasion bobiku byt nizszy niz w 2022
r. i wahat si¢ od 1386,95 zt (aplikacja Nitraginy) do 1534,93 (kontrola — bez aplikacji).
Jednakze biorgc pod uwage $rednig ceng 1 t nasion bobiku (1050,00 zt) oferowanych do
sprzedazy na cele paszowe w latach 2022-2023, przedstawione wyniki sa wysoce niesa-
tysfakcjonujace dla producentéw rolnych. Z kolei koszt produkcji 1 kg biatka z nasion
bobiku ksztattowat si¢ na poziomie 5,41-5,93 zl, i byl najnizszy w przypadku przed-
siewnego szczepienia nasion Nitraging (BBCH 00) i aplikacji BlueN w postaci oprysku
dolistnego (BBCH 13). W 2023 r., odmiennie niz w 2022, dochéd z dziatalnosci wraz
z doptatami osiagnat w kazdym wariancie badawczym wartosci dodatnie. Najwyzszy
dochdd (z doptatami) 425,72 zt przyniosta uprawa bobiku, w ktorej aplikowano bakterie
symbiotyczne w postaci szczepionki (Nitragina). Z kolei najnizszy dochod (37,22 zt)
uzyskano na obiekcie kontrolnym (tab. 4.). Jednoczesnie stwierdzono, ze stosowanie
bakterii symbiotycznych w produkcji nasion bobiku w zadnym wariancie badawczym
nie zapewniato w 2023 r. dodatnich dochodéw z dzialalnoéci bez doptat. Swiadczy to
o istotnej roli finansowego wsparcia produkcji nasion roslin bobowatych w postaci do-
ptat, bez ktérego czgsto nie jest mozliwe uzyskanie zadowalajacych efektow ekono-
micznych.
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Tabela 4. Kalkulacje kosztéw i dochodéw uprawy bobiku na nasiona (zt-ha™t) w 2023 .
Table 4. Calculations of costs and income of growing horse bean for seeds (PLN-ha!) in 2023

Wyszczegolnienie
Specification

Kontrola
Control

BlueN

Nitragina

Nitragina +
BlueN

Plon nasion / Seed yield (t-ha™)

3,65

3,93

4,10

4,06

Przychody ze sprzedazy + doptaty
Sales revenue + subsidies

5639,72

5933,72

6112,22

6070,22

Produkcja gtowna (przychody

ze sprzedazy bez doplat)

Main production (sales revenue —
subsidies)

3832,50

4126,50

4305,00

4263,00

Podstawowe wsparcie dochodow
do celow zrownowazonosci
(PWD)

Basic income support

for sustainability purposes

502,35

Platnosc¢ redystrybucyjna
Redistributive payment

180,96

Specjalna ptatnosé¢ dla roslin
straczkowych
Special payment for legumes

823,91

Doptata do materiatu siewnego
ro$lin stragczkowych
Subsidy for seed of legumes

300,00

Koszty ogotem / Total cost

5602,50

5817,75

5686,50

5901,75

Koszty bezposrednie / Direct costs

5210,00

5415,00

5290,00

5495,00

Koszty posrednie / Indirect costs

392,50

402,75

396,50

406,75

Nadwyzka bezposrednia
Gross margin

429,72

518,72

822,22

575,22

Nadwyzka bezposrednia
bez doptat
Gross margin (without subsidies)

—-1377,50

—1288,50

—985

—-1232,00

Koszt produkcji 1 t nasion
Production cost of 1 t of seeds

1534,93

1480,34

1386,95

1453,63

Plon biatka / Total protein yield
(kg-ha™)

949

981

1015

1091

Koszt produkcji 1 kg biatka
Production cost of 1 kg of protein

5,90

5,93

5,60

541

Dochéd z dziatalnosci z doptatami
Income from activity
with subsidies

37,22

115,97

425,72

168,47

Dochdd z dziatalnosci bez doptat
Income from activity
without subsidies

—-1770,00

-1691,25

—-1381,50

-1638,75
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Augustynska i Bebenista [2020] podaja, ze rdéznice w poziomie nadwyzki bezpo-
$redniej (bez doptat) i w dochodzie z dziatalnosci bez doptat uzyskanych z uprawy roslin
bobowatych a analogicznymi wynikami porownywanych z nimi dochodéw z uprawy
zb6z sg bardzo wysokie. Wskazuje to, ze doptaty do produkcji nasion bobowatych po-
winny by¢ utrzymane takze w przyszioéci. Z kolei Czerwinska-Kayzer [2015] twierdzi,
ze doplaty do upraw roslin bobowatych spetniaja funkcje im przypisywane, tj. dochodo-
wa, rekompensacyjng i stymulujaca. Jednak nalezy si¢ zastanowié, czy obecnie funkcjo-
nujacy system wsparcia finansowego, w ktorym juz uwzglednia si¢ rozdzielnie stawek
pomiedzy rodzaje dziatalno$ci, nie powinien by¢ rozszerzony o podziat stawek wedlug
gatunku lub odmiany roélin, z uwzglednieniem np. poziomu optacalnosci produkcji badz
wykorzystania produktu na rynku albo korzysci dla srodowiska. Ponadto Czerwinska-
Kayzer i Florek [2012a,b] przekonuja, ze kolejnym elementem, ktéry powinien zostaé
uwzgledniony w rachunku kosztow produkcji roslin bobowatych sa korzysci zaoszcze-
dzonych kosztéw w uprawie nastgpczej, wynikajace z wprowadzenia do gleby m.in.
przyswajalnego azotu. Niestety wielokrotnie nie prowadzi si¢ takich symulacji i badan
w uktadzie roslina przedplonowa (np. bobowata) — roslina nastepcza (np. zbozowa).

Ze sformutowanych przez Jerzaka i in. [2012] konkluzji wynika, ze w Polsce, w kto-
rej zywienie zwierzat oparte jest w 80% na importowanej $rucie sojowej, ze wzgledu na
bezpieczenstwo zywnos$ciowe zaréwno ludzi, jak i zwierzat istotnym problemem jest
wskazanie alternatywnego zrodla biatka w zywieniu zwierzat. Rozwiazaniem tego pro-
blemu moze by¢ rozwdj produkcji roslin bobowatych do ktorych nalezy bobik.

WNIOSKI

1. Wielko$¢ uzyskanego plonu nasion z 1 ha, cena sprzedazy nasion oraz stopien
wsparcia finansowego uprawy roslin stragczkowych na nasiona sg gtéwnymi determinan-
tami warunkujacymi optacalnos¢ produkceji bobiku w Polsce.

2. Aplikacja bakterii symbiotycznych w technologii uprawy bobiku moze przyczy-
ni¢ si¢ do istotnego zwickszenia plonéw nasion, co jednak w latach badan nie gwaran-
towalo uzyskania satysfakcjonujacych wynikéw finansowych.

3. Aktualnie dla uzyskania dodatniego dochodu z uprawy bobiku wraz z doptatami
do produkcji roslin straczkowych na nasiona konieczne jest uzyskanie plonéw nasion
przekraczajacych 3,5t z 1 ha.
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Abstract. The profitability of faba bean cultivation in Poland depends on many factors. The aim of
the conducted research was to determine the effect of applying two preparations containing bacte-
ria that fix atmospheric nitrogen on the profitability of faba bean seed production. The profitability
analysis was carried out based on the results of research from the experiment conducted in 2022—
2023 in the fields of the Scientific and Didactic Station in Swojczyce belonging to the University
of Environmental and Life Sciences in Wroctaw. The size of the obtained seed yield from 1 ha, the
selling price of seeds and the level of financial support for the cultivation of legumes for seeds
were considered the main determinants conditioning the profitability of faba bean production in
Poland. The application of symbiotic bacteria in faba bean cultivation technology can contribute to
a significant increase in seed yields, which, however, does not guarantee satisfactory financial
results for its producers. Currently, in order to obtain income from faba bean cultivation together
with subsidies for the production of legumes for seeds, it is necessary to obtain seed yields at
a level exceeding 3.5 tons per hectare.
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Effect of foliar application of biostimulants on the yield
and quality of Greek oregano herb
(Origanum vulgare L. subsp. hirtum (Link.) letswaart)

Wplyw dolistnego stosowania biostymulatoréw na plon i jako$¢ ziela greckiego
oregano (Origanum vulgare L. subsp. hirtum (Link.) letswaart)

Abstract. The field experiment was carried out on a private farm in Trebanow, Swigtokrzyskie Province,
in 2020-2022. The aim of the study was to determine the effect of selected biopreparations on the mor-
phological traits of plants, the size and structure of yields, and the content and yield of Greek oregano
essential oil. Natural biostimulants Stimplex (2 dm? ha'), Tecamin Max (1.5 dm? ha'), and Kendal
(1 dm® hat) were used in the study. The results demonstrated positive effects of the foliar application of
the biostimulants on the morphological, performance, and quality parameters of Greek oregano. The
most effective treatment was the application of the biostimulant containing extracts of Ascophyllum
nodosum algae (Stimplex), followed by the preparation containing amino acids (Tecamin Max). They
increased the plant growth rate, the number of lateral branches, and the raw material yield and had
a positive effect on the content of essential oil. The size and quality of the Greek oregano yield also
depended on the age of the plants and varied between the study years. Higher raw material and oil yields
were obtained from two-year plantations. The drought in 2022 limited plant growth and resulted in
a lower yield; nevertheless, the essential oil content in the herb increased in these conditions.
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INTRODUCTION

The genus Origanum (family Lamiaceae) comprises 43 species widely distributed in
the Mediterranean, Euro-Siberian, and South-Asian regions [Skoula and Harborne 2002].
The Origanum vulgare L. species includes six subspecies (subsp. vulgare, glandulosum,
gracile, hirtum, virens, and viridulum), which differ in both their morphological features
and the chemical composition [Morshedloo et al. 2018, Euro+Med 2024]. In Poland, ore-
gano raw material is mainly obtained from Origanum vulgare L. subsp. vulgare (common
oregano), which grows in natural sites or is cultivated [Nurzynska et al. 2012, Kosakowska
and Czupa 2018]. In turn, Origanum vulgare L. subsp. hirtum (Link) letswaart), so-called
Greek oregano, is used most frequently as a spice and medicinal plant worldwide [Sarrou
et al. 2017, Kosakowska et al. 2019, Alekseeva et al. 2020]. Greek oregano is a perennial
herbaceous plant growing in the Mediterranean basin and North Africa. In these regions,
the raw material is obtained from natural sites and plantations [VVokou et al. 1993, Skouf-
ogianni et al. 2019]. Recent studies indicate the possibility of cultivation of this subspecies
in the moderate climate of Central Europe [Grevsen et al. 2009, Baranauskiene et al. 2013,
Kosakowska et al. 2019, Krol et al. 2020, Weglarz et al. 2020].

Greek oregano is rich in essential oil (approximately 5%), with carvacrol and thymol
as its main components. Additionally, it contains non-volatile phenolic compounds, e.g.
flavonoids (luteolin and apigenin), phenolic acids (dominated by rosmarinic and lithosper-
mic acids), tannins, resins, bitter substances, and sterols [Grevsen et al. 2009, Lukas et al.
2015, Gutiérrez-Grijalva et al. 2017, Krol et al. 2019, Panagiotidou et al. 2024]. This raw
material exhibits various pharmacological activities, e.g. antimicrobial, antioxidant,
expectorant, choleretic, antispasmodic, and anticancer effects [Milos et al. 2000, Kosa-
kowska et al. 2021, Jafari Khorsand et al. 2022]. Oregano extracts have been used in me-
dicine in the treatment of gastrointestinal disorders, to stimulate bile secretion, and exter-
nally in skin and mucous membrane inflammations [Singletary 2010, Chishti et al. 2013].
It is widely used not only in the pharmaceutical industry but also as a culinary spice, food
preservative, and flavoring agent [Rodriguez-Garcia et al. 2016, Veenstra and Johnson
2019, Jaiswal et al. 2024].

Healthy and sustainable food production and environmental protection have become
the most important priorities in modern agriculture. In this context, new technological so-
lutions are sought to ensure high yields of good quality crops and limit the use of pesticides
and mineral fertilizers that have a negative impact on the ecosystem and human health.
One of such actions is the use of biostimulant preparations in plant cultivation [Le Mire et
al. 2016, Jiang et al. 2024]. As specified by the European Biostimulants Industry Council
(EBIC), a biostimulant is a product containing substances and/or microorganisms whose
function upon application to plants or the rhizosphere is to stimulate natural processes that
enhance the efficiency of nutrient uptake and utilization, tolerance to abiotic stress, and/or
crop quality, regardless of the nutrient content in the product [Ricci et al. 2019]. Prepara-
tions containing algal extracts, free amino acids, effective microorganisms, and humin and
humic acids are being increasingly applied in agriculture [du Jardin 2015]. The action of
active ingredients present in these preparations takes place at different metabolic levels,
which has a beneficial effect on the absorption, translocation, and utilization of nutrients,
thus stimulating plant development and growth. They can also increase plant tolerance to
abiotic (drought, frost, salinity) and biotic (pest and pathogen activity) stress conditions
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and facilitate regeneration upon the action of stress factors [Calvo et al. 2014, Wozniak et
al. 2020, Bell et al. 2022, Mandal et al. 2023, Alvarez et al. 2024, Johnson et al. 2024].

Biostimulants are gaining interest and are increasingly often used in plant cultivation,
as evidenced by the doubling of the global biostimulant market in 2015-2023 (1.4 billion
dollars and 2.8 billion dollars, respectively). The value of this market is predicted to in-
crease further to 4.6 billion dollars in 2030 [Market Analysis Report 2023]. The effective-
ness of biostimulants depends on their type, concentration, application methods (foliar or
soil), and crop species and variety [Calvo et al. 2014, Bulgari et al. 2015, Paradikovi¢ et
al. 2019, Kumari et al. 2023, Sun et al. 2024].

The few available reports on the effect of biostimulants on Greek oregano are focused
on the Mediterranean region [Abdali et al. 2023, Amato et al. 2024, Farruggia et al. 2024a].
In turn, there is no information on the use of biostimulants in the cultivation of this species
in the moderate climate conditions of Poland. Therefore, the study was undertaken to de-
termine the effect of selected biostimulants on the morphological traits, yield size and
structure, and content and yield of essential oil in Greek oregano. Literature data indicate
that the use of biopreparations has a positive effect on the yield of herbal plants [Mehra-
farin et al. 2015, Elansary et al. 2016, Nassar et al. 2020, Shafie et al. 2021, Rahimi et al.
2022, Velicka et al. 2022, Farruggia et al. 2024b, 2024c]; hence, the research hypothesis
assumes a positive effect of the preparations used on the yield and quality of the Greek
oregano raw material. Based on available reports on the application of biostimulants on
Greek oregano [Abdali et al. 2023, Amato et al. 2024, Farruggia et al. 2024a], it was hy-
pothesized that seaweed extract would have the best effect on this species, especially under
water stress conditions.

MATERIAL AND METHODS

The field study was conducted in 2020-2022 in Trebanéw (Swictokrzyskie Province;
50°51'06"N, 21°29'10"E) on a lessive soil developed from loess (good wheat complex, qua-
lity class 111). The soil in the experimental plots was characterized by high potassium content
(175-191 mg K kg soil), moderate phosphorus (119-134 mg P kg™ soil), magnesium (56—
68 mg kg soil), and humus (17-21 g kg™?) levels, and neutral reaction (pH in 1 mol KCI
6.9-7.1). The experiment was conducted using the randomized block method in four repli-
cations in 6 m? plots established on a production plantation managed using the integrated
method. In the third ten-day period of April, Greek oregano seeds (obtained from Hild Sa-
men GmbH Marbach am Neckar, Germany) were sown (3 kg ha™) directly into the plot soil
using a garden seeder at a row spacing of 40 cm. Root crops or vegetables were the forecrops.
All the experimental plots received mineral fertilization: N — 70 kg ha*, P — 60 kg ha™!, and
K —50 kg ha®. In the first year of plant growth, nitrogen was applied twice (¥2 dose before
sowing the seeds and 5 three weeks after the plants emerged). In the second year, half of the
fertilizer dose was applied in April and the rest was used after the first harvest of the herb.
Phosphorus and potassium fertilization was applied at full doses before the establishment of
the plantation and in early spring in the second year. Since there are no registered herbicides
approved for use in oregano cultivation, the protection against weeds consisted in manual
and mechanical removal thereof (hoe, burner). To reduce the risk of fungal diseases, Mie-
dzian 50 WP was used as part of prophylaxis. In 2021, the plants were infected with fungal
diseases; therefore, they were sprayed with the Caspara 400 SC fungicide (1 dm® ha).
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The use of the biostimulants was the experimental factor (dose per one spray): Stim-
plex (2 dm® hal), Tecamin Max (1.5 dm?® ha?), and Kendal (1 dm® ha?). The detailed
composition of the preparations used in the experiment is presented in Table 1. All the
biostimulants were applied as foliar sprays. One-year-old plants were sprayed twice: in
the phase of intensive vegetative growth (third ten days of June) and after another three
weeks. Three spray treatments were applied in the two-year plantations: in the phase of
vegetative growth (third ten days of April), after another three weeks, and after the first
harvest (first-second ten days of July). The control plants were sprayed with pure water at
the same time points.

Table 1. Components of the biostimulants used in the experiment (g 100 g%

Name of biostimulants Composition of preparations

Stimplex extract of seaweed Ascophyllum nodosum; amino acids 3-6; lipid —
(Arramara Teoranta; Irlan- | 1; Alginic acid 12-18; Mannitol 5-6; carbohydrates 10-20;
dia) * cytokinin 0.01; mikroelements (Fe, Zn)

total amino acids 14.4, free L — amino acids 12, organic substances
60 (phytohormones, organic acids, oligosaccharides, enzymes),
nitrogen 7

Tecamin Max
(Agri Tecno Co, Spain.)

total nitrogen 3.5; potassium oxide (K20) — 15.5; organic carbon (C)

Kendal 3.0; oligosaccharides; glutathione; saponins

(\Valagro SpA, Italy)

* Maker

The herb from the one-year plantation was harvested once (third ten days of September)
when approximately 40-50% of plants were in the flowering phase (the flowering was in-
complete due to the short vegetation period). The two-year-old plants were harvested twice
when 80-90% of the plants were flowering (second half of June and first-second ten days of
September). Before harvesting, 24 plants underwent biometric measurements of the height
and the number of lateral shoots. The harvested herb was dried at a temperature of 35°C in
a dryer with forced air circulation. Subsequently, the yield of the air-dried herb and the per-
centage of the herbal raw material (leaves and inflorescences) and stems were determined
(morphological plant parts were separated from 3-kg samples of dried herb taken from each
object and their proportion was calculated). Next, samples of the herbal raw material were
taken to determine the content of essential oil using the pharmacopoeial method [Farmako-
pea Polska X1 2017]. The numerical data were processed statistically using the variance ana-
lysis method and verified with the Tukey test at a significance level of a = 0.05.

RESULTS AND DISCUSSION
The weather conditions in the study years were determined from data on the precipita-

tion sum and average air temperatures (Fig. 1). The humidity and thermal conditions in the
study years varied and had an impact on the Greek oregano growth and yield. The most



Effect of foliar application of biostimulants on the yield and quality of Greek oregano herb... 141

favorable weather conditions were recorded in the 2020 growing season, with the precipita-
tion sum (377 mm) and average temperature (15.5°C) close to long-term averages (LTAS).
Moreover, during the intensive growth period (June—August), the air temperature was opti-
mal for the oregano growth and development, i.e. in the range of 18-22°C, as reported by
Kyriakos et al. [2020]. Such conditions promoted the intensive oregano growth and contri-
buted to the high yields of the raw material. In 2021, the highest precipitation sum (435 mm)
was recorded during the growing season, whereas the temperature had the lowest values
(average 13.9°C), compared to the other vegetation seasons. The low temperatures in April
and May 2021 delayed the emergence and initial development of Greek oregano plants. In
August, the particularly high precipitation together with low air temperatures promoted the
development of fungal infections of the plants. The 2022 growing season was characterized
by low precipitation levels (precipitation sum 258 mm); combined with high temperatures
(average 16.7°C), they had an adverse effect on the growth and yield of the plants.
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Fig. 1. Comparison of average air temperature and precipitation sums in 2020-2022 with the
1981-2010 long-term averages (LTAS)

Regardless of the biostimulants used, the Greek oregano plants reached a height of
30.8 cm in the first year of growth and produced on average 13.2 lateral shoots. In the
second year, the plants were higher (35.4 cm) and produced a greater number of lateral
shoots (18.3) — Table 2. These values were comparable to those reported by Krol et al.
[2020] and Weglarz et al. [2020], who conducted their research in the climatic conditions
of Poland. Oregano plants growing in the Mediterranean region were higher and more
intensely branched [Dordas 2009, Sarrou et al. 2017, Gonceariuc et al. 2021].
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Table 2. Greek oregano plant height and number of shoots

1-year old plants 2-years old plants
Biostimulants
2020 2021 mean 2021 2022 mean
plant height (cm)

Stimplex 35.7 315 33.62 40.9 36.5 38.72
Tecamin Max 34.9 30.9 32.92 39.7 35.1 37.42
Kendal 313 27.2 29.3° 359 315 33.7°
Control 29.2 255 27.45 341 294 31.8°
Mean 32.8° 28.88 30.8 37.7A 33.18 354

BS-281 BS -2.12
HSD0.05) for: Y -275 Y-231

BS xY —2.27 BSxY-2.38

number of shoots (unit per plant)

Stimplex 15.7 12.9 14.32 223 173 19.8
Tecamin Max 15.4 123 13.92 218 16.6 19.22
Kendal 14.1 11.1 12.6 205 14.7 17.6
Control 135 105 12.0b 195 13.8 16.7°
Mean 14.7A 11.78 132 21.0A 15.68 183
BS - 0.84 BS-0.99
HSD(0.0s) for: Y -0.82 Y - 1.09
BS xY-0.93 BSxY-0.96

BS — biostimulants; Y — years; BS x Y — interaction
Mean values indicated by the same letters are not statistically significant at the 0.05 level, according to Tukey’s test

The application of the biostimulants had a beneficial effect on the morphometric traits
of Greek oregano (Tab. 2). The greatest plant height and number of lateral shoots were
recorded after the use of the biostimulant containing algal extracts (Stimplex). This was
associated with the presence of natural growth hormones (auxin and cytokinin), which
stimulate cell division and contribute to an increase in plant height [Marhoon and Abbas
2015]. An increase in the number of lateral shoots may also be caused by the presence of
cytokinins, which stimulate cell division and contribute to the growth of lateral shoots and
plant branching [Wu and Lin 2000]. As shown by the results of the study, the biostimulant
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containing amino acids (Tecamin Max) had a significant effect on the morphological pa-
rameters of Greek oregano. Amino acids can directly or indirectly influence plant growth
and development, e.g. they are involved in the biosynthesis of hormones [Kawade et al.
2023]. The amino acid tryptophan is a precursor of the synthesis of auxin, which regulates
the process of cell division and elongation [Zhao 2012]. Phenylalanine participates in the
synthesis of gibberellins, which play an important role in the elongation of internodes and
support the initiation and emergence of lateral buds, thereby increasing the height of the
plant and the number of shoots [Bajguz and Piotrowska-Niczyporuk 2023]. Similarly, an
increase in the height and number of shoots was found in the Kendal-treated objects; ho-
wever, these differences were statistically insignificant.

The average yield of dry Greek oregano herb in the present study was 1494 kg ha™ in
the first year and 2461 kg ha™ in the second year (Tab. 3). Similar yields were reported
by Baranauskiene et al. [2013], Krol et al. [2020], and Abdali et al. [2023]. In turn, higher
yields were obtained by Grevsen et al. [2009], Karamanos and Sotiropoulou [2013], Gon-
ceariuc et al. 2021], and Farruggia et al. [2024a]. It is worth emphasizing, however, that the
yields of dry Greek oregano herb in other studies [Krol et al. 2019] were at the level of 2198—
4401 kg ha™ depending on developmental phase of plants. The lower yields in the present
study were related to the unfavorable weather conditions prevailing in 2021-2022.

The beneficial effect of the biostimulants on the morphological traits of the plants was
manifested in an increase in the dry mass yield (Tab. 3, Fig. 2). A similar effect of the
biostimulants used was noted in both growing seasons. The highest dry herb yield was
achieved in the Stimplex spraying variant. It was slightly lower after the application of
Tecamin Max, and the lowest and statistically insignificant increase in the dry mass of the
plants (compared to the control object) was found after the Kendal treatment, with the
exception of 2021, when a significant increase was caused by the application of the bio-
stimulant to the two-year-old plants.

The raw material (leaves and inflorescences) and waste stems, in which the lowest
amounts of essential oil accumulate [Morshedloo et al. 2017], were obtained after rubbing
and cleaning the herb. In the first year of the Greek oregano growth, the average raw ma-
terial yield was 953 kg ha™. In the second year, the average yield was 1422 kg ha™* (Tab.
3, Fig. 2), which was comparable to the results reported by Krol et al. [2020], Weglarz et
al. [2020], and Amato et al. [2024] but lower than in the studies conducted by Grevsen et
al. [2009], Giannoulis et al. [2020], and Kyriakos et al. [2020]. The most beneficial results
were obtained after the application of Stimplex (an average yield increase of 320 kg ha™*
compared to the control), a slightly weaker effect was exerted by the Tecamin Max bio-
stimulant (an increase of 212 kg ha™), and the lowest effect was found in the objects
sprayed with Kendal (an increase of 111 kg ha™).

Many authors have confirmed the beneficial effect of biostimulants containing Asco-
phyllum nodosum algal extracts on the morphological traits and yields of herbal plants. In
studies on Greek oregano [Abdali et al. 2023, Amato et al. 2024, Farruggia et al. 2024a], the
application of a biostimulant had a beneficial effect on the morphological parameters of
plants and increased their mass. A similar plant response was reported in studies on yarrow
[Shafie et al. 2021], thyme [Rahimi et al. 2022], mint and basil [Elansary et al. 2016], rose-
mary and sage [Farruggia et al. 2024b, 2024c], marjoram [Nassar et al. 2020, Krol 2023],
and hyssop [Pirani et al. 2020]. Such a beneficial effect is attributed to compounds present
in Ascophyllum nodosum algae, which increase photosynthetic activity and chlorophyll con-
tent in plants [De Saeger et al. 2020, Baltazar et al. 2021, Kumari et al. 2023].
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Table 3. Yield of Greek oregano dry herb and raw material (leaves and inflorescences)

1-year old plants 2-years old plants
Biostimulants
2020 ‘ 2021 ‘ mean 2021 ‘ 2022 ‘ mean
yield of dry herb (kg ha?)

Stimplex 1922 1291 16072 3012* 2292 26528
Tecamin Max 1913 1257 15852 2924 2256 25902
Kendal 1675 1154 1415°P 2953 1813 23830
Control 1647 1095 1371b 2646 1794 2220P
Mean 17894 11998 1494 2884A 20398 2461

BS-85.9 BS -163.7
HSDpos for: | Y —97.4 Y -168.5

BS x Y -102.6 BSxY -176.4

yield of raw material (leaves and inflorescences) (kg ha™?)

Stimplex 1252 952 11022 1791* 1391 15912
Tecamin Max 1193 793 993b 1618 1350 1484p
Kendal 1034 754 894° 1652 1112 1382°
Control 955 692 824¢ 1411 1051 1231¢
Mean 11097 7988 953 1618~ 12268 1422
BS-895 BS - 96.2
HSDos for: | Y —93.7 Y - 101.2
BS x Y - 101.2 BSx Y 1226

* Data represents means of two harvest

BS — biostimulants; Y — years; BS x Y — interaction

Mean values indicated by the same letters are not statistically significant at the 0.05 level, according to Tukey’s
test

Plant response to amino acid-containing biostimulants depends on the species and va-
riety. Their beneficial effect on morphological traits and yields has been demonstrated in
studies on Greek oregano [Amato et al. 2024], yarrow [Shafie et al. 2023], lemon balm
[Mehrafarin et al. 2015], sage [Farruggia et al. 2024c], mint [Velicka et al. 2022], rose-
mary [Farruggia et al. 2024b], and thyme [Rahimi et al. 2022]. As reported by Mezeyova
et al. [2022], the effect of the Tecamin Max biostimulant on basil depended on the plant
variety. Similar results were obtained in a study on chamomile [Omrani et al. 2023]. In
contrast, Majkowska-Gadomska et al. [2022] did not observe an increase in the growth
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and yield of savory, marjoram, and lemon balm plants after the application of biostimu-
lants containing amino acids.

(kgha™)
u DHY

2400 - ORrRMY

a*

2000 -

1600 -

1200 -

800 -

400 A

Stimplex Tecamin Max Kendal Control

Biostimulants

* the same letters indicate no significant differentiation

Fig. 2. Dry herb yields (DHY) and raw material yields (leaves and inflorescences — RMY) of
Greek oregano depending on the biostimulants (irrespectively of year of vegetation)

The Kendal preparation stimulated the growth and yield of thyme [Kr6l and Kiettyka-
Dadasiewicz 2019], blueberry [Chitu et al. 2012], and peppers [Paradikovi¢ et al. 2012].
In turn, Krdl [2023] reported no significant increase in the yield of marjoram herb after
the application of the Kendal biostimulant.

The analysis of the parameter that directly determines the raw material yield, i.e. the
share of rubbed herb in the yield, showed a significant increase in the value of this trait only
in the Stimplex biostimulant application variant, compared to the control, which may indi-
cate that this biostimulant improved plant foliage (Fig. 3). This was also confirmed in other
studies [Amato et al. 2024, Farruggia et al. 2024a], which demonstrated higher proportions
of oregano leaves and inflorescences after treatment with a biostimulant containing extracts
from Ascophyllum nodosum algae. The analysis of the amounts of leaves and stems depen-
ding on plant age showed a greater share of leaves in the case of the one-year-old plants. The
amount of leaves decreased and the share of stems increased with the age of the plants, which
is consistent with the results reported by Farruggia et al. [2024a].
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(91007

Biostimulants

m Stimplex ® Tecamin Max Kendal u Control

* the same letters indicate no significant differentiation
RM — raw material; ST — stems; 1Y — 1-year-old plants; 2Y — 2-year-old plants
Fig. 3. Effect of biostimulants on the share of Greek oregano raw material
(leaves and inflorescences) and stems

In the present study, the oregano plant growth and biomass production depended on
the atmospheric conditions prevailing during the vegetation period. The smallest and least
intensely branched plants were observed in 2022 (Tab. 2), hence the decrease in the plant
dry mass and the raw material yield, while the highest yields were recorded in 2020 (Tabs
2 and 3). There was also an interaction between the study years and the preparations used.
In the dry and hot season of 2022 when the plants were exposed to water shortage stress,
the best results (compared to the control object) were obtained using the biostimulants
containing extracts of seaweed and amino acids, as the bioactive compounds present in
these formulations improved plant performance in stress conditions [Drobek et al. 2019,
Shukla et al. 2019, Rahimi et al. 2022, Abdali et al. 2023]. As reported by Greek oregano
growers and shown in this study, one of the problems of cultivation of this plant in colder
climate conditions is the occurrence of fungal diseases, as recorded in 2021. The applica-
tion of the Kendal and Stimplex biostimulants in the 2021 growing season reduced the
prevalence of fungal diseases and increased the biomass yield. As demonstrated in various
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studies, both preparations increase plant resistance to pathogen attack [Jayaraman et al.
2011, Paradikovi¢ et al. 2012, Sidhu and Nandwani 2017].

Table 4. Essential oil content and yield in Greek oregano raw material

1-year old plants 2-years old plants
Biostimulants
2020 2021 mean 2021 2022 mean
essential oil content (ml 100g* DW)
Stimplex 2.61 2.42 2.522 3.54 3.93 3.742
Tecamin Max 2.55 2.39 2.472 3.46 3.98 3.722
Kendal 2.29 2.15 2.22b 3.02 343 3.230
Control 2.31 2.16 2.24b 3.14 3.54 3.34b
Mean 2.44A 2.288 2.36 3.298 3.72A 3.51
BS -0.154 BS -0.226
HSDo.05) for: Y -0.182 Y —0.263
BS x Y -0.193 BS x Y —0.287

essential oil yield (dm?® ha?)

Stimplex 32.7 23.0 27.92 63.4 54.7 59.0?
Tecamin Max 30.4 19.0 24.7° 55.7 53.7 54.7°
Kendal 23.7 16.2 19.9¢ 50.5 38.1 44.3¢
Control 22.1 149 18.5¢ 44.3 37.2 40.84
Mean 27.2A 18.38 22.7 53.54 45,98 49.7
BS —1.49 a— 2.85
HSD0.05) for: Y -1.36 b-3.37
BS xb—-1.54 axb-—23.64

BS — biostimulants; Y — years; BS x Y — interaction
Mean values indicated by the same letters are not statistically significant at the 0.05 level, according
to Tukey’s test
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Essential oil is the main active substance in the Greek oregano raw material. Previous
studies demonstrated that its content depended on environmental and genetic factors, phe-
nological growth phases, and agronomic practices [Vokou et al. 1993, Kokkini et al. 1994,
Tibaldi et al. 2011, Baranauskiene et al. 2013, Sarrou et al. 2017, Krol et al. 2019, Ninou
et al. 2021]. The raw material obtained in the present study contained different amounts
of essential oil, depending on the age of the plants, the biostimulant used, and the year of
the study (Tab. 4). The one-year-old plants accumulated lower amounts of essential oil
(on average 2.36 ml 100 g) than those from the two-year cultivation (on average 3.51 ml
100 g4). This can be explained by the lower share of flowers, which accumulate greater
amounts of essential oil than leaves, in the raw material [Krol et al. 2019, Kyriakos et al.
2020]. It was found that the application of Stimplex and Tecamin Max increased the con-
tent of essential oil, compared to the control object (by 0.34 and 0.31 ml 100 g2, respec-
tively). Similarly, other authors reported a positive effect of biostimulants containing
brown algae and amino acids on the content of essential oil in Greek oregano herb [Abdali
et al. 2023, Farruggia et al. 2024a]. In studies on other herbal plants, the use of biostimu-
lants increased its concentration in mint and basil [Elansary et al. 2016], rosemary [Ta-
wfeeq et al. 2016], savory [Mehrabi et al. 2013], and thyme [Rahimi et al. 2022]. Different
results were obtained by Amato et al. [2024], who reported a decrease in the content of
essential oil in Greek oregano raw material upon the application of a biostimulant contai-
ning Ascophyllum nodosum algae. In turn, there was slight decrease in the content of
essential oil in the Greek oregano herb in the Kendal-sprayed objects, which is consistent
with studies on thyme and marjoram [Kro6l and Kieltyka-Dadasiewicz 2019, Kro6l 2023]

The accumulation of essential oil also depended on the weather prevailing in the study
years. Its lowest content was found in the cold year 2021, while the highest accumulation
was recorded in the dry and hot season in 2022 when the plants were exposed to water
shortage stress (tab. 4). Greater amounts of metabolites are produced in plants in response
to water shortage stress, and these substances prevent oxidation in cells [Laftouhi et al.
2023, Skrypnik et al. 2024]. This was confirmed in other studies [Azizi et al. 2009, Ninou
et al. 2017, Abdali et al. 2023], which showed that water deficiency during vegetation
caused an increase in the content of essential oil in Greek oregano herb. A significantly
higher yield of essential oil was obtained in the objects treated with the tested preparations,
compared to the control, which was associated with both its higher content in the raw
material and the higher raw material yields.

CONCLUSIONS

1. The results of this study revealed positive effects of the foliar application of the biosti-
mulants on the morphological, performance, and quality parameters of Greek oregano.

2. All the biostimulants increased the growth of the plants, number of lateral branches,
and raw material yields, compared to the control object. The application of the biosti-
mulant containing algal extracts (Stimplex) and amino acids (Tecamin Max) was the
most effective approach. In the water stress condition and fungal diseases, the best
results were obtained using the biostimulant containing extracts of seaweed.

3. The biostimulants used (except for Kendal) had a positive effect on the content of es-
sential oil in the raw material and, consequently, on its yield per unit area.
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4. The size and quality of the Greek oregano yield also depended on the age of the plants
and varied between the study years. Higher raw material yields and essential oil con-
tent and yields were obtained from the two-year plantations. The water deficiency ob-
served during the vegetation period in 2022 limited plant growth, which resulted in
lower raw material yields but increased the essential oil content.

5. The research results suggest that biostimulants can be part of a good practice used to
maximize the efficiency of Greek oregano cultivation, especially in the event of abiotic
(drought) and biotic (pathogens) stresses.
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The impact of field coppices on viewsheds: A case study of the agricultural
landscape of Roztocze

Streszczenie. W dyskursie o utracie biordéznorodnosci agrocenoz, wskazuje si¢ na istotng role
zadrzewien $rédpolnych jako elementu krajobrazu sprzyjajacego ksztattowaniu réznorodnosci
biologicznej. Kazda zmiana sposobu uzytkowania terenu, zardwno ta planowana, jak i zachodzaca
droga sukcesji wtdrnej, wptywa jednak na zasoby fizjonomiczne krajobrazu. Zadrzewienia $rod-
polne, jako element krajobrazu rolniczego mogg formowaé harmonijne, liniowe uktady, towarzy-
szace wielowstegowym roztogom polnym, ale réwnocze$nie mogg tworzyé szczelne kurtyny
widokowe ograniczajace pole ekspozycji czynnej punktow widokowych. Celem artykutu jest
zbadanie wptywu funkcjonujacych w krajobrazie zadrzewien $rodpolnych na wielkos$¢ 1 prze-
strzenny zasieg pola ekspozycji czynnej punktow widokowych. Badania prowadzone byly na
przyktadzie otuliny Roztoczanskiego Parku Narodowego (RPN) metoda geoprzetwarzania danych
przestrzennych. Na ich podstawie stwierdzono, ze w otulinie RPN powierzchnia zadrzewien $rod-
polnych wynosi 10 003,6 ha. Rownocze$nie we wszystkich czterech analizowanych punktach
widokowych odnotowano istotne zmiany w zasiggu pola ekspozycji czynnej (spadek pola po-
wierzchni od 43,2% do 18,3%). Wyniki pozwalaja wyda¢ rekomendacje do minimalizacji poten-
cjalnych konfliktéw przestrzennych migdzy potrzeba wzmacniania bioréznorodnosci przez utrzy-
manie istniejacych i wprowadzanie nowych zadrzewien $rodpolnych, a zachowaniem zasobow
widokowych krajobrazu.
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czynna, 3D-GIS
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Zadrzewienia $rodpolne (ZS) to grupy drzew i krzewdw wystepujace w obrebie pol
uprawnych, moga to by¢ pojedyncze drzewa, ale takze wigksze skupiska roslinnosci wyso-
kiej w formie ptatéw lub charakterystycznych liniowych uktadéow uformowanych wzdhuz
miedz lub ciggéw komunikacyjnych. Wystepowanie ZS w obrebie agrocenoz wigze si¢
z ich wzajemnym oddzialywaniem bedacym przedmiotem badan przede wszystkim agroe-
kologii. Pierwsze angielskojezyczne prace naukowe dotyczace ZS omawiajg ich role
w procesach hamowania erozji gleb, zmniejszenia ryzyka suszy, ostony przed silnym wia-
trem, ksztaltowania centrow roznorodnosci biologicznej oraz waloréw krajobrazowych
[Smith 1929]. Pierwsze polskojezyczne prace naukowe dotyczace ZS omawiaja ich wplyw
na wielkos$¢ plondw ziemniaka [Gatecka 1962], mikroklimat [Jakuszewski 1967] i gospo-
darke wodng agrocenoz [Kuter 1956], bioréznorodnos¢ fauny [Luczak 1980] oraz dotycza
zagadnien ogélnych zwigzanych z rozwojem ZS w Polsce [Wilusz 1962]. Obecnie,
w dobie dyskursu o utracie biordéznorodnosci, konieczno$ci intensywnego nawadniania
i chemizacji wielkopowierzchniowych agrocenoz, koncepcja powrotu do systeméw rolno-
lesnych, w ktorych rolnictwo korzysta z ustug ekosystemowych [Ehrlich 1997] §wiadczo-
nych przez ZS, zyskuje na popularnosci. Systemy rolno-lesne to obszary, na ktorych ro-
$linno$¢ drzewiasta jest w sposob celowy zintegrowana z uprawami rolniczymi — praktyka
uzytkowania tego typu gruntéw okreslana jest jako agrolesnictwo [Borek i in. 2021]. Samo
przestrzenne wspolwystepowanie ZS i gruntdw ornych nie wyczerpuje wszystkich cech
systemu rolno-lesnego. Niemniej jednak wiedza z zakresu agroekologii i ekologicznych
wlasciwosci ekosystemow zadrzewien [Dabrowska-Prot 1987] oraz struktury ekologicznej
krajobrazu rolniczego [Santos i in. 2021] wskazuje na bezposredni wptyw ZS na wzrost
bioréznorodnosci, a tym samym poprawe stabilno$ci ekologicznej agrocenoz [Symonides
2010]. Wykazana w badaniach naukowych zalezno$¢ znalazta swoje implikacje chocby
w postaci Rozporzadzenia Rady Wspolnot Europejskich [2078/92/EWG] z 1992 r. , doty-
czacego metod produkcji rolniczej zgodnej z wymogami ochrony $rodowiska i ochrony
krajobrazu wraz z uszczegétawiajacym Rozporzadzeniem [746/96/WE] z 1996 r., wpro-
wadzajacym w Polsce pomoce finansowe za ekstensyfikacj¢ produkcji rolniczej, odtogo-
wanie gruntéw rolnych i wykorzystanie ich na cele zwiazane z ochrong §rodowiska [Rycz-
kowski i Blazy 2002]. Nie bez znaczenia na rozwdj ZS byt postepujacy od lat 90. XX w.
Krajowy Program Zwigkszania Lesistosci Polski (KPZLP), ktorego efektem jest nie tylko
zwickszenie powierzchni lesnej, ale rowniez zadrzewien. KPZLP nadat ZS range rowno-
rzednego czynnika ochrony i uzytkowania przestrzeni przyrodniczej, a sam udziat i roz-
mieszczenie ZS mialy stanowi¢ integralny element programéw przestrzennego zagospoda-
rowania wojewodztw 1 gmin w zakresie ochrony $rodowiska i gospodarki rolnej [Kali-
szewski 2016]. Obecnie Agencja Restrukturyzacji i Modernizacji Rolnictwa oferuje m.in.
wsparcie finansowe na inwestycje i interwencje lesne lub zadrzewieniowe (program PS
WPR 2023-2027) w tym zalesianie gruntow rolnych, tworzenie zalesien $rodpolnych,
zaktadanie systemow rolno-lesnych, celem zwigkszania bioréznorodnosci. Podjete na
przestrzeni lat dziatania sprzyjajace rozwojowi Z$ znajduja swoje odzwierciedlenie row-
niez w §wiadomosci mieszkaficow wsi na temat pozytywnego oddziatywania ZS na agro-
cenozy i ogélny wzrost plonéw [Dudek i Polak 2016]. Programy promujace ZS, zaréwno
te zrealizowane, jak i trwajace, teoretycznie powinny przyczyni¢ sie do wzrostu udziatu ZS
w agrocenozach. W praktyce dane iloSciowe na ten temat nie sg dostgpne. Jak wskazuje
Wayssenhoff [2010] brak dostepnosci do tego typu danych wynika z braku jednolitej meto-
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dyki ich opracowania. Niniejsza praca, opierajaca si¢ w czgsécei analitycznej na danych
teledetekcyjnych i metodach opisanych m.in. przez Madsen i in. [2020] oraz Zhao i in.
[2021], proponuje techniczne rozwiazanie detekcji ZS metodami geoprzetwarzania.

W ujeciu ogdlnym agrolesnictwo traktowane jest jako rozwigzanie innowacyjne
[Wroniecka 2020]. Wptyw takiej innowacji na zasoby widokowe krajobrazu, pomimo
pewnych oczywistych zalezno$ci [Fisher 1992, Bartie in. 2011], pozostaje wcigz nieroz-
poznany. Podejmowane dotychczas prace dotyczace funkcjonowania ZS w krajobrazie
skupialy si¢ przede wszystkim na opisie funkcji ekologicznych (np. strefy buforowe),
percepcji uktadow zadrzewien towarzyszacych ciggom komunikacyjnym (np. podkresle-
nie rangi drogi, oznaczenie przebiegu trasy zima) [Wroniecka 2020] czy formowaniu
linowych elementéw i naturalnych akcentéw w tresci panoram widokowych [Michalik-
Sniezek i Chmielewski 2012], a takze wystepowaniu w randze naturalnych wyrdznikow
krajobrazu [Niedzwiecka-Filipiak 2009]. Wptyw ZS na zasoby widokowe krajobrazu,
a w szczeg6lnosci na efekt przestaniania przedpola panoram widokowych, pozostaje
nierozpoznany do dzi$. Promujaca ZS zmiana sposobu uzytkowania terenu ma swoje
naukowe i praktyczne uzasadnienie, wypracowane gtownie na gruncie agroekologii.
Celem pracy jest ocena wpltywu ZS na wielko$é i przestrzenny zasieg pola ekspozyciji
czynnej punktow widokowych.

Widok jest zasobem krajobrazowym [Bogdanowski 1999] i jednym z czynnikoéw
ksztattujacych atrakcyjnos$¢ turystyczng danego regionu. Autorzy pracy wychodza
z zalozenia, ze wzmacnianie zasobow biordznorodnosci biologicznej i stabilno$ci ekolo-
gicznej agrocenoz nie powinno odbywaé si¢ kosztem utraty zasoboéw krajobrazowych.
Zaproponowany w pracy tok postgpowania analitycznego pozwala unikngé potencjal-
nych konfliktow przestrzennych pomiedzy dwoma wspoétzaleznymi zasobami.

METODY

Ogolny tok postepowania metodycznego

Na potrzeby prac badawczych wybrano cztery punkty widokowe zlokalizowane
w otulinie RPN [Arway-Podhalanska 1998], zapewniajace widok panoramiczny na kra-
jobraz rolniczy z wyraznie rozwinietymi ZS. W punktach widokowych wykonano do-
kumentacj¢ fotograficzna.

Zaktada sie, ze rozwoj ZS sprzyja formowaniu kurtyn widokowych, a tym samym
prowadzi do czgsciowe] utraty zasobow widokowych krajobrazu, tj. panoramy widoko-
wej. Postugujac si¢ cyfrowym modelem krajobrazu, poréwnano pola ekspozycji czynnej
czterech punktow widokowych w wariancie uwzgledniajacym ZS$ jako kurtyny widoko-
we oraz w wariancie pozbawionym kurtyn. Porownanie iloSciowe (zmiana pola po-
wierzchni) pozwala wnioskowac o skali zjawiska. Porownanie przestrzennego rozktadu
pola ekspozycji czynnej daje podstawy do rekomendacji w zakresie formowania ZS
w zgodzie z zasobami widokowymi krajobrazu rolniczego. Przyj¢ta metoda opiera si¢ na
geoprzetwarzaniu danych przestrzennych w oprogramowaniu 3D-GIS i obejmuje przy-
gotowanie numerycznych modeli pokrycia terenu (NMPT) oraz wyznaczenie pola eks-
pozycji czynnej metoda viewshed [Felleman 1979].

Prace rozpoczgto od zebrania danych przestrzennych w postaci trojwymiarowej
chmury punktow pozyskanej metoda lotniczego skaningu laserowego oraz cyfrowej
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ortofotomapy RPN. Uzyte w pracy dane 3D udostepnione zostaly przez Dyrekcje RPN.
Zbidr obejmowat 414 arkuszy danych w formacie LAS wersja 1.2 o lacznej objgtosci
307 GB i catkowitym pokryciu parku wraz z jego otuling. Chmura punktéw pozyskana
zostata w 2014 r. ze érednig gestoécig 20 pkt/m?. Chmure punktéw poddano filtracji
celem przygotowania numerycznego modelu terenu (NMT) oraz numerycznego modelu
powierzchni terenu (NMPT). Przygotowano dwa warianty NMPT: NMPT1 — uwzgled-
niajgcy wszystkie istotne elementy pokrycia terenu, w tym ZS (klasa 2, 3, 4, 5, 6) oraz
NMPT2 — w ktorym celowo usunigto ZS (metode detekcji zadrzewien §rodpolnych oraz
przygotowania NMPT2 opisano ponizej). Oba modele powierzchni terenu przycigto do
zewngtrznej granicy otuliny RPN i zapisano w formacie rastrowym (plik TIFF) o tere-
nowe]j wielkosci piksela 1 m. Na ich podstawie, metoda viewshed, wyznaczono pola
ekspozycji czynnej punktéw widokowych. Dla wszystkich punktéw widokowych przyje-
to wysokos$¢ 1,6 m nad poziom gruntu, tak aby model ekspozycji uwzglgdnial réwniez
wysoko$¢ obserwatora [Kutaga i in. 2011]. Jako dane pomocnicze, do badan wykorzy-
stano rowniez cyfrowa ortofotomape¢ o terenowej wielkosci piksela 0,25 m, zarejestro-
wang w 2022 r. i udostepniang przez Gtéwny Urzad Geodezji i Kartografii (GUGIK).

Metoda detekcji zadrzewien $Srodpolnych na podstawie chmury punktéw 3D
oraz Bazy Danych Obiektow Topograficznych

Z przestrzennego punktu widzenia jako ZS$ traktuje si¢ pojedyncze drzewa i krzewy
lub ich skupiska rosngce poza lasem i obszarami miejskimi [PWN 2024]. Na tej podstawie
przyjeto, ze zbiorowiska wegetacji wysokiej oraz $redniej (zgodnie ze standardem LAS
1.2) znajdujace si¢ poza obszarami leSnymi i obszarami zabudowanymi, a towarzyszace
uprawom na gruntach ornych oraz trwatym uzytkom zielonym, stanowig ZS. Ogélnodo-
stepne bazy danych przestrzennych nie wyrozniaja odrebnej klasy ZS, dlatego w toku
postepowania metodycznego zasieg przestrzenny klasy ZS wyrdzniono w drodze selekcji
kilku warstw tematycznych Bazy Danych Obiektéw Topograficznych (BDOT), zwigza-
nych z niele§nym uzytkowaniem gruntow. Wystepujace w obrgbie tych warstw BDOT
zadrzewienia zidentyfikowano metoda filtracji sklasyfikowanej chmury punktéw 3D.

W praktyce zasigg przestrzenny ZS ograniczono do terenéw skalsyfikowanych
w BDOT jako: uprawy na gruntach ornych, zadrzewienia, roslinno$¢ trawiasta oraz
tereny podmokte; rownoczesnie wykluczono tereny sklasyfikowane jako las oraz tereny
zabudowane. W drodze taczenia i przecinania wymienionych powyzej warstw wektoro-
wych BDOT, wyznaczono obszar, w granicach ktérego zadrzewienia i krzewy spetniaja
formalny warunek klasy ZS. Obszarowi nadano robocza nazwe Strefa ZS. W obrebie
Strefy ZS metoda filtracji chmury punktéw 3D zidentyfikowano drzewa i krzewy (wy-
brano klasy 2, 3 i 6), wynik filtracji zapisano w formacie rastrowym, warstw¢ nazwano
NMPT-bezZS. Celem doktadnego opisu struktury przestrzennej zidentyfikowanych
drzew 1 krzewow, metoda algebry map rastrowych obliczono ich wzgledng wysokos¢,
a wynik przedstawiono w formie kartograficznej i opisowej.

Metoda maskowania i mozaikowania rastroéw zastgpiono oryginalne piksele warstwy
NMPT1 (klasy 2, 3, 4, 5, 6) pikselami warstwy NMPT-bezZS, uzyskujac w ten sposob
NMPT2 — model pokrycia terenu bez drzew i krzewdéw w obszarach pozale$nych, tj.
srodpolnych. Zbiér NMPT2 byt podstawa do wyznaczenia pola ekspozycji czynnej
w wariancie bez ZS. W celach pogladowych wizualne poréwnanie przygotowanych
NMPT1 i NMPT2 przedstawiono na rycinie 1.
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Ryc. 1. Wizualne poréwnanie danych wej$ciowych przygotowanych na potrzeby analiz:
A) cyfrowa ortofotomapa z widocznymi zadrzewieniami $§rodpolnymi, B) NMPT1
z widocznymi zadrzewniewniami $rédpolnymi, C) NMPT2 pozbawiony zadrzewien
$rédpolnych; (fragment obszaru badan w okolicach punktu widokowego nr 4)
Fig. 1. Visual comparison of analysis input data: A) digital orthophotomap with visible
field coppices, B) DSM1 with visible field coppices, C) DSM2 without field coppices;
(the research area near viewpoint no. 4)

Metoda wyznaczania pola ekspozycji czynnej (viewshed)

Algorytm viewshed [Felleman 1979] jest uznang w literaturze naukowej metoda wy-
znaczania pola ekspozycji czynnej. Algorytm dzieli piksele rastra na widoczne (wartos¢ 1)
i niewidoczne (warto$¢ 0) z perspektywy pojedynczego piksela wskazanego jako punkt
obserwacyjny. W ramach prowadzonych badan zastosowano algorytm viewshed, dostepny
w oprogramowaniu Q-GIS (grupa narzgdzi visibility analysis). Lokalizacj¢ punktow wido-
kowych wskazano w formie warstwy punktowej, przypisujac obserwatorowi wysoko$¢
1,6 m nad poziom gruntu [Schirpke i in. 2013]. Dla kazdego z czterech analizowanych
punktow widokowych analize viewshed przeprowadzono dwukrotnie — raz na podstawie
NMPT1, wyznaczajac pole ekspozycji biernej uwzgledniajace ZS, oraz drugi raz na pod-
stawie NMPT2 pozbawionego ZS, wynik zapisano w formacie rastrowym. Metoda algebry
map rastrowych obliczono réznice obu modeli viewshed i na tej podstawie okreslono prze-
strzenny zasieg stref wylaczonych z ekspozycji czynnej na skutek przestaniania przez ZS.
Analize poréwnawczg uzupetniono informacja o iloSciowej zmianie powierzchni pola
ekspozycji czynnej. Wyniki przedstawiono w formie kartograficznej i opisowej.
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WYNIKI

Dokumentacja panoram widokowych — zasoby widokowe
analizowanej czesci krajobrazu

Dokumentacja planu ochrony RPN wskazuje dwadzie$cia punktow widokowych
przewidzianych do monitoringu zasobow krajobrazowych [Arway-Podhalanska 1998].
Trzy z nich leza bezposrednio w granicach RPN, pozostatych 17 zlokalizowanych jest
w otulinie Parku. W strukturze pokrycia terenu RPN dominuja tereny lesne (94%), na-
tomiast charakterystyczny dla Roztocza krajobraz roztogéw polnych z towarzyszacymi
im ZS zlokalizowany jest m.in. w zachodniej czesci otuliny RPN, obejmujacej miejsco-
wodci: Zurawnica, Szozdy, Panasdwka. Wyniki badan zostaty oméwione na przykladzie
4 punktow wyznaczonych w tych miejscowosciach: punkt nr 1) Bukowa Gora, punkt
nr 2) Wzgorze Polak, punkt nr 3) Nad Tereszpolem oraz punkt nr 4) Zurawnica. W do-
kumentacji planu ochrony RPN [Arway-Podhalanska 1998], punkty te odpowiednio
posiadaja nastepujacg numeracje: 1, 12, 15, 18.

W ramach przeprowadzonej w terenie dokumentacji fotograficznej w kazdym
z czterech punktéw widokowych zarejestrowano panoramy widokowe typu 360°, czesci
panoram zapewniajacych wglad bezposrednio na ZS przedstawiono na ryc. 2 A—D. Cha-
rakterystyczna dla Roztocza liniowa struktura ZS widoczna jest w tresci panoram wido-
kowych z punktéw 1 oraz 3, w panoramach widokowych z punktow 2 oraz 4 ZS$ przy-
bierajg form¢ bardziej rozproszonych ptatow. W zadnym z czterech analizowanych
punktow widokowych ZS nie ingeruja w przedpole widokowe, co mogloby skutkowaé
nadmiernym przestanianiem widoku; ZS sg elementem dalszych planéw panoramy.

Struktura przestrzenna zaros$li Srédpolnych otuliny RPN

Na podstawie analizy zasiegu wektorowych warstw tematycznych BDOT ustalono,
ze obszary lesne w obrebie Parku i jego otuliny zajmuja 28 086,28 ha (61,17% po-
wierzchni), natomiast obszary nielesne, zwigzane z rolniczym uzytkowaniem w formie:
upraw na gruntach ornych, zadrzewien, roslinnosci trawiastej oraz terenow podmoktych,
zajmuja odpowiednio: 9958,28 ha, 32,79 ha, 4837,06 ha, 12,56 ha, co 3gcznie stanowi
32,32% powierzchni. W wyniku potaczenia wyzej wymienionych warstw BDOT utwo-
rzono nowa warstwe tematyczng Strefy ZS, jej przestrzenny zasieg przedstawiono na
rycinie 3.
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Ryc. 2. Krajobraz rolniczy z zadrzewniami $rédpolnymi: A) widok z punktu nr 1,
B) widok z punktu nr 2, C) widok z punktu nr 3, D) widok z punktu nr 4
Fig. 2. Agricultural landscape with field coppices: A) view from point no. 1,
B) view from point no. 2, C) view from point no. 3, D) view from point no. 4

W wyniku filtracji chmury punktéw 3D w granicach Strefy ZS wskazano obszary
wegetacji $redniej i wysokiej o facznej powierzchni 1982,10 ha. Zidentyfikowane w ten
sposob Z$ tworza dwa rodzaje uktadow przestrzennych, liniowe wzdtuz miedz odgra-
dzajacych dziatki rolne o wydluzonym ksztalcie lub uktady rozproszone w postaci niere-
gularnie wystepujacych platdéw zadrzewien i pojedynczych drzew. Forma uktadow li-
niowych, widoczna na ryc. 1, ryc. 2A, 2C oraz ryc. 3, moze by¢ traktowana jako wyrdz-
nik krajobrazu [Niedzwiecka-Filipiak 2009] Roztocza, szczegodlnie w odniesieniu do
Roztocza Szczebrzeszynskiego.

Na podstawie histogramu wysokosci ZS$ (ryc. 4) stwierdzono, ze $rednia wysokos¢
ZS na analizowanym terenie wynosi 2,8 m, najliczniej reprezentowana jest wegetacja
w przedziale wysokosci od 0,5 do ok. 10 m, wyzsze zadrzewienia maja marginalny
udziat. Lesny charakter RPN powoduje, ze klasa ZS wystepuje praktycznie wylacznie
w otulinie Parku, gdzie zajmuje powierzchni¢ 1982,1 ha.
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|- Granica otuliny
@ Punkty widokowe
Lasy
Obszary Z$

Ryec. 3. Struktura przestrzenna zadrzewien $rodpolnych otuliny RPN
(czg$¢ zachodnia objeta badaniami)
Fig. 3. Spatial structure of field coppices in the RPN buffer zone (West part of research area study)
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Ryc. 4. Struktura wysoko$ciowa zidentyfikowanych Z$ (histogram)
Fig. 4. Height structure of identified field coppices (histogram)
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Pole ekspozycji czynnej punktéw widokowych — wyniki analizy poréwnawczej
wraz z rekomendacjg do zarzadzania krajobrazem rolniczym

Wielkos¢ pola ekspozycji czynnej analizowana dla czterech punktéw widokowych,
miescita si¢ w przedziale od 66,52 do 583,30 ha.

Najwicksze pole ekspozycji czynnej, a tym samym najbardziej rozlegla panorame
widokowa, mozna obserwowaé z punktu widokowego nr 4. Zasiegiem pole ekspozycji
czynnej obejmuje doling rzeki Wieprz pomiedzy miejscowosciami Wywloczka, Turzy-
niec 1 Topodlcza (ryc. SA). Zadrzewienia $rodpolne znajdujace si¢ bezposrednio w przed-
polu widokowym punktu widokowego, pomimo relatywnie niewielkiej powierzchni
i niskiej wysokos$ci, powodujg istotne przestonigcie pola ekspozycji czynnej, wynoszace
43,2%. Wsrod obszarow przestonietych znajduja si¢ przede wszystkim tereny miejsco-
wosci Topolcza, w tym oddalone od punktu widokowego $rodlesne ptaty pol uprawnych
na wyniesionych wierzchowinach (ryc. 5C).

{1 cranicaren
@ Puiky widokows
| Pole ekspozycii czynnej

Fkspozycia prresionieta

Ryc. 5. Pole ekspozycji czynnej punktéw widokowych wraz z efektem przestoniecia przez ZS: A)
punkt widokowy Bukowa Goéra, B) punkt widokowy Wzgoérze Polak,
C) punkt widokowy Nad Tereszpolem, D) punkt widokowy Zurawnica
Fig. 5. Viewshed and the effect of view obscuration by the field coppices : A) Bukowa Gora view-
point, B) Wzgérze Polak viewpoint, C) Nad Tereszpolem viewpoint,
D) Zurawnica viewpoint

Kolejnym punktem widokowym charakteryzujacym si¢ rozlegtym polem ekspozycji
czynnej jest punkt nr 3. Panorama widokowa z tego miejsca obejmuje obszary szczytow
Gory Marchwianiego (323 m n.p.m), Wysokiej Gory (321 m n.p.m), Kamiennej Gory
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(326 m n.p.m). W wyniku przestaniania widoku przez ZS z tresci panoramy widokowej
wylaczone zostaly widoki na Kwasng Goérg (325 m n.p.m.) oraz Marcowizne (319 m
n.p.m.) — ryc. 5C. W ujeciu ogolnym ZS przestaniaja 47,16% pola ekspozycji czynnej
punktu widokowego nr 3.

Efekt przestaniania w mniejszym stopniu dotyczy punktow widokowych nr 11 2 (ryc.
5A 1 5B), w ktorych pole ekspozycji czynnej zredukowane zostato odpowiednio o 18,34%
i 20,78%. Wynika to z faktu, ze ZS znajduja sie poza przedpolem widokowym i pierw-
szym planem panoramy, dodatkowo w przypadku punktu widokowego nr 2 czynnikiem
ograniczajacym efekt przeslaniania jest uksztattowanie terenu w formie wyraznego obni-
Zenia terenu tuz za przedpolem widokowym. Szczegolowe wartosci opisujace powierzch-
ni¢ pola ekspozycji czynnej oraz jej czeéé przestonieta przez ZS przedstawiono w tabeli 1.

Na podstawie zmierzonych wartosci przestonigtego pola ekspozycji czynnej stwier-
dzono silny (punkty widokowe nr 3 i 4) oraz umiarkowany (punkty widokowe nr 1 i 2)
wplyw ZS na mozliwo$¢ obserwowania rozlegtych panoram widokowych. Efekt prze-
staniania nasila si¢ przede wszystkim w sytuacji, gdy ZS tworzone sa bezposrednio
w przedpolu widokowym. Spostrzezenie to pozwala sformutowac zalecenie dotyczace
wprowadzenia zabiegdw ochrony czynnej zasobow widokowych krajobrazu poprzez
redukcje ZS bezposrednio w przedpolu widokowym. Zadrzewienia $rodpolne wprowa-
dzane w najblizszym sasiedztwie punktow widokowych (obszar przedpola widokowego)
powinny mie¢ charakter wegetacji niskiej (wysokos¢ do 1 m), co pozwoli na zachowanie
walorow widokowych krajobrazu. Rownoczesnie, rozpoznanie i utrwalenie liniowych
uktadow w krajobrazie rolniczym sprzyja harmonijnemu formowaniu Z$ zlokalizowa-
nych w dalszych planach panoram widokowych.

Tabela 1. Wielkos¢ pola ekspozycji czynnej zmierzona w wariancie z ZS i bez Z$S

Punkty Wielkos$¢ pola ekspozycji czynnej Roéznica
widokowe 2Z$ (ha) bez Z$ (ha) ha (viewshed) %
1 140,53 166,31 25,78 (28,8) 18,34
2 66,52 80,34 13,82 (16,3) 20,78
3 272,70 401,30 128,6 (137,3) 47,16
4 583,30 835,37 252,07 (266,5) 43,21
DYSKUSJA

Na podstawie przygotowanych modeli geoinformacyjnych pola ekspozycji czynnej,
wykazano, ze ZS moga istotnie wplywa¢ na ograniczenie zasobow widokowych krajobra-
zu, jesli zlokalizowane sa w przedpolu widokowym. Przedstawione wyniki uzyskane zo-
staly na podstawie modeli geoinformacyjnych oraz geoprzetwarzania metodg viewshed
[Felleman 1979]. Doktadno$¢ tak opracowanego modelu przestrzennego zalezy od roz-
dzielczosci i aktualnosci danych wejsciowych, samego algorytmu oraz przyjetych parame-
tréw wejsciowych (np. wysoko$¢ obserwatora, zasigg analizy). Uzyte w pracy dane Zro-
dlowe w postaci trojwymiarowej chmury punktow, charakteryzuja si¢ wysoka doktadno-
$cig pozycyjna (15 cm) co pozwala na uzyskanie wiarygodnych numerycznych modeli
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pokrycia terenu [Tukaj 2004], na podstawie ktorych przygotowano analizy viewshed.
Dynamiczna natura analizowanego zjawiska i procesy sukcesji wtornej ZS powoduja, ze
kluczowym aspektem wplywajacym na doktadno$¢ wykonanych analiz jest aktualnos¢
danych zroédlowych. Pomimo ze caly obszar Polski pokryty jest danymi pomiarowymi
LiDAR [ISOK 2012], miejscami pozyskanymi dla kilku okreséw czasowych, to najnowsze
tego typu dane zarejestrowane na obszarze RPN pochodza z 2014 r. W przeciagu 10 lat
(lata 2014-2024) struktura przestrzenna ZS ulegla zmianie [Hoscito 2004, Kowalska
2009], tym samym przedstawione wyniki dotyczace wielkosci oraz przestrzennego zasiggu
pola ekspozycji czynnej nie mogg by¢ interpretowane jako aktualne — opisana skala zjawi-
ska dotyczy stanu z 2014 r., wypracowane rekomendacje maja charakter uniwersalny.

Opisane w pracy ZS zidentyfikowane zostaty autorskim sposobem interpretacji geo-
danych. Na podstawie BDOT wyznaczono obszary nieleSne zwigzane z rolniczym uzyt-
kowaniem terenu i w takich granicach, w drodze filtracji chmury punktéw 3D, wyzna-
czono obszary rolinnoéci $redniej i niskiej. Klasa Z$ nie jest wyrézniana w ogélnodo-
stepnych bazach danych (nie w formie powierzchniowej), co powoduje, ze przyjecie
nieco innego sposobu klasyfikacji ZS, niz ten opisany w czesci 2.2, moze skutkowaé
uzyskaniem wynikéw wskazujacych na inng skale analizowanego zjawiska. Standaryza-
cja sposobu identyfikacji ZS pozostaje zadaniem do zrealizowania.

Algorytm viewshed, ktorym wyznaczono pole ekspozycji czynnej, jak kazdy model
uzywany w nauce, jest uproszczeniem rzeczywistosci, tym samym jego zastosowanie
wigze si¢ z pewnym btedem pomiarowym. Wieczorek i in. [2024] wskazuja, ze ogdlna
doktadnos¢ tak opracowanego modelu sigga 80%, tym samym omawiany w niniejszej
pracy wplyw ZS na wielko$¢ pola ekspozycji czynnej w momencie faktycznej obserwa-
cji krajobrazu moze okaza¢ si¢ mniejszy lub wigkszy niz ten obliczony metoda
viewshed. Przedstawienie wynikow oceny doktadnosci modeli geoinformacyjnych uzy-
tych w niniejszych badaniach wymaga dostepu do mozliwie aktualnych danych
o uksztattowaniu i pokryciu terenu oraz serii pomiaréw terenowych weryfikujacych
modele widocznosci. Ponadto nalezy uwzgledni¢ fakt, ze obserwacja krajobrazu wiaze
si¢ z postrzeganiem obiektow jako wigksze lub mniejsze w zaleznosci od odleglosci.
Uzyta w pracy metoda viewshed ma charakter binarny, tzn. dzieli analizowany obszar na
widoczny i niewidoczny z pozycji obserwatora. To kolejne uproszczenie modelu geoin-
formacyjnego rzutuje na realny wptyw ZS na ekspozycje czynng punktow widokowych.
Zniwelowanie efektu wptywu odlegtosci na wielkos$¢ postrzeganych obiektow moze byé
osiggnigte metoda modelowania rozmytego [Fisher 1992] lub modelowania widocznosci
metodg widokéw ukosnych [Chmielewski i Grabowski 2023].

Z punktu widzenia potrzeby ksztaltowania centréw biordznorodnosci w obrebie kra-
jobrazu przyrodniczo-kulturowego typu rolniczego [Chmielewski i in. 2015] zagadnienie
potencjalnego konfliktu z zasobami widokowym tegoz krajobrazu nie byto dotad przed-
miotem badan naukowych, tym samym trudno jest odnie$¢ uzyskane wyniki do innych
autorow. Opisany w pracy wplyw, okreslony jako silny i umiarkowany w zaleznos$ci od
topografii analizowanego punktu widokowego, moze by¢ traktowany jako przestanka do
$wiadomego ksztattowania przestrzeni rolniczej — dobrze zaplanowane zadrzewienia
moga wzbogaci¢ estetyke otoczenia, tworzac bardziej naturalne wrazenia wizualne.

Aby zachowa¢ zasoby widokowe, rekomenduje si¢ pozostawienie przedpola widoko-
wego wolnego od ZS$, natomiast okreslenie fizycznych wymiaréw takiej strefy powinno
by¢ ustalone indywidualnie dla analizowanego punktu widokowego np. w drodze mode-
lowania metodg viewshed. W takiej analizie zaleca si¢ uwzglednienie uwarunkowan topo-
graficznych punktu widokowego oraz konkretnych tresci panoramy widokowej bedacych
przedmiotem ochrony. Z technicznego punkty widzenia, rézne wysokosci i rozne uktady
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przestrzenne ZS moga byé rozpatrywane za pomoca rastrowych NMPT (grupy, kepy,
uktady liniowe wzdtuz miedzy, remizy, soliery lub szpalery), natomiast ustalenie ich prze-
strzennej formy i lokalizacji nastepuje indywidualnie dla kazdego punktu widokowego
w drodze konfrontacji priorytetow ochrony zasobéw widokowych i wynikéw wielowarian-
towego modelowania metodg viewshed. Z tego powodu wydanie uniwersalnych wytycz-
nych dotyczacych wielkosci strefy wolnej od ZS$ nie jest rozwazane. Rownoczesnie pod-
kresla sie, iz proces doboru ZS powinien uwzglednia¢ nie tylko ich sktad gatunkowy, ale
réwniez lokalizacje¢ 1 forme przestrzenna, zaprojektowana w drodze analiz przestrzennych.

Warto zatem rozwazy¢ rownowage mi¢dzy koniecznoscia ochrony pola ekspozycji
czynnej punktow widokowych zlokalizowanych w krajobrazie rolniczym, a korzysciami
ekologicznymi i estetycznymi, jakie niosa ze soba ZS.

PODSUMOWANIE

Roztoczanski Park Narodowy i jego otulina to obszar, w ktorym zadrzewienia §rod-
polne odgrywaja istotng rolg zardwno w ksztaltowaniu bior6znorodnosci biologicznej jak
i struktury krajobrazu. Przeprowadzone analizy wykazaly, ze obecno$¢ tych zadrzewien
zmniejsza pole ekspozycji czynnej punktow widokowych w zakresie od 18,3% do 43,2%.
Cho¢ zadrzewienia sprzyjaja wzrostowi stabilnosci ekologicznej agrocenoz, moga jedno-
cze$nie wplywacé na percepcje krajobrazu, ograniczajac jego walory widokowe. W zwigz-
ku z tym Kkonieczne jest monitorowanie procesow sukcesji wtornej oraz $wiadome plano-
wanie nowych nasadzen $rodpolnych z zastosowaniem narzedzi geoinformacyjnych; po-
zwoli to na optymalne faczenie funkcji ekologicznych i krajobrazowych regionu.
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Abstract. In the discourse agrocenoses biodiversity lost, the important role of field coppices is indi-
cated as a landscape element that favours the formation of biodiversity. However, each change in the
way of land use, both planned and occurring through secondary succession, affects the physiognomic
resources of the landscape. Field coppices, as an element of the agricultural landscape, can form
harmonious, linear arrangements accompanying multi-ribbon field beds. Still, at the same time, they
can create tight viewing curtains limiting the field of active exposure of viewing points. The article
examines the influence of field coppices functioning in the landscape on the size and spatial range of
the field of active exposure of viewing points. The research is conducted using the example of the
Roztocze National Park buffer zone using the geoprocessing method of spatial data. Based on the
obtained results, it was found that in the buffer zone of the RPN, the area of mid-field coppice is
10003.6 ha, at the same time, in all four analyzed viewpoints significant changes were noted in the
range of the active exposure area (a decrease in the area from 18.3% to 43.2%). The obtained results
allow recommendations on how to minimise potential spatial conflicts between the need for biodiver-
sity enhancement and new field coppices introduction landscape scenic resources preservation.
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Wplyw warunkéw meteorologicznych i zabiegow
agrotechnicznych na wynik produkcyjny i ekonomiczny
uprawy maliny jesiennej — studium przypadku

Impact of meteorological conditions and agrotechnical treatments on the production
and economic result of autumn raspberry cultivation — case study

Abstrakt. Badania polowe przeprowadzono w latach 2021-2023 na plantacji produkcyjnej, zatozo-
nej na glebie lekkiej. Material badawczy stanowity dane dotyczace uprawy maliny jesiennej od-
miany Polonez. Celem badan byta ocena wptywu warunkéw meteorologicznych i wykonywanych
zabiegdw agrotechnicznych na wynik produkcyjny i ekonomiczny uprawy maliny jesiennej w wa-
runkach gospodarstwa produkcyjnego, potozonego w pétnocno-wschodniej czesci wojewodztwa lu-
belskiego. Stwierdzono, ze zréznicowany przebieg warunkow meteorologicznych w latach 2021—
2023 (zwtaszcza dlugotrwata susza w 2023 r.) wplywat na wielkos¢ i jako$¢ plonow owocdéw ma-
liny. W 2023 r. plon owocow byt najmniejszy, rdéwniez $rednia cena sprzedazy owocow byla naj-
nizsza w pordwnaniu z pozostatymi latami badan, co znaczaco wptyngto na wynik ekonomiczny
uprawy maliny jesiennej. W strukturze kosztow uprawy maliny najwiekszy udziat (53,6%) stanowit
reczny zbior owocow. Jednak $rednia warto$¢ produkeji maliny w latach 2021-2023 byta wyzsza
od poniesionych kosztow, o czym $wiadczy warto$¢ nadwyzki bezposredniej — $rednio na poziomie
13 653,7 z+-ha! oraz dochodu rolniczego netto, ktory wynosit $rednio 11 776,75 zt-ha™.

Stowa kluczowe: malina jesienna, warunki meteorologiczne, zabiegi agrotechniczne, plon, koszty

Cytowanie: Baranowska A., Skowera B., Wegrzyn A., 2024. Wplyw warunkow meteorologicznych
i zabiegow agrotechnicznych na wynik produkcyjny i ekonomiczny uprawy maliny jesiennej — studium
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WSTEP

Malina wiasciwa (Rubus idaeus L.) jest jednym z wazniejszych krzewow jagodo-
wych, powszechnie uprawianych w strefie klimatu umiarkowanego. Jednak w wyniku po-
nad stuletniej tradycji prowadzenia prac hodowlanych (selekcja i krzyzowanie odmian)
oraz optymalizacji warunkow produkcji, malina uprawiana jest rowniez w innych strefach
klimatycznych [Yang i in. 2020, Zhang i in. 2022]. Aktualnie $wiatowa produkcja maliny
koncentruje si¢ gtdéwnie w Europie Wschodniej i Rosji [Kim i in. 2016].

W zaleznosci od odmiany, barwa owocow maliny moze by¢ rézna: od jasnoczerwonej
do ciemnoczerwonej, fioletowej, czarnej, zottej, czy biatej [Danek 2014]. Ze wzgledu na
walory sensoryczne i korzys$ci zdrowotne najwickszym uznaniem konsumentow ciesza si¢
owoce maliny czerwonej (Rubus idaeus L. subsp. idaeus) [Baldassi i in. 2024]. Owoce
maliny czerwonej sg bogate w witaminy, kwas foliowy, antocyjany, elagotaniny i pier-
wiastki mineralne. Zawieraja rowniez cukry proste, kwasy organiczne, pektyny oraz
zwigzki $luzowe i inne fitochemikalia. Wyniki badan naukowych potwierdzaja dziatanie
prewencyjne sktadnikow bioaktywnych wystepujacych w owocach maliny w stosunku do
wielu choréb cywilizacyjnych [Krauze-Baranowska i in. 2014, Bobinaité i in. 2016, Kim
iin. 2016]. Maliny dostepne sa w handlu w postaci $wiezej, mrozonej, jak rowniez prze-
tworzonej (np. koncentraty, soki, syropy, dzemy, kompoty, likiery)[ Bulatovi¢, 2020].

Nalezy zaznaczy¢, ze produkcja malin na §wiecie wzrosta z 590,0 tys. ton (w 2012 1.)
do 947.8 tys. ton (w 2022 r.). W ostatnich latach 22,47% $wiatowej produkcji malin po-
chodzito z Rosji, a pozostate kraje: Meksyk, Serbia, Polska i Stany Zjednoczone Ameryki
Potnocnej odpowiadaty za 72,34% produkcji [Zaremba 2014, World Data Atlas Agricul-
ture 2024]. Obserwowany jest rowniez wzrost nasadzen malin na Ukrainie, gdzie domi-
nuja wielkopowierzchniowe plantacje (przekraczajace 10 ha). Natomiast w Polsce i Serbii
obszary upraw sa bardziej rozproszone [Wroblewska in. 2019]. Warto$¢ rynku swiezych
owocow jagodowych, do ktorych zaliczana jest rowniez malina, szacowana jest na 26,56
mld USD w 2024 r. i oczekuje si¢, ze do 2029 r. osiagnie ona warto§¢ 31,86 mld USD
[Industry Reports 2024]. Polska jest jednym z wazniejszych producentéw malin na §wie-
cie. Wedlug danych GUS powierzchnia uprawy malin w Polsce w roku 2023 wynosita:
21,38 tys. ha, a plony ksztaltowaly si¢ $rednio na poziomie 4,5 t-ha™'. Najwigcej malin
uprawiano w wojewodztwie lubelskim. Powierzchnia uprawy malin wynosita tutaj 15,45
tys. ha, a $redni plon 4,7 t-ha™' [GUS 2023].

Optacalnosc¢ i konkurencyjnos¢ produkcji maliny zalezy od szeregu czynnikow eko-
nomicznych i klimatycznych, jak réwniez od indywidualnych decyzji podejmowanych
przez producentéw [Paszko 2008]. Malina jest ro$lina trudna w uprawie. Ze wzgledu na
ptytki system korzeniowy (najwigcej korzeni znajduje si¢ w warstwie gleby od 0 do 25
cm) jest krzewem szczegélnie wrazliwym zaréwno na nadmiar, jak rowniez niedobor
wody w glebie. Nawet krotkotrwata susza wplywa bardzo niekorzystnie na wzrost i owo-
cowanie ro$lin [Danek 2009].

Nalezy podkresli¢, ze w ostatnich dekadach, w dobie ocieplenia klimatu ($rednia tem-
peratura Ziemi w latach 2011-2020 byla wyzsza o 1,09°C w poréwnaniu do lat 1850—
1900) [IPCC 2021], jednym z wazniejszych czynnikow decydujacych o wysokosci i jako-
$ci plonoéw roslin sg warunki pogodowe [Ciebien i Rachon 2021, Baranowska i in. 2023].

Rolnictwo jest sektorem gospodarki, ktory najdotkliwiej odczuwa skutki postepuja-
cego ocieplenia klimatu. W wojewddztwie lubelskim najwyzszym odsetkiem strat w rol-
nictwie charakteryzuje si¢ czgs¢ poéinocno-wschodnia wojewodztwa, szczegdlnie powiat
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bialski. Przyczynami strat w produkcji roslinnej byty tutaj, migdzy innymi: ujemne skutki
przezimowania upraw, przymrozki wiosenne, susza, podtopienia, silny wiatr, grad oraz
deszcz nawalny [Siwiec 2022].

Dlatego tez badania na temat wplywu zabiegéw agrotechnicznych i warunkéw me-
teorologicznych na produkcje ro§linng s wazne i maja duze znaczenie praktyczne. Celem
badan byta ocena wplywu warunkéw meteorologicznych i zabiegéw agrotechnicznych na
wynik produkcyjny i ekonomiczny uprawy maliny jesiennej, w warunkach gospodarstwa
produkcyjnego potozonego w poéinocno-wschodniej czesci wojewodztwa lubelskiego,
w powiecie bialskim.

MATERIAL I METODY

Badania polowe przeprowadzono w latach 20212023 na plantacji produkcyjnej zlo-
kalizowanej w gminie Biata Podlaska (52°02'68'"N, 23°00'52"E), w wojewddztwie lubel-
skim. Gmina Biata Podlaska potozona jest w pdétnocnej cze¢$ci wojewddztwa, na granicy
dwoch makroregionéw: Niziny Poludniowopodlaskiej i Polesia Zachodniego. Pétnocno-
wschodnia cze¢§¢ Lubelszczyzny charakteryzuje si¢ rdwninng rzezba terenu. Znaczna
cze$¢ makroregionu potozona jest nie wyzej, niz 150200 m n.p.m. Dominuja tutaj gliny
i piaski zwatowe [Kondracki 2002]. Na badanym obszarze przewazaja gleby lekkie (po-
datne na suszg) zaliczane do klasy bonitacyjnej [Va i IVb [Witek i Gorski 1977].

Wedtug Kozyry i Gorskiego [2004] wskaznik agroklimatu obszaru gminy Biata Pod-
laska oceniany jest na poziomie 90-92 punktéw (w skali 100-punktowej).

Materiatem badawczym byty dane dotyczace plonowania, kosztow produkcji i cen
maliny jesiennej odmiany Polonez. Hodowca odmiany Polonez jest Sadowniczy Zaktad
Doswiadczalny Instytutu Ogrodnictwa w Brzeznej. Odmiana ta zostala wpisana do reje-
stru odmian w 2015 r. Polonez to odmiana maliny deserowej, owocujacej na pedach jed-
norocznych, powtarzajacych owocowanie na pgdach dwuletnich. Jest to odmiana plenna,
ktérej owoce sg jasnoczerwone, btyszczace, dos¢ duze i smaczne (nadajg si¢ rowniez do
mrozenia). Moze by¢ uprawiana bez podpor. Krzew o $redniej sile wzrostu, o pedach
sztywnych z kolcami. Zbidr owocdw moze rozpoczynac si¢ juz w lipcu, petnia owocowa-
nia przypada na drugg dekadg sierpnia i trwa do pierwszych przymrozkéw [Sadowniczy
Zaktad Doswiadczalny w Brzeznej 2024].

Plantacj¢ malin zalozono na glebie lekkiej, o pHkc = 5,8 o wysokiej zasobnosci
w przyswajalny fosfor, potas i magnez. Nasadzenia krzewow zostaly wykonane w rozstawie
rzedow 4,0 x 0,5 m. Przed zatoZeniem plantacji zastosowano nawdz wapniowo-magnezowy,
pochodzenia naturalnego o sktadzie chemicznym: (CaO 30% + MgO 20%) w dawce 500
kg-ha™!. W kolejnych latach badan, kazdego roku jesienig (po zbiorach owocow) plantacje
nawozono obornikiem w dawce 30 t-ha!. Nawozenie organiczne uzupehiano nawozami
mineralnymi: fosforowo-potasowymi (10% P,0s + 10% K0) w dawce 250 kg-ha™!. Wiosng
wysiewano nawozy azotowe (N 15%, N-NOs; 13,8%, N-NH4 1,2%, CaO 26%, Br 0,3%)
w dawce 300 kg-ha™' oraz naw6z wielosktadnikowy z mikroelementami (N — 12%, P — 11%,
K —18%, Mg — 2,7%, S — 8% + mikroelementy) w dawce 450 kg-ha™'. W trakcie wegetacji
stosowano dwukrotne dokarmianie dolistne ro$lin preparatem Asvit w dawce 50 dm®ha™,
zawierajacym pozyteczne mikroorganizmy oraz makro- i mikroelementy.

Przed chorobami grzybowymi (szarg plesnig i zamieraniem pgdéw maliny) plantacje
chroniono preparatem Switch 62,5 WG w dawce 1 kg-ha™! (oprysk dwukrotny). Nastepnie
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stosowano dwukrotne opryskiwanie fungicydem Zato 50 WG (rdza maliny, zamieranie
pedow maliny) w dawce 200 g-ha™!. Od szarej ple$ni plantacje chroniono preparatem Si-
gnum 33 WG (szara ple$n, przypagkowe zamieranie pedéow malin) w dawce 1,8 kg-ha™!
(oprysk dwukrotny). Przeciw szkodnikom malin stosowano insektycyd Mospilan 20 SP
0,2 kg-ha™! + adiuwant Slippa 0,2 dm*-ha™! (dwa zabiegi). Chwasty zwalczano herbicy-
dem: Select Super 120 EC w dawce 2 dm?*-ha™..

Maliny zbierano recznie w terminie od trzeciej dekady lipca do trzeciej dekady paz-
dziernika w fazie pelnej dojrzalosci zbiorczej owocow. Srednie ceny materiatow i plonu
przyjeto wedhug faktycznych cen zakupu i sprzedazy z lat 2021-2023. Wartos$¢ plonu malin
obliczono na podstawie iloczynu zebranego plonu i cen sprzedazy owocow (hurt, detal).

Oceng efektywnosci ekonomicznej uprawy 1 ha malin przeprowadzono w dwoch ka-
tegoriach. Pierwsza kategoria dochodowa byta nadwyzka bezposrednia (tj. wartos¢ pro-
dukcji uzyskana z 1 ha uprawy pomniejszona o koszty poniesione bezposrednio na wy-
tworzenie tej produkcji). Druga kategoria byt dochdd rolniczy netto, czyli nadwyzka bez-
posrednia pomniejszona o koszty posrednie.

W ocenie ekonomicznej uwzgledniono warto$¢ produkcji z 1 ha owocéw malin (ob-
liczona na podstawie iloczynu zebranego plonu i cen sprzedazy owocow — $rednia dla lat
2021-2023, doliczajac Jednolitg Ptatnos¢ Obszarowa). Do kosztéw bezposrednich zali-
czono naktady wedtug faktycznego stanu zakupu i zuzycia srodkéw produkeji (zakup cer-
tyfikowanych sadzonek malin, nawozy naturalne i mineralne, srodki ochrony roslin, prace
najemng do zbioru malin, zakup opakowan). Nastepnie obliczono warto$¢ nadwyzki bez-
posredniej, ktorg stanowita warto$¢ produkceji uzyskanej z 1 ha uprawy malin pomnie;j-
szona o koszty bezposrednie poniesione na wytworzenie tej produkcji [Abramczuk
iin. 2013, Skarzynska i Jabtonski 2016]. Uwzglednienie kosztéw posrednich pozwolito
wykaza¢ wynik w postaci dochodu rolniczego netto [Kujawsko-Pomorski Osrodek Do-
radztwa Rolniczego 2024]. Dochéd rolniczy netto to warto$¢ nadwyzki bezposredniej po-
mniejszona o koszty posrednie produkcji. Wérdd kosztow posrednich wyodrebniono prace
maszyn wlasnych, podatki, ubezpieczenia [Skarzynska i Jablonski 2016, Kujawsko-Po-
morski Osrodek Doradztwa Rolniczego 2024].

Do oceny przebiegu warunkow meteorologicznych w latach 2021-2023 wykorzystano
wartos$ci dobowe $redniej temperatury powietrza i sumy opaddéw atmosferycznych ze Stacji
meteorologicznej, nalezacej do Centralnego Osrodka Badania Odmian Roslin Uprawnych
w Ciciborze Duzym, w gminie Biata Podlaska. Przebieg warunkow meteorologicznych w
okresie badan (lata 2021-2023) odniesiono do obowiazujacej normy klimatycznej, dla lat
1991-2020. W celu identyfikacji niekorzystnych warunkéw meteorologicznych podczas
wegetacji malin (w latach 2021-2023), obliczono wskaznik termiczno-opadowy A w litera-
turze przedmiotu badan okreslany wskaznikiem suchosci Ped’a. Metodyke obliczen wskaz-
nika A opisano w pracach: Bartoszek i in. [2021] i Skowera i in. [2023].

Wskaznik termiczno-opadowy A przyjmuje wartosci dodatnie dla okresow suchych,
co koresponduje z dodatnig anomalig temperatury powietrza i ujemna anomalig miesigcz-
nych sum opaddéw. Analogicznie wartosci ujemne wskaznika sa konsekwencja ujemnej
anomalii $redniej miesi¢gcznej temperatury powietrza i dodatniej anomalii sum opadow.
Wartosci wskaznika A informuja o wystapieniu anomalnych warunkow termiczno-opa-
dowych: miedzy innymi suszy atmosferycznej o r6znym nasileniu lub tez warunkow nad-
miernie wilgotnych. Wedtug Skowery i in. [2023] przyje¢to, ze wartosci: A <—1 to miesiace
wilgotne; —1 < A <1 — miesigce optymalne; 1 < A <2 —miesigce z oznakami suszy; 2 < A
< 3 — miesigce z umiarkowang susza; A > 3 — miesiace z silng susza. Na podstawie testu
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Kruskalla—Wallisa (K—W) okreslono, czy wystepowaly istotne statystycznie roznice w prze-
biegu temperatury i opadéw atmosferycznych pomiedzy latami badan, tj. 2021-2023.

WYNIKI BADAN I DYSKUSJA

Jednym z najwazniejszych czynnikéw decydujacych o optacalnosci i konkurencyj-
nos$ci produkcji maliny jest przebieg warunkéw pogodowych podczas wegetacji roslin,
zwlaszcza na plantacjach nienawadnianych [Zbanca i in. 2018]. W tabeli 1 przedstawiono
srednie wieloletnie wartosci temperatury powietrza (T) i miesigcznych sum opadéw (P)
dla obszaru badan (1991-2020).

Stwierdzono, ze $rednia roczna temperatura powietrza w wieloleciu (1991-2020)
wynosita 8,3°C, a $rednia roczna suma opadow ok. 570 mm (opracowanie wlasne na pod-
stawie danych IMGW-PIB i COBORU). W najcieplejszych miesiacach roku, tj. w lipcu
1 w sierpniu $rednia temperatura powietrza wynosita odpowiednio: 19,5°C i 18,6°C, na-
tomiast w najchtodniejszych; styczniu i lutym: —2,7°C oraz —1,3°C (tab. 1). Na wykresie
1 przedstawiono dekadowy przebieg $redniej temperatury powietrza i sum opadow at-
mosferycznych w latach prowadzenia badan (2021-2023).

Na podstawie poréwnania wartosci srednich wieloletnich temperatury powietrza i sum
opadéw (tab. 1) z wartosciami miesigcznymi i dekadowymi tych parametréw w latach pro-
wadzenia badan (tj. 2021-2023; rys. 1) stwierdzono, ze lata 2021, 2022 i 2023 byty cieplej-
sze w porownaniu z wieloleciem. Natomiast sumy opadoéw tylko w latach 2021 i 2022
(w miesigcach od VII do IX, tj. w okresie kwitnienia i owocowania maliny jesiennej) byty
wigksze od normy. W 2023 r. w miesigcach tych sumy opadéw byly mniejsze od wielolet-
nich oraz mniejsze od sum opadéw odnotowanych w latach 2021, 2022 (ryc. 1).

Zréznicowanie czasowe przebiegu dobowej temperatury powietrza i sum opadow at-
mosferycznych w okresie badan potwierdzil nieparametryczny test istotnosci Kruskalla—
Wallisa (KW). Na podstawie testu stwierdzono istotne statystycznie zroznicowanie $red-
niej dobowej temperatury powietrza pomiedzy latami (2021-2023) w miesigcu kwietniu
(KW-H = 6,89) i od czerwca do wrzesnia (VI; KW-H = 6,43, VII; KW-H = 17,87; VIII;
KW-H = 24,03; IX; KW-H = 49,54 przy p < 0,05). Natomiast w przypadku dobowych
sum opadow istotne statystycznie réznice stwierdzono tylko w maju KW-H = 6,21
i w pazdzierniku KW-H = 12,29 (p <0,05).

Przebieg warunkow meteorologicznych w latach badan odzwierciedlaja wartosci
wskaznika termiczno-opadowego A (tab. 2). W 2023 r. od lipca do pazdziernika obser-
wowano nasilanie suszy atmosferycznej — wystepowaly warunki z oznakami suszy,
umiarkowang susza i silng susza. Bartoszek i in. [2021] wykazali, ze wystepowanie suszy
w okresie wegetacyjnym na obszarze Lubelszczyzny jest zwigzane z istotnym statystycz-
nie wzrostem temperatury powietrza w kwietniu, czerwcu, lipcu i sierpniu oraz brakiem
tendencji zmian opadow w poétroczu ciepltym. Zagrozenie suszg rolniczg krzewow owo-
cowych dla gminy Biata Podlaska potwierdza System Monitoringu Suszy Rolniczej
IUNG-PIB [Zagrozenie susza na poziomie gminy 2023] — w lipcu 2023 r. az 72% po-
wierzchni upraw krzewoéw owocowych bylo zagrozone susza rolnicza. Okres ten przypa-
dat na czas kwitnienia i zawiazywania owocow malin jesiennych. W 2022 r. susza rolni-
cza wystapila wczesniej (tj. w maju i czerwcu) na 82% powierzchni upraw krzewow owo-
cowych, natomiast w 2021 susza praktycznie nie wystgpowata (zaledwie ok. 3% po-
wierzchni plantacji krzewdéw owocowych bylo zagrozonych suszg rolnicza).



Tabela 1. Srednia temperatura powietrza (T) i sumy opaddéw atmosferycznych (P) w Ciciborze Duzym w wieloleciu 1991-2020 i w okresie badan (2021-2023)
Table 1. Average air temperature (T) and total precipitation (P) in Cicibér Duzy over the multiannual period (1991-2020) and the research period (2021-2023)

Okres | Wskaznik | | nlm v | v v v lvin] x| x | xi| xn IV-X I-XI1
Period Index

TeC) | =27|-13| 23 | 86 | 140|175 | 195 | 186 | 133 | 81 | 34 | -1,0 14,2 8,3
1991
2020

Pmm) | 32 | 29 | 30 | 37 | 64 | 71 | 81 | 62 | 52 | 42 | 35 | 35 408 570

TeC) | 20| 33| 26 | 69 | 128|193 |2261| 173 | 128 | 94 | 46 | 2,1 14,4 8.4
2021

Pmm) | 63 | 23 | 12 | 35 | 55 | 59, | 94 | 1450 | 60 | 10, | 28 | 26 4491 6011

TeC) | -01| 26 | 25 | 62 | 131 | 1921 195 | 20,61 | 11,6 | 1091 | 33 | 0,7 14,4 9,01
2022

Pmm) | 36 | 26 | 13 | 73 | 31y | 30y | 1641 | 42y | 1121 ] 22, | 28 | 62 4741 6391

Tec) | 26 | 08 | 42 | 84 |1241| 170 | 197 | 2131 1801|1031 ] 32 | 1,1 15,31 9,91
2023

Pmm) | 80 | 34 | 37 | 35 | 61 | 89 | 38 | 52y | 28, | 44 | 40 | 59 345] 5951

Strzatki przy wartosciach liczbowych w tabeli oznaczaja anomali¢ temperatury i opadow w odniesieniu do wartoéci normalnej 1991-2020; 1 dodatnia anomalia,

|- ujemna anomalia

The arrows next to the numerical values in the table indicate the anomaly of temperature and precipitation in relation to the normal value 1991-2020; 71— positive anomaly,
|- negative anomaly
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Ryc. 1. Dekadowy przebieg sredniej temperatury powietrza i sum opadow atmosferycznych —
stacja meteorologiczna Cicibor Duzy, gmina Biala Podlaska
Fig. 1. Decadal course of average air temperature and precipitation totals at the Cicibor Duzy
meteorological station, Biala Podlaska commune
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Tabela 2. Warto$ci wskaznika termiczno-opadowego A w okresie badan (2021-2023)
Table 2. Values of the thermal and precipitation index A during the research period (2021-2023)

Okres

. | 1 1] \Y Vv VI | VII VT IX X Xl | X | IV=X | I=XII
Period

2021 |-15|-01|(13|-09(04|17|19|-31|-06|24|11|01| 01 0,1

2022 |06 |15|12|-34(07|23|-18|21|-30|25]|06|-12| 0,1 0,2

2023 |-09|03|04|01|-09|-06|12|24|40|14|-03|-05| 11 0,5

A <-1 - miesigce wilgotne; —1 <A <1 — miesigce optymalne; 1 <A <2 — miesigce z oznakami suszy; 2 < A <3 —
miesigce z umiarkowang susza; A > 3 — miesiace z silng susza [Skowera i in. 2023]

A <-1—humid months; —1 < A < 1 — optimal months; 1 <A <2 — months with signs of drought; 2 <A <3 —
months with moderate drought; A >3 — months with severe drought [Skowera et al. 2023]

Przebieg warunkow meteorologicznych w latach 2021-2023 (zwtaszcza dlugotrwata
susza w 2023 r.), wplywal na wielkos$¢ i jakos$¢ plonow owocow maliny deserowej od-
miany Polonez, uprawianej na glebie lekkiej (podatnej na susze). Nedeljkovié i in. [2024]
wskazuja na tendencj¢ spadkowa plonéw maliny w nastgpstwie niekorzystnego przebiegu
pogody podczas wegetacji roslin. W warunkach postepujacego ocieplenia klimatu ryzy-
kiem uprawy krzewoéw owocowych, zwlaszcza na glebach lekkich jest susza atmosfe-
ryczna, ktérej nastepstwem moze by¢ susza rolnicza [System Monitoringu Suszy... 2023].
Konieczno$cig zatem staje si¢ interwencyjne nawadnianie plantacji malin.

W analizowanym gospodarstwie w latach 2021-2023 $redni plon owocow maliny
z 1 ha wynosit 5010 kg-ha™', natomiast $rednia cena sprzedazy 1 kilograma owocOw —
11,48 zt (sprzedaz owocow detaliczna i hurtowa). Najmniejszy plon owocodw, wynoszacy
$rednio 4400 kg-ha™! zebrano w 2023 r. Natomiast w 2021 1 2022 r. $rednie plony owocow
byly wyzsze w poréwnaniu z 2023 r. i wynosity odpowiednio: 5180 kg-ha™'i 5450 kg-ha™'.
Srednia cena sprzedazy 1 kg owocow maliny byta najwyzsza w 2021 roku w poréwnaniu
do pozostatych lat badan i wynosita 13,95 zt , a najnizsza w 2023 r. i wynosita $rednio
8,00 zt. Tak niska cena owocow maliny jesiennej w 2023 r. wynikata migdzy innymi
z obnizenia cen malin w Serbii (glownego importera owocéw maliny na rynek Polski),
wzrostu importu tanich owocow maliny z Ukrainy oraz niskich cen oferowanych w punk-
tach skupu tych owocow [Nosecka 2023]. Wedtug Hamulczuk i Stanko [2011] ksztalto-
wanie si¢ cen w rolnictwie jest wypadkowa nie tylko relacji popytowo-podazowych
w danym kraju, ale takze wptywu sytuacji na kluczowych rynkach §wiatowych. Zdaniem
Paszko i in. [2016] na rynku maliny wystepuja wahania koniunktury z dtuzszymi okre-
sami wysokich cen (4-5 letnie) i krotszymi niskich (2-3 letnie). W krajach, ktore produ-
kuja gtownie owoce maliny na potrzeby przemystu przetwérczego, np. Ukraina, Serbia,
Polska wystepuja duze wahania cen skupu. Natomiast w krajach, w ktorych produkuje
si¢ owoce przede wszystkim na rynek owocéw $wiezych (Hiszpania, Niemcy, Austria,
Chile), wahania te sg duzo mniejsze [Beba i Poczta 2014, Paszko i in. 2016].

W tabeli 3 przedstawiono dane dotyczace wybranych elementow oceny efektywnosci
ekonomicznej uprawy maliny jesiennej odmiany Polonez.




Tabela 3. Wybrane elementy oceny efektywnosci ekonomicznej uprawy 1 ha maliny jesiennej odmiany Polonez ($rednia z lat 2021-2023)
Table 3. Selected elements of the assessment of the economic efficiency of growing 1 ha of raspberry cv. Polonez (average from 2021-2023)

Wyszczegolnienie Tlosé Warto$¢ (zt) Struktura kosztow (%)

Specification Quantity Value (PLN) Costs structure

Warto$¢ produkeji/ Production value - 58 429,6 -

Warto$¢ plonu malin/ Value of raspberry yield - 57514,8 -

JPO* - 914,8 -

koszty bezposrednie/ direct costs

Sadzonki/Seedlings 4 000 szt. 10 000,0 214
razem/total — 6 735,0 14,4
wapniowo-magnezowe/ calcium and magnesium 500 kg-ha™! 280,0 0,6
obornik/manure 30 t-ha™! 2400,0 51

E:r\i\;:)izrs fosforowo-potasowe/ phosphorus and potassium 250 kg-ha™! 330,0 0,7
azotowe/nitrogen 300 kg-ha™! 670,0 14
wielosktadnikowe/multi-component 450 kg-ha™! 2430,0 5,2
dolistne/foliar 100 dm?3-ha! 625,0 1,4
razem/total - 21164 4,6

’ herbicydy/herbicides 2 dm3-ha’! 196,0 0,4

Srodki ochrony . .

rodlin fungicydy/fungicides 6 kg-ha™ 1660,0 3,6

Plant protection insektycydy/insecticides 0,4 kg-ha™! 171,8 0,4
adiuwant/adjuvant 0,4 dm3-ha! 88,6 0,2




Wyszczegolnienie Ilos¢ Warto$¢ (zt) Struktura kosztow (%)
Specification Quantity Value (PLN) Costs structure
razem/total - 259245 55,6
Koszty ., . ; .
. zbidr reczny malin/ manual harvesting of raspberries - 24 984,5 53,6
specjalistyczne
Specific costs i jemniki
p opakovyanla (pojemniki _0,5 kg) 2350 st. 940,0 20
packaging (0.5 kg containers)
Razem koszty bezposrednie/ Direct costs total — 44 775,9 96,0
Nadwyzka bezposrednia/ Gross margin - 13 653,7 -
razem/total — 1877,0 40
Koszty posrednie | Praca maszyn wilasnych/ work of own machines - 1270,0 2,7
Indirect costs podatki i ubezpieczenia/ taxes and insurance - 157,0 0,3
pozostate koszty/ other costs — 450,0 1,0
Razem koszty catkowite/ Total costs in total — 46 652,9 100
Koszt jednostkowy/ Unit cost zhkg - - -
Dochéd rolniczy netto/ Net agricultural income - 11 776,75 -

JPO* — jednolita ptatnos¢ obszarowa, ptatnos¢ za zazielenienie, ptatnosé¢ dodatkowa/ single area payment, greening payment, additional payment
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Analizujac koszty bezposrednie (tab. 3), stwierdzono, ze relatywnie najwigksza po-
zycje w uktadzie tacznym kosztéw stanowit najem sity roboczej do recznego zbioru malin
— wynosil on $rednio 24 984,5 zt-ha™!, co stanowilo 53,6% kosztow uprawy (tab. 3).
W strukturze kosztow uprawy znaczacy udziat mial rowniez zakup certyfikowanych sa-
dzonek malin, stanowit on 21,4% kosztow uprawy (tab. 3). Zdaniem Wroblewskiej i in.
[2019] produkcja ogrodnicza wymaga znacznego kapitalu i jest czaso- i kosztochtonna,
a koszty produkcji i najemnej pracy ludzkiej majg tendencje wzrostowa. W badaniach
UroSevic¢ i in. [2011] koszt zbioru r¢cznego owocdw stanowil nawet 70% catkowitych
kosztow produkcji malin. Zdaniem Kowalczyka [2006] w uprawach sadowniczych na-
ktady robocizny sa nawet trzykrotnie wigksze niz w gospodarstwach prowadzacych ty-
powa produkcje rolnicza. Wedlug Babovi¢ i in. [2005] sadownictwo jest jedng z najbar-
dziej produktywnych galezi rolnictwa, w ktorej na jednostke powierzchni zatrudnionych
jest 20 razy wiecej pracownikow, niz w przypadku produkcji zb6z. Na Wegrzech brak
sity roboczej do recznego zbioru malin byt m.in. powodem spadku produkcji, niezaleznie
od warunkow kosztowych [Apati 2014]. Wobec problemu niedoboru sity roboczej, z kto-
rymi borykaja si¢ plantatorzy owocow jagodowych, koniecznoscig staje si¢ zmechanizo-
wanie zbioréw, zwlaszcza na duzych plantacjach. Pozwoli to na skrdcenie czasu pracy,
zmniejszenie liczby zatrudnianych pracownikow, zwickszenie produktywnosci i obnize-
nie kosztow produkcji. Zdaniem Markovi€ i in. [2017] zbiér mechaniczny owocéw kom-
bajnem do malin jest 3-4 razy tanszy niz zbior reczny. Z drugiej strony jako$¢ owocow
zbieranych mechanicznie jest nieco gorsza w poréwnaniu z owocami zbieranymi recznie,
ale owoce nadal nadaja si¢ do przetworstwa [Mika i in. 2016].

W strukturze kosztow uprawy maliny nawozy mineralne i organiczne stanowity srednio
14,4% kosztow (tab. 3). Wsrod nich najdrozsze byto stosowanie nawozu mineralnego wie-
losktadnikowego z mikroelementami, co stanowito $rednio 5,2% kosztow uprawy malin.
Koszt zakupu $rodkéw ochrony roélin wraz z adiuwantem wynosit §rednio 2116,4 zi-ha™
i stanowit 4,6% kosztow uprawy (tab. 3). Najdrozsze byto dwukrotne stosowanie fungi-
cydow (Switch 62,5 WG w dawce 1 kg-ha™!, Zato 50 WG w dawce 200 g-ha™!,
Signum 33 WG w dawce 1,8 kg-ha™!), co stanowilo $rednio 3,6% kosztow uprawy malin.
Zdaniem Krawca [2020] na plantacjach malin alternatywa dla standardowych zabiegow
srodkami ochrony roslin staja si¢ srodki biologiczne, ktore wykazuja wysoka skutecznosé
przeciw chorobom grzybowym i przechowalniczym.

Koszty posrednie uprawy maliny odmiany Polonez byty niewielkie w odniesieniu do
kosztow bezposrednich i wynosity srednio 4% w tacznym uktadzie kosztow (tab. 3).

W analizowanym gospodarstwie, pomimo wysokich kosztow produkcji i trudnych
warunkow pogodowych w sezonie wegetacyjnym 2023 r., $rednia warto$¢ produkcji ma-
liny jesiennej odmiany Polonez w latach 2021-2023 byta wyzsza od poniesionych kosz-
tow, o czym $wiadczy warto$¢ nadwyzki bezposredniej — $rednio 13 653,7 zt-ha™' — oraz
dochodu rolniczego netto, ktory wynosit $rednio 11 776,75 zt-ha™!.

WNIOSKI
1. Zréznicowany przebieg warunkow meteorologicznych w latach badan determinowat

wielko$§¢ zebranych plonow maliny jesiennej. Najmniejszy plon owocow zebrano
w 2023 r., tj. w najbardziej suchym roku badanego okresu. Rowniez cena sprzedazy
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owocodw w 2023 r. byta najnizsza w poréwnaniu z pozostatymi latami badan i wynosita
$rednio 8,00 zt-kg™.

2. W strukturze kosztéw bezposrednich uprawy maliny odmiany Polonez dominowat
koszt rgcznego zbioru owocow, ktdry stanowit 53,6% kosztow uprawy. Znaczny udziat
mial réwniez koszt zakupu sadzonek malin (21,4%) oraz nawozoéw mineralnych i or-
ganicznych, ktore stanowily 14,4% kosztow uprawy.

3. Srednia warto$¢ produkcji maliny odmiany Polonez w latach 2021-2023 byta wyzsza
od poniesionych kosztow, o czym $§wiadczy wartos¢ nadwyzki bezposredniej — srednio
13 653,7 zt-ha™™.
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Abstract. The field research was conducted in the years 2021-2023 on the production plantation set
up on light soil. The research material comprised data on the cultivation of autumn raspberry variety
Polonez. The objective of the study was to assess the impact of meteorological conditions and the
performed agrotechnical treatments on the production and economic result of autumn raspberry cul-
tivation in the conditions of a production farm situated in the north-eastern part of the Lublin Prov-
ince. It was noted that the diverse course of meteorological conditions in the years 2021-2023 (in
particular, the long-term drought in 2023) affected the quantity and quality of raspberry fruit yields.
In 2023, the fruit yield was the lowest, similar to the average selling price of fruits compared to the
other analysed years, which significantly impacted the economic result of autumn raspberry culti-
vation. In the cost structure of raspberry cultivation, manual fruit picking constituted the largest
share (53.6%). However, the average value of raspberry production in the years 2021-2023 was
higher than the costs incurred, as evidenced by the value of the direct surplus — on average at the
level of 13 653,7 PLN-ha™! and net agricultural income, which on average amounted to 11 776,75
PLN-ha™".
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