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Abstract

Women in traditional societies have a close connection with the
environment through their roles as farmers, collectors of water and
firewood, caregivers to livestock and, sometimes, as priestesses and
healers. The gender roles assigned in traditional societies bring
women into direct contact with the natural resources for management
of their daily household chores. Therefore, any loss of biodiversity
has a direct impact on the lives of women, families and society at
large. In the context of the Karbis, a major ethnic group of Assam,
India, forests are central to their worldview and all aspects of their
socio-cultural life. It is important to note that the Karbi belief system
gives reverence to nature worship and the forest deities are called
Longri Arnam. As such, sacred groves are among one of the best
practices of biodiversity conservation that are also associated with
traditional knowledge systems in different ecological zones. They are
preserved mainly through observance of taboos and animistic rituals.
In recent times, forest degradation has become a major concern and
it is necessary to understand the role of traditional knowledge
systems vis-a-vis their relation to ecological heritage and
conservation. This paper examines the ways in which women in
Karbi society have directly or indirectly acted as agents of
environmental conservation. Using historical methodology, the study
attempts to analyze interface between women and environment in the
society with special reference to women’s contribution to the society
in combating climate change.

Keywords

Conservation; Environment; Sacred Groves; Climate Change;
Sustainability
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Introduction

Environment as a concept has myriad of interpretations, though it essentially refers to a physical surrounding
that is common to all living beings. It includes all biotic and abiotic components. The term is derived from
a French word environmer, which means ‘to surround or to encircle’. Since The United Nations Conference
on Environment and Development (UNCED), also known as the ‘Earth Summit’ held in Rio de Janeiro in
June 1992, there has been an ongoing discussion about the need to practice sustainability, particularly in
terms of harnessing Earth’s resources and creating an awareness about climate change. It also led to two
key conventions to create more biological diversity and to combat desertification that has served as guides
for policymakers to take action-oriented goals for environmental protection from a gender perspective. The
UNCED document called ‘Agenda 21° dedicated a specific chapter wholly on gender to draw attention to
the important role women can play in sustainability of Earth’s resources. The relationship between women
and environment is not just limiting to women residing in developed nations, but worldwide women have
shown to leave lesser carbon footprint than men (Resurreccidn, 2013).

The women’s movement on environmental protection has been noted and it received attention as early as
two decades before the world conferences held in Mexico in 1975 and Nairobi in 1985 spearheading
awareness of the intrinsic relationship between women and environment. Across the world, there has been
ample evidence of women being at the forefront of defending nature and the environment globally. In India,
for example, the Chipko Movement received worldwide acclaim (Shiva, 1988). The World Bank in 1991
stated that, “‘Women play an essential role in the management of natural resources, including soil, water,
forests and energy and often have a profound traditional and contemporary knowledge of the natural world
around them’. There is a close relationship between women and nature as they take primary responsibility
of managing the natural resources which are often the basis of their livelihood. These international
agreements point towards the great stride women have contributed towards environmental protection and
thus they should be equal participants to decision making concerning the environment.

Gender plays a significant role in the division of labor and women have been closely connected to the
management of local ecological resources. This is because, in traditional societies, gender roles have
relegated women to household chores and, often as part of their chores, their work is centered around
managing natural resources. It is significant to mention that, in many communities around the world, women
in traditional societies have played crucial roles in the conservation and management of ecological resources
for the family. There are numerous examples of women spearheading campaigns for protection of trees or
conserving natural waters for the family.

In India, the tribal people have contributed immensely to the conservation of environment. Majority of the
cases of sustainably managing the nature and natural resources have linkages with the tribes inherently
leading their life traditionally. India has the second largest concentration of tribal population in the world
(Gupta, 2018), and they account for more than 8.01% of the total population of the country. Known by
various names, such as adivasis, moolvasis, janajati and as ethnic minorities (Marianus, 2011), they inhabit
various states of India (9 states have sizeable populations). The tribals occupy about 15% of the total
geographical area of India mainly comprising hills, forests, inaccessible terrains of plateau areas. Many
tribal communities have traditionally lived as isolated groups untouched by the urban societies around them.
The tribal communities live in close communion with nature and their worldviews and religious beliefs have
closer affinity with the plant and animal world, which, in turn, leads to sustainable use and conservation of
nature (Western and Wright, 1994).

Laxmi Hansepi, Rena Laisram 2
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The Karbis and Ecological Landscape

The Karbis are one of the largest tribal communities in Assam and have a close relationship with land and
forests. Like most tribals, there is no private ownership of land as the land is owned by the community under
the leadership of village head. A Karbi village is called rong and, traditionally, the whole village shares
equal responsibility for cultivation and other economic activities, with the harvests being distributed equally.
The Karbis are a clan-based society binding the community and integrates all sections of the village.
Therefore, it may be said that there is not much exploitation of land. The community works together and
collects the material for their economic needs as per their requirements (Pereira et al., 2012). Karbi Anglong
is the largest district in Assam with an area of 10,434 sq. km. It is bordered by Golaghat district in the east
while in the west it is bounded by Morigaon district and a part by the Meghalaya state. The districts of
Nagaon and Golaghat lie in the North while North Cachar Hills lie towards the South. It is situated between
25%33° N to 26°35° N latitude and 92°10° to 93°50° E longitude. In the year 2015, a new district called the
West Karbi Anglong was created falling under the jurisdictional of Karbi Anglong Autonomous Council.
The topography of the district consists of both hills and plains with 85 percent of the district being covered
by hills. Approximately 7,983 sg. km. of the geographical area is under forest cover, and this constitutes
76.5 % of the total area. The forest areas are divided into three categories:

A) Very dense forests — 586 sg. km.

B) Moderately dense forests — 3,801 sq. km.

C) Open forests — 3,596 sg. km.

Karbi Anglong is replete with natural forests and sacred groves. Sacred groves are specific forests, landscape
or water bodies protected by the people and generally located on the outskirts of settlements, being the abode
of local deities or ancestral spirits. These forests are a great example of in situ conservation (Anderson,
2003). As sanctuaries and places of worship, the local communities take care of day-to-day management of
sacred groves playing a key role in conservation since they are associated with their spiritual and cultural
values. Certain species of the sacred trees are considered to have healing properties and are sometimes even
associated with legends of the community. In changing times with biodiversity being threatened, these
sacred groves represent a vital gene pool and promote the conservation of many endangered species on the
verge of extinction (Gadgil and Vartak, 1976). Ecologically, sacred groves help preserve soil and water
apart from protecting biological biodiversity (Hughes and Swan, 1986).

Folk traditions, such as the legend of Kajir Ronghangpi, express the centrality of women in the Karbi
worldview. Kajir Ronghangpi is the daughter of Hok Ronghang who is projected as a lover of wildlife and
who attained divinity after her sojourn on Earth. She is given the credit for conservation and establishment
of the Kaziranga National Park in Assam, the home for the one-horned rhinoceros (Rhinoceros unicornis).
Kajir is believed to have brought kindu (rhinoceros) with her on the journey to Earth after which she returned
to the heaven leaving the animal behind.

In tribal communities, such as the Karbis, the role of women in socio-economic activities is well recognized.
They constitute half of the total population, and work alongside men to maintain the family. The Karbi
women perform multifarious tasks that include collecting and storing water, securing sources for fuel,
collecting food and fodder for livestock as well as collect edible plants etc. from the forests for their daily
needs. In fact, it can be said that the whole community is dependent on the labour of the women due to their
role in economy and also as caregivers to children, elderly and the sick. They provide sustenance to the
family on the individual level and broadly to the community through the judicious use and management of
the natural resources. Their traditional knowledge of biodiversity, for example, has facilitated the healing
practices, and thus the Karbi women have traditionally been an agency for environmental conservation due
to their close relationship with nature. However, it may be noted that in spite of the crucial roles they play
in the society, the Karbi women have no-property rights, and, thus, are at a disadvantaged position when it
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comes to economic security. The ambitious Agenda 2030: Sustainable Development Goals adopted by the
United Nations in 2015 embodies a roadmap that addresses the root cause of poverty, inequality and
empowerment for all countries. It identifies women’s land rights as a crucial force for achieving income,
health, and empowerment that can realize the sustainable development objectives.

The Karbi belief system gives reverence to nature worship and the term used for forest deities is Longri
Arnam. As such, sacred groves are among one of the best practices of biodiversity conservation that are also
associated with traditional knowledge systems in different ecological zones. They are preserved mainly
through observance of taboos and animistic rituals. In this context, the UN Declaration on the Rights of
Indigenous Peoples, 2007 addressed the protection and recognition of sacred natural sites. In recent times,
forest degradation has become a major concern and it is necessary to understand the role of traditional
knowledge systems vis a vis their relation to ecological heritage and conservation. This paper examines the
ways in which women in Karbi society have directly or indirectly acted as agents of environmental
conservation. Using historical methodology, the study attempted to analyze an interface between women
and environment in the society with special reference to women’s contribution to the society in combating
climate change.

Area of Study

The study was carried out in Hamren town situated in Donka circle of West Karbi Anglong district of Assam
having a population of 8,747 individuals out of which 4,327 are females (Census of India, 2011). Hamren
is predominantly inhabited by the Karbis. Their traditional animistic belief system known as Honghari is
intricately linked to the sacred groves that are present in abundance in Hamren. The ecological landscape
has, therefore, facilitated livelihood and sustenance of the nearby villages of the district.

Methodology

This study has been conducted mainly using historical methodology, which is supplemented by field study
to understand the subject from a wider perspective. The field study undertaken (November 2021-April 2022)
included participant observation, questionnaire survey, focus group discussions, interviews of select
inhabitants of Hamren including ethno-gynecologists. Regarding the structure of the questionnaire, the first
section was on biographical information of the respondents. The second section focused on livelihood
aspects of the Karbi community and their connection with forests. The third section was constructed keeping
in mind the gender dimensions of labour and the multitude of work carried out by women with implications
for conservation of the environment. The fourth section related to questions and suggestions on prospects
and challenges aspects on forests, land and water sources, etc.

The criteria for selection of the participants, both men and women, were based on the following:

1. Aparticipant is defined here as a self-declared Indigenous adult of the Karbi community, a resident
of Hamren, who has resided for at least 15 years in Hamren; and who is familiar with some
traditional knowledge of ecological aspects. Initial contact was made through a telephonic survey
due to the pandemic related challenges. Additional participants were obtained using the snowball
sampling technique through referrals from the initial participants to expand the list of informants.

2. Attempts were made to collect information mainly from women as the study is based on Karbi
women’s role in conservation. However, gender relations cannot be ignored in understanding
issues of environmental conservation, and, for this reason, data collection was also done from men
of Karbi community as well.
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The survey was conducted on a cross-section of the Karbis of Hamren, both men and women, and the various
sections of the community such as traditional healers, priests, dirge singers, cultivators, etc. However, a
maximum of the significant questions was answered through Focus Group Discussions (FGDs). FGD was
carried out with two groups; the first group and second groups consisted of 11 and 15 participants,
respectively. The data collected through these informal discussions have been analyzed with the information
collected from questionnaire survey. This was supplemented by random informal interactions with local
people who went about doing their daily chores like drawing water, collecting firewood from the forests,
and collecting edibles from the forests, and so on.

Karbis and Traditional Knowledge System

Socio-economic status is a major determinant of a development of a society. Social factors could at times
influence the overall scenario of development prospects. The degradation of forest due to urbanization has
severe and long-term impacts on the community that are dependent on forest resources (Banerjee and
Chowdhury, 2013). The Karbis is a tribal community, and their livelihoods are intertwined with their
religious beliefs. Farming and cultivation are the main sources of income. In Karbi Anglong, most of the
people live below the poverty line. Their income level was not sufficient to lead a good quality of life. The
men are mostly engaged as manual labour or farmers etc. Hunting and fishing form another core of their
livelihood activities. The men have been rendered vulnerable economically because many of the forest areas
are being cleared for settlements and other developmental activities. Fishing for commercial purposes has
also been a major cause of the depletion of fishes in the rivers. The role of women in this regard cannot be
overlooked as they contribute on par and sometimes more than the men in the family’s income. Karbi
women not only perform the traditional roles as wives and mothers but economically they work alongside
men to substantiate the family’s income. Animal rearing, handicrafts, farming and selling of wild edibles
plants are the main sources of income of the Karbi women.

The Karbi religious system places greater importance to the concept of the soul or akarjong. The Karbis
consider every animate and inanimate entity to possess a soul. Inanimate objects, such as soil, water, rock,
and mountains, are considered embodiments of the living God and, thus, the Karbis revere all life forms and
regard supernatural recreation as sacred (Sarma and Barpujari, 2011). Even though animal sacrifice is a part
of the animistic beliefs of the Karbi, prayers are said to ask for forgiveness for the act. The Karbis have
always believed in the concept of Arnam keso (it refers to the wrath of the territorial deity if an individual
enters without offering prayers). So, they believe in harmony with nature. Folk wisdom is passed down from
generation to generation, and rules and norms are devised to observe taboos around certain elements that
reside in nature. Most Karbi’s prohibitions, bans, and taboos are related to the age-old beliefs of Honghari.
The Karbis also believed that their well-being and prosperity depended on respecting taboos. Taboos are
traditions or social rules that aren’t written down and are passed down orally (Colding and Folke, 1997).
These forests are preserved in the names of gods and goddesses, and they are conserved for their religious
significance. Sacred groves have a crucial role in the religious lives of the Karbis. The groves meet the
spiritual needs of the local community and expand to provide for the economic, political, and social needs
of the local community. Sacred groves are consulted for requests, pacification, and to avert inevitable
misfortunes. There are certain beliefs that some spirits that reside around sacred groves have the power to
offer a boon to people. The sanctity of the sacred groves which act as reservoir of biodiversity is maintained
by both men and women. However, women are asked to observe more taboos pertaining to sacred groves.
Karbi women are not allowed to enter the premises of the sacred groves.
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Karbi Women and Environmental Concerns

The role of women in food production is significant as they are the largest producer of food especially in
the developing world and the major workforce in agriculture (Bhattacharya and Rani, 1995; Saito and
Spurling, 1992). Sustainable farming can be regarded as a philosophical approach that not only looks at
commaodity production but the effects it has on workers, consumers, and the entire environment (Agriculture
Sustainability Institute, 2012). Sustainable agriculture refers to the production of food and animal products
that are derived from farming techniques that protect the environment, humans and other living beings and
provides economic benefits to the people. Women have always worked for a subsistence-based non-
monetized form of the household economy. Since women spend a lot of time working on farm-based
activities, they develop knowledge about the environment and subsistence economy, and they do not misuse
it. However, because of technological inputs men became more involved with farming but, due to the
migration of men to urban areas for jobs, the farming sector is left in the hands of women. Traditionally, the
Karbi women have taken an active part in farming. Shifting or jhum cultivation is the form of agricultural
practice of the Karbis in Assam in which women play a crucial role. Jhum cultivation requires a skillful
knowledge of seed selection and preservation. Women with their intergenerational knowledge come in
handy along with their close connection with nature. The Karbis’ immense traditional knowledge in
predicting annual seasons without any use of calendar gives them an edge in farming. They predict seasons
based on understanding the characteristics of flora and fauna locally available. The characteristics of flora
include leaf fall, formation of new leaves, flowering, budding, fruiting, and ripening of fruits etc. and that
of fauna include courtship and mating, hatching of eggs, building of nests of different bird species, collection
of food by ants etc. They also study the physical factors like rainfall, temperature, wind, length of the day
and night etc., These are the ways through which the Karbis devised their own seasonal calendar based on
understanding their local environment (Teron and Borthakur, 2009). The Karbi women perform majority of
the work in shifting form of agriculture. They are engaged in all types of farming activities like seed
selection, production, harvesting, storage of the harvest, and processing of the harvest. Women’s immense
traditional knowledge on the growing conditions of various plants and the nutritional value of various plants
equips them with knowledge on seed selection and plant breeding. This enables them to adapt to the
fluctuating weather conditions and ensure the survival of local crops that are well suitable to the local
weather conditions and taste.

The traditional knowledge of Karbi women in pest management and control ensures good harvest. During rice
cultivation, the women use various extracts of out neem (Azadirachta indica), drumstick (Moringa Oleifera)
to control common pests. The Karbis also love to plant black sesame (Sesamum radiatum) paddy alongside r
during shifting cultivation as they believe that planting black sesame prevents pests from eating the paddy. It
also prevents wild plants from growing which ensures the paddy plant to grow in a healthy manner (Dkhar
and Tiwari, 2020). The credit for sustaining the Indigenous seed variety must go solely to women.

Water Management

Women have a significant role in management of water resources since they have greater involvement and
stake in both agriculture and household water usage though their perspectives and roles in water
management are ignored by policymakers while framing policies and programs (Wahaj and Hartl, 2019).
Karbi people are usually hill dwellers. In the hills, water is scarce and the Karbi women must usually go
afar to collect water for the household use. The source of water in Karbi hills is usually through small
streams, rivulets, and small waterfalls. Traditionally, the Karbi women collect water in a long bamboo tube
called ‘langpong’. The sac inside the bamboo is removed to make it a long tube. The tubes are then carried
in a traditional basket called the ‘ingtong’. The collected water is thus sustainable as they collect only as per
their needs. Traditional beliefs play an important part in the act of water conservation. There are rituals
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observed by the community to appease the water-spirits. These are in the form of prayers and making
sacrifices, which could be through animal sacrifice or by offering banana plantains, tobacco, etc.

The Karbis believe that water has spirits in it. During the Focus Group Discussion, the participants equated
water with a life form imbibing the spirit of a woman. Sometimes it is called Langjangsarpi (literal
translation: a woman that dwell in the water bodies). The participants regard a woman as the stewardess of
water bodies and that it is their responsibility to protect it and they consider it morally wrong to contaminate
it. They also added that they observe strict rules when they are nearby water bodies. The taboos include not
shouting and screaming, quarreling etc., and playing too much with water. They believe that disturbing the
water bodies could incur the wrath of water deity, who when left undisturbed is benevolent. The participants
shared that they do not waste any water when drawing water near the streams, rivulets or in dug pit wells
nearby forests, as doing so could potentially attract the wrath of not only the water deities but the territorial
deities as well.

Forests and Fuel

Traditionally, food is prepared by the Karbi women in a firewood stove, usually constructed of mud.
Traditionally, women are given the responsibility of collecting firewood from the forests. Osei (1993)
argued that fuelwood consumption is the most important cause of forest degradation in the developing
countries that estimate around 54% of the global harvests per annum that links fuelwood consumption with
forest loss. In the case of the Karbis, though they collect firewood from the forests, they are forbidden to
chop off the branches of the trees. During the Focus Group Discussion, the women shared that they collect
firewood in forests nearby their villages and they only collect dried wood. Usually, the practice is not to cut
down any trees for firewood. The Karbis believe that trees in the forests are property of the territorial deity
called Longri Arnam. This territorial deity is believed by the Karbis to protect all life-forms in the forests
and intrusion is forbidden until and unless there is a formidable reason and should be done so through
prayers. As the Karbis perform an annual ritual called ‘Inglong ase’ to appease the territorial deity, they
consider it safe to go to the forests and collect forests products.

Food and Local Resources

Culinary preparations of communities are reflections of their flora and fauna. It is not just the ingredients
but many factors like culinary preparation, utensils used, presentation form, etc. are integral aspect of food
retaining its nutritional value (Padilha et al., 2012). There are six methods of cooking by the Karbis. They
are Kalangdang (to just boil), Kangmoi (cooking using only water and alkaline solution), Kimung (to cook
inside the bamboo tube), Kangthu (to cook anything with a banana leaf, mostly roasted in a fire or in a pan),
Kiphi (to roast anything in the fire) and Karnu (to stir fry without using any oil). Karbi women have
traditionally prepared food for the family. In these methods of cooking, there is no use of oil which can be
considered healthy. Also, in these methods of cooking wild vegetables are used for cooking, locally sourced
from the forests. Food preparation and cooking methods are critical components of healthy living because
they determine the retention of nutritional values. Karbi women through their cooking has ensured the
selection of not only nutritional fruits and vegetables but also ably retained the nutritional value.

Wild edible plants are used by the Karbis extensively and it is a major part of their diet. It supplements the
staple crops and acts as famine foods during the times of food scarcity. Food and Agriculture Organization
(FAO) has recognized more than 150 species of wild plants that are consumed in countries like India,
Malaysia, and Thailand as emergency foods (Willan, 1983). Karbi Anglong has more than 60% of the area
covered in dense forest. There has been a study that concluded that the Karbis who still live nearby
undisturbed forests areas and source foods from those forests are found to be healthy and free from most
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diseases. The Karbi women have traditionally depended on the forests for collection of wild edible food.
This food could be plants, fruits, tubers, seeds, etc. In fact, forest-based foods still dominate the Karbi’s
kitchen in terms of its popularity. Forest provides a variety of nutritional food such as edible tubers, roots,
rhizomes, leaves, shoots, flowers, fruits, nuts, seeds that have high nutritional and medicinal value (Panda,
Panigrahi and Padhy, 2005). In the Karbi cuisine, foods are divided into edible food obtained from forest
called Inglong-ahan (here, Inglong means mountain or hills and han means vegetables) and Thoi-ahan (here,
thoi means plains). The Karbi traditional cuisine mainly includes Inglong-ahan while Thoi-ahan are
considered by the Karbis as food of the non-tribals.

Traditional Settlement Pattern

The housing patterns of many tribal communities are planned to accommodate the larger social life
alongside fully incorporating the organic materials that are widely abundant in their natural surroundings.
The Karbi settlements are in the form of clusters, arranged in a way to form a social structure and the inter-
relation in terms of social contiguity. The Karbi villages were traditionally not fixed settlements, and they
were built after clearing the forests. Thereafter, it was shifted from place to place periodically when the soil
of the land was exhausted by jhum cultivation (Lyall, 2011). Usually, the houses constructed are large.
Dalton (1878) has also noted that they have the habit of lodging several families or even a whole village,
which is why large houses are preferred. The materials used for constructing the house is generally derived
from the materials readily available in their environment like wood, bamboo, and thatch. Indeed, the
traditional dwelling place of the Karbis are either made of bamboo or wood and for thatching the roof cape
reed is used. The house is raised several feet above the ground on a bamboo structure supported by wooden
blocks. The raised structure and the ground have enough space for domesticated animals like pigs and goats
to roam freely. The platform is covered on four sides by bamboo walls and there is only one entrance for
people to go through. The entire house is constructed using only bamboo strips and there is no use of iron
nails or wires. Men and women take equal part in construction of houses. Men are tasked with the
construction of houses though women also provide help with the construction of bamboo walls (a skill both
Karbi men and women are adept at). Women used to cake the walls and the floor with a mixture of mud and
cow dung to cool the houses and increase the longevity of the walls. This method of caking is quite
sustainable in the long run.

Animal Husbandry

The Karbis have a great affinity towards animal husbandry. Animals provide calories in the form of meat,
milk and fat apart from important sources of livelihood for the local people. Animal rearing, especially that
of goats, pigs, cows and country chicken, is considered an age-old occupation of Karbi women. However,
swine-husbandry or piggery is the most common form of animal husbandry practiced by the Karbi women.
Studies have established that there is a close linkage between shifting cultivation and swine husbandry as
the swine husbandry is based on recycling of waste resources derived from agriculture (Toky and
Ramakrishnan, 1981). Thus, it becomes relatively cheaper with abundant primary resource-base. The pig
shed and goat shed are constructed in raised bamboo platforms so that the droppings could be used as
manure. Goats’ manures are extensively used by the Karbis during farming. Goat manure improves soil
texture as well as increases water retention in soil. Poultry and duck-husbandry are other popular economic
activities of the Karbis. The chicken and duck coups are built of bamboos. The birds are left unattended for
scavenging within a confined boundary. Majority of the work associated with animal husbandry is
performed by women though other family members of the household take active part in occasional feeding
of the domesticated animals. The feed for duck and poultry includes maize, rice, etc. Traditional piggery
farming of the Karbis involves feeding the pigs with wild taro (Colocasia esculenta) leaves, flaky dried rice
husks, leftover fermented rice from rice beer and leftover food from the household. This farming practice is

Laxmi Hansepi, Rena Laisram 8



Grassroots Journal of Natural Resources, Vol.5, No.3 (September 2022), p.1-17 | ISSN 2581-6853 | CODEN GIJNRA9
Doi: https://doi.org/10.33002/nr2581.6853.050301 OPEN & ACCESS Freely available online

sustainable as it does not harm the environment. Cattle and cows are also reared for farming purposes though
the Karbis do not extensively draw milk from the cows. Dairy farming is not a common practice amongst
the Karbis, and beef is forbidden to eat. Thus, cows and cattle are raised only for farming purposes. Through
rearing of these animals, the women can earn extra income for the household. The food and fodder are
mostly sourced from the forests.

Conservation of Medicinal Plants

Plants are the main source through which various traditional medicines are made. Traditional medicines
have been around for millennia and have supported many societies in regaining and retaining their health.
Keso (illness) is treated through various practices such as therapy, charm, and rituals in the Karbi society.
Kapherem is a treatment whereby holy verses are chanted to cure minor ailments. The Karbis believe that
some deity incurs their wrath on some people through ailments or illness and proper propitiation can heal
it. Medicines concocted from plants are also given to the patient for better recovery. Kachehi is a traditional
health practice involving applying medicinal paste topically in affected areas whereas Kecho is a health
practice of orally consuming the medicines. Seh Karkli is a common practice amongst the Karbis to cure
any type of illnesses. It involves chanting of prayers along with blood sacrifice mostly that of fowl and goat
(Teronpi et al., 2013). Some of the medicinal plants are home-grown though the vast majority is sourced
from forests and sacred groves. Previous studies have shown that the Karbis depend on the forests for herbal
medicines. The herbalists are mostly women with exception at times. It is reported that there are altogether
600 species of medicinal plants in Karbi Anglong and West Karbi Anglong. The Karbi people use various
medicinal plants for treatment of various health related ailments and illnesses. These ethno-medicinal plants
are preserved in the sacred groves of Karbi Anglong. Most of the time, elderly women are the repository of
such vast traditional knowledge. The Karbis have traditionally protected and preserved certain species of
plants and the place where they are planted because of their beliefs in the sacredness associated with the
plants (Teron, 2008). This religious belief is instrumental to many rare forest species. Each of the clan and
sub-clans of the Karbis has own clan and sub-clan totems which could either be a plant or an animal. It is
revered, and they are forbidden to kill or eat totems. This leads to the conservation of flora and fauna.

As livestock keeping is an integral economic source for the Karbis, ethnoveterinary medicine or traditional
animal healthcare has been a part of the Karbis traditional knowledge. Variety of plants have been used in
the treatment and cure of various ailments and diseases that afflict animals. Flowers, seeds, roots, tubes,
rhizomes, barks of trees and so on have been used to treat various diseases. Herbs and creepers are the most
commonly used for concocting medicines. These medicines are prepared by a traditional healer called
‘Kapherem abang’. A traditional healer could belong to any of the gender. The medicine is concocted and
is given either orally or topically. A Kapherem abang has assisted people and animals for generations by
preparing medicines and treating them in the absence of modern medicines. As the Karbis lack written
history, much of the traditional knowledge pertaining to ethnoveterinary medicine has been lost as there is
no documentation. All that has survived is passing of traditional knowledge through the oral medium from
generation to generation.

Karbis Women and Traditional Knowledge of Herbal Dyes

Dyes and colorants have a significant role in the textiles, crafts, cosmetics, and tattoo. Cotton yarn called
Honki and silk yarn called Eri are the most widely used handloom items among the Karbis. The standard
way of weaving clothes is through the handloom method. Even today, handloom garments are favored over
synthetic garments. The Karbis use herbal dyes extracted from different process for weaving. Synthetic
chemical dyes are suspected to be harmful causing allergic, carcinogenic, and other detriments to human
beings. By contrast, natural dyes are thought to be environmentally friendly and beneficial. For example,
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indigo gives a cooling sensation, while turmeric (Curcuma longa L.), the brightest of naturally occurring
yellow dyes, is a powerful antiseptic, thought to revitalize the skin (Mahanta and Tiwari, 2005). The Karbis
used plants, insects, and minerals for making dyes. The Karbis have traditionally made only certain colours
like black, yellow, indigo, pink, red and white. Colours other than the above are not made by them. The
most common parts used for making dyes are twigs, leaves, fruits, shoots, flower buds, barks, roots,
rhizomes, etc. Insects, animals, and minerals are also used to make dyes. All works related to dyeing are
performed by women and there is an elaborate process for the extraction of dye that can sometimes take a
year to get the desired results. Though it is an arduous process, such dyes are not harmful, but are sustainable
for the environment.

Childbirth and Childcare

Pregnancy is one of the most crucial stages in a woman’s life and immense support and care ensures healthy

baby delivery. Adequate nutrition is required for a mother to give birth to a healthy baby. The Karbi women
observes strict diet restriction during this period. Red meat like pork, duck meat, mutton is restricted during
the pregnancy period as it has high fat content. They are also forbidden to consume raw papaya as it contains
papain and latex. The karbis believed that eating raw papaya could lead to miscarriage. Eating pineapple is
also discouraged along with other sour fruits. Scientifically, pineapple is loaded with bromelain that can
lead to softening of the cervix and can cause early labour. Sugarcane is similarly avoided in fear of
miscarriage as the juice could induce hyperglycemia (Bhattacharjee, 2021). Fish and local chicken is
encouraged to eat by ethno-gynecologists. The role of ethno-gynecologists is very important in the Karbi
society as they are the primary attendant and caregiver to women during pregnancy and childcare. Though
modern medicine has made inroads in the rural areas of Karbi Anglong, yet the role of ethno-gynecologists
cannot be curtailed. Since they have assisted a lot of Karbi women during childbirth for generations, many
women trust them with their knowledge and follow their suggestions religiously. It is also difficult for rural
women to discuss their problems effectively with a healthcare professional as many of the rural women are
illiterates. The ethno-gynecologists living in rural areas are thus a much better option for them. The role of
ethno-gynecologists revolves around preparing medicines for women during pregnancy if they fall sick,
suggesting them proper diet, assisting them during childbirth and ensuring the roper growth of a child during
the early years. Apart from ethno-gynecologists, all women are given the primary tasks of caregiving to the
children. They are the first attendants when a child falls sick, and they seek alternative traditional herbs
available in the nearby forests to give immediate and temporary relief to the sick child. All Karbi women
are required to have some knowledge on ethno-medicine as they have to be self-sufficient in taking care of
children themselves though during emergency, ethno-gynecologists are the first to be sought after. As the
Karbis live mostly nearby forests areas, it provides them abundance of plants to make medicines which is
helpful for them during ailments. The ethno-gynaecologists make use of the natural resources available in
the forest to make various concoction needed for the women in the village.

Food Preservation

Efficient post-harvest handling and storage can potentially contribute to socio-economic empowerment in
developing nations (Mobolade et al., 2019). Grains are the most vital diet component for the majority of
population all around the world (Duranti, 2006). In tropical areas, food grains are the most durable food
commodity for storage and preservation that are also used as seed for planting. Post-harvest storage and
preservation have always been considered a part of women’s household chores. These Indigenous practices
originate from culture’s connection with a specific type of environmental condition and emerge as a result
of traditional societies developing ingrained consciousness of their natural surrounding (Mobolade et al.,
2019). Karbi women take precautionary measures for proper storage of grains that include maize, legumes,
different types of pulses and paddy. The grains are sun-dried to remove moisture and are stored in traditional
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bamboo structures that is thatched and constructed above the ground. The bamboo is sun-dried as well as
fire-dried to remove all forms of moisture before making a makeshift-structure pre-harvest. All types of
grains are dried in the sun in the process called solarization. It is an age-old practice of farmers, especially
of regions where temperatures are high and reach above 20 degrees Celsius (Chua and Chou, 2003). Karbi
women in rural areas have been sustainably preserving food for ages. Despite the absence of electricity in
rural areas and, thus, in the absence of refrigerators, women through the traditional method of food
preservation have prolonged the longevity of food that reduces wastage of food in the long run. A common
method of food preservation observed amongst the Karbis is using salt to preserve meat. Sometimes, it is
done through smoking and fire-drying. Bamboo shoot, a traditional delicacy is also fermented as storage
and used year-round. In case of leafy vegetables and other plant-based edibles, it is stored in green banana
leaves to keep it fresh for a longer period. Karbi women also preserve many food items for consumption
round the year. Fruits that are plentiful during the winter season are dried and stored in a dried bamboo tube.
Bamboo shoots are fermented and stored in jars or in bamboo tubes and are also dried. In rural areas, the
concept of community fishing is quite popular, and people are encouraged to fish judiciously in community
fishing ponds or rivers. However, during the period of collection of a huge quantity of fishes, they are dried
in the sun or near the fireplace for later use. In fact, it is a common practice to sun-dry or smoke-dry all
types of fish and meat items.

Handloom and Handicrafts

As per the Third Handloom Census: 2009-10, 57.6% of workers were female while the rests were males. In
the case of the Karbis, handloom as an art and craft has traditionally been a key occupation of the women.
It is considered a taboo for men to touch the handloom accessories or practice handloom. Handloom has
been an integral aspect of women’s chores and not considered as an economic aspect. Karbi women
traditionally weave clothes for the entire family. The art of handloom is imparted from one generation to
another. In recent years, machine-made products are putting a hard competition for hand-woven garments,
yet the popularity of age-old handloom cannot be ignored. Majority of the Karbi women possess traditional
fly-shuttle looms called therang, which is generally installed on the walls of verandah. They, alongside,
rear cocoons derived from silkworms. Eri and cotton are the chief clothing materials. These two materials
are decomposable and do not harm the environment like other threads such as rayons, viscose, etc. do.

Bamboo is the most readily available natural resource in the region. Karbi women are famous for their
handicraft skills. Alongside men, they participate in making different handicraft items made especially from
bamboo and wood. A Karbi household is replete with items made of bamboo. The list includes household
items like Hoton, Hak, Ingtong (different types of baskets), Tar (mat), Sang-rangtik (rice basket), hijap
(hand fan), Khangra (for carrying firewood and vegetables), Kove-thok (for storing betelnuts and betel
leaves), Vo-um (basket for carrying small birds), Harlung (drinking cup) and so on. Many wooden
handicrafts like Kasu (plates), Lumplak (spoons), Longtok (mortar and pestle), Inghoi (short stool), etc. are
also made by women. The art of handicrafts is open to both the genders who take great interest in creating
them. Traditionally, all the Karbis use only these bamboo and wooden items in their house. The use of such
materials is sustainable and does not harm the environment.

Main Findings and Conclusion

An analysis of the data obtained points towards the fact that Karbi women are highly dependent on the
forests for their livelihood and sustenance. According to the participants, the forests provide them with
readily available sources needed for their survival. The religious beliefs of the community are the most
influential factor in the women’s using sustainable means to draw forest products. It is their beliefs that
dictate that they revere the forests and the environment at large. Eco-cosmology is the core of their belief
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system. A symbiotic relationship can be observed as women revere and protect the environment judiciously.
However, this outlook, which is derived from their religious beliefs on sustainability and regards to Mother
Nature, is slowly diminishing. This is in part due to the changing notion on the environment due to
globalization and urbanization and the swift conversion of many Karbis into Christianity and other religions.
This has, in turn, led to a shift in the habits and attitudes of Karbi women in recent times. During the
interviews, it is revealed that though women acquire their daily needs from the forests, they only do so
because of their economic needs. They argued that, if they were affluent enough, they would forego foraging
in the forests for their sustenance. Thus, forest dependence could be regarded as a method of survival for
people living in poverty.

Overpopulation leads to over utilization of natural resources. This overutilization is done through the help
of technology which destroys the environment. The sustainable practices of women for collection of fuel
and food have been on the decline, as technology has taken over the traditional roles of women. It is pertinent
to impart adequate environmental education and awareness so that they can act more efficient than men and
can use technology in environmental conservation. Women should also have access to education so that
they will have more knowledge about their bodies and make the proper decision for their family in terms of
family planning, health, and energy utilization, etc.

The degradation of environment over the last few decades has only worsened their condition. Illegal cutting
of trees and mining of natural resources, combined with clearing of huge patches of land for villages and
farming, has depleted the forests and wildlife areas. Freshwater supply is depleted as a result of land clearing
and urban construction activities. As already discussed, women are tasked to collect food and water,
depletion of resources results in them having to travel much farther than before. This leads them waste a lot
of their productive time. This also increases risks of the sexual harassment. Indigenous traditional
knowledge on handloom and handicrafts, ethnobotany, ethno-medicine, herbal dyeing is declining as people
are getting more dependent on machineries and modern science for their needs. Modern machineries can
produce faster and cheaper products in huge quantity resulting in many women giving up their skills of arts
and crafts. Elderly women are mostly the reservoir of Indigenous knowledge on medicine and ethno-botany,
but the skills have not been imparted to the younger generation on a wider basis like it used to be.

This research sought to gain a perspective on the different ways Karbi women have protected the
environment and the ecosystem through traditional methods and Indigenous knowledge. Based on the
responses of the respondents, it becomes apparent that women’s contributions to the household go beyond
the traditional roles. An Indigenous perspective on the environment opens new liberating ideologies
broadening the modern ideas of preservation. One of the outcomes of the research findings is that there is a
unified beliefs surrounding conservation of environment though the elderly is keener on not disturbing the
natural environment due to their age-old belief systems.

Much of the rural economic activities in Karbi Anglong are based on sustainable use of the natural resources.
Though the natural resources are still abundant, but the transformation of rural economy could lead to a
devastating effect in the near future. Women and men have different approaches to natural resources
management, with women being given a greater degree of knowledge in conservation of the ecosystem. As
such, Karbi women have low literacy. Despite their knowledge about conservation of environment they are
not considered important. Women are at the forefront in many farming-based activities because of their
tremendous knowledge of management of natural resources, preservation, and innovation; yet the
representation of Indigenous women in decision making of combating biodiversity loss is not visible. It is
important for policymakers to understand these gender-based roles of nature management and ensure that
along with men, women’s specific knowledge in nature conservation is indispensable.
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Introduction

Ethiopia is considered to be one of Africa’s most important regions with the greatest potential for potato
production that plays an important role in improving food security, increased agricultural revenues and
poverty reduction (EARO, 2000; Tesfaye, 2016). Currently, potatoes can be consumed not merely as a
native food item, but also as processed foods. The consumption of potato chips appears to be growing in
Ethiopia at the household level, in the hotels, restaurants, and supermarkets. Many of the retailers process
French fries for selling in their establishment (AgroBIG, 2016). Ethiopia's potato production zone is
relatively young and is confronted with low output, insufficient supply of agricultural inputs, limited
provision of extension services, weak association with the actors in the value chain, damage to production,
poor class of the product fluctuation of prices, low prices received by farmers, and relatively deprived
infrastructure accessibility. There are inadequate opportunities for marketing and value adding as a result of
poor marketing and processing services (Bymolt, 2014; Kemaw et al., 2017).

The South Gondar Zone in Ethiopia is considered one of the Amhara's primary potato production zones
(Deressaetal., 2017). In the southern Gondar Zone, the total area under potato is 6,125.49 hectares engaging
96,262 small farmers with production of 935,059.17 quintals (Qt), and the mean productivity is 152.65
quintal per hectare (Qt/ha) (CSA, 2016).

The Farta District is a highly favorable area in the south Gondar Zone in which smallholder farmers produce
high-quality potato to earn cash income and ensure food security (Wubet et al., 2022). However, there is
limited scientific evidence regarding potato marketing behaviour (structure conduct and performance
analysis) and its profitability (benefit cost-analysis) (Wegi et al., 2017; Geremewe, 2018; Aliyi et al., 2021;
Oyka, 2020; Dessie et al., 2019; Mirie et al., 2018; Hailegiorgis and Hagos, 2016).

As explained before, potato is highly produced in the Farta district both in rain-fed and irrigation seasons.
Potato has many economic benefits used as food and cash crop in the Farta district. Even though the Farta
district has enormous potential for potato production, the kinds of storage, condition for market information,
product quality, market linkage, the status of potato production, marketing, market performance, and
expected profit from potato products have not been studied yet and documented. The previous studies
(Chanie et al., 2017; Geremewe, 2018; Milkias and Keba, 2021) were focused on the types of potato seed,
characterization, productivity and amount of production, and potato marketing constraints, respectively, but
no studies were conducted on the marketing and profit aspects in Farta district.

Therefore, this study was initiated to address the above-mentioned gaps and produce documents for further
study with the objective of analyzing the structure, conduct, and performance of the potato market in the
study area. In this effect, this paper is oriented to assess the structure, conduct and efficiency of potato
market through quantifying the costs, profit margins and describing the challenges and prospects as well.
Research Methods

Area, Types, Sources and Collection Methods of Data

This study was conducted in the Farta district of southern Gondar in the Amhara region of Ethiopia (Figure
1).
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Figure 1: Study area

This study used primary and secondary data. The primary data were collected from sampled households and
dealers at different levels, from agricultural agents and regional wholesalers. Structured questionnaires were
used, and it was pre-tested and modified. Secondary data was collected from the Farta District Agriculture
Office, Amhara Region Agriculture Bureau, and some peer-reviewed journals.

Sampling Technique and Methods of Sample Size Determination

In order to select potato producers, a two-step random sampling technique was used. First, out of 37 kebeles
(the lowest government administration level in Ethiopia) in the district, approximately 4 kebeles were
selected using simple random sampling technique. Then, using the list of producer farmers of sample
kebeles, potato farmers were randomly selected on the basis of probabilities proportional to the population
size of the selected kebeles.

The sample size was determined by using Yamane's (1967) sampling formula by considering 95%
confidence, and 5% precision levels as follows:
N 46,812

n= ,N= ~ E 1
1+N@©)? | 1146812(0.09) 10

where, n is the sampled potato producers, N is the total number of potato farmers in sampled kebeles existing
in the selected district, and e is the correction factor used.

Based on the flow of potato products, three markets such as Debre Tabor, Gassay and Kimirdinigay were
purposively selected as they are the major potato marketing centers in the district. All lists of traders in the
towns were obtained from the District Trade and Transport Office. From 58 collectors, 9 collectors were
selected randomly; from 62 wholesalers, 10 wholesalers were randomly selected; from 35 retailers, 8
retailers were selected, in addition to 3 processors sampled in Debre Tabor town. Thus, total 30 traders from
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three towns were selected. Finally, data from 13 consumers were also randomly selected from the respective
towns.

Table 1: The distribution of sample potatoes producers in designated Kebeles

Name of identified kebeles Total no. of potato farmers No. of sampled potato farmers
Mokish 1462 30
Minet 1806 38
Kanat 1569 33
Limado 1040 22
Total 5877 123
Table 2: The distribution of sampled traders and consumers of potatoes
Traders Debre Tabor Gassay Kimirdingay Total
Local collectors 3 2 4 9
Wholesalers 3 4 3 10
Retailers 4 2 2 8
Processors 3 0 0 3
Consumers 7 2 4 13
Total 20 10 13 43
Methods of Data Analysis

Descriptive statistics like frequency, percentages, mean, standard deviation, etc. were used to classify the
data and the significance was tested through t-test and x> test. The relationship between market structure,
conduct and performance was studied and with the assessment of market efficiency. In addition,
concentration ratios and analysis of marketing margins were used to describe potato market structure and to
assess market performance (Kohls, 1955).

Market Structure

Market structures are defined as the characteristics of market organizations that strategically affect
competition and pricing in the market (Pender, 2005). The characteristics most often employed are the
number and size of firms distribution, the size of market, the barriers for free entry and exit to the market,
and the nature of product diversity, as stated by Kohls and Uhl (1985). Market concentration and entry
barriers were used to estimate the structure of the Farta district’s potato market. The most common methods
to measure the market concentration and structure are three, such as concentration ratio (CR), Herfindahl
Hirschman Index (HHI), and Gini coefficient (Orwin and Boyle, 1927). From the types of approaches of
market concentration, since its most understandable measure, a pervasive measure of market power and
market concentration, its popularity stems from its simplicity, in terms of calculation as well as in terms of
user friendliness. The concentration ratio (CR) was used for this study.

The market concentration is measured by following formula:

Ms, = 2% Eq(2)

Where MSi is the market share of firm i; Qi is quantity of potatoes held by firm i; and
Qi is total sum of quantities of potatoes held.
r

C=ZSi i=1,.... n Eq(3)
i=1
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Where, C = concentration ratio handle
Si = percentage share of i"" firm
r = number of the first largest firms for which the ratio is considered.

Market Conduct

Market conduct refers to the behaviour that a company adopts to adapt or regulate its market for purchases
and sales. In this study, market behavior indicators such as price setting and purchasing and selling strategies
were taken into account (Kotler and Armstrong, 2012). It refers to the patterns of behavior that firms follow
in adapting or adjusting to the markets in which they sell or buy. Such a definition implies the analysis of
human behavior patterns that are not readily identifiable, obtainable, or quantifiable. Thus, in the absence
of a theoretical framework for market analysis, there is a tendency to treat conduct variables in a descriptive
manner, or as a spill-over in the assessment of market performance. The conduct of a market can be
characterized by the following practices: Pricing strategy predatory, exclusionary, collusive, product
strategy, responsiveness to change. The following indicators had been considered for this study: traders’
price setting, purchasing and selling strategies.

Market Performance

Estimating marketing margins and costs is the best tool for analyzing market efficiency. Marketing margin
is computed by compiling the difference among producer farmers and final retail prices (Baker, 1991).
The total marketing margin was calculated using the following formulae:

End buyer price—Farmgate price "
End buyer price

TGMM = 100 Eq(4)

The producer’s margin or share in the consumer price GMMp is calculated as:

Price paid by End buyers — Gross Marketing Margin
%
Price paid by End buyers

GMM,, = 100 Eq(5)

The producer’s share is the proportion of the farm gate price to the end-user’s price. It is stated as:

P, MM
PS=2L=1- Eq(6)

Fe Fe
Where, PS = the producer’s share
Pp = Producer price
Pc = Consumer price
MM = Marketing margin

The price share of potato market intermediaries is calculated as:

__ SP-BP
GMM ===+ 100 Eq(7)

Where:

GMM = Gross Marketing Margin (%)
SP = Selling price at each level

BP = Buying price

EBP = End buyer price
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Results and Discussion
Sample Characteristics

Among the samples, about 76.7 percent were male, while 23.3 percent were female indicating that women
were less involved in the potato trade. The mean age of traders was 32.5 years indicating a young and
energetic age group, and the standard deviation was 9.7. About 86.7 percent of the traders were married and
the remaining 13.3 percent were single. The results for the educational level of traders showed that about
86.67% of the traders attended formal education while the mean educational level in terms of year of
schooling was 6.3 years at a deviation of 3.4. Furthermore, the mean potato trading experience of the
sampled traders was 6.5 years. The mean initial capital of the traders to start and expand potato trading was
24,152.67 Birr while the current average capital of the sampled traders was 34,796.67 Birr.

Table 3. Demographic Characteristics of Sampled Traders

Variable Mean Standard Minimum Maximum
Deviation

Age 325 9.7 21 54

Family size 35 1.7 1 8

Education level 6.3 3.4 0 12

Trading experience 6.5 5.08 1 19

Initial capital 24,152.67 33,074.21 100 11,0980

Current capital 34,796.67 45,100.51 1200 145,000

Sex Frequency Percent

Male 23 76.7

Female 7 23.3

Total 30 100

Marital status Frequency Percent

Single 4 13.3

Married 26 86.7

Total 30 100

Scenario of Potato Trade

The transaction processes of potato marketing from producers to final consumers are illustrated through
diverse marketing networks. It includes direct sell of the product to final consumers and the involvement of
various intermediaries between producers and consumers. Accordingly, in the research area, eight
alternative channels are identified as below:

. Producers = Consumer

. Producers =——p Retailers =p Consumer

. Producers ==» Collectors =p Consumers

.Producers —p Wholesalers — Consumers

. Producers = Processor =——p Consumer

. Producers = Collectors == Retailers == Consumers

. Producers = \Wholesaler =—p Retailers == Consumer

. Producers =—=p Collectors =  \Wholesaler =—p Retailers = Consumer

CONO O A~ WN B
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Figure 2: Marketing channels of potato in Farta District

Farmers sold 48.61 percent potatoes to wholesalers, 26.9 percent to collectors, 15.33 percent to consumers,
9.01 percent to retailers and 0.15 percent to processors. Wholesalers capture and dominate the market and
play the crucial role in price determination. During the survey, sampled farmers reported that the wholesale
market had two types of benefits. Firstly, farmers can sell a large volume of potato, especially in surplus
production periods, and, secondly, obtaining a reasonable price than other traders. The outcome displays
that farmers have linkages with collectors, consumers, and retailers and they made an assessment about the
information on the price and the market before choosing a particular market. Farmers used different market
centers to sell their products. The result of this study depicted that 39.02% of producers sold potatoes at
Debre Tabor market, 39.84% at Gassay, 17.07% at Debre Tabor and Gassay, and 4.07% farmers sold at
Gassay and Kimirdingay markets.

Structure - Conduct - Performance of the Potato Market
Potato Market Structure

The concentration ratio of four-firm (CR4) above 50% is considered a strong oligopoly; CR4 between 33
percent and 50 percent is considered a weak oligopoly, and a CR4 of less than 33% is not a concentrated
market. The study showed that the potato market at the research area was a feeble oligopoly market (Table 4).

Although potato trading is a profitable business activity in the study area, most of the big traders play a
game of imperfect competition to hinder other small/new traders engaged in potato trading. According to
the report obtained from the Trade and Transport Office, 58 percent of potato traders have a trading license
based on the amount of trading (the current capital asset) they have. The license acts as the main entry
barrier.
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Number of Percent of Quantity Total quantity Percent share | Percent of
traders (A) traders purchased in | purchased in Qt | of purchase cumulative
A Qt(F) (G)= i G purchase
~2n AXF - r
30 (AXF) 126055 (c 5 Si)
i=1
1 3.33 20000 20000 15.87 15.87
1 3.33 15000 15000 11.90 27.77
1 3.33 14000 14000 11.10 38.87
1 3.33 13000 13000 10.31 49.18
1 3.33 12500 12500 9.92 59.1
1 3.33 10800 10800 8.57 67.67
1 3.33 10000 10000 7.93 75.6
1 3.33 9000 9000 7.14 82.74
1 3.33 8000 8000 6.35 89.09
1 3.33 8000 8000 6.35 95.44
1 3.33 900 900 0.71 96.15
2 6.67 800 1600 13 97.45
1 3.33 750 750 0.6 98.05
1 3.33 600 600 0.48 98.53
1 3.33 500 500 0.4 98.93
1 3.33 400 400 0.32 99.25
2 6.67 120 240 0.2 99.45
1 3.33 110 110 0.09 99.54
1 3.33 100 100 0.08 99.62
1 3.33 80 80 0.06 99.68
1 3.33 75 75 0.06 99.74
1 3.33 65 65 0.05 99.79
3 10 60 180 0.14 99.93
1 3.33 55 55 0.04 99.97
2 6.67 50 100 0.08 100
30 100 126055 100

Note: C=concentration ratio; Si= share of the four largest firms
Conduct of Potato Market

The result of the study showed that 26% of sampled respondents stated that the market price was set with
negotiation to traders; 32% responded price was set by the market; and the remaining 42 percent replied
price was set by traders. Most farmers agree that prices are the factor in deciding who will sell their products
and where. Due to the absence of a stable price-setting strategy and the perishable nature of the product, the
potato market price leads to seasonal price fluctuation and resulted in producers' dissatisfaction. The result
was in line with the findings of Negussie et al. (2022) on Teff.

Gedefaw Kindu Wubet, Asmiro Abeje Fikadu, Mengistu Negussie Amare 25



Grassroots Journal of Natural Resources, VVol.5, No.3 (September 2022), p.18-30 | ISSN 2581-6853 | CODEN GJNRA9
Doi: https://doi.org/10.33002/nr2581.6853.050302 OPEN & ACCESS Freely available online

Traders attract sellers by providing reasonable prices with negotiation between the two sides. The marketing
approach of traders is carried out systematically by investigating the market where the demand of the
product increase and price also rises, and they communicate with buyers about the quality and amount of
product with mobile and other information media before supplying the product to the respective market
outlet.

Performance of the Potato Market
Table 5 shows average production cost and profitability analysis of potato in both Birr per quintal and Birr
per hectare. The survey results indicated that farmers incurred an average production cost of 140.65 Birr per

quintal and 15,963.83 Birr per hectare.

Table 5: Profitability Analysis and Average Production Cost of Potato

Production activities Cost Birr/quintal | Cost Birr per hectare | Share %
Inputs buying cost

Seed, fertilizer, and equipment 27.62 3134.87 19.64
Land cost (rental value) 24.53 2784.2 17.44
Labor cost (hired value)

Land preparation cost 16.05 1821.43 1141
Planting/sowing cost 13.74 1559.22 9.77
Digging/wedding cost 16.83 1909.93 11.97
Harvesting/collecting cost 13.42 1522.92 9.54
Packaging material cost 12.35 1401.7 8.78
Transportation cost

Transportation to their home cost 6.42 728.67 4.56
Transportation to market cost 8.81 999.9 6.3
Taxes payment cost 0.89 101 0.63
Average total cost Birr/qt 140.65

Average total cost Birr/ha 15,963. 83

Average selling price Birr/qt 238.00

Average selling price Birr/ha 27,013

Average gross profit in Birr/qt 97.35

Average gross profit in Birr/ha 11,049.17

Note: Converting Birr/gt into Birr/ha using average productivity of sample potato farm households'=113.5
quintal per hectare.

The land cost is a prospect cost of land which is the rental value of land farmers can have. More than 75%
of farmers produced potato using family labour. The input cost represented 19.64 percent of the overall cost.
The average gross profit was 97.35 Birr per quintal and Birr 11,049.17 per hectare.

Analysis of Marketing Costs and Margin

The marketing cost of potatoes mainly involves the cost of post-harvest activities incurred before reaching
the consumer. Generally, these components constitute a large share in the total margin between the final
retailer price and the cost of production. Marketing margin can be used to measure the share from the final
selling price captured by a particular actor in the value chain. To calculate the marketing margin of an actor,
the average price of potato for that particular actor was taken. For example, the buying price of consumers
was obtained by taking the average purchasing price of consumers.
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Table 6: Cost of Potatoes marketing for variety of actors (Birr/Qt)

Cost of marketing in Birr Actors
Local collectors Wholesalers Retailer
Purchase Price 2444 259.4 271.0
Labor cost packaging 5.78 4.7 5.25
Loading/Unloading 5.3 4.5 6.63
Transportation fee 7 8.2 11.88
Sorting cost 3.56 3.8 4.5
Storage cost 4.78 4.1 6.25
Loss in transport and storage 11.11 9.1 11.63
Processing cost 3.2 5.4 55
Telephone 11.22 10.3 9
License and tax cost 0 18.3 12.86
Total cost 296.39 3275 344.5
Selling price 326.22 380 450
Table 7: Analysis of Potato Marketing Margin for its Value Chain Actors
Actors Selling price Production/mark | % GMM Gross profit % Profit share
Birr/qt eting cost (Birr/qt)
Producers 238 140.65 52.89 97.35 34.14
Collectors 326.22 296.39 19.5 29.83 10.46
Wholesalers | 380 3275 11.9 52.5 18.41
Retailers 450 3445 15.6 105.5 36.99
Total 100 285.18 100

As indicated in Table 7, the total gross marketing margin added to the price when it passes through the value
chain was 47.11%. From the total gross marketing margin obtained, 19.5 percent had gone to collectors,
11.9 percent for wholesalers, and 15.6 percent for retailers. Compared to farmers, retailers received a large
part of the profit margin. Because retailers had not incurred extra operating costs as other actors did. Even
though there was positive profit for all potato value chain actors, farmers are not as such benefited as retailers
and also the structure and conduct of potato market indicated oligopoly market structure and misconduct in
pricing strategy and also there are barriers to entry to potato market. Therefore, all these are indicators of
the deviation of the potato market from the standards of the competitive market structure.

Conclusions and Recommendations

The main objective of the study was to analyze the structure, conduct, performance, and efficiency of the
potato market in the Farta District, Ethiopia. The structure of the potato market was analyzed by taking the
share of the four largest firms from the total volume of potatoes purchased by sample traders. The four-firm
concentration ratio (CR4) indicated that the four largest traders handled 49.18 percent of the total volume of
purchase. Therefore, the structure of the potato market in the study area is a weak oligopoly market, which
means the potato market is dominated by limited traders. It revealed that there was an imperfect market
competition between traders in the market. In the process of the potato market, every actor incurs costs for
production and marketing activities. Marketing costs constitute a large share in the total margin between the
final retailer price and the cost of production. The total gross marketing margin added to potato price when
it passes through the value chain was 47.11 percent. Compared to farmers, retailers received a large
proportion of profit since retailers had not incurred much cost as other market actors. Most big traders play
a game of imperfect competition to hinder other small/new traders engaged in potato trading. The license
issuance acts as the main entry barrier for small sized traders. Due to the absence of a stable price-setting
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strategy and the perishable nature of the product, the potato market price leads to seasonal price fluctuation
and resulted in producers' dissatisfaction. Even though all actors received positive profit in the potato market
since the market is oligopolies and also there are barriers to entry, the potato market in the study area
deviated from competitive market standards. Government and concerned institutions should strengthen
effective market information system; creating a competitive market structure; and assuring stable prices to
improve producers’ return. It is also essential that support producers intensify their bargaining power and
set rules to other value chain actors for governing their informal marketing practice for improving market
competitiveness and efficiency by reducing the level of an oligopolistic market.
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Introduction

The total area of Ukraine territory is 60.3 million hectares. Chernozems! cover 46.1% of its territory (27.8
million hectares). Agricultural land covers 41.8 million hectares, 61.8% (24.9 million hectares) of which
lies on Chernozems. The Chernozem soils are the main factor behind the food security in Ukraine. These
soils have experienced the strongest anthropogenic pressure in its entire history. Anthropogenic evolution
of Chernozems, when caused by the changes in the silicate fraction of soils, is basically of irreversible
degrading nature.

The dynamics of erosion losses of arable soils in the Ukraine has been disastrous for the last 50 years.
According to Nosko (2006), its erosion was accelerated at the stage of intensive land use and led to the
deterioration of physical, chemical and biological properties. Nowadays only 40-45% of Ukraine’s territory
has erosion-safe organization of land use, the rest of the territory is erosion prone (Polupan and Volkov,
2010). The total area of eroded soils is 9.7 million hectares, over 30% of which is eroded on slopy lands
having over 3° slopes (Bulygin, 2005).

Erosion resistance of soils describes its ability to resist disaggregation of the surface soil layer caused by
rain drops and washing out soil material by stream and between-stream surface slope waters. Quantitatively,
it is measured by the erosive velocity of water flow, which is directly determined by the size of water-stable
aggregates, and its cohesion with each other (Kuznyetsov and Glazunov, 2004). All other properties of soils,
that determine water stability and soil structure, including the quality of soil plasma, indirectly influence the
erosion resistance through the above listed parameters.

Chernozems, unlike other soils have high erosion resistance, has been formed over centuries. It has different
nature and various mechanisms of anti-erosion protection such as external, internal and basic. Vegetation
and relief provide external protection to the Chernozems from erosion. The characteristics of highly
dispersed soil plasma — mull humus, a high content of physical clay with highly active smectite phase in its
composition, soil-absorbing complex saturated with bases form the basic mechanisms. Interacting with each
other, these soils form a complex of erosion resistant soil properties by which anti-erosion potential of
Chernozems is determined. So, the internal mechanisms include substantial humus horizon (70-100 cm)
with strong and water-stable macro- and microstructure, low density (1.0-1.2 g/cm?®) and high total porosity
(50-60%), high water capacity and water conductivity, significant biological activity (Papish, 1997). Owing
to these properties, Chernozems have high ecological potential and natural buffer to erosion. When basic
mechanisms of the self-organisation of the soil matrix are harmonized with the newest approaches to
ecologically safe organization of land use, then Chernozems serve as an example of inexhaustible resources
of fertility and environmental sustainability.

During 1970s-1980s, studying the evolution of Chernozem clay minerals under the influence of irrigation
and fertilization was particularly topical in Ukraine (Gogolev et al., 1977; Nosko and Philon, 1988; Pozniak,
1997). However, there are still only a few scientific papers on mineralogy of Chernozem clay fraction of
Western Ukrainian region (Andruschenko et al., 1981). There are no scientific research of the Chernozems
mineralogy in Western Ukraine region since the 1990s. The assessment of anti-erosion properties of the
clay fraction in Chernozems are very relevant in conditions of dissected Podollian and Pre-Carpathian
uplands.

1 Chernozem is a fertile black soil rich in humus and with a lighter lime-rich layer beneath, typically occurring in the temperate
grasslands.
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In field practice, it often happens that no eroded Chernozems are found even on the slopes with high erosion
potential (5-7°). At the same time, Chernozems can often be slightly eroded on the relatively declivous
slopes (3-5°). That means that under the same climatic conditions the factor of relief is not necessarily
determinant for Chernozems. The practice proves that relief can realize its erosion potential only in case of
Chernozems weakened by irreversible changes in the organic and mineral components of soil plasma
(Mirtshulava, 1970; Kuznyetsov and Glazunov, 2004; Smirnova et al., 2006).

The investigation on Chernozem erosion resistance requires answering the wide range of complicated
guestions, the main ones being as follows: What evolution changes in the soil matrix organization of
different Chernozem subtypes stimulate the cultivated soil formation process? How do they affect the
Chernozem erosion resistance? To answer these questions, the current state of the major components of
Chernozem soil plasma of Western Ukrainian region has been analysed under conditions that exclude the

direct impact of erosion processes.

Chemical and mineralogical, granulometric and microaggregate analyses of the soil samples were conducted.
These soil samples were taken after the end of the crop growing season from the four representative profiles
(Figure 1). Three soil samples were taken from the middle of each genetic horizon (21 samples per profile).
Luvic Greyzemic Chernozems (WRB, 2022) (soil profiles 91, 61) and Haplic Chernozems (Pachic) (soil
profiles 36, 171) from different natural regions of Western Ukraine (Upper Bug and Pre-Dnister Uplands in
Podollian, Prut-Dnister and Syan-Dnister Uplands in Pre-Carpathians) were studied.
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Figure 1: Soil profiles locations
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Haplic Chernozems are represented by the deep low-humus types of medium loam and heavy loam
granulometric composition on the loess loams of Podollian Upland. Their properties naturally change with
the facies changes of soil regimes from the north (Upper Bug Upland) to the south (Pre-Dnister Upland).
The morphological construction of Haplic Chernozem (Pachic) profile is following (soil profile 36):

A: (0-20 cm) — plough-treated layer, dark-grey colour, homogeneous, medium loam, soft soil packing,
silt-grain-crumb of soil structure, coprolites, transition to lower layer is sudden and irregular.

A> (20-66 cm) — under plough layer, dark-grey colour, inhomogeneous of soil packing, water-stable
crumb-grain of soil structure (in plough pan is lumpiness), medium loam, coprolites, transition to
lower horizon is gradual and regular.

AB (66-80 cm) — dark-grey with a touch of brown, homogeneous, medium loam, condensed, water-
stable medium grain of soil structure, mole drains, and transition to lower horizon is gradual and
regular.

ABKk (80-110 cm) — dark-grey with a touch of brown, homogeneous, medium loam, condensed, water-
stable coarse-grain of soil structure, alluvial-calcareous, carbonate mouldiness, mole drains, and
transition to lower horizon is gradual and pocket.

BCAKk (110-136 cm) — dark-brown a touch of grey, homogeneous, medium loam, weak-condensed due
to the oversaturation of carbonate mouldiness and pseudomycelium, grain-crumb of soil structure,
mole drains, transition to lower horizon is visible and wavy.

Ck (136-170 cm) — loess loam, light-brown, homogeneous, medium loam, packing, structure less,
carbonate pseudomycelium, transition to lower horizon is visible.

Ckg (170-200 cm) — loess loam, light-brown a touch of red, homogeneous, medium loam, packing,
structure less, carbonate pseudomycelium, gleization in form of spots and Fe-Mn concretions.

Greyzemic Chernozems cover extensive natural Pre-Carpathian region within the limits of the valley-terrace
complexes of the Dniester and Prut rivers. They were formed in the thickness of gleied loess loam with light
and medium granulometric composition. On the ancient Pliocene terraces of the Prut and Dnister rivers the
fine-sand calcareousness alluvium underlies Greyzemic Chernozems. Their distinctive regional feature is
profile gleization, intensity of which increases westwards. The Greyzemic Chernozems of Prut-Dnister
Upland have distinct features of this particular Chernozem subtype and characterize the soils of high terrace
levels with complex geological structure of the soil-subsoil thickness. In the north-western Pre-Carpathians
within the Syan-Dnister Upland the most hydro-morphological Chernozem group is prevalent with intensive
profile gleization and soil profile texture-differentiation. The morphological construction of Luvic
Greyzemic Chernozem profile is following (soil profile 61):

A (0-18 cm) — plough-treated layer, dark-grey colour, homogeneous, light loam, soft soil packing, silt-
grain-crumb of soil structure, coprolites, transition to lower layer is sudden and irregular.

Ae (18-41 cm) — under plough layer, dark-grey colour, inhomogeneous of soil packing, small grain-
crumb of soil structure (in plough pan is lumpiness), light loam, coprolites, cristobalites
neoformation SiOy, transition to lower horizon is gradual and regular.

ABe,g (41-70 cm) — dark-grey with a touch of brown, homogeneous, light loam, condensed, coarse-
grain-nut of soil structure, cristobalites neoformation SiO,, spots of gleization with depth 62 cm,
transition to lower horizon is gradual and pocket.

Bt,e,g (70-88 cm) — dark-brown a touch of grey, inhomogeneous, light loam, condensed, fissuring, nut-
prism of soil structure, clay-humus cutans, cristobalites neoformation SiO, spots of gleization, mole
drains, transition to lower horizon is visible and wavy.

BCt,g (88-120 cm) — dark-brown, inhomogeneous, light loam, dense of soil packing, prism-lumpiness,
fissuring, clay-humus cutans, mole drains, red spots of gleization, Fe-Mn concretions, transition to
lower horizon is visible and wavy.
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BCg (120-175 cm) — loess loam, brown a touch of red, inhomogeneous, medium loam, packing,
lumpiness, red and dove-coloured spots of gleization, Fe-Mn concretions.

Cg (175-200 cm) — loess loam, brown with a touch of dove-coloured, inhomogeneous, medium loam,
packing, structureless, dove-coloured spots of gleization, Fe-Mn concretions.

The described Chernozem soil profiles are typical within the Wet Atlantic facies of Ukraine.
Experimental Part

The individual soil samples selected from each genetic horizon of Chernozems and parent rock by the
method adopted for large-scale soil mapping. The whole complex of general methods (granulometric and
microaggregate analyses) and special methods for quantitative analysis of soil (X-ray diffractometry and
gross chemical analysis) were employed.

The granulometric and microaggregate analyses were conducted according to the standard methodology
introduced by Kachynskyi (1965), using pyrophosphate method to prepare the soil. Preparations of soil
samples and allocating the clay fraction up to 1 um out of Chernozems were made in accordance with
Gorbunov’s (1960) methodology at the Department of Soil Science and Soil Geography, Ivan Franko
National University of Lviv. The gross chemical analysis of the Chernozem clay fraction was performed in
the chemical laboratory of the Institute of Geology and Geochemistry of Combustible Minerals of NAS of
Ukraine (Lviv, Ukraine). The X-ray diffractometric analysis of the soil samples was made in the laboratory
of soil mineralogy, Jagiellonian University, Krakow, Poland. Oriented preparations were obtained by
method of sedimentation of the fractions on cover lenses. X-ray survey performed by diffractometer
PHILIPS X’Pert APD (generator PW 1870 and PW 3020 vertical goniometer) and used CuKd-rays.
Analysis carried out in the corners 2°-52° 20 with a speed of 0.02°1s. Analysis were performed by
increasing voltage 40 kV and amperage of 30 mA. Oriented preparations subjected to analysis in air-dry
conditions (Na-air) and after satiation it by vapour ethylene glycol (EG-sat). Graphical analysis of the
diffractograms was carried out using software firm Philips and also program Clay Lab (Papish, 2022).
Individual pure minerals were identified as its heir packages in the mixed-planar minerals. The latter
minerals were identified at grounds by Rule Meringa.

Results and Discussion
Evolution of Nature Mechanisms Chernozems Protection from Erosion

Obviously, for the last 40-50 years, there has been significant extension of eroded soils, including
Chernozems by 1.6 million hectares in Ukraine due to the non-eroded soils on gentle slopes (2—-3°). Its anti-
erosion potential has reduced because of intensive and irrational land use. Over the study period, it has been
found that the non-eroded Chernozems in the structure of arable land on gentle and declivous slopes cover
considerably larger area than slightly eroded soils. The first step to prevent further extension of the area of
eroded Chernozems is to make the objective analyses of the basic natural mechanisms of forming erosion
resistance by soils yet on the stage of non-eroded soils under conditions of watersheds and watershed slopes.
Almost all external natural mechanisms, which ensure that landscapes with Chernozems are capable to resist
geological erosion, have been modified and degraded to such an extent that they no longer perform their
natural protective functions.

The vegetation of agroecosystem under intensive crop rotations is not the factor of anti-erosion soil
protection as on wild lands but the concentration factor of the energy potential of stream and between stream
erosion (clean-cultivated crop) (Polupan and Volkov, 2010). However, in agrarian landscapes there is no
environmentally safer place for intensive crop rotations than flat watershed surfaces and gentle watershed
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slopes (1-3°) containing Chernozems. This objective reality is indisputable. Because of thick humus
horizon, even slightly eroded Chernozem series have high fertility potential and will be used in intensive
crop rotations in the future. In this case, we can choose the priorities of what to “cure” — the consequences
of the “disease” such as soil erosion by means of agrotechnology and soil engineering that are not always
efficient and often safe, or the reasons of the “disease” such as weakened basic natural mechanisms through
which the Chernozem erosion potential is effectively realized.

In case of medium and severely eroded Chernozems on the declivous and steep slopes (more than 5°) there
is no choice. Having lost the most of humus horizon, its basic and internal mechanisms of anti-erosion
protection, especially clay-humic material, became not merely degraded but irreversibly lost due to the
erosion. Loose ploughing horizon of medium washed soils has, on average, less erosive velocity than non-
eroded soils because of the reduction of soil water resistance under the soil plasma erosion (Kuznyetsov and
Glazunov, 2004). Unilateral efforts to restore it through the land use system of soil protective crop rotations
are unsuccessful. In case of its further agricultural use, such Chernozems will need effective outer anti-
erosion protection through the system of appropriate grassland rotation and slope zoning. This will create
conditions for the stabilization of natural protective mechanisms and, thus, will prevent the soils from further
accelerated degradation.

Chernozem is a natural and historical product of interaction between zonal factors and regional conditions.
On the regional level of soil organization, there is a close spatial correlation between Chernozems and the
relief. In conditions of humid forest-steppe, Chernozems are always confined to gently undulating plateaus
with wide watershed surfaces, long gentle slopes or short retreating, convex slopes with the well-developed
branched hollow-arroyo system. In conditions of Ukraine’s open steppe of loess plateaus, Chernozem
formation and relief formation processes have harmonized on the slopes. The natural uneven terrains like
systems of micro- and nano-relief forms (papillae of runoff) were formed, through which stream and
between-stream surface waters are distributed running into the basic erosion network (Polupan and Volkov,
2010). Having lost natural vegetation, they have become the only external instrument of natural anti-erosion
protection of Chernozems. The traditional land organization, including field planning, levelling the soil
surface, ploughing in one direction and spatial orientation of crops created anthropogenic network of
papillae of runoff that reallocated surface runoff between the largest slope and linear uneven terrains. As a
result, both the catchment area of between-stream runoff and its erosion potential expanded. This led to the
degradation and permanent loss of the active part of the Chernozem soil plasma decreasing its erosion
resistance. The anthropogenic impact on external natural mechanisms of Chernozem protection from
erosion and the consequences are described in detail in Polupan’s and Volkov’s work (2010).

The external natural mechanisms of Chernozem anti-erosion protection characterize erosion on the level of
soil type or subtype. In this case, detailed field investigations indicate the high erosion resistance of
Chernozems compared with other zonal soils such as grey forest soils (Luvisols), Kastanozems, etc. These
parameters are rather illustrative, and they are of poor practical value.

Therefore, the external elements of erosion resistance of Chernozems should be supplemented by other
parameters, including humus, granulometric composition and chemical and mineralogical composition,
which are basic for the formation of their erosion resistance and react to external stimuli.

Forest-steppe Chernozems have been intensively used for more than 1,000 years. Naturally, anti-erosion
resistance of Chernozems has changed due to the long land use. The main reason of this phenomenon is the
degradation of soil properties that define anti-erosion resistance. First of all, these are the processes of total
and deep de-humification of Chernozems, which were catastrophic in terms of the historic scope.
Grinchenko et al. (1965, 1970) described in detail the dynamics and effects of this phenomenon.
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Humus is an organic component of the matrix substance of soils. The two interrelated trends can be outlined
in the age dynamics of Chernozem humus on the post-wild stage of soil evolution. Initially, the intensive
mineralization of humus in the arable layer is followed by its intensively moving down the profile. The most
mobile humus fractions, which are not connected with clay minerals migrate and indirectly affect its
potential migration capacity. At the same time, the total reserves of humus in one-meter layer of Chernozems
almost do not change. However, after 50 years of intensive land use the de-humification process has affected
the whole soil profile and become irreversible. The same trend can be noticed on the fallow Chernozems
but on the smaller scale and without the mobile humus fractions, which were lost due to the mineralization
on the post-wild stage. Obviously, the dynamic equilibrium disturbance between the organic and mineral
components of Chernozem matrix substance affects, to some extent, the stability of the latter. The highly
active mineral part of the Chernozem clay material — vermiculite-smectite phase — is the first to respond to
such changes. These are the first substantial changes in the matrix organization of Chernozems used on the
slopes that will have profound environmental impacts.

With the reduction in the proportion of lightly mineralized humus in the composition of Chernozem organic
substance the intensity of mineralization processes decreases and there comes a period of relative
environmental quasi-equilibrium. Under conditions of traditional extensive land use this period can last
indefinitely long. The duration of this equilibrium period gradually decreases as a result of changes in the
mineral composition of the matrix substance of Chernozems. The relative conservativeness of clay plasma
and its close contact with organic substance is a pledge of long-term recession in the humus mineralization
and stability of the organic-mineral soil absorbing complex.

The transition of considerable areas of full-profile Chernozems into slightly eroded soil series occurred as
a result of the intensive land use in grain-row crop rotations. lrreversible changes in the mineralogy of
Chernozem clay material take place against the background of local changes in the hydrothermal regime of
soils.

The acidification of an arable soil layer by adding the normalized doses of manure (10-12 t/ha) and applying
physiologically acidic fertilizers (172 kg/ha of active substance; this level was reached in the late 1980s).
The increase in temperatures of an arable soil layer occurs under conditions of the increased moisture losses
due to evapotranspiration under sugar beets crops, which is the main row crop on the wet forest-steppe
Chernozems. Organic fertilizers (manure), in which the detritus mass dominates, become humidified only
by 25-30%, since the mineralization energy is much greater in the soils with strongly negative balance of
organic substance than the humification. Therefore, permanent fertilizing of sugar beet optimizes the regime
of nitrogen and biophilic elements in acidified environment, rather than it contributes to the stabilization of
organic and mineral substances of Chernozems.

During the vegetative period Chernozems in grain-row crop rotations serve its function under the variable
hydrothermal and water-salt regime. By the phase of the maximal projective cover of vegetation the humus
horizon of Chernozems is permanently acidified because of the dominance of downward flows of soil
moisture against the background of enhanced seasonal mineralization of the organic substance (humus and
organic fertilizers), destruction of physiologically acidic mineral fertilizers, intensification of
microbiological activity and seasonal leaching. During the period of vegetative mass growth (August —
September) downward flows of soil moisture are replaced by upward ones. At this time, the intensive
mobilization of soluble calcium bicarbonates occurs in the lower part of the soil profile as well as its gradual
migration to the rhizosphere zone with upward flows of moisture. In the lower part of Chernozem humus
horizon (50-100 cm) the processes of seasonal acidification change into the weak formation of carbonates
in the alkaline environment. The crystallization of solid microcrystalline calcite in the lower and mid parts
of soil profile has a positive impact on their erosion resistance (Kuznyetsov and Glazunov, 2004). In the
arable soil layer, the formation of carbonates has an indirect impact owing to seasonal leaching. Over the
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last decades the process of carbonates formation in soil has become widespread and led to the degradation
of Greyzemic Chernozems throughout Podollian (Papish and Pozniak, 2010).

Such permanent seasonal changes against the background of the negative balance of organic substance affect
differently the stability of mineral plasma of Greyzemic and Haplic Chernozems. Under the circumstances,
the stabilizing or destabilizing factor of Chernozem erosion resistance is the nature of interrelation between
its various components. In the wild steppe, this interrelation is optimal and balanced. One mass fraction of
the highly dispersed humic organic substance accounts for approximately 2—3 mass fractions of the similarly
active clay material. Having the distinctive zonal impact (the correlation between the humus content and
physical clay), the character of this interrelation is the same for different Chernozem subtypes. The
imbalance becomes the impetus for evolutionary changes in the silicate part of Chernozems.

The results of granulometric analysis of Chernozems of Western Ukrainian region show the correlative
dependence between the humus content and physical clay (the matrix component of soil) (Table 1).

Table 1: Content of humus and carbonates, granulometric composition in Chernozems

Horizon, the Humus, | CaCOs, Size of particles (mm), amount them (%)
depth of samples % % 1.00— 0.25- 0.05- 0.01- 0.005- | <0.001 <0.01
selection, cm 0.25 0.05 0.01 0.005 0.001
Greyzemic Chernozem on the loess loam of the Syan-Dnister Upland (soil profile Ne61)
A (0-18) 4.2 0.0 0.0 10.0 60.8 14.4 9.6 5.2 29.2
Ae (30-40) 34 0.0 0.0 10.0 60.8 12.8 9.2 7.2 29.2
ABe,g (60-70) 1.6 0.0 0.0 12.8 60.4 7.6 10.4 8.8 26.8
BCt,g (100-110) 0.3 0.0 0.0 12.0 60.0 4.8 5.2 18.0 28.0
CG (190-200) 0.3 0.0 0.0 7.2 60.8 10.4 5.6 16.0 32.0
Haplic Chernozem on the loess loam of the Pre-Dnister Upland (soil profile Ne171)
A (0-20) 4.8 0.0 0.0 4.8 46.8 9.2 10.4 28.8 48.4
A (40-50) 45 0.0 0.0 7.2 39.6 12.8 10.8 29.6 53.2
ABK (70-80) 3.0 1.8 0.4 4.0 45.2 8.8 12.4 29.2 50.4
BCAK (120-130) 2.0 4.0 0.0 5.6 43.6 10.0 14.0 26.8 50.8
Ckg (190-200) 0.7 4.7 0.0 4.8 40.8 13.2 17.6 23.6 54.4

The investigated Chernozems have been functioning for hundreds of years in the cultural soil formation
process. Thereafter, the real impact of natural processes (podzolization and in certain cases leaching) which
can significantly destabilize the organic and mineral soil absorbing complex should be ruled out. The
consequence of long evolution of wet forest-steppe Chernozems is the formation of its typical clay profile
(Alekseev, 1977). Greyzemic Chernozems have a distinctive eluvial-illuvial type of vertical distribution of
the clay fraction (Table 1). By this parameter they belong to the genus of texture differentiated Chernozems.
The Haplic Chernozems of wet forest-steppe are characterized by the even or weak eluvial-illuvial type of
fraction distribution (less than 0.001 mm). On the background of one-ordinal parameters of the humus
content (3.4-4.8%), Greyzemic Chernozems have twice less content of physical clay (the size of particles
is less than 0.01 mm) than its typical analogues with four or five times less silt in its composition. From the
two similar genetic soil types, greater erosion resistance has the soil heavier by its granulometric
composition and it contains more silt capable of aggregation. The high content of a coarse loam fraction
(0.05-0.01 mm) greatly reducing water resistance of the structure is particularly unfavourable. In Greyzemic
Chernozems of Sian-Dnister upland, the content of this fraction is higher by 15-20% than in other soils. For
objective and unrelated to cultivation reasons, Greyzemic Chernozems have much weaker internal
mechanism of erosion protection defined by the granulometric composition.
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Mineralogical Composition of Clay Plasma

The data on humus content and the granulometric composition do not allow to identify trends in the
evolution of a silicate part of soil plasma of Haplic and Greyzemic Chernozems on the stage of its cultural
evolution. Only the gross chemical and mineralogical analysis of the fraction less than 1 um (for the sample
free of humus and carbonate) will allow to reveal the nature and direction of these trends. Since the silt soil
fraction included humus, this mineral phase is the fraction of fertility (Papish and Pozniak, 2010). Moreover,
it defines and controls the behaviour of the whole soil system through reactions of sorption and desorption,
fixation and exchange of cations and other particles, fixation of the number of organic components, reactions
of hydration and dehydration, hydrolysis, etc. (Chizhikova et al., 2007). The main anti-erosion properties
of soils depend on the composition and interrelation between the basic mineral phases of the clay minerals,
particularly their water-retaining capacity, moisture capacity, water permeability, adhesiveness, plasticity,
structure forming ability, adhesion force between the (Alekseev, 2012).

Table 2: Correlation of the basic mineral phases in fraction <1 um, by selected with Chernozems

The depth of | Content of Distribution of the stratified silicates % Distribution of framework silicates
samples fraction Mixed-planer | Hydromica Kaolinit + Quartz K-field Plagioclase
selection, cm | <1 um, % formation chlorite spars
mica-smectite
Greyzemic Gleyic Chernozem on the loess loam of the Sian-Dnister Upland (soil profile Ne61)

0-18 5.2 43 46 11 +4++7 ++ +
3040 7.2 36 51 13 ++ + no
60-70 8.8 40 48 12 + - no

120-130 18.0 54 39 7 - - no
190-200 16.0 51 43 7 ++ + +
Greyzemic Chernozem on the loess loam, underlain from the depth of 180 cm by thin sand alluvium of the
Pliocene terrace of Prut River on the Prut-Dnister Upland (soil profile Ne91)

0-20 22.0 48 49 3 ++ + +
30-40 22.8 44 50 6 + no no
60-70 24.4 46 47 8 + no no

100-110 20.8 66 30 4 + no no

170-180 21.2 76 22 2 no no no

190-200 7.2 68 30 2 no no no
Haplic Chernozem on the loess loam of the Upper Bug Upland (soil profile Ne36)

0-20 20.8 33 52 15 +++ ++ +++
40-50 18.0 45 45 10 ++ ++ ++
70-80 17.6 53 39 8 + + +

120-130 20.8 54 42 8 + + +
190-200 17.0 63 33 4 + + +
Haplic Chernozem on the loess loam of the Pre-Dnister Upland (soil profile Ne171)

0-20 28.8 46 46 7 ++ ++ +
40-50 29.6 53 42 5 + no no
70-80 29.2 56 40 4 + no no

120-130 26.8 60 37 3 + no no
190-200 23.8 74 23 3 + ++ +

*Very low (+), poor (++), marked (+++).
The mineralogical composition of the fraction (<1 pum) of Greyzemic and Haplic Chernozems in Western
Ukrainian region is not homogeneous within the profile (Table 2).

The upper part of the profile is clearly distinctive because it is high in clastogenic minerals such as quartz,
plagioclases, microcline and hornblende. The banding silicates are present within the profile in the form of
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disordered mixed-planar mica-smectite formations with the high content (over 50%) of smectite packets
(33-63%), hydromicas (33-52%), kaolinit together with chlorite (4-15%). They form the mineral part of
the soil matrix substance which performs important regulatory functions, defining the character of soil
processes and regimes. Various components of the clay material, which react appropriately on external
stimuli and are the solid phase product of the biogeocenosis irreversible in its changes, are the memory of
soil. Thus, they store information on ancient and modern conditions of soil functioning (Chizhikova and
Gradusov, 1995; Chizhikova, Morozova and Panin ., 2007).

Erosion resistance of Chernozems like other water-physical properties is determined largely by the
properties of colloid-dispersed materials which dominate in a silt fraction of virgin Chernozems
(Kuznyetsov and Glazunov, 2004). Their clay plasma is in the state of dynamic quasi-equilibrium with
organic substance. Sub-zonal and facies conditions have its impact on the character of profile distribution
and correlation of different mineral phases of Chernozem clay material. Being the most dispersive and
mobile among clay minerals, mica-smectite minerals are capable to redistribute in the Chernozem profile
under certain conditions such as leaching, podzolization, lessivage, eluvial-gleied process or
anthropogenically provoked conditions such as de-humification, acidification, destruction of soil structure,
over condensation (Kuznyetsov and Glazunov, 2004).

The mica-smectite and hydromica phases of Chernozems under study have the contrary character of profile
distribution. The clay profile of Greyzemic and Haplic Chernozems of wet forest-steppe is characterized by
eluvial type of smectite phase distribution. Hydromicas especially kaolinite is accumulated in the humus
horizon and have isoclay profile. This pattern is inherent not only to Chernozems of Ukrainian wet forest-
steppe but also to Chernozems of Moldova steppe (Alekseev, 2012). Thus, Chernozem type of soil formation
in forest-steppe with periodical leaching type of soil water regime is prone to redistribution of the smectite
phase of clay material which is less resistant to weathering and mobile.

Chernozems have gone through long periods of the natural evolution (4-5 thousand years) as well as cultural
evolution (0.8-1.5 thousand years). Each of these periods is equal to the formation of full-profile soil having
guasi-equilibrium with the environment. Under conditions of wet forest-steppe, the natural and
anthropogenic factors are unidirectional in forming the dispersion profile of Greyzemic and Haplic
Chernozems (different intensity of di-flocculation and downward movement of smectite minerals in the
profile). Therefore, we cannot clearly determine which of natural and anthropogenic factors have impact on
the character of vertical distribution of the main mineral phases of clay material. However, taking into
account the relative stability of hydromicas and high mobility and reactive capability of the mica-smectite
phase, we can identify with high credibility the anthropogenic changes in its proportions. The virgin
Chernozems formed on the Late Pleistocene loess are characterized by the dominance of disordered mixed-
layered minerals with a predominance of smectite packets in its composition over the hydromica within the
whole profile. The same proportions of the main mineral phases of clay material but on a smaller scale are
inherent to leached Chernozems (Alekseev, 2012).

The scientifically proven fact is that not only clay minerals, but also primary soil minerals are affected by
natural and anthropogenic factors (Pozniak, 1997; Egli et al., 2006, Egli, Mirabella and Sartori, 2000, 2008;
Alekseev, 2012). The mineral profile of Chernozems is changing due to the processes of acid hydrolysis,
lessivage, internal soil weathering, losses and neoformations of smectite, illitization. These processes cause
the changes in soil properties that often have the negative effects. Such Chernozems on the slope lands are
vulnerable to various forms of erosion.

The visual method of evaluating the mineralogical condition of Chernozem silicate part was used in order
to assess the current soil processes, that is to determine its occurrence and evaluate to what extent they
influence the formation of soil properties (Alekseev, 2012). Highly dispersive banding silicates are more
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resistant to destruction than organic matter and carbonates. For this reason, they record and store the changes
in Chernozems more reliably. At the same time, as the unstable minerals of magmatic origin they are not
able to reproduce under conditions of soil formation (normal temperature and pressure). Its content in the
soil compared to the more stable minerals can only reduce. Among the two main mineral phases of
Chernozem clay plasma (smectite and hydromica) that predominate in the composition of Chernozems, bi-
octahedral illite with the curve of isoclay profile distribution is the most resistant to weathering. It largely
dominates in the composition of hydromica minerals of Chernozem humus horizon owing to the destruction
of tri-octahedral hydromicas. This highly dispersive mineral can be accumulated due to the destruction and
movement of less stable and more mobile smectites and tri-octahedral hydromicas. Within hydromicas the
admixture of tri-octahedral illite cannot be taken into account because of its little amount is only possible.
Probability of the processes of non-exchange sorption of potassium by highly charged smectite (illitization)
in rainfed drylands and the deficit of potassium supply is very low (Alekseev and Valiev, 1992). This fact
allows us to identify trends in the changes of Chernozem clay mineralogy under the intensive anthropogenic
impact on the soils.

Table 3: Quantitative estimation of intensity of weathering (111S) and weathering stress (ISIS) of clay plasma
in Chernozems

Horizon, Distribution of the stratified silicates % Index of intensity Index of weathering
the depth of samples | Mixed-planer forma- Hydromica of weathering, stress, illit-smectite
selection, cm tion mica-smectite illit-smectite (111S) (I1SIS)
Greyzemic Gleyic Chernozem on the loess loam of the Sian-Dnister Upland (soil profile Ne61)
A (0-18) 43 46 10.7 2.3
Ae (30-40) 36 51 14.2 5.8
ABe,g (60-70) 40 48 12.0 3.6
BCt,g (120-130) 54 39 7.2 -
Cg (190-200) 51 43 8.4 -
Greyzemic Chernozem on the loess loam, underlain from the depth of 180 cm by thin sand alluvium of the
Pliocene terrace of Prut River on the Prut-Dnister Upland (soil profile Ne91)
A (0-20) 48 49 10.2 5.7
Ae (30-40) 44 50 114 6.9
ABe (60-70) 46 47 10.2 5.7
BCt,g (100-110) 66 30 4.5 -
Ck,g (170-180) 76 22 - -
D (190-200) 68 30 - -
Haplic Chernozem on the loess loam of the Upper Bug Upland (soil profile Ne36)
A (0-20) 33 52 15.7 10.5
A (40-50) 45 45 10.0 4.8
ABK (70-80) 53 39 7.3 2.1
BCAK (120-130) 54 42 7.8 -
Cg (190-200) 63 33 5.2 -
Haplic Chernozem on the loess loam of the Pre-Dnister Upland (soil profile Ne171)
A (0-20) 46 46 10.0 6.9
A (40-50) 53 42 7.9 4.8
ABK (70-80) 56 40 7.1 4.0
BCAKk (120-130) 60 37 6.2 -
Ck (190-200) 74 23 3.1 -

The intensity of transformation changes in the fractions of Chernozem mineral profile (less than 1 pm) can be
assessed by the index of intensity of weathering, illite/smectite (111S) in terms of the changes in illite/smectite
correlation (Alekseev, 2012). This index is the ratio of the content of stable bi-octahedral illite (in percentage)
to the content of unstable smectite in the fraction multiplied by 10 to get an integer number (Table 3).
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The stress of mineral transformations in a series of changes of illite/smectite correlation throughout the
profile can be evaluated by the index of weathering stress, illite/smectite (ISIS) which equals to the
difference between 111S of the top horizon and a rock (Alekseev, 2012). Since there is the correlation
between these two indices, the ISIS index is appropriate to apply to the whole humus horizon. This will
allow to identify in which part the highest stress of transformation changes is observed.

The research results of mineralogical composition of leached and Haplic Chernozem silicate part in
Moldova have shown that, in leached Chernozems of wet forest-steppe, both layered silicates and field spars
are being destructed. The rate of destruction of layered silicates is higher than of field spars (Alekseev,
2012). Therefore, the wetness conditions of Chernozem functioning, the more intensive is the process of
mineral profile destruction.

Analyzing the data in table 3 indicates that Greyzemic and Haplic Chernozems of the Ukrainian wet forest-
steppe have two silicate weathering crusts of different maturity. From Haplic Chernozems to Greyzemic
Chernozems, the substantial loss of highly dispersive smectite material can be observed. Apart from
theoretical and practical importance, this fact is of great value for paleo-geographical reconstructions. The
deep transformation of Chernozem silicate part regardless of its current content of carbonates, can testify
the paleo-geographical climate variability within the area under study. Such conclusions can be made due
to irreversibility and preservation of transformation changes in the Chernozem silicate part.

The high indices of intensity and stress of mineral transformations enable us to diagnose the mineralogical
condition of clay material of the Chernozems under study. The index of intensity of clay mineral
transformation under the influence of weathering and soil formation processes (IlIS) in Greyzemic
Chernozems is 10.2-14.2 in the humus horizon and 8.4-4.5 in the lower horizons. The same index for Haplic
Chernozems is much lower and equals to 7.1-10.0 and 3.1-5.2 correspondingly. Moreover, in case of
Greyzemic Chernozems, this index is high within the whole humus horizon (0-70 cm) with the highest
value in under-plough layer (30-40 cm) where the maximum concentrations of highly dispersive amorphous
silica are morphologically recorded. In case of Haplic Chernozems, this index is low almost throughout the
profile except the arable layer (15.7 cm) of Upper Bug Upland soils. The nature of such abnormality
distinctively correlates with the gross chemical analysis data and requires further investigation. There is the
direct dependence between the intensity of transformation processes in Chernozems with the content and
depth of calcium carbonates. Consequently, Greyzemic Chernozems are characterized by greater intensity
and depth of transformation processes in the silicate part of the profile compared to Haplic Chernozems in
which these processes take place mainly in the arable layer. As far as Pre-Carpathian Greyzemic
Chernozems are concerned, the intensity of transformation processes is increasing with strengthening of soil
hydromorphism. Finely crystalline calcite dispersed in the middle and lower parts of the profile is the source
of the clay plasma stabilization only in Haplic Chernozems.

The index of the maximum stress of mineral transformations (ISIS) in Greyzemic Chernozems shifts into
the under-plough horizon (5.8-6.9) whereas in Haplic Chernozems it falls on the arable layer (6.9-10.5).
The rise in the ISIS of Greyzemic Chernozems indicates the increasing loss of smectite compared to Haplic
Chernozems. The high indices of ISIS for both Chernozem subtypes show the high intensity of weathering
and soil formation impact on clay minerals and increasing stress of these processes upward the profile
(Alekseev, 2012).

The relative share of bi-octahedral illite has increased dramatically due to the unbalanced loss of the smectite
component in the composition of Greyzemic Chernozem clay minerals unlike Haplic Chernozems. Along
with hydromica, the chemically inactive clastogenic minerals are accumulated in the silt fraction of
Chernozem humus horizon. All in all, this shows that the silt of Greyzemic Chernozems amalgamates and
reduces its activity due to the accumulation of rigid illite structures and clastogenic minerals. Such tendency
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has a long-lasting environmental importance since it directly predetermines the anti-erosion properties of
soils (Alekseev, 2012).

Table 4: Gross chemical composition in fraction <1 um, by selected with Chernozems

The depth of Losses as a % on the roasted mass Sio,
S elf;‘:rt?gkscm roraesst‘;:]tg?‘z, 4o | SiO2 | AOs | Fe:0s | CaO | MgO | K:O | NaxO | P.Os | SOs | Fe:Os
Greyzemic Gleyic Chernozem on the loess loam of the Sian-Dnister Upland (soil profile Ne61)

0-18 20.98 56.83 | 2391 | 11.14 | 066 | 1.10 | 3.38 | 0.27 | 1.21 | 0.26 | 13.60
30-40 20.55 57.01 | 2345 | 1141 | 063 | 0.76 | 3.85 | 035 | 1.16 | 0.17 | 13.32
60-70 14.17 56.36 | 23.08 | 12.81 | 043 | 131 | 356 | 0.27 | 0.74 | 0.26 | 11.73

120-130 9.00 56.27 | 23.31 | 1333 | 053 | 122 | 3.10 | 025 | 055 | 0.29 | 11.26
190-200 8.04 57.28 | 2224 | 1236 | 057 | 137 | 413 | 029 | 039 | 0.17 | 12.34
Greyzemic Chernozem on the loess loam, underlined from the depth of 180 cm by thin sand alluvium of the
Pliocene terrace of Prut River on the Prut-Dnister Upland (soil profile Ne91)

0-20 13.57 58.20 | 23.12 | 1198 |0.18 |220 |3.13 |0.28 |0.47 |0.00 | 13.09
30-40 13.21 57.85 | 24.05 | 1154 | 026 |230 |3.03 |029 |041 |0.09 | 1337
60-70 12.07 58.98 | 23.93 | 1147 | 026 |240 |208 |021 |032 |019 1371

100-110 8.57 58.09 | 23.67 | 1181 | 034 |231 |256 |028 |019 |0.48 1320
170-180 8.39 58.46 | 22.38 | 11.30 | 025 | 266 |270 |0.29 |0.22 |0.07 | 13.80
Haplic Chernozem on the loess loam of the Upper Bug Upland (soil profile Ne36)

0-20 10.52 73.64 | 13.10 | 6.72 182 [130 [184 |[0.68 |0.26 |0.27 | 29.22
40-50 12.35 65.95 | 18.57 | 9.49 088 138 | 223 |051 |039 |0.38]| 1853
70-80 8.05 76.39 | 12.40 | 6.45 032 | 123 |150 |051 |030 |0.14 3158

120-130 11.15 60.51 | 2252 | 1149 |0.18 |069 |270 |025 |0.40 |0.38|14.04
190-200 7.91 58.20 | 2323 | 1143 | 042 |140 |234 |026 |025 |0.35] 1360
Haplic Chernozem on the loess loam of the Pre-Dnister Upland (soil profile Ne171)

0-20 11.80 59.06 | 23.76 | 1068 | 036 |244 | 263 |028 |036 |0.21 | 1475
40-50 11.62 58.42 | 23.93 | 1082 | 036 | 238 |280 |0.23 |035 |0.05] 1440
70-80 10.50 58.05 | 23.33 | 11.22 | 033 |238 |274 |030 |0.36 |0.28|13.80

120-130 8.92 50.32 | 23.04 | 11.15 |0.17 | 270 | 248 |025 |031 |0.05]1419
190-200 8.16 50.74 | 22.89 | 10.78 | 0.17 | 223 |229 |023 |021 |0.01]1478

The dominance of inactive illite clay in the arable layer of all Chernozem subtypes, particularly Greyzemic
Chernozems, in the whole humus horizon (0-70 cm) as well as the high content of kaolinite, reduces the
role of clay plasma as the major stabilizer of organic matter and soil micro-structure along with the
accelerated humus mineralization. Bi-octahedral illite and kaolinite, unlike smectite, reduce erosion
resistance of arable Chernozem layer since they ensure poor adhesion of soil particles. Such changes lead
to comminution of the soil macro- and micro-structure, reduction of its hardness and water resistance,
boosting of lumpiness of the arable and under-plough layers, formation of the surface crust and under-
plough pan, condensation of the humus horizon, and reduction of moisture capacity and water permeability
of Chernozems. Being the object of intensive use in grain-tilled crop rotations on the slopes, Chernozems
with degraded clay plasma in the arable horizon are the favourable substrate for the development of erosion
processes (Smirnova, Novykh and Pelekhotse, 2006; Alekseev, 2012).

The loss of the active smectite part of Chernozem mineral matrix and relative accumulation of bi-octahedral
illite, kaolinite and clastogenic non-clay minerals in the clay of humus horizon correspond to the data of gross
chemical analysis (Table 4). To see the real situation on the content of oxides in the mineral part of soil, all
calculations have been conducted according to the standard techniques (Myakina and Arinushkina, 1979).
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If the chemical composition of mineral part of the rock is to be compared with the composition of upper soil
horizons, it can be noticed that the upper horizons lack silica with reduced level of sesquioxides. This fact
indicates that the Chernozem mineral profile still has the high hardness potential.

The high levels of potassium oxide and aluminium oxide and the low levels of magnesium oxide in the
Chernozem humus horizon, especially in Greyzemic Chernozems, are the indirect evidence of relative
accumulation of bi-octahedral illite resistance to weathering in the upper horizons and destruction of its
iron-magnesium tri-octahedral structures. Along with the high content of sodium, oxide also reveals the
presence of highly dispersive potassium field spars in clay material. The invariance of molar ratios
Si02:Al,O3 for clay profile of all Chernozem subtypes regardless the environmental conditions of its
formation, proves the relative resistance of bi-octahedral illite in the Chernozem profile of Ukrainian wet
forest-steppe.

Table 5: Structure-aggregate composition in Chernozems

Horizon, the Size of aggregates (mm), contents (%) Sum of water-
depth of na 05- stabile
sample >10 10-7 7-5 5-3 3-2 2-1 1-0,5 0'25 <0.25 | aggregates

selection, cm ' > 0.25 mm, %

Greyzemic Chernozems on the loess loam of the Pre-Carpathian Region

A 10 49.82° | 8.85 7.15 9.07 7.57 8.00 3.37 2.90 3.27
(0-18) 0.00° | 0.00 1.30 2.20 3.34 | 14.16 | 16.78 | 20.72 | 41.50 58.50

Ae 10 4741 | 10.42 1.77 8.98 7.39 7.75 2.71 2.93 4.64
(20-40) 0.00 0.00 0.24 0.80 222 | 11.02 | 16.40 | 24.34 | 44.98 55.02

ABe,g 10 35.13 | 12.03 | 8.17 9.02 9.39 | 11.49 | 3.69 4.14 6.94
(45-65) 0.00 0.00 0.48 0.30 0.26 0.88 | 16.82 | 25.42 | 63.72 36.28

Haplic Chernozems on the loess loam of the Podolian Region

A 12 33.27 | 852 879 | 1149 | 7.05 | 13.36 | 7.03 5.80 4.79
(0-20) 0.00 0.00 2.05 2.13 1.88 4.23 8.72 | 30.51 | 50.48 49.52

A 12 17.00 | 7.48 | 10.31 | 23.66 | 12.31 | 15.18 | 5.86 4.34 3.86
(40-50) 0.00 0.00 0.25 2.82 421 | 12,77 | 1493 | 27.28 | 37.74 62.26

ABk 12 1056 | 7.86 | 12.35 | 27.43 | 1430 | 13.89 | 4.91 4.16 4.54
(70-80) 0.00 0.00 1.12 5.42 | 10.06 | 15.62 | 15.11 | 23.39 | 29.28 70.72

2 _ reiterating of determination;
® _ numerator — dry sifting (structure composition of soils), ¢ - denominator — wet sifting (aggregate
composition of soils).

The soils which contain iron hydroxide and solid macro-and microcrystalline calcite have the greatest
erosion resistance (Kuznyetsov and Glazunov, 2004). Modern trends and the role of carbonates in this
process were discussed above. Since the most of non-silicate iron in soil is in close coordinating bond with
clay minerals (smectite, tri-octahedral illite), there is direct dependence between them. The unbalanced loss
of colloidal clay in the Chernozem humus horizon, which is confirmed by the data of granulometric and
mineralogical analysis, is followed by the same loss of iron oxide. This tendency is supported by the
character of profile distribution of molar ratios SiO,:Fe,Os. The most distinct correlative link between these
two indices can be observed in Greyzemic Chernozems of Sian-Dnister Upland forming the wet facial
Chernozem subtype of Western Ukrainian region. Obviously, the main processes of destruction and
movement of the smectite phase of Chernozem clay material in wet forest-steppe is leaching and lessivage.
However, in Greyzemic Chernozems of Pre-Carpathians region the unbalanced loss of highly dispersive
clay and non-silicate iron is additionally stimulated by the iron-gley process. This is proved by the results
of morphological observations.
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In Chernozems, which are the soils with poor adhesion, soil plasma is the main mechanism in the formation
of water-resistant structure. Indirect indices of soil plasma capability to form water resistant aggregates
correlate with erosion resistance of soils (Table 5).

The closest is the inverse correlation between erosion resistance and the coefficient of dispersion by
Kachynskiy (1965). This correlation was used in the formula (Equation 1) of the erosion resistance
coefficient introduced by Kuznyetsov and Glazunov (2004):

Kgr.st X 100 (1)
Kdis !
where Ks.res — the index of erosion resistance;

Kgr.st — the granulometric index of structuring by Vadyunina and Korchagina (1986), that
is the ratio of the content of the particles sized < 0.001 mm to the total content of coarser fractions (under
the granulometric analysis of soils by Kachynskiy, 1965);

Kdis — the coefficient of dispersion by Kachynskiy (1965), which is the ratio of the fraction
<0.001mm under microaggregate analysis to the fraction of the same size under granulometric analysis.

Ks.res =

Table 6: Index of erosion resistance (Ks.res) of Chernozems
Horizon, the Content of clay (parts <1 um), %

depth of : : quffici_ent of _ Granulometrig Indgx of soil
samples granulomgtrlc microaggregate dlsper5|.ty by . index of structurmg resistance,
selection, cm analysis analysis Kachinskiy, Kdis | by Vadjunin, Kgr.st Ks.res
Greyzemic Gleyic Chernozem on the loess loam of the Sian-Dnister Upland (soil profile Ne61)
A (0-18) 5.2 0.5 0.09 0.05 55.5
Ae (30-40) 7.2 0.4 0.05 0.08 160.0
Abe,g (60-70) 8.8 1.2 0.13 0.10 76.9

Greyzemic Chernozem on the loess loam, underlined from the depth of 180 cm by thin sand alluvium of the
Pliocene terrace of Prut River on the Prut-Dnister Upland (soil profile Ne91)

A (0-20) 22.0 2.2 0.10 0.28 280.0
Ae (30-40) 22.8 15 0.06 0.29 483.3
ABe (60-70) 24.4 2.8 0.11 0.32 290.9
Haplic Chernozem on the loess loam of the Upper Bug Upland (soil profile Ne36)
A (0-20) 20.8 4.0 0.19 0.26 136.8
A (40-50) 18.0 4.0 0.22 0.22 100.0
ABK (70-80) 17.6 4.0 0.23 0.21 91.3
Haplic Chernozem on the loess loam of the Pre-Dnister Upland (soil profile Ne171)
A (0-20) 28.8 3.1 0.11 0.40 363.6
A (40-50) 29.6 3.6 0.12 0.42 350.0
ABK (70-80) 29.2 2.8 0.10 0.41 410.0

The low indexes Ks.res within the profile of Greyzemic Chernozems of Sian-Dnister Upland strictly
correlate with the index of high intensity of transformation changes (I11S) and index of stress of mineral
transformations (ISIS). This indicates the weakening the role of Greyzemic Chernozem clay plasma in the
formation of water resistant macro- and microstructure (Table 6).

Substantial increase of indices of Ks.res within the limits of profile of Chernozems clearly correlates with
the indices of greatest intensity of weathering (111S) and weathering stress (ISIS). These circumstances
specify on weakening of role of the soil plasma, in this part of profile, to form water-stable macro- and
microstructure of soils. Offer comparisons are correct within the limits of soil profile and it can be used for
research of dynamics and evolution of erosion resistance of soils.
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Conclusions

The results of the chemical and mineralogical analysis aimed at evaluation of the condition and erosion
resistance of soils have proved to be very effective. Different behaviour of the main components of clay
plasma in Greyzemic and Haplic Chernozems in different environmental conditions of their functioning
suggests the great value of this method for paleogeographical reconstructions, genetic and classification
analysis and applied research of soil erosion.

Natural processes under long and intensive agricultural use of Chernozems of the Wet Atlantic facie have
caused the disruption of its humus-mineral equilibrium. De-humification and other destructive soil
processes have caused the destabilization of clay plasma and changes in smectite-illite dynamic equilibrium
within clay plasma. The most intensive and profound changes in fine-grained silicate part of soils are evident
in clay-differentiated Chernozems of the north-western Pre-Carpathian region.

Due to the irrational land use, the modern tendencies in the evolution of highly dispersive silicate part of
Chernozems indicate the degradation of its mineral profile and loss of very important ecological functions.
According to the anti-erosion properties of clay plasma, the soils under study can be placed in the following
order: Haplic Chernozems of Pre-Dnister Upland > Haplic Chernozems of Upper Bug Upland > Greyzemic
Chernozems of Prut-Dnister Upland > Greyzemic Gleyic Chernozems of Sian-Dnister Upland. Chernozems
of one sub-type with similar content and reserves of humus have its erosion resistance reduced following
the increase in soil hydromorphism stimulating clay formation in the middle horizons due to the processes
of lessivage and inter-soil weathering.
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Introduction

An important activity in the effective functioning of the economic system of the State is the direct foreign
investments. In general, it contributes to the growth and production, the improvement of the welfare of
citizens, and the growth of the innovativeness of a country. However, along with significant positive effects,
foreign direct investment (FDI) can invoke a number of negative effects. They are manifested by the
technological dependence and monopoly, the growth of the structural unemployment, as well as the
emergence of significant environmental problems. Taking into account a practical experience, research, and
scientific conclusions, the problem of FDI in the context of environmental challenges requires urgent actions
aimed at eliminating or reducing negative impacts. However, in the global context, solving environmental
issues sometimes acquires political interventions and certain manipulations. Taking into account the global
warming and the nature of the risks it is accompanied by, the actions of the governments of different
countries working to reduce CO: emissions, reduce pollution and improve the relevant legislative
environment look quite logical. It is believed that, to limit global warming to 1.5°C by the end of the century,
and to combat environmental degradation and stop the catastrophic loss of biodiversity, CO2 emissions must
be reduced.

But sometimes such measures are not aimed at finding the best solution for the climate and the environment,
but at increasing bureaucratic pressure and lobbying the interests of certain groups. The fight against
greenhouse gas emissions sometimes legalizes even quite destructive actions related to the destruction of
reserves and nature conservation zones. Some states justify the eviction of people from their places of
permanent residence in order to receive donor funds and protect the environment. In addition, climate
protection activities are a component of a certain strategy of geopolitical influence, whereby rich countries
gain access to poor regions or countries. Arjjumend (2017) explores the issue of environmental standards in
the context of regulatory change. Argues that weak states are subject to significant dependency and
"corporate takeover", leading to a loss of state sovereignty.

Significant politicization complicates the real solution to environmental problems that are related to modern
challenges and threats. FDI flows are subject to the influence of certain factors, among which we highlight
macroeconomic (openness of the economy, its stability, productivity), political (development of the
institutional environment, political stability), economic (tax burden, presence of special zones, trade
restrictions) and national (specific). These include geographic location, infrastructure, GDP per capita,
natural resources, and tits abundance. However, contemporary science teday has important, but
contradictory, conclusions regarding the assessment of the effectiveness of FDI in the context of its linkages
with ecology.

Li et al. (2019) examine the impact of FDI on environmental outcomes. According to their findings, foreign
direct investment has a negligible effect on environmental performance for their sample of 40 countries.
There is a differentiation of influence between developed and developing countries; direct investment has a
positive and significant effect on environmental performance in developed countries and a negligible effect
in developing countries. Solarin and Usama Al-Mulali (2018) argue that foreign direct investment increases
pollution in developing countries, while it reduces pollution in developed countries. Research by Opoku and
Boachie (2020) of African countries found that FDI generally has a negative impact on the environment.
Tran, Tran and Vo (2022) study the negative impact of foreign investments on the strictness of
environmental regulation. Fahad et al. (2022) argue that environmental regulation promotes technological
innovation in Chinese industry and the attraction of greater foreign investment. Wang et al. (2014) conclude
that Chinese investors bring massive job creation to the host economy, but limited technology transfer to
the local economy, large capital, as well as access to the Chinese market. However, Chinese investments
carry significant risks and losses from inappropriate corporate social behavior. Gallagher and Qi (2021)
report that China's foreign investment flow ranked second in the world after Japan with $130 billion in 2018.
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By total capital, China is now the largest investor in the least developed countries and the largest investor
in Asia, and the fifth largest investor in Africa.

It is worth noting that along with significant positive effects on the economic situation of the countries
where these investments go, there are quite active discussions about their social and environmental impact.
Local communities of individual countries to which these investment flows are directed to organize protests
against the local environmental impact of certain investment projects, which sometimes leads to the
breakdown of contracts (for example, Myitsone on Irawaddy* hydropower project in Burma, various mining
and hydropower projects in Latin America). In an environmental context, China is a major polluting country,
where along with economic growth there are negative side effects: air and water pollution. Scientific results
by Hanif et al. (2019) confirm the contamination hypothesis. Empirical scientific results obtained by Shah
et al. (2022) show that the inflow of foreign direct investment has a positive effect on population mortality
and renewable energy sources. Nguyen's (2020) study focuses on Vietnam. The author assesses the real
impact of foreign direct investment and the openness of the economy (trade) on the environment. The results
show that FDI has a positive effect on CO2 emissions in the short run, but not in the long run. The results
of the study also show the actual shortcomings of foreign direct investment and production activities in
Vietnam's export enterprises. Based on the results of this research, the author provides means for controlling
CO, emissions. Dardati and Saygili (2020) examine the relationship between foreign ownership and the
environmental performance of firms. Based on data from Chile, they found that export-oriented foreign
firms have lower emission intensity than horizontally affiliated and domestic firms. Chung (2014) finds
strong evidence of a pollution effect in the pattern of Korean foreign direct investment. Zugravu-Soilita
(2107) concludes that foreign direct investment increases pollution in middle capital countries with weak
environmental regulations.

Research by Doytch (2020) focuses on examining the impact of foreign direct investment at the sector level
on four ecological footprints (EF): Consumption EF, Production EF, Import EF, and Export EF. At the same
time, the level of development of the country was taken into account. The author obtained the following
results:

1. High-income countries interpret the environmental impact of foreign direct investment in the
context of consumption. Low- and middle-income countries experience the environmental
impact of production-related investments;

2. The export of the environmental footprint associated with direct foreign investment falls
disproportionately in middle-income countries; high-income countries have no trace (evidence
of ecological refuge);

3. In high-income countries, foreign direct investment in financial services reduces the
environmental impact of production. The general conclusion is the detrimental role of foreign
direct investment in non-financial services.

Taking into account the highly controversial aspects of this topic in the global context, we believe that the
issue of determining the direction of a rational foreign direct investment policy in terms of a possible
solution or avoidance of environmental problems for Ukraine requires scientific efforts. The purpose of this
study is to substantiate the rational policy of direct foreign investment through the identification of their
connections with individual indicators of the ecological and innovative state.

Research Methodology

The analytical part of this study is based on the materials of the State Statistics Service and covers the period
2011-2020. The data for which statistical information could be obtained for the relevant periods were

L https://archive.internationalrivers.org/resources/the-myitsone-dam-on-the-irrawaddy-river-a-briefing-3931
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included. The list of factors for identifying correlations between direct foreign investments was determined
as a result of studying scientific sources.

The research used the method of correlation analysis. In particular, pair correlation to determine the degree
of density of connections between direct foreign investment and individual indicators that determine the
environmental status or performance of a direct foreign investment in the context of environmental
consequences or innovations. This made it possible to identify those with high or medium degrees of
correlation (correlation coefficients >0.3) and to predict potential directions for improving foreign direct
investment policies in the context of strengthening its environmental component. Calculations and graphical
interpretation of the results were performed in the Excel environment using the correlation analysis package.

Results and Discussions
Environmental Criteria and its Relationship with FDI

Liberalization and globalization have significantly expanded the flow of foreign direct investment, including
in environmental projects. When evaluating the impact of foreign direct investments, it is worth considering
its consequences. The first aspect is related to the establishment of internal high environmental standards
by the country in which the investment is expected. In this case, there is a risk that investors, seeking to
avoid strict regulation, will move to regions or countries with less strict rules. The second aspect is related
to the impact of multinational companies on the environment and its environmental sustainability. In the
absence of environmental requirements, the impact of foreign investments can be negative. The hypotheses
by Doytch (2020) and Jbara (2007) determine the relationship between foreign direct investment (FDI) and
environmental outcomes (Table 1).

Table 1: The main hypotheses of the relationship between direct foreign investment and environmental
indicators

The name of hypothesis The essence of the hypothesis
Pollution Asylum Foreign direct investment is directed to countries with weak environmental
Hypothesis regulations. That is why enterprises with ecologically dirty production

technologies move from more developed countries to less developed ones.
Hypothesis of the halo | Transnational companies contribute to the dissemination of better knowledge
of foreign direct and environmental practices among local firms to improve environmental
investment legislation and environmental standards in less developed countries. Their
activities are believed to be associated with more developed countries that
have the capacity and resources to disseminate better knowledge and
environmental practices.
Kuznets ecological It assumes an inverted U-shaped relationship between pollution and income.
curve hypothesis This determines that countries pollute more at the stage of industrialization,
and as they develop, they reduce the share of their "dirty" sectors of the
economy through trade in them.

The analysis of the scientific conclusions of scientists and the main hypotheses regarding the relationship
between foreign direct investment (FDI) and environmental results shows that, to date, no unified
approaches and criteria have been formed that should determine the indicators of the assessment of such an
impact. Hence, the main provisions of scientific empirical conclusions of scientists are debatable.

The European Commission quite actively supports projects in the field of financing climate measures. In
2021, the European Investment Bank Group (EIB, 2021a) signed financing for a total amount of EUR 94.89
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billion. This amount was divided between the European Investment Bank (65.36 billion euros) and the
European Investment Fund (30.50 billion euros). Of the total funding, 86.74 billion euros were allocated to
projects within the EU, and 8.14 billion euros to projects around the world. Statistics from the European
Investment Bank show that annual EIB lending for climate action in developing countries averaged 36%
between 2016 and 2020. In 2020, green finance, which involves climate action and environmental
sustainability, was 26 billion euro, or 40% of total allocation (EIB, 2021b).

When assessing foreign direct investments, the criteria by which environmental standards are measured are
of great importance. They mainly include: the actual measurement of pollution emissions, the index of
environmental efficiency, and the indicator of environmental legislation. An alternative for the indicator of
pollution emissions is the use of costs to reduce their level, but this indicator is difficult to use in
international comparisons. Environmental efficiency indices provide an assessment of the country's
proximity to the established goals of environmental policy. It combines two groups of indicators: ecosystem
viability and ecological health. In general, the toolkit of environmental policy in the context of its rigidity
is divided into market and non-market. The market uses tools to deter polluting enterprises. Non-market sets
clear directives, standards and limits.

According to the data of the World Economic Forum 2017 and the strict environmental standards, Ukraine
ranks 110th out of 136 countries. Its indicator is 3.3 points out of 7. The countries with the highest
environmental ratings (6.2) are Switzerland, Sweden, Finland, and Austria. The lowest is Yemen having 1.7
rank (Travel and Tourism Competitiveness Report, 2017). The third approach is to cover the scope of
environmental legislation. For example, in the US, the Environmental Protection Agency (EPA) assigns
each state a status of environmental achievement or non-achievement in accordance with the federal
standards. Those regions that received a negative status are obliged to introduce stricter rules for polluting
enterprises. This automatically means an increased compliance costs for businesses (Cole, Elliott and Zhang,
2017). Shkarupa (2020) proposes to attribute the characteristics of the level of their eco-destructive impact
and decarbonization, the efficiency of using the land resources, and introducing the renewable energy
technologies to the indicators of environmental sustainability. This will help carry out a targeted evaluation
of the effectiveness of the adopted policy. It should manifest itself in the development of smart energy
networks, the transition to a carbon-neutral economy, the reduction of emissions/discharges of harmful
substances into the natural environment, and the increase in the specific weight of renewable energy sources
in the structure of the country's energy balance.

Justification of the Rational Policy of FDI

In order to study the actual connections of direct foreign investments and identify its impact on
environmental indicators in Ukraine, a correlation analysis was conducted between foreign direct
investment (Table 2) and individual indicators that determine the environmental status. Summarizing the
scientific conclusions, the following ecological indicators were identified: emissions of greenhouse gases;
waste generation; expenses for the protection of the natural environment and environmental protection
measures; the land area of nature reserves; use of mineral fertilizers; application of organic fertilizers;
consumption of energy from renewable sources; the general level of innovativeness of the country.

Table 2: Foreign Direct Investments, in million USD

Year 2011 2012 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2019 2020

Investment | 48198 | 51705 | 53704 | 38357 | 46009 | 47706 | 47765 | 46894 | 54210 | 52091

Source: SSSU (2021a); NBU (2020); SSSU (2014); SSSU (2020a)

The statistical data presented in table 2 indicate uneven inflows of foreign direct investment into the
economy of Ukraine during the study period. The peculiarities of foreign direct investments in Ukraine are
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that they are owned by foreign residents or controlled by foreign companies. In general, it is worth noting
the low share of foreign direct investments from the developed countries of the world. There is a fairly high
level of them from round-tripping FDI countries (Cyprus, British Virgin Islands, Liechtenstein, Belize,
Ireland). Offshore investments have a negative impact on the investment potential of Ukraine and are a
threat to achieving sustainable economic development. It is worth pointing out that these are often the funds
of Ukrainian investors who invest funds in Ukraine through offshore zones, which leads to its "circulation™.
Chinese companies are showing interest in direct investment in Ukraine. For example, in 2019, in the
Chortkiv-West industrial park, Chinese investors agreed to build a corn processing plant with a total
investment of $600 million (Markevych, 2021). The analysis of the dynamics of total greenhouse emissions
(table 3) during the studied period shows a trend of its reduction. In the context of the general ecological
situation, this forms the basis for a positive forecast of a certain improvement in the ecological state.

Table 3: Total emissions of greenhouse gases, in thousand tons

Year 2011 | 2012 | 2013 2014 [2015 |[2016 |2017 |2018 |2019 |2020

Emission | 6877.3 | 6821.1 | 6719.8 | 5346.2 | 4521.3 | 4686.6 | 4230.6 | 4121.2 | 4108.3 | 3675.3

Source: SSSU (2021b)

However, the results of the correlation analysis based on the statistical data used in this study indicate a low
corelation between the amount of direct investment and the total amount of greenhouse gas emissions
(correlation coefficient 0.08) (Table 3). The specified connection should not be taken into account in the
further modeling of the directions of state policy regarding foreign direct investments in the context of its
greening. The analysis of statistical information on the generation and management of waste for the studied
period of 2011-2020 shows certain fluctuations of this indicator in dynamics. At the end of the period, its
growth is observed (Table 4).

Table 4. Generation and management of waste, in million tons

Year | 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Waste | 14372 | 14857 | 15112 | 12205 | 12506 | 12394 | 12442 | 12972 | 15399 | 15635
Source: SSSU (2021c¢)

Correlation analysis of the relationship between foreign direct investment and the indicator of waste
generation (Table 4, Figure 1) revealed a strong correlation dependence (coefficient 0.83). At the same time,
the growth of the volume of direct foreign investments in Ukraine contributes to the accumulation of waste.
This correlates with the scientific research of many authors who obtained similar results when studying
other countries of the world. The existence of a correlation dependence determines its consideration as a
potential direction of improving the government's policy regarding foreign direct investments in terms of
strengthening its greening through effective waste management.

An important direction is the consideration and study of current costs for environmental protection (Table
5). It is worth noting that during the study period, this indicator is characterized by sharp fluctuations, which
indicates the absence of clear strategic guidelines on the part of the State management of financing the
environmental protection measures.

Analysis of the correlation between foreign direct investment and current environmental protection costs
(Table 5) indicates the existence of a moderate relationship between the factors (correlation coefficient
0.36). The dependence established by this research makes it possible to take into account the specified
factors in further modeling and development of the policy of foreign direct investments in terms of its
environmental orientation.
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Figure 1: Correlation between foreign direct investment and waste generation

Table 5: Current environmental protection costs, in million USD

Year | 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Cost | 1505 1741 1792 1164 769 735 758 901 1057 1040
Source: SSSU (2021d)

The ecological efficiency index is of great importance in a study of foreign direct investment. It is 49.5 for
Ukraine. According to this indicator, Ukraine is ranked 60th out of 180 countries in the world (EPI Results,
2020). Considerable attention in the study of foreign direct investments is directed to determining its impact
on the rate of depletion of productive physical land. In the pan-European context, according to the
Sustainable Nitrogen Management Index (SNMI), which determines the balanced and effective use of
nitrogen fertilizers with the maximum vyield of agricultural crops, Ukraine ranks first in the rating (EPI
Results, 2020). However, the results of the study revealed a weak relationship between foreign direct
investment in Ukraine and the use of mineral and organic fertilizers (Tables 6 and 7, correlation coefficients
0.27 and 0.24, respectively).

Table 6: Mineral fertilizers, in thousand tons

Year 2011 2012 | 2013 | 2014 2015 |2016 |2017 |2018 |2019 | 2020

Fertilizer | 1266.9 | 1346.6 | 1493.8 | 1471.7 | 1415.0 | 1728.9 | 2028.1 | 2346.3 | 2338.3 | 2483.9

Source: SSSU (2021e)

The specified connections are not recommended to be taken into account when modeling the directions of
State policy regarding foreign direct investments in the context of its greening.

Table 7: Organic fertilizers, in thousand tons

Year 2011 [ 2012 |2013 |2014 |2015 |2016 |[2017 | 2018 2019 2020
Ferilizer | 9954 | 9685 | 9652 | 9898 | 9663 | 9163 | 9274 | 11649 | 11382 | 10210
Source: SSSU, (2021e).

It is important in this study to establish a relationship between foreign direct investment and the area of the
nature reserve fund, as it is one of the Indicators of the progress of green growth (Table 7) (Pecheniuk et
al., 2022).
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Table 8: Land area of nature reserves, in thousand ha

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Area 1382 1565 1576 1688 1769 1997 1997 1997 2064 2066
Source: State Statistics Service of Ukraine (2020b)

The correlation between foreign direct investment and the land area of nature reserves is expressed by a
correlation coefficient of 0.12, which indicates its low density. The specified relationship is insignificant,
therefore, it will not be taken into account in the further modeling of the directions of State policy regarding
foreign direct investments in the context of its greening. One of the theoretical directions for identifying the
influence of foreign direct investment is the growth of energy consumption from renewable sources (Table
9). In Ukraine, at the end of the studied period, there is an increase in the consumption of this type of energy.
However, this study has revealed a low density of connection between foreign direct investment and
consumption of energy from renewable sources (correlation coefficient = 0.24). Therefore, this direction
will not be included in further research.

Table 9: Total supply of energy from renewable sources, in thousand toe (ton on energy fuel)

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Energy | 2514 2476 3166 2797 2700 3616 3907 4303 4335 5685

Source: SSSU (2018); SSSU (2021f)

For the objectivity of this research, it is important to take into account the presence or absence of correlation
between foreign direct investment and the level of innovativeness of the country, which includes the
graduates of doctoral studies, higher Education, international joint publications, citation of publications,
expenses for scientific research work in the public sector, expenses for research and development in
business, innovative products/processes, marketing innovations, innovative cooperation, public-private
joint publications, private co-financing of State research and development, patent applications, applications
for obtaining trademarks, application design, export of medium and high-tech products, export of
knowledge-intensive services (Table 10).

Table 10: The level of innovativeness of Ukraine

Year 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 2019 | 2020
Innovation Score 35 35 37 39 37 39 35 32 30 30
Source: EC (2021)

The correlation coefficient between foreign direct investment and the level of innovation is (-0.57). It
demonstrates the presence of an average degree of inverse correlation dependence, in which the level of
innovativeness of the country decreases as the level of foreign direct investment increases.
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Figure 2: Correlation between direct foreign investment and the level of innovativeness of the country

This correlation dependence can be included in the model for the formation of directions of State policy
regarding foreign direct investments in the context of its greening. The identified correlational dependencies
make it possible to determine potential areas of improvement of State policy regarding foreign direct
investments in the context of strengthening its environmental component. These include: waste generation,
expenses for the protection of the natural environment and environmental protection measures, and the level
of innovativeness of the country.
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Figure 3: Forecast values of waste generation

The forecast value of waste generation (Figure 3) indicates the possible dynamics of its level of reduction,
which could give grounds for a positive assessment of the nearest ecological prospects. The approximation
coefficient is 86%, which determines the level of realism of the forecast. However, the study does not take
into account the consequences of military actions in Ukraine, which can lead to a radically opposite result
of forecasting this indicator.

The forecast of current costs for environmental protection (Figure 4) shows their growth until the end of
2024. In the context of the revealed correlation dependence between foreign direct investments (average
degree of linear relationship), this factor can affect the growth of foreign direct investments, and vice versa.
Foreign investment can contribute to increasing these current costs.
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Figure 4: Forecast of the level of innovativeness of Ukraine

The coefficient of approximation for this forecast is relevant and is 94%. The forecast of the level of
innovativeness of Ukraine shows positive dynamics for the indicator in the near future. In this context, it is
worth noting that in Ukraine there is a crisis situation with the financing of scientific research and the
activation of innovative activities, especially during the period of martial law. For example, for the period
from 2010 to 2018, the volume of expenses decreased by 1.6 times, while almost all European countries
adhere to the State policy of increasing spending on scientific research.

Conclusion

A feature of foreign direct investments in Ukraine is that they largely originate from offshore zones. This
narrows down its innovative component and the changes it can bring in terms of ecological development.
Empirical substantiation of the policy of foreign direct investment determined that its directions can be the
regulation of waste generation, a policy of regulating the costs for environmental protection, as well as the
level of innovativeness of the country. The forecast models developed in this study indicate a tendency to
decrease the volume of waste generation in Ukraine, which will likely affect the volume of foreign direct
investment. The growth in the forecast model of the indicator of the innovation of the country also indicates
a possible reduction in the volume of foreign direct investments in the near future. The forecasted trend of
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increasing costs for environmental protection gives grounds for the assumption of a possible slight increase
in the volume of foreign direct investments but may also indicate inflationary processes. Our forecast did
not take into account the impact of military operations on various aspects of foreign direct investment. This
can affect the accuracy and reliability of the predictive models. Thus, in general, Ukraine's foreign direct
investment policy in the context of environmental or innovation indicators should be based on a pragmatic
approach that understands its contradictory impacts on the recipient country.
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