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The introduction of integrated crop production and the withdrawal of many synthetic pesticides from
the market make biological methods of pest, disease and weed control particularly important. Moreover,
consumers are now increasingly interested in the appearance, taste and health-promoting properties of the
products they consume. The intensive use of synthetic herbicides in agriculture has increased the incidence of
plants exhibiting resistance to the protective agents used, as well as environmental hazards resulting from the
accumulation of chemicals in soil and water. According to 2024 data published by Heap, 272 weed species
have evolved resistance to one or more herbicides. The rate of discovery of new types of herbicide-resistant
weeds is remarkably consistent at about 11 new cases per year. Moreover, since 1971, synthetic herbicides
based on glyphosate began to be intensively used. The latest reports show that exposure to glyphosate,
especially its ammonium salts, increases the risk of cancer, including breast cancer and non-Hodgkin's
lymphoma. Additionally, this substance causes a decrease in the activity of the immune system and
disturbances in the functioning of the liver, kidneys, and nervous system. Mixtures with
dichlorodiphenyltrichloroethane (DDT) and so-called “Agent Orange” seemed to be the ideal crop protection
products, used worldwide in huge quantities in the 1960s. Unfortunately, it soon became apparent that their
decomposition released dioxins - highly mutagenic and teratogenic compounds - into the environment. The
European Union has implemented restrictions on the use of synthetic substances commonly used as pesticides,
resulting in a 60% reduction in the number of available substances for European farmers (Directive
91/414/EEC), without the availability of adequate replacements. While chemical herbicides are not entirely
prohibited, their rational use and the incorporation of environmentally friendly products such as natural
bioherbicides based on specialized metabolites, are encouraged (Directive 91/414/EEC). The data presented
above demonstrate the need to develop new, alternative, and environmentally safe herbicides, which may be
natural biocidal substances found in plants. Common knowledge that phytoherbicides are more
environmentally friendly compounds than synthetic preparations. Moreover, they have been present in the
natural environment for centuries, they act selectively and have a shorter half-life, which seems extremely
important from an ecological point of view. Therefore, in the era of rapidly developing agriculture, there will
be an increase in demand for activities that, despite high effectiveness, will not adversely affect the
environment and health of animals and humans.

The results obtained from the planned project will enrich the pool of alleloherbicides with natural
metabolites from plants of the Carlina genus or their organs as donors of potential bioherbicides. The careful
analysis of available literature proves, that previous phytochemical studies concerned mainly the aboveground
parts (analyzed as a whole, without division into flowers, leaves, fruit, and stems) and essential oils contained
in the roots of Carlina acaulis L. (CA), Carlina vulgaris L. (CV) and Carlina acanthifolia subsp. utzka L.
(CAA). Detailed phytochemical data on the qualitative and quantitative analyses of metabolites in different
vegetal parts of Carlina material, including flavonoid compounds (mainly C-glycosyl flavones) and essential
oils (mainly carlina oxide), is very limited and not systematized.

The accumulated knowledge indicates that it is worth continuing research on these plants. In particular,
for CV and CAA there is little information on their phytochemical profile. Regarding the study of the herbicidal
properties of plants of the Carlina genus, apart from one publication (Alvarez-Rodriguez et al. 2023), no other
reports were found. Therefore, the scope of work of the proposed project aims to complement phytochemical
knowledge with accurate identification of active metabolites present in flowers, leaves and roots of CV and
CAA. Moreover, one of the main goals of our work will be to study extracts and fractions obtained from the
aforementioned organs of CV and CAA as potential candidates for new, ecological bioherbicides for weed
control due to confirmed phytotoxicity activities of metabolites present in other Carlina species (CA). We
assume that the matrix of various compounds (not only polyacetylenes - the compounds examined in the article
cited above) presented in the obtained extracts and fractions may potentially exhibit stronger phytotoxic
activity.

The annual economic impact associated with management costs and production losses in the
agricultural industry caused by weeds is estimated to be more than AUD 3.3 billion in Australia, USD 11
billion in India, and USD 26 billion in the United States of America. The problem is exacerbated by the fact,
that for several decades, the primary method of controlling these weeds was synthetic herbicides, which
accounted for more than 44% of all pesticides sold worldwide. Therefore, despite promising signs of an
emerging technique for natural weed control, there is still a need for continuous research to focus on very
complex processes in a coordinated, manner by finding suitable sources in the form of plant extracts to develop
new preparations, understanding the different mechanisms of action of each class of bioherbicides and
determining how environmental conditions will affect their success. In summary, in light of the arguments
presented, it is difficult to criticize the lack of purposefulness of the planned research, especially those
conducted by specialized research institutions.



