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Abstract

Romania faces a number of challenges related to food crises and food security, accentuated by
the Covid-19 pandemic and the ongoing conflict in Ukraine. These challenges are particularly acute in
mountain areas, which are also affected by environmental, economic and social problems. In this
context, the promotion and use of local traditional plant varieties/crop landraces can help address
some of these challenges by improving the productivity and resilience of farming systems, enhancing
food security, promoting economic development and supporting sustainable and resilient development
in mountain areas. This is in line with the Sustainable Development Goals (SDGs) and the European
Parliament's motion for a resolution on addressing food security in developing countries. Preserving
and promoting local populations is important for maintaining biodiversity, supporting local food
systems and promoting sustainable agricultural practices. The potential benefits of using local
populations in mountain areas in Romania include adaptability to local conditions, resistance to
environmental changes, diseases and pests (bioaggressors), biodiversity conservation and nutritional,
economic and cultural values of agro-food products. Given Romania's rich agricultural tradition and
numerous local plant and food crop populations, this paper discusses how their conservation,
promotion and use can contribute to supporting sustainable and resilient development in mountain
areas, with specific examples of local populations in Romania.

Keywords: crop landraces; food plants; sustainable development; food security; biodiversity
conservation; mountain area.

INTRODUCTION

The period of the COVID-19 pandemic and related restrictions, as well as the conflict
in Ukraine, have highlighted the fragility of food chains and international markets (UN,
2022;FAO etal, 2022). They were already affected by conflict, climate change and large price
fluctuations, and now the war in Ukraine is intensifying the threat to food security. The
worst affected areas are those already facing high levels of poverty and vulnerability (UN,
2022). Smallholder farmers, who are the backbone of agriculture, are often also the most
vulnerable group in the rural area and food system (UN, 2022).
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FAO (Food and Agriculture Organization) statistics present the state of food security
and nutrition by 2021. However, the conflict in Ukraine has multiple implications for trade,
production channels and price dynamics, and the effects are not quantified. What is certain
is that the implications of this conflict represents an additional challenge to achieving
Sustainable Development Goal 2 (SDG 2.1 - Eradicate hunger and ensure access to adequate
food for all; SDG 2.2 - Eradicate all forms of malnutrition) (FAO et al, 2022).

Romania, like many other countries, faces a number of food-related challenges, including
rising food prices, food insecurity, accentuated by the COVID-19 pandemic and the ongoing
conflict in Ukraine. According to the 2022 SDG (Sustainable Development Goals) Report, 1.7
million people in Romania could not afford a healthy dietin 2020, a number that is still rising
compared to 2019 and 2018, and 2.3 million in 2017. The prevalence of food insecurity in
Romania averaging around 15% in 2019-2021 (FAO, 2022, FAOSTAT).

Furthermore, we take into account the European Parliament's motion for a resolution
on addressing food security in developing countries (2021/2208(INI)) which motivates,
among others, the Emergency Action Plan for Food Security; the Sustainable Development
Goals; the 2030 Agenda Goals; the European Green Pact and the Farm to Food Strategy; and
the FAO International Treaty on Plant Genetic Resources for Food and Agriculture (Kempa,
2022). More specifically, it takes into account the severity and scale of food crises aggravated
after 2020 by conflicts, economic shocks and extreme weather events; the destabilisation of
already fragile agricultural markets as a result of the pandemic and conflict in Ukraine; the
loss of about 75% of plant genetic diversity and large-scale genetic erosion; the need to
strengthen biodiversity resilience and support ecosystem integrity, with benefits for livelihoods,
human health and well-being, and food supply; along with the importance of local agricultural
traditions, prioritising local food production, strengthening family farming systems, and
increasing local food consumption (Kempa, 2022).

In this context, the promotion and use of landraces responds to the Sustainable
Development Goals, in particular Goal 2, sub-points: 2.4 - Ensuring sustainable food
production systems and sustainable agricultural practices by 2030; 2.5 Maintain the genetic
diversity of seeds, cultivated plants, livestock, domesticated animals and wild relatives
through conservation methods; and promote access the benefits arising from the use of
genetic resources, associated traditional knowledge, and their fair and equitable sharing, as
internationally agreed; 2.A Increase investment, including through enhanced international
cooperation, in rural infrastructure, agricultural research and extension services, technology
development and plant and animal gene banks to increase agricultural productive capacity
in developing countries (FAO et al.,, 2022).

Providing food for today's population of more than 8,1 billion, and the more than 8,5
billion projected for 2030, requires a 70% increase in food production in developing countries
(compared to 1995-1997), of which 80% should be plant-based. Plant breeding has an
important contribution to make in this respect, by creating new varieties and high-performance
hybrids. In the context of climate change, they must also be resistant to environmental stress
and disease and pest attack (Cristea, 2020). Landraces and wild varieties are an essential
genetic source in the creation of these new varieties and hybrids. The sustainable use of genetic
resources is now recognised as the most effective way to ensure food security (Cristea, 2020).

With this paper we want to highlight the need for conservation and use of local
landraces as plant genetic resources, part of the national and international heritage,
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important for the development of new varieties and hybrids, for the sustainable development
of the mountain area and in response to various Strategic Development Goals, especially
those related to climate change, food security and biodiversity conservation. Also, in the last
part, we present a case study with positive results in terms of increasing the subculture
interval of in vitro plantlets, as part of the efforts in improving in vitro conservation methods.
Although some aspects have been treated separately in the literature, to the best of our
knowledge, the results presented below have not been the subject of a scientific article.

MATERIALS AND RESEARCH METHOD
a. Bibliographic study

A part of our work is represented by the bibliographical study, where we processed
data from various national and international databases on: crop landraces cultivated in the
mountain area of Romania, the difficulties faced by mountain communities in Romania, the
advantages and disadvantages of cultivating crop landraces, current ways of promoting crop
landraces, respectively methods of their conservation.

b. In vitro cultivation

For the preservation of different types of phytoinocultures belonging to the species
Solanum tuberosum and Beta vulgaris, respectively, the efficiency of various culture media
(Table 1) of complex compositions was tested, in order to determine their effectiveness in
supporting slow growth of these and vitroplants. The measure was combined with a decrease in
temperature in the preservation chamber (Gopal and Chauhan, 2010; Koc et al., 2014). The
vitroecological regime should be below the optimal values for in vitro culture of the species
under study, but ensure that their regenerative capacity is maintained. For this purpose,
specific in vitro culture methods and techniques were used. To the basic medium used in the
culture of phytoinocultures, Murashige-Skoog (Murashige and Skoog, 1962), different growth
agents were added according to Table 1.

Furthermore, research trips were carried out in the mountainous area of Romania to
identify and collect plant genetic resources, represented by crop landraces cultivated in situ
in traditional households.

Table 1. Culture media used at the Suceava Gene Bank for the preservation of phytoinocula.
Murashige-Skoog recipe for phytoinoculum culture media with different growth agents

Mineral components | Quantity (mg/1) Organic components Quantity (mg/1)
Medium LILIL IV Medium I ’ 11 | III | IV

NH4NO3 825 m-Inositol 100,00

K NO3 950 Thiamine HCI 0,20

CaClz 6H20 330 Pyridoxine HCI 0,20

MgS04 7 H20 185 Nicotinic acid 0,20

K H2PO4 85 Glycine 0,20

KI 0,42 ANA 0,01
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Mineral components | Quantity (mg/1) Organic components Quantity (mg/1)
Medium LILIL IV Medium I ’ II | 111 | v

H3BOs 31 Kinetin 0,01

MnSO04 H20 11,1 Benziladenine 0,01

ZnS04 7 H20 4,3

NazMO 04 2H20 0,13 Daminozide (B 9) - 30 - -

CuS04 5 H20 0,013 Manitol  (g/1) 30 - 40 -

CoCl2 6H20 0,013 Sorbitol  (g/1) - - 40

FeSO4 7 H20 27,80 Saccharose (g/1) 20

NazEDTA 2H:0 37,30 Agar-agar (g/1) 7,2

RESULTS AND DISCUSSION

a. Crop landraces - a component of promoting sustainable and resilient
development in mountain areas

Landraces refer to varieties of food plants and crops that have been cultivated in a
particular region or area over many generations so that they have evolved and adapted to
local environmental, climate and soil conditions and are often better adapted to local growing
conditions than non-local varieties (Murariu and Murariu, 2008; Cristea, 2020).

They often have unique flavours, textures and nutritional profiles specific to the region.
They are more resistant to pests and diseases prevalent in the area, which can reduce the
need for pesticides and other chemicals (Murariu and Murariu, 2008; Rotar et al., 2014).
They can help support local food systems and economies. Farmers who grow these crops
can sell them in local markets, towards restaurants and in other forms of marketing (local
products and dishes), which can help boost the local economy and promote sustainable
farming practices. Their conservation and promotion is important for maintaining biodiversity,
supporting local food systems and promoting sustainable agricultural practices (Cachita and
Sand, 2011). The use of landraces in mountain areas can be an important part of promoting
sustainable and resilient development in these regions.

Crop landraces have multiple uses. They serve as sources of individual characters for
certain breeding programmes, as polygenic sources in pre-breeding activities, as local
germplasm underlying the development of local varieties, or directly through multiplication
and seed distribution at farm level. Among the reasons for the low use of plant genetic
resources are a lack of characterisation and evaluation data, of documentation and circulation
of information, of appropriate legislation, and poor collaboration between gene banks and
germplasm users. The high use of plant genetic resources is constrained by the genetic non-
uniformity of landraces, which hampers pre-breeding work in the breeding field. There are
also constraints from the flawed bureaucratic regime in the distribution of seeds nationally
and internationally, and the insufficient allocation of funds for basic and applied agricultural
research (Strdjeru etal,, 2001).

10
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b. Main challenges facing mountain communities in Romania

Among the main challenges facing mountain communities in Romania are:

1. Climate change: Mountain areas are particularly vulnerable to the impacts of climate
change, including changes in temperature, precipitation and extreme weather events.
These changes can have a significant impact on agricultural production and food security.

2. Soil degradation: Many mountain soils are thin and fragile, making them vulnerable to
erosion, nutrient depletion and other forms of degradation. This can make it difficult
to grow crops and limit the productivity of farming systems.

3. Limited access to markets: Mountain communities often face limited access to markets,
which can make it difficult to sell their products and generate income. This can make
it difficult for farmers to invest in their farms and improve their productivity.

4. Migration and population decline: Many mountain communities are facing population
decline as young people migrate to towns in search of jobs and opportunities. This
leads to a loss of traditional knowledge and skills, as well as a decrease in the number
of people available to work on farms.

In this context, the promotion and use of landraces can be a response to some of these
challenges by improving the productivity and resilience of farming systems, enhancing food
security, promoting economic development and supporting sustainability in mountain areas.
This is in line with the Sustainable Development Goals (SDGs) and the European Parliament's
motion for a resolution on addressing food security in developing countries.

c. Promoting the use of landraces

Promoting the use of landraces in mountain areas can present both challenges and
opportunities. Challenges include:

1. Limited availability: Many landraces have disappeared or are threatened due to changes
in agricultural practices and the influence of global markets. This can make access to
landraces difficult.

2. Lack of knowledge: Many farmers may not be aware of the benefits of landraces or
how to grow them effectively.

3. Low yields: Some landraces may have lower yields or be less productive than non-local
varieties, making them less attractive to farmers.

4. Market access: Market opportunities are often limited for products grown from
landraces, making it difficult for farmers to make a living from these crops.

There are, however, institutions that promote and support the use of local populations
by providing access to seeds, cultivation guides and other resources:

o European project INCREASE - https://www.pulsesincrease.eu/ A project for the
conservation, management and research of genetic resources (partners - Suceava
Gene Bank, Bacau legume research station, FAO, etc.);

o Suceava Gene Bank - https://svgenebank.ro/projects_ro.asp;

¢ SAVE Foundation - https://save-foundation.net/home-en/ Pan-European organisation
for the protection and assurance of local landraces and animal breeds; network of
organisations;

o Carpathian Network for Agrobiodiversity http://agrobiodiversity.net/carpathiannet/
(part of the SAVE network);

11
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e Farmer's Pride Project http://www.farmerspride.eu/ A tool for those who maintain
local varieties or those who are considering growing local varieties to diversify their
farming system. Includes examples of in situ management practices and local variety
value addition, e.g. marketing options, for different crops and socio-cultural, environmental
and economic contexts. Under this project, actions have also been undertaken in Romania
to conserve local populations of spruce and garlic;

o ECP/GR https://www.ecpgr.cgiar.org/ - European cooperation programme for plant
genetic resources.

Opportunities and benefits associated with landraces include:

o Adaptability: they are more resistant to climate change, diseases and pests, and are
less likely to fail in times of drought or other stressors compared to non-local varieties.

o Genetic diversity: they often have a high level of genetic diversity, which is a valuable
source of genetic material for crop improvement and breeding programmes.

o Biodiversity conservation: they are unique to mountain areas and may be at risk of
extinction due to factors such as habitat loss and climate change.

o Environmental sustainability: by promoting the use of landraces, farmers can help
maintain the diversity of local ecosystems, conserve genetic resources and reduce the
use of synthetic inputs such as pesticides and fertilisers.

o Nutritional value: can provide nutritional benefits not available in modern crops, some
plants are rich in certain vitamins or minerals, or have unique flavours that can be
showcased in local products and dishes.

o Cultural heritage: local populations have been cultivated for generations and are an
important part of the cultural heritage of mountain communities. By promoting the
use of these plants, farmers can help preserve traditional knowledge and practices and
strengthen local identities.

e Economic benefits: can provide economic benefits to farmers by reducing their
dependence on costly inputs and improving the marketing of their products.

Producing new cultivars means making better use of genetic diversity. As pressure on
the mountain increases, there is a need to achieve stable yields with decreasing use of
chemicals and irrigation (Strajeru et al.,, 2001).

Along-term strategy should include the use of underused and hitherto unused species;
supporting farmers in the use of landraces and other conserved PGR (plant genetic resources)
in gene banks; promoting the use of local populations in breeding programmes; increasing
the training capacity of staff working in breeding; increasing collaboration between breeders
and gene banks; evaluating all conserved germplasm; and developing pre-breeding activities
through comprehensive long-term programmes (Strajeru et al., 2001).

d. Approaches to conserving landraces

There are three main ways to conserve landraces. The first is in situ, at the level of
farms and households in the mountain area; the second is ex situ, in gene banks and other
institutions and collections; and the third is in the form of in vitro cultures (Cachita and Sand,
2011; Cristea, 2020). Each of these is discussed below, in the context of the conservation of
landraces in the Romanian mountain area, and our personal contribution to their conservation.

12
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e. In situ conservation of landraces on farms and households in mountain
areas of Romania

A large number of landraces are still preserved in Bucovina, Maramures and the
Apuseni Mountains (Simeonovska et al, 2013) and are an essential part of peasant
households, where traditional agriculture has been preserved and is part of the local identity
(Figure 1). The way local landraces and animal breeds are processed and used often involves
traditional methods and practices that have been preserved over time as a way of life for
mountain people. Today, these are an attractive aspect of agro-tourism, which, together with
traditional products, from food to fabrics and other handicrafts, contribute to their
preservation, local identity, and bring economic benefits through marketing (Figure 2).

Fig. 1. Peasant households in the harvesting area
of local populations. Aspects regarding cultivation conditions
for crop landraces conditions in mountain area.

Source: original photo

Fig. 2. Marketing of traditional products obtained in peasant households.
Products made with plant resources obtained from crop landraces of Triticum sp.
as well as other vegetable and fruit species.

Source: original photo

13
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Romania has a rich agricultural tradition and numerous crop landraces, such as:

o Potatoes: There are many local varieties that are well adapted to growing conditions
in mountainous areas. Potato, is considered among the top 4 crops, after wheat, rice
and maize, whose genetic production potential can be decisive for ensuring human
existence (Cristea, 2020).

o Beans: Beans are another important crop in Romania and there are many local varieties
that are appreciated for their taste and nutritional value. Phaseolus coccineus, almost
entirely extinct, is resistant to low temperatures. More than 300 local populations of
Phaseolus vulgaris are still preserved in the north of the country, especially in Bucovina
(Strajeru, 2018).

¢ Tomatoes: Although tomatoes are not traditionally associated with mountain farming
in Romania, there are many local varieties that can be grown successfully in these
areas. Certified varieties ‘Cassiana’ and ‘Danamari’, derived from local populations in
Salaj and Alba, show resistance to Phytophtora infestans infection, and are suitable for
organic cultivation (Strajeru, 2018).

e Maize: Maize is an important crop in many parts of Romania, including mountainous
areas. Varieties resistant to low temperatures include Ilva mica 45, Pojorata 20, Lunca
[lvei 3 (Murariu and Murariu, 2008). Maize, the world's third most important crop in
terms of area, has introgression with teosites (Euchlaena), several breeds and local
populations as its genetic basis for breeding (Cristea, 2020).

Numerous landraces in Romania can be found in the Catalogue of Legume Species (Strajeru,
2018), made available by the Suceava Gene Bank. The origin of these local populations is
often in the mountainous area, as shown by the data on harvesting locations included in the
catalogue.

Wheat is a major crop worldwide in terms of cultivated area, for which there are four
independent wild gene sources: tetraploid T. dicoccoides, and for durum wheat - wild
einkorn T. boeticum, Aegilops speldoides, and diploid A. squarosa. A. ventricosa and some wild
Agropyron species are of interest for resistance to some diseases and pests (Cristea, 2020).

In Romania, in the Apuseni Mountains (Almasul Mare, Alba county), cultures of eikorn
wheat (T. monococcum ssp. monococcum) have been found, derived from wild eikorn wheat
- T. monococcum ssp. boeticum (Cristea, 2020). From such a field, samples were collected by
Turcus and collaborators in 2002 and sent to the Suceava Gene Bank and to the Gene Bank
of Tapidszele - Hungary, respectively.

Einkorn wheat is resistant to low temperatures, drought, scorching, adapted to poor
soil conditions and harsh climate characteristic of mountain areas (Cristea, 2020). Cultivated
since the time of Dacia, it is preserved in Romania today in the Centre and North-West of the
country, having a good production in conditions where other cereals would not resist as well
(clay soils, poor shale substrate, low use of organic fertilisers) (Turcus, 2007).

In recent years, there has been renewed interest in T. monococcum and other ancient
grains because of their health benefits and unique flavours. Einkorn wheat is an example of
important local wheat population in Romania, and its cultivation and consumption are part
of the country's rich agricultural heritage.

By promoting the use of these and other local plant populations in mountain areas,
farmers can help promote sustainable and resilient agriculture better adapted to local
conditions, improve food security and promote economic development in these regions.

14
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f. Ex situ conservation of landraces in gene banks

An important part of conserving plant genetic resources is data management. This is
done through databases. They can facilitate collaboration between institutes and beneficiaries
of germplasm collections (breeders, gene banks, agricultural education institutions, etc.) as
well as international collaboration. The success of such databases depends on the quality of
the information provided, which must comply with international standards in the field,
allow free access to information, be easy to use, and provide facilities for searching and
analysing specific information (Strajeru et al., 2001). In Romania, a quality database is
provided by BRGV Suceava, and at the international level, the EURISCO online database,
a European catalogue of plant genetic resources, has been created (https://eurisco.ipk-
gatersleben.de/apex/eurisco_ws/r/eurisco/home).

The data are grouped according to type and informatics criteria in .dbf files, between
which relationships are established through common fields called access numbers or codes,
which facilitate the use of the database. An essential part of the database is the Passport with
descriptors established by FAO (Food and Agriculture Organisation) and IPGRI (International
Plant Genetic Resources Institute). There are two types of descriptors: standardised and
valid for all crop plants and descriptors specific to certain plants or categories of plants. The
database structure also includes storage data (with specific files for each type of conservation
and depending on the type of genetic material conserved), characterisation and evaluation
descriptors (available in the form of images and files with specific data for each species
evaluated), information on in situ conservation, details on pedoclimatic characteristics,
information on the management of stored material (number of available seeds, results of
viability tests, number of propagations, etc.), herbarium data and other information in the
form of codes for countries, Romanian counties and institutions (Strdjeru et al., 2001).

Evaluation of morphological characters is carried out in the field or in the laboratory,
depending on the species. In the case of maize, this is carried out in the laboratory and the
following characteristics are assessed: length of main cob (cm), cob shape, maximum and
minimum diameter of main cob (mm), number of rows of grains, number of grains/row,
grain colour, covariety (hard, dentate, sugary, starchy), grain length (mm), grain width (mm),
weight of grains/cobs (gr), mass of 1000 grains (gr) (Strajeru et al., 2001; IBPGR, 1991).

According to IPGRI, there are 5 categories of descriptors related to plant germplasm,
which include passport descriptors, characterisation data, primary assessment, secondary
assessment, and information needed for plant germplasm management. Characterisation
data and primary evaluation are carried out in genebanks. Secondary evaluation, including
for example biochemical descriptors, is carried out by multidisciplinary teams of researchers
from other institutions, but the results are still stored in gene bank databases. Biochemical
descriptors refer to the main chemical components of the seeds stored in the collections,
depending on the species, such as the percentage of protein, fat, starch in maize; lysine and
allozyme content in wheat. The latter also allow the detection of possible duplicates in the
collections (Strdjeru et al.,, 2001).

Our own results on this evaluation step were obtained in a study that aimed to evaluate
morphological and productivity characteristics in local maize and tomato populations
(Turcus et al., 2022). Seed material of local populations of Zea mays L. and Solanum
lycopersicum L. (Lycopersicum esculentum Mill.), was collected from Geoagiu Bai (depressional
area south-east of the Metaliferous Mountains), and cultivated ex situ at Socodor (western
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part of the Crisului Alb Plain), to see if changes in phenotypic characters occur under
environmental conditions different from those at the collection site. According to the results
obtained, ex situ cultivation of local plant populations for a short period of time does not
influence genotypic and phenotypic characters under new pedoclimatic conditions (Turcus
etal, 2022).

g. In vitro conservation

A central activity of the Suceava Gene Bank is the conservation of plant species or
genotypes, including local plant populations. This consists of maintaining collections of plant
material under controlled environmental conditions that ensure its viability and genetic
stability for as long as possible. Three methods are used to achieve this: maintaining plants
in field collections, storing seeds, and preserving finoinocula.

In vitro culture techniques are of increasing interest, both for the propagation and
conservation of germplasm and for the propagation of plant material at a higher rate of
efficiency than conventional methods. Within the Gene Bank of Suceava, besides the
conservation of local varieties of potato (Solanum tuberosum L.), which is the main concern
of the specialized laboratory, the bank's collections also include several other plant species,
including: Beta vulgaris L., Triticum aestivum L., Zea mays L. These phytovitrocultures serve
as experimental models in the studies that are carried out in the bank, with the aim of
developing techniques for the vitropreservation of plant genetic resources, with an increase
in the subculture interval of phytoinocula.

h. Study case. In vitro conservation of potato and beetroot landraces
(Cachita-Cosma si Constantinovici, 2008)

The following are the results of experiments aimed at monitoring the evolution of
phytoinocula under the conditions of increasing the culture interval of the vitroculture and
extending the storage period. At the same time, the aim was to ensure their viability and
vitality, especially in genotypes with a higher sensitivity to the stressful conditions of their
conservation regime.

In potato (Solanum tuberosum L.), phytoinocula stored in the bank underwent successive
cycles of slow-growth preservation for 16 to 18 months, followed for a further 6 to 8 months
by subcultivation of the phytoinocula on fresh media, while regeneration of the phytoinocula
with microtubules took place (Cachitd-Cosma si Constantinovici, 2008). For each preservation
cycle, uninodal cuttings from shoots regenerated at the vitroculture level in the micro-
multiplication phase were replanted on two types of culture media, which differed in the
retarding agent they contained (Table 1). Genetic material from more than 80 local potato
varieties was subcultured on culture media I and II (Table 1), in which the retarding agents
were mannitol ata dose of 30 g/l and daminozide at a concentration of 30 mg/], respectively.
In one batch of potato vitrocultures, the initial preservation period was extended to 24-28
months from the operation of subculture of the cuttings on media III and 1V, in which the
retarding agents were mannitol (40 g/1) and sorbitol (40 g/1), respectively. The appearance
of the vitrocultures - 28 months after the subculture operation - revealed differences in
their growth type, at the level of minitubers, a regeneration of numerous shoots and pods
was observed (Figure 3 A-E).
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Fig. 3. Potato (Solanum tuberosum L.) (SBGB-15032) in vitro slow-growing cultures, inoculated
on media III and 1V, with the addition of mannitol (A) and sorbitol (B), respectively; C-E - details
on the appearance of the inoculums 28 months after subculturing for preservation purposes

Source: original photo

Fig. 4. Sugar beet (Beta vulgaris L.) propagules rooted in the first period
of preservation (A and B), grown on medium II (with daminosidase type II); respectively
regeneration of flowering minisets (C and D), after 12 months of preservation under slow
growth conditions on the same type of medium with daminosidase.

Source: original photo
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In the course of the conservation experiments of sugar beet (Beta vulgaris var. saccharifera)
phytoinocula, the biological material used in micropropagation consisted of a diploid,
monogerm, fertile source (2xmmF). Micromultiplication of this species was carried out using
propagules isolated from leaflet clumps regenerated from another propagule in a vitroculture
prior to the conservation experiment, each consisting of a basal portion on which 5-9 leaflets,
1.5-3 cm long, were embedded. Rhizogenesis in sugar beet in vitro is difficult and highly
variable in terms of its incidence and intensity, a fact that is also stated in the literature. On
medium II, with daminozide (30 mg/1), during the preservation period, and under reduced
ambient temperatures from 22°C to 6-12°C, beet propagules generated well-conformed
roots (Figure 4 A and B). After the first 12 months of slow growth, the colour of the beet leaves
turned slightly yellowish (Figure 4 C and D), with flowering stems regenerating from the
propagules. Measures to attenuate the growth rate of beetroot rootstocks led to a reduction
in the number of regenerated leaflets in the propagules used to initiate vitrocultures for
slow-growing storage, thus ensuring that the interval between propagation was prolonged
and the vitality of the propagules was maintained on the same culture medium.

CONCLUSION

Local plant varieties can help support sustainable and resilient development in mountain
areas by providing farmers with crops that are adapted to local growing conditions, resistant
to environmental changes, pests and diseases, and culturally and economically valuable.
However, the challenges and opportunities associated with these crops need to be addressed.
Education and training of the population/farmers, access to markets and collaboration
between farmers and researchers are also important. The use of these local plant varieties
can be an asset for producing specific food products that improve agro-tourism in these areas.

Due to the large number of local populations in Romania, exchanges of plant germplasm
with specialized companies can be improved in order to obtain hybrids or varieties, which
would generate economic development in the mountain community.

Local landraces are the most important gene resources that contribute to new hybrids
in crop plants in the future. They represent an invaluable resource for mountain areas, a
material heritage of the people of these areas, and must be protected both in situ and ex situ.
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Abstract

The grasslands from the northern part of the Bihor Mountains are poorly productive due to the
massive invasion of the native species Nardus stricta, Vaccinium sp., Juncus sp. and other harmful
species. In alliances with degraded Potentillo-Nardion grass carpet, 1 t/ha of green mass was evaluated;
7.4 pastoral value and 535 1 of cow's milk and in the normal Cynosurion alliance, 11.44 t/ha of green
mass was evaluated; 60.9 pastoral value and 4870 1/ha, more than nine times more.

Keywords: mountain grasslands, pastoral value assessment, grass production, milk production,
Bihor Mountains

INTRODUCTION

The vegetation of the mountain grasslands in our country estimated at over 2 million
hectares, located from 400-600 m up to 2544 m on the Moldoveanu Peak in the Fagaras
Mountains, has been studied by numerous researchers (Borza, Boscaiu, 1965; Anghel et al.,
1971; Coldea, 1991; Cristea et al., 2004; Donita et al., 2005; Gafta, Mountford 2008 and many
others).

In these synthesis works there are few references to the productivity of permanent
grasslands, apart from a few reference works that also presented this economic side without
which their management cannot be done (Puschiu et al,, 1956; Puscaru-Soroceanu, 1963;
Barbulescu , Motca, 1983; Marusca et al,, 2014; Marusca, 2022; and others).

In the present work, the evaluation of the productivity of the mountain grasslands
based on the floristic survey according to the new method (Marusca, 2019) for the Western
Carpathians in the Apuseni Mountains (Pascut, Marusca 2020; Marusca, 2021a, 2021b;
Marusca et al,, 2021, 2022) continues.

MATERIAL AND METHOD

The evaluation of grasslands productivity is based on the floristic surveys of the
doctoral thesis entitled "Flora and vegetation from the northern part of the Bihor Mountains"
drawn up by George-Claudiu Togor under the guidance of Prof. Univ. Petru Burescu, held in
2016 at the University of Oradea.

In this paper, 12 permanent grassland associations belonging to 9 alliances, 7 orders
and 4 phytosociological classes are presented.
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Overview of plant associations in the northern part of the Bihor Mountains:
Class MOLINIO-ARRHENATHERETEA R. Tiixen 1937
Order POTENTILLO-POLYGONETALIA R. Tiixen 1947
Alliance Juncenenion effusi Westhoff et van Leeuwen ex Hejny et al. 1979
1. Juncetum effusi So6 (1931) 1949
Order MOLINIETALIA CAERULEAE Koch 1926
Alliance Molinion caeruleae Koch 1926
2. Junco-Molinietum Preising in T. Tx. et Preising ex Klapp 1954
Alliance Calthion palustris R. Tlixen 1937
3. Ranunculo repentis — Calthetum palustris Chifu, Manzu et Zamfirescu 2006
Order ARRHENATHERETALIA R. Tiixen 1931
Alliance Cynosurion R. Tiixen 1947
4. Festuco rubrae — Agrostietum capillaris Horvat 1951
5. Anthyllido vulneraniae - Festucetum rubrae So6 1971
Class NARDO - CALLUNETEA Preising 1949
Order NARDETALIA Oberdorfer 1949
Alliance Potentillo - Nardion Simion 1959
6. Festuco rubrae - Nardetum strictae Cs{liros et Resmeritd 1960
7. Violo declinatae - Nardetum strictae Simion 1966
8. Carici - Nardetum strictae (Resmerita 1984) Resmerita et Pop 1986
Alliance Genistion pilosae Duvigneaud 1942
9. Vaccinio - Callunetum vulgaris Biiker 1942
Class FESTUCO - BROMETA Br. - Bl. et R. Tiixen in Br. - Bl. 1949
Order FESTUCETALIA VALESIACAE Br. - Bl. et R. Tiixen in Br. - Bl. 1949
Alliance Festucion valesiacae Klika 1931
10. Koelerietum macrantae (Ravarut et al. 1956) Popescu et Sanda 1988
Order STIPIO PULCHERRIMAE - FESTUCELIA PALLENTIS 1. Pop 1968
Alliance Seslerio - Festucion pallentis Klika 1931
11. Asplenio rutae - murariae - Melicetum ciliatae So6 1962
Class EPILOBIETEA ANGUSTIFOLII Tiixen et Preising in Tiixen 1950
Order ATROPETALIA Vlieger 1937
Alliance Carici piluliferae - Epilobion angustifolii R. Tiixen 1950
12 Deschampsietum flexuosae Issler 1942 emand. Borza 1946
The proper evaluation method based on floristic survey was presented for the Persani

mountains in the article published in "Journal of Montanology" no. 13, pp. 23-32 (Marusca
etal, 2020), so it is no longer presented in this paper.
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Finally, the evaluation of grasslands productivity through green mass production and
pastoral value was complemented by the evaluation of cow milk production in the grazing
season based on our own long-term experiments (Marusca et al., 2018, 2020).

RESULTS AND DISCUSSION

Before evaluating the grasslands productivity, the main stationary conditions and
vegetation covering are presented (Table 1).

The grasslands from the study area are found between 700-1610 m altitude on slopes
with mostly sunny exposures and inclinations from " to 40 degrees, exceptionally 70 degrees
on the cliffs.

The average number of cormophyte species in the vegetal carpet is 62, with great
differences between the 12 vegetal associations, established on the basis of 71 surveys.

Above average, the species richest associations are with 200 species Festuco rubrae -
Agrostietum capillaris, 71 species Festuco rubrae - Nardetum strictae and 64 species Asplenio
rutae - murariae - Melicetum ciliatae.

The fewest species were recorded in the associations Juncetum effusi with 34 species,
Carici - Nardetum strictae with 41 species and Koelerietum macrantae with 41 species.

Table 1. General data on the location and vegetation of grassland phytocenoses

No. Gras.s la.nd e Exposition | Inclination | Cormophyte | Coverage
associations (m)
Al. Juncenenion effusi
1 ‘ Juncetum effusi | 770-950 ‘ Flat ‘ 0 ‘ 34 ‘ 91.7
Al. Molinion caeruleae
2 ’ Junco-Molinietum | 1240-1360 ‘ Flat ‘ 0 ‘ 49 ‘ 97.0
Al. Calthion palustris

3 | Ranunculorepentis = g44_1300 | sw,w,NV |  5-10 57 84.0

Calthetum palustris

Al. Cynosurion

4 Festuco rubrae - E S, SE,

Agrostietum capillaris 700-1360 SW, N\W 2-30 200 975
5 Anthyllido vulneraniae - 1040 E 10 46 85.0

Festucetum rubrae

Al. Potentillo - Nardion

6 Festuco rubrae - E S, SE,

Nardetum strictae 850-1610 SW, Flat 0-40 71 95.0
7 Violo declinatae - E, SE, SW,

Nardetum strictae 1240-1550 W, NW 0-40 59 97.5
8 | carici- 1240-1420 | Flat,$, SE 0-5 41 80,0

Nardetum strictae » ’
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No. Gras.s la.nd il LD Exposition | Inclination | Cormophyte | Coverage
associations (m)
Al. Genistion pilosae
9 Vaccinio - SE, W,
Callunetum vulgaris 950-1350 SW, S 5-20 45 1000
Al Festucion valesiacae
10 | Koelerietum macrantae 1220 S 3 41 100.0
Al. Seslerio - Festucion pallentis
11 | Asplenio rutae -
murariae - 780-1100 S, SE 40-70 64 54.2
Melicetum ciliatae
Al. Carici piluliferae - Epilobion angustifolii
12 | Deschampsietum 1400-1480 | E,SE 0 40 50
flexuosae
Total-Average 700-1610 All 0-70 62 86.0

The general vegetation cover was 86% with variations from 50% in Deschampsietum
flexuosae and 80% in Carici - Nardetum strictae to 100% in Vaccinio - Callunetum vulgaris
and Koelerietum macrantae associations.

In the grass carpet, forage and harmful species participate in different proportions
depending on the phytosociological association and alliance (table 2).

With 83% participation of forage species in the grassy carpet are the associations of
Cynosurion and Festucion valesiacae alliances.

The alliances comprising the associations with the highest proportion of species
harmful to the grass carpet and animal products, as well as with a high proportion of toxic
species, are Molinion caeruleae with 94.6%, Juncenenion effusi with 86% and Calthion
palustris with 83.5%. To these is added the Violo declinatae - Nardetum strictae association
with 92.5% coverage of harmful species.

On average, the grasslands from the northern part of the Bihor Mountains are degraded,
with only 28.6% participation of forage species and 57.4% of harmful species.

Table 2. Participation of forage species,
green mass production and the pastoral value of grassland associations

Species structure (%) Green Mass | pastoral value
No. | Grassland associations production
Forager ‘ Harmful t/ha ‘ % ind. | %
Al. Juncenenion effusi
1 ‘]uncetumeﬁusi ‘ 5.7 ‘ 86.0 ‘0.56‘ 19 | 4.0 | 21
Al. Molinion caeruleae
2 ’]unco-Molinietum ‘ 2.4 ’ 94.6 ’0.20‘ 7 | 1.6 | 9
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Species structure (%) Gre?in Mass | pastoral value
No. | Grassland associations production
Forager Harmful t/ha % ind. %
Al Calthion palustris
3 Ranunculo repentis -
Calthetum palustris 0.5 83.5 0.03 1 0.3 2
Al. Cynosurion
4 | Festucorubrae= 88.9 8.6 1307 | 439 | 682 | 363
Agrostietum capillaris
5 Anthyllido vulneraniae - 77 4 76 9.80 329 535 285
Festucetum rubrae
Al. Potentillo - Nardion
6 Festuco rubrae -
Nardetum strictae 30.4 64.6 2.45 82 17.3 92
7 Violo declinatae -
Nardetum strictae 5.0 92.5 0.38 13 3.3 49
8 Carici - Nardetum strictae 2.5 77.5 0.17 6 1.6 9
Al. Genistion pilosae
9| Vaccinio - . 7.2 92.8 036 | 12 | 34 | 18
Callunetum vulgaris
Al Festucion valesiacae
10 | Koelerietum macrantae 83.0 17.0 ‘ 6.30 ‘ 211 | 47.9 | 255
Al. Seslerio - Festucion pallentis
11 Asp{emo rutgf.z - murariae - 1.0 53.2 0.06 2 05 3
Melicetum ciliatae
Al Carici piluliferae - Epilobion angustifolii
12 | Deschampsietum flexuosae 30.8 10.5 2.33 78 18.0 96
Total-Average 28.6 57.4 2.98 100 18.8 100

As a result of the low participation of forage species in the grass carpet, the average
production of green mass is 2.98 t/ha, with a pastoral value of 18.8, considered poor quality.

The highest productions of green mass are assessed in the associations Festuco rubrae -
Agrostietum capillaris (13.07 t/ha), Anthyllido vulneraniae - Festucetum rubrae (9.8 t/ha)
and Koelerietum macrantae (6.3 t/ha) , having in this order also the highest pastoral values
(68.2; 53.5; 47.9) rated as average to good quality.

At the opposite pole are the alliances mentioned before, which have the highest
percentages of harmful species with are Juncenenion, Molinion, Calthion, Genistion to which
Potentillo - Nardion and Seslerio - Festucion are added, which are considered very degraded
productively and qualitatively .

For these reasons, in the final synthesis of the grasslands evaluation, these alliances
were excluded except for one, Potentillo - Nardion, which is more widespread (Table 3).

25



Journal of Montology, vol. XVI - 2022

Table 3. Optimum loading, length of grazing season
and cow milk production of the most important phytosociological alliances in grasslands

Greenmass | Grazing Optimal | Pastoral Milk
Alliance production season loading value production
t/ha % (days) (LU/ha) (ind.) 1/ha %
Cynosurion 11.44 | 217 135 1.30 60.9 4870 196
Potentillo - Nardion 1.00 19 115 0.13 7.4 525 21
Festucion valesiacae 6.30 120 120 0.81 47.9 3370 136
gggggf;;“gfgr;:“}om 233 | 44 105 0.34 18.0 1160 | 47
Total-Average 5.27 100 120 0.65 33,6 2480 100

Phytosociological alliances are closest to the level of Natura 2000 Habitats (Gafta,
Mountford, 2008).

The best results in terms of productivity were assessed at the Cynosurion alliance with
11.44 t/ha GMP, which allows an optimal load of 1.3 LU/ha in 135 days of the grazing season,
with a pastoral value (PV) of 60.9 with which 4870 liters of cow's milk are obtained per
hectare.

In a first approximation of the Carpathians Mountain grasslands, the Cynosurion
alliance assessed 11.24 t/ha of green mass, a pastoral value of 62.4, which allows a loading
of 1.15 LU/ha in 150 days average grazing season (Marusca, 2022).

The weakest results were evaluated in the alliance derived from Cynosurion following
the invasion with the native species Nardus stricta, namely Potentillo - Nardion, where 1
t/ha GMP was evaluated, in 1115 days of grazing with 0.13 LU/ha, barely 7, 4 PV and 535
1/ha milk production.

On average in the Carpathians, at the Potentillo - Nardion alliance, 1.76 t/ha of green
mass was assessed, with 21.6 pastoral value, which allows a load of 0.26 LU/ha in 130 days
(Marusca, 2022).

From these data it follows that the Cynosurion alliance in the Bihor Mountains has a
productivity very close to the average of the Carpathians, and the Potentillo - Nardion
alliance is in a much more advanced stage of degradation.

From the other two alliances Festucion valesiacae and Carici piluliferae — Epilobion
angustifolii the results are intermediate, namely: in the first association 3370 1/ha milk and
in the second association 1160 1/ha milk.

CONCLUSIONS

The grasslands from the northern part of the Bihor mountains are generally degraded
due to the invasion in different proportions of the native species Nardus stricta, Juncus sp.,
Vaccinium sp. and other harmful species.

The best results were assessed at the Cynosurion alliance with 11.44 t/ha GMP; 60.9
PV and 4870 liters of cow's milk per hectare in 135 days of grazing.

The worst results were evaluated at the Potentillo-Nardion alliance with 1t/ha GMP,
7.4 PV and 535 1/ha milk in 115 days of grazing.
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Abstract

The paper first reviews the main characteristics of the mountain food system and a series of
territorialization elements of the mountain food product on the relationship: mountain rural space -
urban space. At the same time, the global trends regarding food policies for the sustainable development
of the rural space are presented, with applications to the mountainous area in Romania. The research
methodology used provides techniques for mapping the food environment, by including all actors in
the Brasov metropolitan area (environment, education, government, business, civil society). The
results of the study emphasize the fact that the actors of the governance component of the social helix
(municipalities, town halls, prefectures) must assume the leadership role in the design and promotion
of food policies through integrated food policy networks. The power relationship between the cities
and the mountain countryside must be managed correctly, in a way that allows the development of the
mountain countryside in all its aspects, economic, social, cultural.

Keywords: integrated food policies; mountain area.

INTRODUCTION

The food system, according to the subtle definition given by the founder of the agro-
food economy, Louis Malassis (1988), is "the way in which people organize themselves, in
space and time, to procure and consume their food" (Le Coz and Malassis 1988). This
characterization of the food system through its mode of production, consumption and
organization, in a historical and territorial perspective, offers us a very relevant framework
of analysis, in perfect accordance with contemporary concerns of sustainable development.

Overlapping crises regarding climate change, energy, pandemics, armed conflicts,
etc. have the direct or indirect effect of "starving the planet” through an expanding global
food and fresh water crisis. It follows, of course not only in our opinion, that for decades to
come, the number 1 priority will be food security and food safety. That is why it becomes
more than appropriate to analyze and develop an Integrated Food Policy, coherent and as
harmonious as possible at a systemic level (Boussard 1987; Ceget and Orstom 1987; Chopra
1981).

The usefulness and topicality of the issues addressed is also related to fruitful deliberations
and concerted actions at the INTERFACE BETWEEN SCIENCE AND POLICY, the concepts of
food systems and change factors, all of which must be clearly understood and used by all
(fao.org).
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"FOOD SYSTEMS include the full range of actors and their interconnected value-added
activities involved in the production, aggregation (combination), processing, distribution,
consumption and disposal (loss or waste) of food products from agriculture (including animal
husbandry), forestry, fisheries and the food industry, together with the wider economic,
societal and physical environments in which these activities are embedded” (Charvet 1987;
Charvet 1988, Perlik 2019).
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Fig. 1. Scheme of the integrated food policy concept
(Gruia 2003)

THE INTEGRATED FOOD POLICY (Fig. 1) represents a holistic approach with a legal
character in the pragmatic expression of reality and concrete situations, based on a unitary
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and coherent concept applicable to Romania's specific conditions, which in principle requires:
ensuring the population's access to a safe diet, healthy, diversified, of good quality, in sufficient
quantity, produced in economically acceptable conditions, which favors social integration,
protects the environment and landscapes and contributes to mitigating and adapting to
climate change.

The Mountain Regional Food System. At the regional level, an integrated food system
creates shorter, location-based links between producers and consumers in all aspects of the
food supply chain, from agricultural production systems to processing, distribution, retail,
consumption and waste management.

The objectives of mountain regional food systems include: economic development,
environmental benefits, human health and well-being, social equity (Byerlee et al. 2006;
Fisher et al. 1988).

The specialized literature indicates a series of anomalies in the urban-rural mountain
area relationship, such as some food policies developed by Swiss cities. They have strong
links with mountain territories, the latter being considered almost exclusively AS SPACES
OF FOOD PRODUCTION AND ECOSYSTEM SERVICES, and not as places characterized by
their own specific food systems (Duglio et al. 2023; Gruia 2003; Gruia 2018).

Unfavorable conditions from the point of view of economic competition resulted in a
gradual reduction of agricultural production for local consumption, the mountain area
gradually specializing in AGRI-FOOD PRODUCTS FOR EXTERNAL OR TOURIST MARKETS, or
becoming areas, where agriculture is so fragile, of from a social and economic point of view,
that some researchers have questioned its very ability to survive (Rey 2020; Flury 2013;
fao.org).

As Perlik (2019) points out, the main role that mountainous regions have assumed in
the contemporary liberal system - that of providing products and services for external
markets - makes them dependent on cities, under the conditions of power inequalities that
characterize these economic exchanges and the system of governance in which they are
embedded. Some have even postulated the existence of a "FOOD NEO-COLONIALISM" of the
city to the mountains (Slater et al. 2022), consisting of flows, practices, policies and a debate
in which the mountains are seen as A FOOD-PRODUCING SPACE for the city, reducing the
specific characteristics and complexity of the systems mountain food. Thus, problems of
food security and sovereignty of the people living in these regions arise (Perlik 2019).

In order to counteract these phenomena, the most significant model of cooperation is the
one presented in the paper: "A VISION OF SUSTAINABLE DEVELOPMENT - MOUNTAIN -
FOCUSED ON THE VALUATION OF QUALITY "MOUNTAIN PRODUCTS". THE GROWING
IMPORTANCE OF MOUNTAIN AREAS IN THE POST-CORONAVIRUS ENVIRONMENT",
edited by ROMANIAN ACADEMY, DEPARTMENT OF ECONOMIC, LEGAL AND SOCIOLOGY
SCIENCES, NATIONAL INSTITUTE OF ECONOMIC RESEARCH "COSTIN C. KIRITESCU"/
CENTRE de ECONOMY MONTANA, "CE-MONT" VATRA DORNEI (Fig. 2) (Rey 2020). In order
to evaluate the possibilities of implementing this model in the Brasov metropolitan area, a
detailed diagnosis of the local food system was carried out, according to the research
methodology presented below (Gruia 2003; Gruia 2018; fao.org].
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Fig. 2. Sustainable way of organizing groups of mountain agricultural producers

(Radu Rey, 2020)

RESEARCH METHODOLOGY

The research carried out at the level of the food system in the Brasov metropolitan

-rural

area was carried out in order to identify the networks and actors involved in the urban

food system, the capacities, activities and relationships between them.
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Thus, it was evaluated: where they are positioned in the Helix (civil society, research,
politics, business); what is their role in the city-region food system and why they were
included in the mapping; if they are already part of the FPN (food policy network) initiative
and how, or are they new or potentially new actors; their potential and/or actual capabilities
in relation to the objectives of the FPN, their motivation to participate in the FPN (if applicable);
relevant formal/informal relationships with other actors; additional relevant information in
relation to the general aims and objectives of the FPN.

In the second stage, other valuable actors who are not currently included in the FPN
were identified; reasons for their lack and why they might be valuable.

In the third stage, the following fundamental components of an integrated food policy
were evaluated:

o Co-benefits (interdependent economic, social and environmental): Considering the
actors included in the mapping, is there an opportunity to obtain co-benefits? Is there
a trade-off between the objectives of the actors (eg environmentalists vs farmers)?
If there are, how are they addressed? Which actors could collaborate more or more
effectively?

o Linkages: urban, peri-urban and rural areas: do any of the actors contribute to the
creation or strengthening of mutually beneficial relations between urban-rural areas
(or vice versa, i.e. negative, exploitative)? If so, in what way?

¢ Inclusion: the inclusion of all actors in the food system: which type of actors are most
involved with FPN so far and why? Did you manage to address vulnerable people/groups?
If so, why type? What capacities are needed to foster or improve their involvement in
the FPN?

o Connections between food and other policies: to what extent do the actors involved
belong to different sectors? Are there actors involved from different scales (spatial or
governance)? What capacities are needed to foster or improve their involvement in
the FPN?

RESEARCH RESULTS

Following the research carried out, a number of 26 important actors of the social helix
were identified who actively participated in the evolution of the food system in Brasov. Some
of them, especially small producers, operate in the mountain area, and the connection with
the municipality of Brasov is particularly important for the valorization of the mountain food
product.

Table 1. List of the main stakeholders from Brasov FPN (food policy network)

Helix Societal segment Institution/ Organization

1. Governance Brasov City Hall

Brasov City Council

DSVSA Brasov

2. Business/Industry Sergiana

Olympus (Brasov Milk Factory)
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Helix Societal segment

Institution/ Organization

Doripesco Group

Selgros Brasov

Harman Farm

Rose Story

Brasov Markets Service

La Doi Pasi store chain

Innkeepers' Guild

3. Civil Society

The tenants' association

HighClare Consulting

The Joy of the NGO Gift

Hospice House of Hope NGO

4. Education/Research

Faculty of Food and Tourism

Faculty of Medicine

College for Agriculture and Food Industry "Tara Barsei" Prejmer

Brasov School Center for Inclusive Education

Maria Baiulescu Technical College

High school with a sports profile

5. Environment

Environmental Protection Agency

Carpathia Foundation

Romanian Society of Ethnopharmacology

WWF

A number of initiatives related to the food system have been identified, involving

producers in the mountain area:

e According to HCL no. 380 / 20.07.2021, the local council established the products that
will be granted free of charge within the "Program for Romanian schools for the 2021~
2022 school year". It is approved by the board every year. Starting in 2021, the quality
of products delivered to schools will be higher, as criteria such as certified organic
products and products from local producers will be taken into account in the public

tender procedure.

Atleast 10% of the products must be ECO certified, at least 30% must come from local
producers, farmers, cooperatives and associations. Direct deliveries from producer to
consumer are encouraged, offers involving more than 2 supply chain operators are not
accepted. Thus, when determining the winner, 50% of the lowest price criterion will
be taken into account, while the other 50% represents the quality of the products

offered by the supplier.
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o Supporting local producers, part of the "Integrated Development Strategy of the Brasov
Metropolitan Area", strategic objective 2 - Innovation, entrepreneurship and human
capital: Attracting companies from ZMB and supporting the development of existing
ones towards areas of specialization, intelligence and innovation;

o The Brasov Markets Public Administration Service will organize flying markets in the
form of producer fairs in 2023. Access to these fairs will be allowed only to producers
from the mountain agricultural area and agri-food companies that have places to sell
in the agri-food markets of the municipality of Brasov.

The Public Administration Service Piete Brasov is equipped for this purpose with all
the furniture and facilities necessary for a good organization, it will be involved as
much as possible in the marketing and promotion of events for authentic producers
and their products so as to satisfy the requirements of the citizens of Brasov and create
a connection between them and producers.

For the organization of these fairs, the following locations have been identified in the
neighborhoods of Brasov: The land in the Racadau neighborhood - Trandafirilor Park;
The land in the Noua district, Levanticai str. No. 2.; The land in the Triaj neighborhood -
Harmanului str. the land opposite the end of lines no. 1 of RATBV 3; the land in Piata
Unirii no. 1 located on the pedestrian street between the store "La doi pasi” and the
church gate.

Initial steps have been taken to issue town planning certificates for this initiative.

o Aseries of institutions from the civil society area with an important role in promoting

the mountain were identified:

- Conservation Carpathia Foundation
Established in 2009 with the aim of stopping illegal logging and conserving a large
area of Carpathian forests for future generations, this actor aims to create a world-
class wildlife protected area in the southern Carpathians, serving as a conservation
paradigm in Europe and standardization as the most famous and emblematic
national park on the continent. The park will be large enough to support significant
populations of large carnivores and allow natural evolutionary processes to take
place. The project includes the Fagaras Mountains Natura 2000 site, the Piatra
Craiului National Park and the Leaota Mountains, for a total of over 250,000 ha. The
foundation has a potential role in the future of FPN due to its involvement in creating
a green economy around the Fagaras Mountains, for the benefit of biodiversity and
local communities. The Foundation collaborates with the Municipality of Brasov
and other national and local institutions, NGOs and private businesses, including
the Stejar Foundation, Capitala Conservarii, ProPark Foundation.

- WWF
Working since 2006 to protect the wild environment of the Carpathian Mountains
and the Danube (protected areas, forests, brown bears, bison, the Danube Delta and
sturgeon habitats), WWF is based in Bucharest, but also operates in other cities,
including Brasov. Their inclusion in the future FPN comes from their active
involvement in environmental education, through the Program for Schools in
Romania. This program aims to catalyze legislative changes from local to national
level through "green public procurement”, aligning with the European Strategy:
"Farm to Fork" (2020). The program's educational activities aim to improve the way
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responsible public institutions purchase food for educational establishments. The
aim is to prioritize sourcing from short food chains (local producers) with seasonal
produce and sustainable production practices. WWF maintains close partnerships
with public bodies such as the Ministry of the Environment and non-governmental
associations such as Bankwatch Romania, 2Celsius, Greenpeace Romania, Agent
Green, Code4Romania, Design Thinking Society and Brasov Municipality, among
others.

- The Hdrman Farm is an initiative led by a small local farmer located in the peri-
urban region of the city of Brasov, specifically in the town of Hairman. This farmer
produces organic products on both a vegetable farm and an animal farm, which are
then sold locally in the urban area. The unique aspect of this initiative is the direct
delivery of products to urban customers, eliminating middlemen. This delivery
takes place directly at the customer's home or at a city market in Brasov, ensuring
that the products are constantly fresh and delivered through a (very) short food
chain, scheduled by prior appointment. Within a potential FPN, the role of Ferma
Harman as an SME would serve as a model of good practices, with the aim of
replicating the model in the entire Brasov county. Ferma Harman maintains its main
ties with customers who are residents of the city of Brasov. Brasov City Hall actively
supports such initiatives and expands the opportunity for these businesses to
present their products without incurring rental fees for stalls in agro-food markets.

— Breasla Cdrciumarilor is a network of restaurants, cafes, bistros and fast food in
Brasov County. It promotes short food chains and relies on close relationships with
a network of local agricultural producers who supply them with high-quality raw
materials. The main role in the future of the FPN is to encourage food policies that
promote this type of short food chain initiatives. The Tavern Guild collaborates with
farmers, public catering units and customers. It is also involved in charity events,
festivals and events to promote high quality food, organized by the town hall and
other civil society representatives.

CONCLUSIONS

Integrated food policies for sustainable development require a holistic approach to the
food system, with actors from a complex societal helix consisting of farmers, processors,
transporters, education, NGOs, government.

The governing component of the social helix (municipalities, town halls, prefectures)
must assume the leadership role in the design and promotion of food policies through
integrated food policy networks.

The power relationship between the cities and the mountain countryside must be
managed correctly in a way that allows the development of the mountain countryside in all
its aspects, economic, social, cultural.

The implementation of new models of cooperation between all actors of the food
system requires an approach at the level of development strategies of the Brasov mountain
area with the identification of development policies with collateral benefits, strong urban-
rural links, social inclusion and territorial connection.
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The food transition towards sustainable and healthy products for consumers according
to the new paradigm: "Menu for the planet” implies a pact for the food transition as a component
of a new integrated food policy of Romania, based on five main challenges: health and
nutrition; packaging; sustainable and ecological agriculture; responsible communication
and transparency.
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Abstract

Food waste is a generalized process that affects both the environment and resources (natural,
financial, sanitary, etc.). The negative effects are felt both at the individual level (household budget)
and at the society level, and they are, as a rule, difficult to combat. From the existing quantitative and
qualitative analyses, it was observed that food waste at household level represents over 50% of its total
volume, even if food waste is produced throughout the supply chain. It is also noted that some economic
sectors, by the nature of their activities, have a greater predilection to waste food (eg HoReCa or large
retail stores). The case study carried out concerning the agro-tourist guesthouses in the mountainous
area of Romania showed that, at their level, food waste has a reduce dimension. This is due to the
household spirit and the ethical and spiritual values passed down from generation to generation, to
which is added the love and respect for Romania's mountains. Solutions to reduce this phenomenon
take different forms of manifestation, from awareness of the phenomenon itself to rethinking portions,
promoting good practices, innovative packaging, etc. Considering the above, the article aims to
contribute to a better knowledge of the phenomenon of food waste and to the identification of viable
solutions by which this phenomenon can be tackled. In order to contribute to the achievement of this
objective, the article presents a series of theoretical approaches aimed at the most used methods and
techniques for reducing food waste at the global level, and, at the same time, evaluates the dimension
of this phenomenon in tourist structures in the mountain area of Romania. The evaluation of the waste
in mountain guesthouses represents a new element of the study carried out within the ADER 18.1.21
project, carried out within the Center of Mountain Economy of the Romanian Academy, the methods
and results obtained can be multiplied at the level of other categories of territories.

Keywords: food waste; sustainable development; smart packaging; food behaviour; Mountain
Area; agro-mountain tourist pensions

JEL CLassification: 053, 058, R10

INTRODUCTION

Along with the multiple challenges that exist globally (population growth, pandemic
crisis, geo-political crisis, climate change, land use pressures, etc.), there is a worrying
phenomenon that is worsening and increasing: food waste. At the same time, the reduction
of food waste determines a series of positive effects for society: reducing costs with natural
resources, making food consumption more efficient, combating environmental pollution,
etc. According to estimates by the FAO, the annual cost of food waste is estimated to be 2.6

1 Project title: Methods for reducing food waste in the agri-food chain, at national level, in order to prevent
and reduce the socio-economic impact, by 2030, ADER 18.1.2, https://bioresurse.ro/en/blogs/proiecte/
metode-de-reducere-a-risipei-alimentare-pe-lan%C8%9Bul-agroalimentar-la-nivel-na%C8%9Bional-in-
vederea-prevenirii-%C8%99i-reducerii-impactului-socio-economic-pana-in-anul-2031
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trillion USD (or 3.3% of global GDP), and benefits include the economy of some resources
(water, for example, can reach 250 billion tons annually), the reduction or avoidance of the
application of some fertilizers, and a reduction in the strain on arable land.

Over 80 million tons of CO2 equivalent are attributed to food waste produced in
households, which accounts for over 170 million tons of CO2 equivalent annually (or about
3% of the total greenhouse gas emissions in the European Union).

In this context, reducing food waste becomes a legitimate target and a key priority of
public, local, regional, national and global policies, but also a wish for every assumed inhabitant
of the planet. This aspect is even more relevant in the context of the sustainable development
goals established by the United Nations Organization, which advocates a "responsible
consumption/production, which leads to a 50% reduction in food waste per capita globally,
by the year 2030" (ONU, 2015).

In the European Union, under the auspices of the cohesion policy, food waste is
addressed within the program called zero waste, launched in 2018, which supports active
collaboration in order to monitor and reduce food waste throughout the supply chain (EC,
2018).

In Romania, annual food waste amounts to 2.5 million tons, each citizen wasting, on
average, 70 kilograms annually, a figure that places Romania in the middle of the European
ranking. The Ministry of Agriculture and Rural Development estimates that the food industry
sector generates 37% of the waste, public food about 5%, and the agricultural sector 2%. Thus,
food is thrown away even if there is a number of over 4.6 million Romanians threatened by
poverty (November, 2021) and an important percentage of the population is below the
poverty line (low work intensity, in conditions of severe material deprivation).

Taking into account the above, the article aims to inventory the main ways of general
assessment of food waste and to analyse it for the agro-pensions in the mountain area.
Following the analyzes carried out, a series of measures and actions have been identified
that can contribute to supporting public or private interventions in their fight against this
global phenomenon.

1. METODOLOGY

1. The research for this article was conducted in mountain regions in Romania. The
focus was given to food waste of tourism infrastructure in the mountain areas. The
information on characteristics of food waste was collected from the National Institute of
Statistics in Romania site, which provides independent information on the mountain tourism.

2.The documents produced at national level were studied; some major documents
include different study reports of Food and Agriculture Organization of the United Nations
(FAO), UNEP or Euro-Montana Forum.Literature Review and Analysis: The author conducted
a thorough literature review focusing on keywords related to ‘food waste’. This review
involved identifying and analyzing existing studies, reports, and articles that discussed food
waste in various contexts.

3. Synthesis and Interpretations: Based on the literature review, the author
synthesized the information gathered and offered their interpretations. This process
involved analyzing the data to identify patterns, trends, and key insights regarding ‘food
waste’.
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4. Evaluation Methodology: In the specialized literature, it was found that the most
commonly used method for evaluating waste, including food waste, is the cost-benefit analysis.
The author decided to adapt this methodology specifically for assessing ‘food waste’ in this
study.

5. National-level Effects Analysis: Understanding the effects of ‘food waste” at the
national level requires a comprehensive examination of its sources. This analysis aims to
determine where food waste originates, as well as the areas and aspects of waste management
that need improvement. Such examination includes assessing the associated costs involved
in addressing these issues. In Romania, food waste is managed separately, despite existing
legislation governing this aspect.

However, evaluating the extent of food waste in the country poses challenges due to
various factors, including the complexity of waste management systems and the effectiveness
of implementation.

The study were carried out in the mountain regions in Romania and try to evaluated
the total amount of food waste in toruristic infrastructure (hotels, touristic pension, agro-
turistic pension etc.).

In Romania, mountain regions have around 71,340 km 2, representing 29.93% out of
the total national surface and 20.14% from UAA (Utilised Agricultural Area) of total national.
The mountain territory has around 3.2 million Inhabitants (20% of the national population).

Mountain Areas is overlapping almost 100% with the Carpathian Mountains. The
average elevation value of the Carpathian Mountains is 1,136 m, and the highest values of
altitude are over 2,500 meters. Agricultural area present in Mountain region is around
2,802,000 ha. Out of this area, in 2007, only 1,290,000 ha (46%) was under commitment,
but is estimated that in 2013 will be under commitment around 2,520,000 ha (90%) and
this threshold is unlikely to be higher because of eligibility criteria that are referring to plots
and farm sizes. Due to natural restrictive condition (slope and altitude), Carpathian Mountains
encounter obstacles in farming, with a negative consequence (a shorter period of vegetation
period and supplementary costs). Also, the mountain regions are characterized by a low
productivity and depopulation. Mountain regions in Romania differ from other regions due
to natural disadvantages (i.e., elevation, clime, slope, low soil fertility, reduced access to
the communication routes and markets), and structural disadvantages (i.e., ageing active
population, migration trends, restricted jobs, distances from decisional centers, and insufficiently
developed infrastructure).

2. STATE OF THE ART

Academic literature, as well as some practical approaches, reflect the recognition of
the significance of reducing food waste. Relevant objectives include examining the causes
and sources of production (Schanes et al., 2018), monitoring (Corrado and Sala, 2018),
methods of control and mitigation (Cristobal et al., 2018), etc.

The economic literature in this area primarily focuses on short-term (Campoy-Munoz
et al, 2017) but also medium-term (Rutten et al,, 2013a) effects, demonstrating that the
quantitative impact of reducing food waste is typically analyzed through a system-wide
macroeconomic simulation, an approach that explicitly recognizes the direct impact on
different stages of the production and supply chain. The conclusions of the studies mentioned
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are frequently based on the phenomenon is ignored or reduced in terms of labelling,
packaging and logistics within the food chain.

Nevertheless, it is still difficult to estimate the amounts and values of food waste
(Bellemare et al.,, 2017), primarily due to a lack of statistics and statistical information. The
lack of an agreed-upon evaluation technique at the level of member states as well as the fact
that multiple definitions of food waste exist contribute to the problem's unpredictability
(Scherhaufer et al., 2018; Schneider, 2013).

We mention here the findings of a study conducted by Corrado and Sala (2018) as
evidence for the aforementioned. [t demonstrates that the measurement of food waste flows
on a European and even global scale can vary significantly depending on the choice of
assessment methodologies, the inconsistent use of definitions, and the fact that food waste
can be "avoidable or unavoidable" (Lebersorger si Schneider, 2011).

At the EU level, food waste per person ranged from 158 kg to 298 kg annually. Estimates
of 76 kg per capita per year (Monier et al,, 2010 based on 2006 data for the EU27) or 92 kg per
capita per year (Stenmarck et al.,, 2016 based on 2012 data for the EU28), including edible
and inedible scraps, are added to these figures. In 2023, over 58 million tonnes of food waste
(131 kg/inhabitant) are generated annually, with an value estimated at 132 billion euros
(Eurostat, 2023). Eurostat roughly estimates that around 10% of food made available to EU
consumers (at retail, food services and households) may be wasted. At the same time, over
37 million people cannot afford a quality meal every second day (Eurostat, 2023).

According to the UNEP Food Waste Index 2024, around 1.05 billion tonnes of food
waste were generated in 2022 - 60% of which came from households, 28% from food
services and 12% from retail. This amount (19%) of food available to consumers being wasted
at the retail, food service and household level. The equivalent of at least one billion meals of
edible food is being wasted in households worldwide every single day (UNEP, 20242).
Similarly, in the EU, households generate more than half of the total food waste (54%) and
70% of food waste arising at food service and retail (Eurostat, 2023).

The evaluation of the advantages and disadvantages brought on by the decrease in
food waste raises a concern (FAO, 2014; Schanes et al., 2018). Microeconomic theory, it is
argued, frequently falls short of capturing "real" consumption behavior, which results from
non-value (non-price) factors such as poor planning, aesthetic perceptions, and social factors
like prestige, as well as the relationship between purchasing power and food options or those
related to nutritional value.

It can be challenging to evaluate cultural aspects as well as lifestyle factors (influenced
by cuisine, nutritional knowledge, food management, storage, etc.), as well as ethical,
ecological, and financial attitudes toward food waste in civilizations where food is plentiful
and relatively inexpensive. A survey shows that in the US, over 37% of consumers always or
usually throw away food that is near the date mentioned on the container under the name
"best before" (Neff et al. 2019). Food labeling and packaging also fall under this category of
criteria.

According to some experts (Williams et al. 2012), 20-25% of food is lost during
packaging, proving that bulk packaging and date marking are significant contributors to
food waste. Therefore, it follows logically that improvements in food labeling and packaging

2 https://www.unep.org/resources/publication/food-waste-index-report-2024
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(such as resealable, smaller, and divided packages, more detailed label instructions, time-
temperature indications, and control) are essential for lowering household waste. There is
even a perception that clearer indications on packaging can limit the additional cost for the
retailer (Verghese et al. 2015) or increase the benefits associated with incentive taxation
(Schanes et al. 2018).

The benefits of reducing food waste are not confined to a specific sector or area, but
cover both upstream markets (e.g. feed, fertilizer use, land and labour) and food security
benefits from reducing food imports.

Food waste assessment models are diverse. In an attempt to standardize them, a group
of FAO experts (2014) specialized in food security propose a general equilibrium framework
model that should be followed in case of food waste. They start from the theory of general
equilibrium, in which market exchanges are based on the price system. The concept of
"equilibrium" refers to the fact that such exchanges take place in such a way that all actors
are satisfied and can produce new exchanges. The theory of general equilibrium is based on
perfect competition (Arrow and Debreu, 1954) and certain working assumptions: there
must be at least one price system, which equalizes the (global) offers and demands of
economic agents (agents who behave as "participants at the price").

Other instances in the pertinent literature require the use of macroeconomic simulation
models (such as the fixed-price social accounting matrix; Campoy-Munoz et al.,, 2017) or
computable general equilibrium representations under flexible prices (Britz et al., 2014;
Rutten et al., 2013a; Rutten and Verma, 2014; Rutten et al., 2015; Rutten si Kavallari, 2016).

Other methods by which food waste can be assessed are identified in the table below.

Table 1. General methods for evaluating food waste in each economic sector

Economic

Sector Evluation methods

Production Quality
Comerce w asessement

. aste .
Direct Volume Numbering,

composition .
Food Measurement ]p . assessement scanning
services analysis

Food
Journal

Households

Source: No time de waste. Why the EU needs to adopt ambitious legally binding food waste reduction target?

Each EU member state has created unique tools targeted at managing, minimizing, and
preventing food waste. Others take the form of various trash prevention techniques or
programs, including National trash Plans.

In conclusion, it is challenging to estimate how much food is wasted in each nation
because it is frequently gathered alongside other waste and cannot be tracked independently.
The majority of home garbage falls into this category, but it also applies to other industries
where food waste may be gathered and processed as biowaste. Calculating the amount of
avoidable food waste is much more challenging. The most common approaches call for
separate sorting, which is frequently challenging to accomplish, to determine the generation
of preventable and time-consuming food waste.
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3. APOSSIBLE MODEL OF COST-BENEFIT ANALYSIS APPLICABLE TO
THE PHENOMENON OF FOOD WASTE

According to the most recent data published by the National Institute of Public Health
(year 2019), in Romania, food waste is estimated at 6,000 tons per day, 50% coming from
households, 37% from the food industry, 7% from retail, 5% from public food and 2% from
the agricultural sector.

To combat this phenomenon, the Food Waste Prevention Lawno. 217/2016 (corroborated
with the provisions of Law no. 227/2015 on the Fiscal Code) covers the following measures:

1. responsibility for reducing food waste in the agri-food chain;

. sale atareduced price of products close to the expiry of the minimum durability date;

. transfer of food by donation, for human consumption;

. disposal and use of animal by-products and derived products;

. directing agro-food products that have become unfit for human or animal consumption
by turning them into compost;

6. directing agro-food products that have become unfit for human or animal consumption

in order to capitalize on them by transforming them into biogas;
7. directing to an authorized waste neutralization unit.

Ul s W N

The measures presented above carry additional costs, generated by changes in the
production process that can be partially or fully recovered through a reduction in food
waste.

An analysis of the effects of such measures at the national level requires examining the
basis of food waste formation, in order to determine the places and directions for improvement,
including their cost.

Given the fact that food waste generates different costs considered disproportionate
at the level of production sources, we believe that a Cost-Benefit Analysis model applicable
to the evaluation of this global phenomenon can be considered.

From this perspective, we propose a food waste evaluation model, based on cost-
benefit analysis (CBA), with the following stages:

o strategic approach and definition of objectives;

o identifying and selecting the most suitable alternative;

¢ plan of measures (financial estimate);

e economic analysis;

¢ performance indicators;

e sensitivity and risk analysis.

The strategic approach considers the establishment of the following possible objectives:

¢ developing an annual plan to reduce food waste,

e carrying out internal communications with employees from different sectors on
this topic,

o adapting production to certain existing market situations (demand-offer, ensuring
traceability),

o waste reduction plan depending on the market and the place where it is produced,

¢ plan of education and information measures regarding the prevention of food waste,

o ways to quantify food waste,

o measures to redistribute/use benefits (where possible).
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Cost-Benefit Analysis (CBA) seeks to compare costs now and future benefits. Typically,
either the net present value (NPV) or the internal rate of return (IRR) is calculated. Proposed
waste reduction projects are accepted if the NPV is positive or the IRR is greater than the
average interest rate.

The purpose of CBA is to compare the economic costs of the plan of measures to reduce
waste with the economic benefits that will be obtained at an updated social rate (usually 5%).
In practical terms, this is expressed by the CBA's economic performance indicators: a). Net
Economic Present Value (NEPV), b). The benefit / costratio (B / C) and c). ERR (economic rate
of return).

Economic costs (as opposed to financial ones) are measured in terms of "resources" or
"opportunity costs” (the benefit that must be given up by the alternative use of a resource).

Similarly, benefits can be measured in terms of the amounts that people are prepared
to pay (willingness to pay) or, alternatively, in the costs of avoiding an environmental problem
as a result of implementing a plan to measure. Also, the external benefits that result from
the implementation of the plan of measures to reduce waste and that are not captured by
the analysis carried out in financial terms must be identified.

There are a number of costs that must be taken into account when doing economic-
financial analyses. Thus, economic costs represent the broadest category that includes:
financial costs, resource costs, environmental costs etc.

The identification of the economic costs has three phases (Table 2):

o Phase 1 - corrections related to taxes, subsidies, other transfers;

e Phase 2 - corrections related to externalities;

o Phase 3 - conversion of market prices into accounting prices to include social costs
and benefits (determination of conversion factors).

Table 2. Costs - calculation phases

Phase 1 - fiscal In this phase, two components for the economic analysis are determined:
corrections the fiscal correction value and the conversion factor for market prices
impacted by the fiscal policy.

It is challenging to estimate net values since market prices include taxes,
subsidies, and some transfer payments. Therefore, generic methods will be
applied to rectify these distortions: VAT and other indirect taxes will not be
included in the costs of inputs and outputs for the cost-benefit analysis. Direct
taxes must be included in the price of raw materials. Transfer payments to
individuals, such as social insurance payments, must be excluded from the
calculation; when environmental taxes are incorporated into the cost of energy
and fuel, for example, indirect taxes/subsidies may be justified in being
included in project costs as long as double accounting is avoided; standardized
factors may be used for some classes of inputs and outputs (financial flows).

Phase 2 - externalities | Included in this category are the costs and benefits derived from environmental
correction impact assessment, CO2 emission estimation, etc. In this sense, a list of
quantifiable externalities can be used. When calculating the economic rate
of return, quantifiable aspects can be taken into account.

Phase 3 - conversion In this case, the conversion factors for the transformation of market prices
of market prices into into economic values are determined. Apart from fiscal influences and
accounting prices externalities, the real prices of raw materials and final production can be
distorted by the imperfections of market mechanisms.

Source: own interpretations.
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Distortions related to the wages of those involved must be taken into account when
calculating the costs of waste sorting activities, especially those working with environmental
protection infrastructures. Due to flaws in the labor market, current salaries might be a
misleading societal measure of the opportunity costs of labor.

The calculation of the economic performance indicators is done after the correction of
price distortions. After choosing the social discount rate, the net discounted value (NDV)
and the benefit/cost ratio can be calculated. The economic rate differs from the financial
rate in that it incorporates social and environmental externalities to the greatest extent
possible and employs opportunity costs rather than prices from unreliable markets. Many
projects may have a low or negative financial rate of return and a high economic rate of
return due to favorable externalities. As recommended (European Commission Guide, 2014),
the economic discount rate that can be used is 5%.

Calculation of CBA indicators

I. Net Economic Present Value (NEPV)
Based on the data and the net income flow, the net present value can be calculated:
. S S _ S 8,

VNAE=Y a S = - Fore—— .. -
— (+7r) (A+r) (1+r) (d+rYy

Where: S is the balance of net income flows (cash flow) over time n

a , is the balance of net income flows (cash flow) over time

raq is the discount rate (5%).

II. Internal Rate of Return

Internal Rate of Return (IRR) is defined as the interest rate for which the net present
value of the investment is equal to zero.

VNAE=7Y (S, /(1+RIRE))=10"

RIRE >-5%]

The value of the two financial indicators can be calculated relatively easily with the
help of financial functions from the EXCEL program, or based on other specialized financial
management programs, by applying appropriate functions.

II1. Benefit/Cost Ratio (Profitability Index - PI)
It is calculated as a ratio between the updated value of benefits and costs. The report
must be supra-unitary.

PI = Present benefits/presents costs

The benefits of reducing food waste

When estimating the benefits resulting from the reduction of food waste, three methods
of analysis can be taken into account: qualitative, quantitative and monetary.

Qualitative estimation investigates the types of benefits that should result. For this,
each category of food waste can be examined, although in some cases the benefits increase
from combined measures to combat waste.
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The main resulting benefits can be the following:

o health benefits (reduction of illnesses, avoidance of premature mortality, etc.);

¢ Dbenefits regarding resources (economies of resources from forestry, agriculture and
fishing);

¢ ecosystem benefits (benefits on some parts of the environment without commercial
interest);

o social benefits (food bank, donations, etc.);

o extended economic benefits: local and regional development (attracting investments),
eco-efficient gains, development of new sectors (eco-packaging);

o the economic benefits resulting from the more efficient use of some resources.

Where possible, these benefits should be quantified and, furthermore, monetary estimates
of them should be presented (noting at each level the assumptions and interpreting the results).

As aresult of the difficulty of assigning monetary values to benefits (in some cases it is
relatively difficult: for example, how much does the peel of an apple, egg, etc. cost), economic
estimates cover fewer benefits. That is why it is important that each level of analysis is seen
as providing value by itself, and that the qualitative assessment is not seen only as a step
towards the quantitative one. Focusing only on monetary analysis would result in missing
out on some of the benefits. With each step - from qualitative to quantitative analysis, to certain
monetary values - the volume of benefits changes in the sense of diminishing them.

4. RESULTS AND DISCUTIONS

4.1. Evaluation of food waste from mountain agro-pensions in Romania

An important place in the entire food chain is occupied by food waste in the HoReCa
sector, given that in order to increase its turnover, the sector forces the sale through large
portions of food that remain unfinished and through an oversupply in order to increase
attractiveness. Part of food waste is caused by products that are cooked and left uneaten due
to the lack of proper facilities.

In Romania, per capita estimates of food waste are 70 kg/year, with urban areas producing
more food waste, while in rural areas there is a tradition of consumption without much loss
as a result of a high ethical sense, but also relatively low incomes and the use of traditional
methods of valorizing household food scraps.

The estimation of food waste took into account the interviews carried outin 2021 with
the owners of agri-pensiones in the mountain area in Romania, from which it was found that
this percentage reaches about 15 kg of waste per tourist (about 21.4% of the national average
of 70 kg per per capita, annually).

Given that this was a maximum value, and taking into account the trends identified at
national level (food waste decreased in 2020, compared to 2016, in all product categories,
with significant percentages in bakery products: decrease of 63, 8% compared to 2016, as
with meals prepared at home - decrease of 61.11% compared to 2016), the following analysis
hypotheses existing in national studies were selected:

1. inrestaurants, food waste is estimated at 15 kg per tourist per year;

2. n catering companies - 6 kg per tourist per year.

The estimation of food losses in mountain tourist in Romania structures was carried
out on the basis of the following work options and took into account that not all mountain
tourist structures have their own restaurants:
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1. 10 kg per tourist annually food waste produced in the average mountain areas;

2. 15 kg per tourist per year, maximum option;
3. 6 kg. per capita annually minimum variant of waste produced in tourist accommodation

structures.

4.2. The situation of tourist structures in mountain areas in Romania

The tourist capacity of the mountain areas (year 2021) was 2,492 tourist accommodation
structures, which represents 27.25% of the total at the national level. About 52.85% of the
total are agro-tourist guesthouses, followed by tourist guesthouses (17.47%), tourist villas
(8.47%) and hotels (7.95%). Most are 3 stars and are agro-tourist guesthouses (Figure 1).

20
18
16
14
12

o N B OO 0

30

25

20

15

10

0

17,46
795 8,47
5,82
2,09
0,24 L2 516 06 06 14 064
. — -_— -_— -
o o & ) o o o o o o o QS
& Q (;g, 0@ &\'b ,b‘g, \0$ S”Q & S & \'bogz o
e ~ © &~ & &° IS S &
8 & & & & & “C N\ R
S 3 N O & &L &
S & < N & &
<° & <9 N <&
=
<0
Figure 1. Turistic structure by types of accommodation, Romania, 2021 (%)
Source: own processing of INS data
26,58
13,44
753 go3
3,05 2,68
1,99 /
B oo 1,29 I 061 0,39 089 141 B
—_— — — - |
o NS o o o o o o o o & o o
& o & N = & ;,\OQ 5 K \7&?’ o & &
2 P < © & & S &L N & & ©
(r_’}' < eé' Qe' & 00"’ A Q)‘»Q o(} )
N < & o ) & & &
<9 & N & <9
& & N
« W %'b(\
R

Figure 2. The structure of accommodation places in tourist units
in the mountain area, Romania country, 2021 (%)
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There are 66,374 accommodation places in the tourist accommodation structures in
the mountain area (with an average of 27 places per tourist unit). About 32% of places are
in agritourism guesthouses, followed by hotels (26.58%) (Figure 2).

Figure 3 shows the arrivals (number of people) in the tourist reception units in the
mountain area. It can be seen that there were 1,866,402 people in 2021, 44.6% more than
in 2014.
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Figure 3. Arrivals of tourists in tourist reception structures
in the mountain area, Romania, 2021 (no.)

Source: own processing of INS data.
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Figure 4. Places-bed in tourist structures in the mountain area, Romania, 2021 (%)
Source: own processing of NIS data.

As can be seen in Figure 5, mountain tourist structures had an average degree of
occupancy in 2021 of 42.5%, the most occupied being hotels (52.8%), followed by tourist
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villas (36.5%). Mountain agro-tourist guesthouses had an occupancy rate of 23.1%, while
tourist guesthouses were occupied at a rate of 26.2%.

Total M 42,50
Touristic houses IEEEEEEEEEEEEEE——— 27,40
Pupil and preschool camps IEEEEEEEEEEE———— 28,10
Bungalows M 22,50
Holiday villages mssssssssssss 12,90
Tourist stops I 28,30
Campings IIEEEE————— 19,10
Agritourism pensions IS 23,00
Tourist guesthouses EEEEEEEEEEEEEEEES———— 26,00
Tourist cottages NI 23,00
Turistic villas I 36,50
Motels I 21,70
Hostels I 32,00

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00

Figure 5. The degree of occupancy in mountain tourist structures, Romnaia, 2021 (%)
Source: own processing of NIS data

Taking into account the previously presented elements, Table 3 presents the estimates
regarding the amounts of food waste in the analyzed mountain areas in Romania, within the
tourist structures. Thus, the most estimated waste is produced in hotels in the mountain area
(95.8 tons annually maximum and 57 tons minimum), followed by agro-tourist guesthouses
(36 tons maximum and 21 tons minimum.

According to estimates, the units in the HoReCa sector register over 250,000 tons of
food waste thrown to the landfill annually (12%-15% of the total food waste). Compared to
the total value estimated for the HoReCa sector, the food waste in the mountain area has a
small size, it represents 0.0144% of the estimated 250,000 tons (the maximum value of the
waste in the mountain area).

In conclusion, starting from these global estimates, we believe that a more accurate
assessment of the quantities of food waste is necessary, which takes into account each
activity sector separately.

Moreover, it is necessary to standardize the amount of waste for each sector, so that
the estimate is as close as possible to the real situation (Table 3).

Table 3: Estimates of waste quantities (annual), Mountain Area, Romania Country

Effectively occupied | TOTAL estimated food waste per year
e e Total beds taking into
typ beds account the degree 10kg 15kg 6 kg.
of occupancy per capita | per capita | per capita
Hotels 18.159 9.588 95.879,52 143.820 57.527,7
Hostels 1.463 468 4.681,6 7.022,4 2.809,0
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Effectively occupied | TOTAL estimated food waste per year
Accomodationtype | o | ot e | 10k | 15ke | ek
gree
of occupancy per capita | per capita | per capita
Motels 1.150 250 2.495,5 3.743,25 1.497,3
Turistic villas 4.341 1.584 15.844,65 | 23.766,98 9.506,8
Tourist cottages 4.037 929 9.285,1 13.927,65 5.571,1
Tourist guesthouses 8.137 2.132 21.318,94 31.978,41 12.791,4
Agritourism pensions 15.549 3.592 35.918,19 | 53.877,29 21.550,9
Campings 1.152 220 2.200,32 3.300,48 1.320,2
Tourist stops 491 139 1.389,53 2.084,295 833,7
Holiday villages 310 40 399,9 599,85 239,9
Bungalows 369 83 830,25 | 1.245,375 498,2
Eylflg;“d preschool 1.673 470 4.701,13 | 7.051,695 | 2.8+20,7
Touristic houses 420 115 1.150,8 1.726,2 690,5
Total 39.092 16.614 166.141 | 249.211,5 99.684,6

Source: own processing of NIS data

Moving forward with the analysis, it is found that not all structures in the mountain
areas are equipped with restaurants or shops, the most important are hotels (34%), agro-
tourist guesthouses (22%) and tourist guesthouses (20.13%).

This aspect complements the previous conclusion, in the sense that food waste is
produced, in particular, in tourist structures that also have restaurants or shops.

4.3. A scenario with high potential impact on reducing food waste.
Innovative packaging

The packaging process is vital in maintaining the quality and safety of food, but also in
extending the shelflife of the stored product, thus reducing food waste. However, packaging
is, in turn, a product with a short life cycle, therefore its incorrect management can lead to
negative effects on the economy and the environment.

Packaging has a direct link to the circular economy, which promotes closing the loops
in industrial systems, minimizing waste and reducing the input of raw materials and energy.
From the perspective of the circular economy, the food chain includes three important stages:
food production, consumption and food waste generation, including food surplus management.

Currently, the food journey "from farm to consumer” shows the need for packaging
systems that facilitate the protection, transport and storage of food products. In this context,
packaging could significantly contribute to reducing food waste. Therefore, it is recommended
to continue the development of new forms of distribution packaging for food products, which
minimize handling along the supply chain.

Reusable boxes and pallets are two examples of packaging that reduces the amount of
product handling. Food and packaging have a special connection. Correct food packaging
utilization can reduce family food waste and the negative environmental implications of
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overproduction. That's why it's important to recognize the potential trade-off between
packaging consumption and food waste. In this sense, it is well known that packaging contributes
to sustainable development by maintaining the quality of products in the supply chain.

There are studies showing that packaging can be an interesting and attractive topic
because people have become more aware of packaging waste than food waste (they usually
underestimate the amount of food waste).

Packaging is one of the most studied methods of reducing food waste, an important
concern being the impact on the environment versus the generation of waste. For instance,
although the likelihood of food waste generation is low, the switch to single-serving sizes in
some food categories may result in a high amount of packing per unit mass of food. To achieve
the optimum environmental result, it becomes crucial to understand and research the trade-
off between packaging usage and food waste. Packaging can be classified as follows:

» Primary packaging for retail (plastic, glass, metal, etc.).

» Secondary/tertiary packaging: additional layers that contain and protect the primary
packaging during distribution (examples: corrugated cardboard boxes, plastic or
wooden pallets, plastic crates for processed foods or stretch films).

The most used materials are polymeric (37% - in the flexible version 10% and rigid 27%)
due to the properties that can ensure the quality of the packaged products throughout their
lifetime until consumption. The types of polymer packaging are: trays, boxes, casseroles,
bags, films, sealable foil, cups, vacuum bags etc.

These types of packaging must comply with certain specific quality conditions for the
entire duration of both transport and the life of the food products.

The phases of the packaged food supply chain must be identified in order to calculate
food loss due to packaging. There are various phases and causes of food waste along the
supply chain: A product may lose some of its contents after being packaged for sale or
transportation. The packaging must present a series of characteristics, for example they
must be easy to open and empty. If these characteristics are not met, food waste occurs
quickly (by spillage).

An estimate based on studies showed that food loss and food waste caused by packaging
contributes with 20-25% of the total amount of household food waste (Table 4).

Table 4. Types of food waste caused by packaging damage

Phase Types of food waste caused by packaging damage

Post-harvest . . .
Damage caused by various contaminants, sharp edges, chips

handling and .
from storage containers.
storage
On Fhe supply Processing Problerlns in '.che filling process; .
chain and packagin Packaging failures during sealing;
P sing Changes to packaging for marketing reasons.
Distribution Inadequate packaging material, poor stability; damage to

barcodes

Packaging difficult to open or empty;

In households .
Incorrect size.

Source: https://iba-riscuriambalaje.ro/wp-content/uploads/2020/09/Strategie_risipa_final.pdf
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According to European Regulation 450/2009, the main design criteria that an ideal
package must fulfill are: zero toxicity, easy handling, adequate mechanical strength, firm
closing characteristics (such as resealing), moisture control, appropriate labeling.

The main benefits of reducing food waste by using innovative packaging are:

e Save money by reducing overbuying and disposal costs;

o Reduces the impact on the environment;

e Supporting efforts to eliminate hunger;

¢ Reduction of health-related problems; elimination of odors;

¢ Supporting community efforts to reduce waste;

o Increasing fiscal benefits through food donation;

o Energy conservation and reduction of greenhouse gases.

Food safety is also taken into account. So, the primary cause of food-borne illnesses is
still microbial contamination of food products. Market globalization, which calls for items
with longer shelflives, and the rise in popularity of minimally processed foods present further
difficulties.

As a result, new food packaging materials that ensure safety and retain quality over
extended periods of time are required. Food packaging technology is continually changing
to meet these difficulties. Table 5 lists several potential technological advancements for
packaging-related food waste reduction.

Table 5. Innovative food packaging technologies to reduce food waste

o Improved mechanical, thermal, and barrier qualities of packaging

¢ Increased biodegradation due to biodegradability

o Shelf life extension, oxygen scavenger, and antimicrobial active packaging

e Environmental interaction, self-cleaning, self-healing, and damage signaling are all features
of smart packaging.

o Controlled distribution and release: bioactive substances (like essential oils) and nutraceuticals

o Monitoring of the state of the product: gas detector, freshness indicator, leak indicator, and
temperature time indicator (TTI)

o Nanosensors: monitoring microbial growth and food quality
¢ Nanocoatings
e Nano-barcode and product authentication information.

Source: Love Food Hate Waste (2018) A-Z of food storage.

In order to extend shelf life by interacting with the product (e.g., by releasing anti-
oxidants, antimicrobials, or oxygen scavengers), food packaging must transition from a
passive one (a simple container that protects its contents from moisture, air, microbes, and
mechanical damage such as vibrations and shocks) to an active one.

"Smart" or "interactive" packaging solutions can help with collaboration and data
sharing in the supply chain. For better demand feedback for different supply chain actors,
smart food packaging can offer real-time expiration data, product tracking, and temperature
indicators that are either time-based or triggered by specific chemicals, determined by radio
frequency identification (RFID) data, or have thermal sensors. By relaying information to
suppliers about quality, safety, shelf life, and logistical effectiveness, these smart packaging
solutions have the potential to decrease food waste in the supply chain.
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By minimizing the amount of time products spend in the supply chain, you may increase
shelf life and lessen the chance that they will spoil while being transported or stored.

Under these circumstances, nanotechnology is being investigated more and more as a
tool for the creation of active food packaging. The result is that NanoPack is an active
packaging film with antimicrobial properties that gradually releases tiny amounts of
antimicrobial essential oils in the form of vapors into the so-called "headspace” of the
package, sanitizing both the food product and the headspace and extending the shelf life of
the product. By adding three weeks to the shelf life of bread without additions, NanoPack
films show the potential of active packaging technologies to cut down on food waste.

Plastics and metallized films that provide a high mechanical barrier and are impervious
to water, oxygen, and microorganisms are in high demand because they can extend shelf life
while using fewer preservatives. Some materials are not biodegradable and are frequently
made from non-renewable fossil fuel sources.

Materials with numerous functional layers frequently have limited options for
recycling or disposal. Additionally, there is widespread worry across the globe regarding
the environmental effects of packaging trash made of persistent plastic in particular. As a
result, there is a growing trend towards environmentally friendly choices that are more
sustainable.

Because they are more readily biodegradable or compostable than typical plastic
packaging, bio-based materials are being investigated as environmentally friendly alternatives.
However, due to their characteristics (such as greater permeability to air or water), their
industrial use and application are still restricted. If conventional plastic is to be replaced and
the waste issue is to be solved, these qualities must be considerably enhanced.

An example of good practice is the RefuCoat project, financed by EU funds, which
proposes the development of two new types of bio-food packaging. The first is an active
packaging alternative that is totally recyclable to the metallized foils typically used to package
cereal, crisps, and salty snacks. A completely biodegradable container for chicken products
is the second option.

Active packaging technologies extend the time that food may be carried, reducing the
loss and waste caused by food spoilage, while other cutting-edge concepts enable waste to
be eliminated or turned into useful resources. These technical advancements may prove to
be a vital weapon in the worldwide struggle against food waste.

Making food packaging a by-product of the food business is another ground-breaking
suggestion for enhancing the sustainability of food packaging. By employing byproducts that
would typically be lost, such as unpurified cheese whey and almond shells, the community
initiative YPACK (2017) is creating a 100% recyclable packaging film and a fully biodegradable
packing tray. The tray includes active antibacterial qualities that can increase the shelf life
of food goods, while the related flow pack material serves as a passive barrier.

Taking into account the fact that plastic packaging is found everywhere in nature
around the world (in ocean waters, rivers, mountains, forests, cities, etc.) and the fact that
much waste can no longer be sorted or recycled, we believe that the impact of a smart
packaging would be great.

To stop this waste from expanding on a large scale, it is important that certain laws are
passed to protect the sale of bags and other packaging made of plastic or non-renewable
materials.
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In Romania, Law no. 87/2018 promulgated on January 1, 2019 regarding the management
of packaging and packaging waste prohibits the sale of plastic bags (thin plastic bags with
handles, 50 microns thick).

In order to reduce the presence of these bags and to interfere with the illegal system
of buying surplus bags in other countries, it is important to change the green tax. As a result,
plastic bags have been partially removed from the commercial system and replaced with
biodegradable and compostable bags, which are more environmentally friendly. The costs
vary starting from 0.10 lei/bag and reaching 0.15 lei/bag. The problem is the incorporation
of natural safeguards, which are intended to include thin plastic bags without handles.

The SR EN 13432: 2002 standard applies to products that meet certain standards in
the field of biodegradable and compostable objects. Therefore, to be approved, the packaging
must meet certain criteria: aa have a shelf life of 12 weeks until the product degrades almost
completely. Except for carbon dioxide, a biodegradable bag emits no harmful substances
into the atmosphere.

There is a difference between biodegradable products and compostable products:
biodegradable items are not entirely beneficial to the environment. They also have plastic
components and microorganisms that help break it down. Compostable items are made
from organic materials such as cornstarch. Therefore, if such objects or packages, including
bags, are used more and more, nature has many benefits.

CONCLUSIONS

In conclusion, the specialized literature in the field emphasizes the short-term (Campoy-
Munoz et al.,, 2017) as well as the medium-term (Rutten et al,, 2013a) effects, demonstrating
that the quantitative impact of reducing food waste is typically analyzed through a system-
wide macroeconomic simulation, an approach that explicitly recognizes the direct impact on
various stages of the production and supply chain. The conclusions of the studies mentioned
are frequently based on estimates of the occurrence due to the absence of statistical data.
Thus, most of the time, the supply perspective of the phenomenon is ignored or reduced in
terms of labelling, packaging and logistics within the food chain.

Each EU member state has created unique tools targeted at managing, minimizing, and
preventing food waste. Others take the form of various trash prevention techniques or
programs, including National trash Plans. Additionally, it is challenging to estimate the
amount of food waste generated by each nation because it is frequently collected alongside
other debris and cannot be tracked independently. The majority of home garbage falls into
this category, but it also applies to other industries where food waste may be gathered
and processed as biowaste. Calculating the amount of avoidable food waste is much more
challenging. The most common approaches call for separate sorting, which is frequently
challenging to accomplish, to determine the generation of preventable and time-consuming
food waste.

Taking into account the presented elements in Chapetr 4, the most estimated food
waste is produced in hotels in the mountain area in Romania (95.8 tons annually maximum
and 57 tons minimum), followed by agro-tourist guesthouses (36 tons maximum and 21
tons minimum. According to estimates, the units in the HoReCa sector register over 250,000
tons of food waste thrown to the landfill annually (12%-15% of the total food waste).
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Compared to the total value estimated for the HoReCa sector, the food waste in the mountain
area in Romania has a small size, it represents 0.0144% of the estimated 250,000 tons (the
maximum value of the waste in the mountain area). Starting from these global estimates, we
believe that a more accurate assessment of the quantities of food waste is necessary, which
takes into account each activity sector separately.

Moreover, it is necessary to standardize the amount of waste for each sector, so that
the estimate is as close as possible to the real situation.

The present article tried to give a brief picture of what the phenomenon of food waste
means and the importance of actions that address, directly or indirectly, its reduction. Thus,
academic research as well as certain practical techniques indicate the acknowledgement of
the significance of decreasing food waste, with the pertinent objectives being the analysis of
the primary causes and sources, ongoing monitoring, and promotion of control and reduction
strategies.

By reducing food waste, many benefits can be obtained: for health (reduction of diseases,
avoidance of premature mortality etc.), resource savings (resource savings from forestry,
agriculture and fishing), ecosystem benefits, social benefits (food bank, donations) etc.

It has also been found that the use of certain packaging that uses different innovative
materials can lead to a number of benefits, such as: saving money by reducing overbuying
and disposal costs, reducing environmental impact, supporting efforts to eliminate hunger,
reducing health-related problems; eliminating odors, supporting community efforts to reduce
waste, increasing tax benefits through food donation, conserving energy and reducing
greenhouse gases.

In conclusion, regardless of the means or tools to reduce food risk, it is necessary, first
of all, to be aware of the size and intensity of the phenomenon and must be acted upon as
such. Decision-makers, together with individual consumers, production or marketing units,
must work together to identify the best solutions and measures, which ensure the achievement
of the goal of reducing food waste per capita by 50% globally, at the level of the year 2030”
(ONU, 2015).

The main challenge regarding food waste is determined by the lack of data and statistical
indicators to help stakeholders understand the true dimension of this phenomenon. Moreover,
this data must exist throughout the food chain, in order to accurately identify where the
most is wasted. Currently, there is a proposal at the level of the Ministry of Agriculture and
Rural Development to develop a national online platform for reporting food waste data by
economic operators. It is also intended that the Ministry publishes on its own website,
annually, certain relevant data regarding the progress made in the prevention and reduction
of food waste. Last but not least, we can also mention the prospect of developing a national
strategy for food waste, which will be updated once every five years.
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Abstract

At the present time, the progress in veterinary medicine gives us the classification of many
diseases with a high incidence in mountain areas and respectively with considerable economic
consequences brought to cattle breeders in mountain areas. One of these diseases that develops
especially in the Carpathian and Subcarpathian areas of Romania is Hypodermosis. This disease
evolves in many areas of the world. In our country, it evolves with a much higher incidence in the hill
and mountain areas and a lower incidence in the south of the country. It causes significant damage
from an economic point of view in the leather industry, by reducing milk production by more than 10%
and weakening animals with a low yield at slaughter, as well as from a sanitary-veterinary point of
view with their recovery costs. At this moment in Romania, thanks to the measures to combat and
prevent, the prevalence decreased in 2023 to a percentage of 0.31%.

Keywords: Hypodermosis ; cattle; mountain areas; prevalence; economic; production.

INTRODUCTION

Hypodermosis is a chronic cutaneous myiasis that evolves seasonally, produced by the
larvae of the Genus Hipoderma, which are located subcutaneously, and give rise to nodules
in the dorsal-lumbar region. The disease is popularly known as "pimples" and is spread all
over the globe (Suteu and Cozma, 2004). Warble flies (Hypoderma sp.) are common pests of
cattle in the Northern Hemisphere. Cattle infested with their fly larvae suffer severe damage
to the subcutaneous connective tissue, skin, and sometimes even death from toxemia or
anaphylactic shock, or even damage to the central nervous system (CNS). Also during the
larval stages, they produce enzymes that can cause immunosuppression and manifestations
of some secondary diseases (Boulard et al., 1997). The development of this disease influences
the decrease in milk production and weight loss in the young (Tarry, 1986).

MATERIALS AND RESEARCH METHOD

This work as a whole highlights one of the main conditions that evolves in bulls from
mountain areas with major repercussions from an economic and veterinary medical point
of view. In this sense, I studied domestic and international specialist literature which I
updated to the Motan specifics, together with my knowledge and practice as a veterinary
practitioner for over 30 years in the mountain area of the Dornelor Basin. Through this
work, even if these aspects are known, [ wanted to bring to the attention of taurine breeders
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the implications from a medical point of view and repercussions from an economic point of
view, in order to try as much as possible to prevent the occurrence of this condition.

RESULTS AND DISCUSSIONS
a. Etiology

Hypoderma evolves with 2 important etiological agents: Hypodema bovis and Hypoderma
lineatum, which lead a parasitic life in the L1., L2., and L3. stages, and the adults, pupae and
nymphs are not parasitic.

b. Biological cycle

Hypoderma adults mate during the short life span of 7-14 days. Females of Hippoderma
bovis (Fig.1) lay their eggs in flight, isolated on the hairs on the sides of the neck, sable, lower
thoraco-abdominal region of the animals (Dulceanu and Terente, 1994).

b

Fig. 1. Hypoderma bovis fly (Oestridae, Hypodermatinae), adult female
Source: Scholl et al, 2019

Those of Hypoderma lineata deposit them in groups on the hairs (Fig.2) on the sallow
and on the sides of the neck (Suteu and Cozma, 2004).

Fig. 2. Eggs of Hypoderma lineatum (Oestridae, Hypodermatinae), attached to hairs
Source: Scholl et al, 2019
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A female can lay 200-800 eggs in a very short interval (Suteu and Cozma, 2004). After
approximately 4-6 days of incubation on the skin, they hatch into L1 larvae, which at the
base of the hair penetrate deep into the skin and migrate into the connective tissue (Boulard,
2002). Larvae L.1. of Hypoderma bovis from the subcutaneous connective tissue, some
migrate into the spinal canal through the conjugation holes, others into the pleural and
abdominal cavity, through the dorsal musculature (Suteu and Cozma, 2004). The migration
takes place in an interval of 5-6 months. Beesley, (1962) also found L1 larvae in the central
nervous system (CNS). From a few larvae to more than 100 were discovered in the spinal
canal (Suteu and Cozma, 2004). Some of the larvae are destroyed, disintegrate or qualify.
The highest incidence in the medullary canal is in the months of November to May, but they
are most common in the months of January to February (Beesley, 1962). In the February-
March periods, in mountain areas even in April, the larvae penetrate the tissues up to the
dorso-lumbar region and perforate the skin transforming into L2 stage larvae (Weintraub,
1961). In the case of Hypoderma liniata larvae, they cross the skin directly between the hairs
or at the level of the opening of the hair follicle, after which they migrate. According to
Nelson, and Weintraub, (1972) only 10-15% of L1 larvae will become L3 larvae (Fig.3). In
this variety, the L1 larvae stay for about 5 months in the esophagus, from where they then
migrate to the dorso-lumbar region (Suteu and Cozma, 2004). According to some authors
(Dinulescu and Niculescu, 1960; Hadwen, and Fulton, 1924) the larvae can also enter
through the mouth when the animal licks, it picks up the L1 larvae, from the level of the hair,
from where it migrates through the esophagus to the dorso-lumbar region. L1 larvae turn
into L2, then after a period of about two months, during which they feed on secretions and
pus, they turn into L3, which lasts about 1.5-2 months.

Fig. 3. Larvae, Hypoderma sp. (Oestridae, Hypodermatinae), of L3 cs,
cross section of H. bovis; ps1, larvae of (H. bovis), L3; ps2 , H. lineatum larvae, L3

Source: Scholl et al, 2019

After this period, they become mature, detach through the holes in the skin and fall to
the ground, where they pupate, the stage lasting 25-30 days, at a temperature of 25-29°C
or about two months at a lower temperature (Dulceanu and Terente, 1994). This phase is
followed by the emergence of adults that resume their cycle.
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c. Epidemiology

Taurines are contaminated from June to September. Egg laying by female hypodermic
occurs during the day accompanied by a characteristic noise and causes behavioral reactions
in cattle. They attack pastures (Hypoderma bovis) or paddocks (Hypoderma lineata) and fly
in search of animals up to 5 km (Suteu and Cozma, 2004). No cases of hypodermosis were
found in bulls kept in stables. From a clinical point of view, the manifestations appear from
February and continue until summer. Cattle are the most susceptible, but sporadically it can
also occur in horses. The young in the first year of grazing are most susceptible, then until
the age of 3 years they continue to get the disease. Adult coils only do sporadically, their
resistance being due to post-infestation immune background. The disease occurs more
frequently in the hilly and mountainous regions of the Subcarpathians and plateaus, because
the ecological conditions in these areas favor the development of insects. In drier areas such
as the south of the country, the incidence is much lower.

d. Pathogenesis

The main form of pathogenic action is due to trauma and perforation of the skin for
the migration of L1 and later L2 larvae, which in order to breathe form holes on the surface
of the skin (Fig.4). The saliva and excretions (a hypodermotoxin) released by the larvae
produce a traumatic irritant and histolytic effect. During migration, the larvae create pathways
through which they transport bacterial germs such as: Clostridium chauvei, Clostridium
aedematiens (Normand et al,, 1979) which can cause hemorrhagic and inflammatory processes
in the esophagus, muscles and subcutaneous abscesses in the dorso-lumbar region (Fig.4).

Fig. 4. Multiple warble subcutaneous abscesses along the dorsal
region of cattle caused by Hypoderma bovis (Oestridae, Hypodermatinae)

Source: Scholl et al, 2019

During the evolution of L2 and L3, chronic granulomatous reactions occur, forming a
nodule in the subcutaneous connective tissue. At the intraspinal level, the dead larvae release
proteolytic enzymes causing medullary necrosis and during the migration of the live larvae,
they have a compressive, medullary effect, producing edema and intraspinal hemorrhages
(Rivas, 2010). Larvae of all stages, through the degradation of dead specimens, have antigenic
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properties inducing the formation of specific antibodies (Robertson, 1980). If a large number
of larvae are destroyed, anaphylactic shock can occur through manual interventions, due to
the release of antigenic complexes in large numbers (Romaniuk, 1973).

e. Immunity

In hypodermosis, a state of post-infested immunity always occurs (Robertson, 1980;
Boulard, et al,, 1996) in which, right from the first migration stage of the larvae, they are
received by the immunoforming mechanisms and thus anti-larval antibodies are formed,
easily detectable at two months postinfection or 260-295 days postinfestation (Suteu and
Cozma, 2004; Robertson, 1980). When flies infest taurines in waves, with the appearance of
L1, there is an increase in circulating antibodies with the destruction of some larvae.

f. Symptomatology

During the flight of the hypoderms, due to the noise they make, the animals become
restless and cannot feed, they retreat to shelter or near running water (if any) because in
these areas they do not attack. During these attacks the animals are agitated and their milk
production decreases. The main pathognomonic sign that appears the following year, starting
from January-February, is the appearance of hypodermic nodules that appear on the dorso-
lumbar region. At first, the nodules are the size of a grain of corn and reach the size of a
walnut, and in large infestations they may also appear on the chest or rump. In inflammatory
and medullary hemorrhagic processes, paresis and paraplegia can occur that are difficult to
diagnose clinically. At the hole of the nodules on the surface of the skin by drying the secretions,
crusts form. When an overinfestation occurs and with the destruction of the larvae, an
abscess is formed with purulent secretions. After the L3 larvae hatch, involution and
scarring of the lesions occurs. When strong infestations occur, the animals lose weight, losing
about 15-20 kg/animal. In the case of esophagitis, swallowing disorders occur with the lack
of prestomach peristalsis and difficulty in rumination. The most serious complications are
obstructive esophagitis and the production of anaphylactic shock. The prevalence of Warble
Flies varies greatly depending on the region (Darabus etal., 2023). Studies by some Romanian
researchers highlight the prevalence of the disease in two distinct areas, in the south of the
country with a prevalence in 2005 between 32 and 43% (Cozma etal 1995) and in the north-
east of the country in 2023 of 0.31% (Darabus et al, 2023). This difference can also be
explained due to the climatic differences between the southern part of the country with
higher temperatures and the northern part with lower temperatures, the southern part
having more favorable conditions for the evolution of warble flies (Darabus et al., 2023).

g. Diagnostic

The diagnosis is easy to establish from a clinical point of view through a simple
examination of the dorsolumbar region, where we will easily notice the nodules formed or
in the process of formation, in the winter to spring season. The diagnosis is certain and
cannot be confused with any other condition. Thus, any cattle breeder can establish this.

h. Prognosticate

From a medical point of view, this is favorable except in cases of paresis, paraplegia,
or anaphylactic shock when the prognosis becomes reserved. From an economic point of
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view, the disease brings major damages through the depreciation of skins with hypodermic
nodules in slaughtered bulls. Also, in youth the decrease and lack of weight gain, and in adult
females the decrease in milk production by 40-60%.

i. Treatment

Current therapy benefits from a series of larvicidal substances with injectable or local
application. Ivermectin is very effective against all larval stages of hypoderm. After the fly
season is over (September), cattle should be treated as soon as possible. In order to achieve
the desired results, the treatment consists of injecting the animals with drugs based on
ivermectin, avermectin or doramectin, in doses of 0.2 mg/kg body weight. A new treatment
will be administered during the winter for internal and external parasitosis, thus destroying
any larvae responsible for hypoderma. Local applications for combating insects are made
throughout the summer with cypermethrin or butox solution, applied to the dorso-lumbar
region.

Prophylactic treatments. Prevention measures focus on the use of the same drugs used
in the prepatent period when the larvae begin to migrate into the body, corresponding to
November. The prophylactic methods instituted in this larval migration phase present
spectacular advantages due to the relief of suffering, but also the prevention of economic
losses.

j. Preventive measures

By using ivermectin in nematode infestations, in young cattle up to 3 months high
efficacy is also obtained in Hypoderma sp. (Drummond, 1984; Boulard, et al., 2008), thus
providing high protection. Great attention should be paid to purchased cattle that require
prophylactic treatment from the first moment (O'Brien, 1998). Also, a prophylactic and very
effective treatment administered in the autumn at low costs, can be used in the form of a
microdose, of 2 ug/kg, of "Ivomec” which is also non-threatening to the environment (Boulard,
et al,, 2008). This strategy, practiced for a long time in France, began to be successfully
practiced in our country as well during the autumn mass prophylactic actions, which are
carried out on animals according to the "National Program of Actions for the Surveillance,
Prevention, Control and Eradication of Diseases in animals".

Fighting adult insects is possible by spraying the whole body of bulls with insecticides
during grazing, applied against fleas, lice, and scabies, which also have an anti-hypodermic
effect. In recent years, thanks to preventive measures and ivermectin treatments, applied to
animals to prevent parasitic diseases, there has been a significant decrease in these diseases
even to the point of their eradication (Darabus et al.,, 2023) such as Great Britain where from
a population of 10 million cattle before eradication, the prevalence was 40% (Hassan et al.,
2010). And in other countries the prevalence has decreased in recent years: Greece 37.4%
(Papadopoulos, 2004) in Poland 16%, Switzerland 20% (Yin et al., 2010), Albania 31%
(Otranto et al.,, 2005).

k. Economic implications

From an economic point of view, the disease can cause important losses. The biggest
losses for farmers in the mountain area come from reduced milk production. Also in the
growing youth and fattening the decrease in weight gain and in the slaughtered animals, the
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depreciation of the carcasses and the loss of the skins. Considering the prevalence and the
economic losses that Hypodermosis brings to farmers in the mountain area, an accounting
analysis of the losses should be taken into account and drawn up, with the estimation of a
benefit-cost ratio and the application of investment strategies with the research.

CONCLUSION

Concluding the aspects presented in this paper, a series of warnings and sustainable
measures can be formulated for farmers in mountain areas.

Hypodermosis is a chronic, benign disease with seasonal evolution produced by
Hypoderma larvae with subcutaneous localization, a disease popularly known as "pimples”
that mostly affects cattle. It is specific to all northern regions, but more pronounced in the
hill and mountain areas, being favored by the climatic conditions specific to these areas that
ensure the evolution of this parasite. The life cycle of the parasite is approximately one year,
of which 9 months are spent in animals as internal parasites and the rest of the time in the
external environment. It has a high degree of infestation in cattle and generally a high
prevalence throughout the grazing period. Untreated animals represent a true reservoir of
re-infestation of the disease for the healthy ones. It causes significant economic damage in
the leather industry, as well as by decreasing milk production and depreciating meat at
slaughter. Hypodermosis represents a great global threat, especially for the northern area,
for clinically healthy animals, also producing a serious impact from an economic point of
view. Thanks to the preventive measures instituted in recent years for parasitic diseases in
animals with the product "Ivermectin”, the prevalence of hypodermosis in the northern
areas of the globe has decreased considerably, including in Romania reaching a percentage
of only 0.31% in 2023.

[tis necessary to implement and organize continuous education programs for farmers,
a more careful awareness and approach regarding the dynamics and evolution of hypodermosis
in cattle in mountainous areas.

By implementing these forms of continuous education, farmers could also become
aware of the evolution of some diseases with economic impact, specific to mountain areas.

AUTHOR(S) CONTRIBUTION

Not applicable.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.
INSTITUTIONAL REVIEW BOARD STATEMENT
Not applicable.

INFORMED CONSENT STATEMENT

Not applicable.

DATA AVAILABILITY
Not applicable.

65



Journal of Montology, vol. XVI - 2022

REFERENCES

Beesley W.N. (1962). Observations on the development of Hypoderma bovis de Geer (Diptera,
Oestridae) in the bovine host. Research in Veterinary Science, 3(2), 203-208.

Beesley W.N. (1974). Arthropods-Oestridae, Myiases and acarines. In Proceedings of the...
International conference.

Boulard C. (2002). Durably controlling bovine hypodermosis. Veterinary Research, 33(5), 455-464.

Boulard C., Alvinerie M., Argenté G., Languille ]., Paget L., & Petit E. (2008). A successful,

sustainable and low cost control-programme for bovine hypodermosis in France. Veterinary
parasitology, 158(1-2), 1-10.

Boulard C., Villejoubert C., & Moiré N. (1996). Antigeni reactivi incrucisati, specifici etapelor
din familia Oestridae. Cercetare veterinara, 27 (4-5), 535-544.

Colebrook Ellen; Wall Richard. Ectoparasites of livestock in Europe and the Mediterranean
region. Veterinary Parasitology, 2004, 120.4: 251-274.

Cozma V., Suteu E. Epidemiology and Aetiology of Bovine Hypodermosis in Northwestern
Romania. In: Tarry DW, Pithan K, Webster K, editors. Improvements in control methods for
Warble-Fly in cattle and goats. Commission of the European Communities; Brussels, Belgium:
1995. pp. 65-68.

Darabus G., Lupu M.A,, Mederle N., Darabus R.G., Imre K., Mederle O., ... & Olariu T.R. (2023).
Epidemiology of Cryptosporidium infection in Romania: a review. Microorganisms, 11(7),
1793.

Darabus G., Tomoioaga V.D., Florea T., Imre M., Oprescu I, Morariu S., ... & Ilie, M.S. (2023).
Epidemiological Surveillance of Hypodermosis in Cattle from Romania. Pathogens, 12(9),
1077.

Dalton J.P. Fasciolosis. Wallingford, Oxon, UK: CABI Pub., 465-525.
Dinulescu G., Niculescu A. (1960). Parazitologie clinica veterinara.

Drummond R.0. (1984). Control of larvae of the common cattle grub (Diptera: Oestridae) with
animal systemic insecticides. Journal of economic entomology, 77(2), 402-406.
Dulceanu N., Terinte C. (1994). Parazitologie veterinara. Ed. Moldova, Iasi, 2.

Hadwen S., Fulton, }.S. (1924). On the migration of Hypoderma lineatum from the skin to the
gullet. Parasitology, 16(1), 98-106.

Haine D., Boelaert F., Pfeiffer D.U., Saegerman C., Lonneux }.F., Losson B., & Mintiens K.
(2004). Herd-level seroprevalence and risk-mapp