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This report presents an agrarian diagnosis conducted from May to September 2021 in four rural villages in the middle mountains of Nepal in the Thangpal Panchpokhari Rural Municipality (Sindhupalchok district), about 60 km northeast of Kathmandu, capital of Nepal. IGRP3 (Integrated Global Reconstruction Program -Phase 3) is the third phase of a project implemented by Triangle Génération Humanitaire in partnership with ARSOW-Nepal since 2015, following the two earthquakes that hit Nepal. The objective of this third phase is to support the economic development of the intervention area through the revival of economic activities by distributing means of production and supporting technical training, and promoting more resilient livelihoods. In order to capitalize on the agriculture of the area and thus improve and build new interventions, the agrarian diagnosis tool was chosen.

The evolution and emergence of new production systems in the area is quite recent, due to the isolation of these villages located in the middle mountains of Nepal. A majority of farms still live on food production (irrigated rice, maize, finger-millet, potatoes and vegetables) and use manual labor and animal traction, with little or no chemical inputs. However, over the past ten years, some farms have begun to produce in order to sell their products within the villages : animal production (pig, goat or poultry farming) but also cash crop production (cardamom, potatoes, market gardening). These crop and livestock systems significantly increase the income of farmers, allowing them to exceed the survival threshold, unlike farms that are based solely on subsistence farming.

Therefore, new interventions could be developed for these two major types of farms (commercial or subsistence) in order to improve the living conditions of these populations whose income depends largely on remittances or pluriactivity.

RÉSUMÉ

Ce rapport présente un diagnostic agraire réalisé de mai à Septembre 2021 dans quatre villages ruraux de moyennes montagnes du Népal dans la municipalité rurale de Thangpal Panchpokhari (district de Sindhupalchok), à environ 60 km au Nord-Est de Katmandou, capitale du Népal.

L'IGRP3 (Integrated Global Reconstruction Program -Phase 3) est la troisième phase d'un projet mis en oeuvre par Triangle Génération Humanitaire en partenariat avec ARSOW-Nepal depuis 2015, suite aux deux séismes qui ont frappé le Népal. Cette troisième phase a pour objectif de soutenir le développement économique de la zone d'intervention à travers la relance des activités économiques par la distribution de moyens de production et l'appui en formations techniques, et la promotion de moyens d'existence plus résilients. Afin de capitaliser sur l'agriculture de la zone et ainsi améliorer et construire de nouvelles interventions, l'outil du diagnostic agraire a été choisi. Thanks to all the TGH team in Katmandou, for being present even from a distance during a difficult lockdown. Thanks to Adrien, for making me taste the rakshi with John. Thanks to Saki for these intense moments climbing the landslides to return to the capital. Thanks to Rupmila, the best logistician ever and thanks to Nilesh for being the best guide of Bhaktapur.

Thanks to all the team of ARSOW-Nepal for this warm welcome on the field. I thank in particular Malati and Bikash, my two colleagues of work present every day on the field with me. This work would not have been possible without you ! Thank you Paras for your agricultural knowledge of the area. Thank you Pralhad for these discussions after dinner.

Thank you to the Nepalese farmers, so warm and kind to tell you about what they do, thank you for your time.

I would also like to thank all the people who supported me during these last years of study and during this last internship. A big thank you to my family and my friends.

INTRODUCTION

Nepal, a country four times smaller than France and located between China in the north (Tibet region) and India in the south, has 30 million inhabitants. Divided between a tropical plain and the highest and steepest peaks in the world covered with eternal snow, this country presents a variety of rare ecosystems but also important constraints in terms of occupation and development of its small area. Nevertheless, about 66% of its population is directly engaged in agriculture and many farms live partly from their productions.

In 1951, Nepal opened its borders for the first time, generating a large influx of tourists and the arrival of development projects, disrupting the Nepalese way of life and economy, including its agriculture in just 70 years.

In 2015, two deadly earthquakes occurred. International aid is pouring in to help with the reconstruction. Triangle Génération Humanitaire, in partnership with ARSOW-Nepal, a local NGO, has been working since then in four villages (Thangpaldhap, Thangpalkot, Gunsakot and Bhotang) of the Thangpal Panchpokhari Rural Municipality of the Sindhupalchok district, an area particularly affected by these events. The program, called Integrated Global Reconstruction Program (IGRP), started in 2015 with reconstruction and then gradually turned to development activities, particularly in the field of agriculture.

As part of IGRP Phase 3, new activities were launched in 2020, a year marked by Covid-19. In order to adjust and build new interventions in the future, a comprehensive and detailed view of agriculture in these four villages was needed. We therefore chose the agrarian diagnosis tool to respond to this request. During five and a half months of fieldwork in the middle mountains of Nepal, 60 km northeast of Kathmandu, landscape observations were carried out, as well as interviews to retrace the agrarian history of the area and technico-economic interviews on the farms in order to account for the diversity of the farming systems.

First, the context of the study and the methodology of the agrarian diagnosis will be explained. Then, based on the landscape, topography, hydrology and population, the study area will be described in order to understand the major agro ecological units. Also, a large chapter will trace the agrarian history with the major events, both internal and external to the area, that have influenced its agriculture over the last seventy years. From there, crop and livestock systems as well as production systems will be discussed from a technical and economic point of view. Finally, development perspectives will be suggested.

CHAPTER 1 -CONTEXT OF THE STUDY AND METHODOLOGY 1. Nepal, a mountainous country with a diversity of ethnicities and landscapes between two giants, India and China

1.1 A country divided into three major agro-ecological units Nepal (officially the Federal Democratic Republic of Nepal) is a sovereign country in South Asia and extends about 800 kilometers from East to West and about 160 kilometers from North to South (Appendix 1). It is situated mainly along the southern slopes of the Himalayas, the highest chains of mountains in the world. The country adjoins the Tibetan autonomous region of China in the North. In the East, South and West, Nepal's boundaries touch those of India. Nepal has a total surface area of 141,000 km² and a population of about 30 million, with a population density of 20 hab./km²). Kathmandu is the capital and the largest city in the country. While 80% of Nepal's population lives in rural areas, agriculture provides 70% of employment. While agriculture and fishing contribute to 27,6% of GDP [START_REF] Fortin | Family Farmers Cooperatives to End Hunger and Poverty through Integrated Farming in South Asia Making Family Farmers' Cooperatives towards Ending Hunger and Poverty in South Asia during the Decade of Family Farming[END_REF]Government of Nepal, 2018).

According to the Ministry of Finance of Nepal 2011/2012 Economic Survey, 27% of Nepal's total national area is arable land, 39,6% is forest, 12% is grassland and pasture and 2,6% is water.

In simple terms, Nepal is made up of three main geographical units from south to north (Figure 1). First, the tropical Terai plain (23% of Nepalese lands, 40% of which are available for agriculture), the ultimate extension of the Ganges plain and the present-day foothills of the Himalayas located at an altitude within 60 to 300 m above sea level. To the north of the Terai lie the "hills" (and middle mountains) formed by the successive ranges of the Siwalik (average altitude of 1500m), Mahabbharat (a mountain range with peaks reaching 3,000 m) and Great Himalayas (42% of landmass and 20% under cultivation). This is the oldest and most densely populated part of Nepal in terms of natural resources. Except for the high peaks and the western part of the country, land use is at its maximum everywhere. To the north of the large mountains (up to 8849 m with Everest) and in the high arid valleys, the population is much smaller and occupies vast areas of which very little is cultivated (35% of landmass, only 5% of which can be cultivated). Modern Nepal was created in the second half of the 18th century when Prithivi Nârâyan Shâh, the ruler of the small principality of Gorkha, united a number of independent states in the Himalayan foothills in 1768.

In 1846, after a period of instability, the Rana family took over power on a hereditary basis and imposed a highly centralised autocracy and pursued an isolationist policy. Nepal is a multicultural country with two main religions: Hinduism (about 81% of the population) and Buddhism (about 9% of the population). The organisation of Nepalese society is essentially based on the caste system that characterises most Hindu societies, at least as far as Indo-Nepalese populations are concerned. The Tibetan-Nepalese populations are more organised in clans.

Traditionally, for the Indo-Nepalese, caste hierarchy was based on the work categories. As in India, caste is hereditary: you are born into a caste. Caste is endogamous: one marries into one's caste. Caste dictates how one should behave towards one's own kind and, more importantly, towards people of other castes. In the broadest sense, there were four castes (Figure 2), or varnas, each characterized by relative degrees of ritual purity and social status (fig. 3) : the purest and most prestigious varna is the Bahun (or Brahman), who were traditionally priests, scholars and educators ; next comes the second high caste, the Chhetri, once regarded as warriors and rulers ; the last "pure" caste is the Vaisya, which traditionally included merchants, farmers and craftspeople. The fourth varna, considered low-caste and "impure", is the Sudra, reserved for labourers and servants, who were subordinate to the other three castes. 5

The Tibetan-Nepalese ethnic groups do not adhere to the Hindu caste system. Rather, their social organisation is based on a division of society into clans. However, the hierarchy of social groups and the notion of caste are not totally absent from their social organisation. Thus, some ethnic groups are considered superior to others in the social scale. Their rank often differs from one region to another depending on their relative importance in the region and the influence they exert. Moreover, their perception of their social rank does not always correspond to the perception of the Indo-Nepalese population and other ethnic groups. Within the same ethnic group, some clans are considered superior to others.

In 1963 the Muluki Ain was revised to make "untouchability" illegal and recognize all Nepalis as equal under the law, and in 2011 caste-based discrimination was finally criminalized but some caste traditions still remain. ("Caste-based Inequality | Nepal Earthquake Case Studies," n.d.)

A population reliant on subsistence farming

Nepal is an agricultural country having 66 percent people directly engaged in farming. The majority of farms are engaged in subsistence farming and crops are mostly integrated with livestock. Livestock is one of the important sources of cash income of the farm households. Livestock products which are sold for cash. The cash needs of the farm families are mainly met through the sale of milk, yoghurt (curds), cheese, ghiu 6 , chhurpi, meat, egg, live animals and poultry. Nepal is richly endowed with agrobiodiversity. Rice, maize, millet, wheat, barley and buckwheat are the major staple food crops. Similarly, oilseeds, potato, tobacco, sugarcane, jute and cotton are the important cash crops whereas lentil, gram, pigeon pea, blackgram, horse gram and soybean are the important pulse crops. Nepal is also famous for orthodox tea, large cardamom, turmeric and ginger too. Most Nepalese farmers grow diversified crops in order to hedge against erratic and uncertain weather and other unfavourable agronomic conditions. In addition, Nepal grows a number of fruit and vegetable crops. Some important ones are Apple, peach, pear, plum, walnut, orange, lime, lemon, mango, lichi, banana, pineapple, papaya, cucumber, lady's finger, brinjal, pumpkin countries. International labour migration is a preferred option for Nepalis and affects all social classes and areas, both rural and urban. One in two households receives remittances and one third has more than one member abroad. Since the mid-1990s, the share of remittances in GDP has been increasing, from less than 5% in 1995 to 25% in 2013 (Figure 3). The official amount of remittances corresponds to 27% of GDP in 2019, while agriculture represents 25% of GDP. In many cases, people go to work in the big Nepalese cities such as Kathmandu or they go abroad: to India or to the Gulf countries. These migrations reduce the available agricultural labour force. In almost 80% of cases, these remittances are spent on daily food-related expenses. The other sources of expenditure are related to education, household property, savings, etc. (Figure 3).

Unfortunately, there were several limitations that prevented the study of the issue of remittances in the study area. The first is the time available, it would require more time to have a detailed understanding of the management of this money. In addition, it is a sensitive issue that appeared to be taboo when the question was raised during the interviews. And finally, there was a lack of understanding on the part of the farmers because it was not directly related to agriculture, although I announced that I was working on this subject at the beginning of each interview.

What can be mentioned, however, is that the sending of remittances seems to be irregular throughout the year and it is difficult to model and include in the production systems as it seems to vary from one household to another.

Remittances would therefore require a full and in-depth study based on interviews with people who have gone to work abroad or in large Nepalese cities and people who stay in the village and manage the money. However, there are some bibliographical references on the subject : -Effects of migration and remittance income on Nepal's agriculture yield (Tuladhar et al., 2014) -Agriculture paysanne népalaise et phénomènes migratoires : de la complémentarité à la rupture des liens ? [START_REF] Aubriot | Agriculture paysanne népalaise et phénomènes migratoires : de la complémentarité à la rupture des liens ?[END_REF]) -Assessing Migration and Remittance Status and its Effect on Maize Production in Nepal [START_REF] Acharya | Assessing Migration and Remittance Status and its Effect on Maize Production in Nepal[END_REF] 

The intervention area, the Thangpal Valley : an area of high natural risks

Two major earthquakes struck Western and Central Regions of Nepal on 25 April and 12 May 2015 (7,8 and 7,3 magnitude, respectively). The affected areas range from Nepal's largest cities (Kathmandu and Pokhara) to highly vulnerable mountain and hilly areas. The massive quakes and aftershocks have severely injured and killed thousands of people, flattened homes, downed power and destroyed infrastructure, including roads to access affected populations. In addition, the seeds, food grains, agricultural tools, implements and machineries were also buried into the debris of the houses which has severely disrupted the food production system and livelihoods in the 40 most affected districts. (FAO, n.d.) In response to the earthquakes that occurred in April and May 2015, TGH in partnership with ARSOW-Nepal, has set up and Integrated Global Reconstruction Programme (IGRP1) to provide an emergency response to affected households in the Rural Municipality (RM) of Panchpokari Thangpal (three villages was concerned : Thanpaldhap, Thanpalkot and Gunsakot in the Sindhupalchok district) (Figure 4). This project is funded by "French Agency for Development (AFD)" and "Fondation de France (FdF)".

Triangle Génération Humanitaire

Triangle Génération Humanitaire (TGH) is a French NGO created in 1994. The TGH team is working in ten (10) different countries in accordance with three principals : emergency, rehabilitation and development. This NGO aims to help the most vulnerable people, victims of conflicts, wars, natural disasters and fight against poverty and for social integration. TGH's organisation is based on three technical departments dedicated to its three main areas of expertise : water, sanitation and hygiene ; food security and livelihood ; protection and education.

Today, 46 programs are currently in progress, in more than ten (10) different countries : Algeria, Myanmar, North Korea, Iraq and Iraqi Kurdistan, Nepal, Central African Republic, Soudan, Syria, Ukraine and Yemen.

In Nepal, only Nepalese organisations can implement development activities. International organisations (such as TGH) support local organisations financially, but also in terms of capacity building for example.

ARSOW Nepal (Association for Rural Social Welfare)

ARSOW Nepal is a Nepalese NGO, its main mission is to support the economic development and to improve the social welfare of Nepal's marginalised rural populations. Since 2016, ARSOW Nepal has implemented the IGRP project in the Thangpal Valley in Sindhupalchok in collaboration with Triangle Génération Humanitaire.

Only ARSOW-Nepal and TGH are working in the agriculture sector in the area, no other NGOs are involved.

In September 2016, TGH and ARSOW-Nepal started the second phase (IGRP2), aimed at reconstructing houses and community infrastructure, rehabilitating drinking water and irrigation networks and providing economic support to the most vulnerable, in the same villages as IGRP1, with the neighbouring village of Bothang. All these villages, also known as wards, are part of the Thangpal Valley.

In 2020, the new project (IGRP3) was built on the Panchpokhari Rural Municipality strategy and the planned activities are complementary to its strategy. It focuses on the economic development of families and communities living in the RM, where agriculture is the main source of income. This project aims to strengthen the operational and technical capacities of local actors and local communities in order to support their socio-economic transition initiated in the framework of the IGRP2, through three major axes of intervention.

The first axis aims to strengthen the capacities of local actors and to create a regional information centre in order to make local agricultural practices more sustainable. The creation of an agro-pastoral information centre gives producers access to technical information in terms of agriculture, animal husbandry and environmental preservation, national decisions and/or commercial indications on supply and marketing channels. In addition, the training of the members of the Rural Municipality in micro-project management and the training of technicians on the themes of resilient crops and environmental preservation helps to strengthen the skills of the actors in charge of supporting the socio-economic development of rural populations.

The second axis aims on to introduce and develop organic and agro-ecological farming techniques through the creation of a model farm for the dissemination of organic production techniques, the training of "farmer leaders" in organic production, labelling procedures and marketing methods, support for the labelling of organic production and the creation of nurseries for the production of locally adapted seeds. Moreover, the organisation of a system of cooperatives at the level of the ward ('village') and the rural municipality aims to strengthen farmers' groups. The aim is to provide all producers with the information and means necessary to achieve their project and ensure them a sufficient and sustainable source of income. At the same time, support is provided to producers to develop other products (radish, cabbage, chilli pepper, tea) for export out of the area. The development of the cooperative system and support for the sales channels for the marketing of these products helps to create an environment conducive to the development of the local economy.

Finally, the third axis will make it possible to strengthen forest users' committees in order to mitigate some of the effects of climate change with, among other things, support to intensify tree planting at the regional level in order to reduce rainwater runoff, to promote its infiltration, and thus create richer and more fertile soils in the long term. Reforestation also helps to protect certain roads from possible landslides, thus facilitating trade in the valley. In addition, the project includes prevention activities for natural disasters and climate change risks, environmental awareness raising activities and specific training on climate issues for members of cooperatives, forest user committees and community organisations. (TGH, 2019) Both of these earthquakes have potentially caused disturbances in the Thangpal Valley, so we can ask how these events have changed the area : Has there been any loss of land ? Have there been population movements? Has there been a reorganisation of society? How did people adapt to these events? How did they recover (particularly in the field of agriculture)? How can these actions be supported? To what extent do agricultural practices allow a return to a "better" situation?

Order justification

3.1 An agrarian diagnosis to adjust the third phase of the IGRP

In the third phase of the IGRP project in Nepal, which started in March 2020, TGH reports different needs. From these needs, several research questions emerged, they are described in Figure 5.

First of all, even if TGH and ARSOW-Nepal have practical knowledge of agriculture and production systems in the area, there is a lack of detailed and scientific understanding, particularly on the themes of fertility management (movement of livestock between the different levels) and risk management in relation to the different levels of cultivation (terrace cultivation). They need more information about production systems of the area (1). Moreover, as IGRP 3 is the last phase of the project, TGH is seeking funding from the European Union, especially under their "Farm to fork" approach. In order to write the project proposal to obtain funding from institutional donors, they need a solid database.

Then, TGH might need to adjust the activities launched in march 2020 (IGRP3), a work axis that focuses on the dissemination of agroecological practices (2). Also, some new interventions could be identified. In this sense, the agrarian diagnosis appears to be a tool for meeting the expectations of Triangle Génération Humanitaire, as it will allow a comprehensive and qualitative characterisation of the agrarian system of the area and in turn allow to answer the questions raised above. This study was normally to be carried out in March 2020, at the beginning of the project, before the launch of IGRP3 activities. Due to the Covid-19 health crisis that affected the whole world, the study was cancelled and postponed to this year 2021.

Delimitation of the study area

The agrarian diagnosis will be conducted in the TGH -ARSOW intervention area, i.e. in the four wards of Bhotang, Thangpaldhap, Gunsakot and Thangpalkot. The study area covers an area of approximately 89 km² and is located 40 km as the crow flies from the capital, Kathmandu. These wards are part of the Rural Municipality, which comprises 8 wards in total, and is itself part of the Sindhupalchok district (Figure 6). It takes four hours to drive from Kathmandu to the villages, the road from Melamchi being more or less rough depending on the season. The villages are located at altitudes ranging from about 1000 m to 2000m above sea level. It is necessary to walk between 1h and 2h30 between each village. Agrarian diagnosis is a tool for analysing the agricultural situation in a given region. It focuses not only on the current state of agriculture but also on its transformation. First of all, it is a matter of characterising the elements (economic, ecological, social, political, etc) that condition the way in which farms are functioning and evolving. These factors are not to be sought solely at the farm level, it is also at the combination of different scales of analysis : crop or livestock system, activity system, and more globally at the regional or even national level, making it possible to better characterize the agrarian system. This diagnosis will be realized in a five-month-field in the four wards of Thangpaldhap, Gunsakot, Thangpalkot and Bhotang in the Thangpal Valley.

Figure 7 -Agrarian diagnosis approach [START_REF] Fischer | Diagnostic agraire en Inde du sud semi-aride Vulnérabilité et adaptabilité face à l'épuisement des ressources en eau[END_REF] The four steps of the Figure 7 are described down below.

Step 1 : landscape analysis and characterisation of biophysical environment

The first step is to delimit the study area and to define and characterize the current mode of exploitation of the environment. This first work is based on field observations (landscape reading), on the analysis of available geological maps and satellite photos (Google Earth, QGIS) and on a bibliographical work. It leads us to hypothesize on the modalities of access to the different ecological parts of the study area and on the past agricultural practices, as well as past agricultural land development. A transect diagram will be produced. But at this stage, we do not know ; neither what the farming dynamics are, nor the kind of access to the means of production the different types of farmers have. We've got the picture, now let's build the movie.

Step 2 : history and evolution of the agriculture in the study area

The second step aims to understand the evolution of the agrarian system/the farm evolution pattern over time (last 70 years) of the study area, in order to explain the differentiation of the farming systems over time, their current diversity and thus to validate the previous hypothesis. "Making" history should not be limited to reconstructing a series of events, however decisive they may be. This approach must allow us to understand how people experienced them, that is to say how their practices were modified or not. It must make it possible to retrace the different periods that have marked the evolution of agro-pastoral activities, to characterize them and to explain their underlying cause [START_REF] Cochet | New maize varieties released in Nepal -CIMMYT[END_REF]. In comparative agriculture, through in-depth interviews with farmers, especially the older ones, we attempt to identify a set of concrete facts related to agricultural and livestock activities, and to reflect on the links that may exist between these elements.

With these two steps, we could model the evolution of the exploitation mode of the environment during the various historical periods, which led us to hypotheses on the evolution of landscape dynamics and to build a first typology of the current farming systems.

Indeed, by understanding the differentiation factors among the farming systems, we'll get the criteria to build our typology (for instance : loss of labour force, importance of remittances and their investment or not in farming activities, fields location, access to water, etc) . This first typology, even though being gross at this stage, will be very helpful to sample the farms that will be studied during steps 3 and 4.

Step 3 and 4 : analysis of the technical functioning of the farming systems

The third step aims at refining this typology by making a technical-economic analysis of the farming systems implemented in the study area. Based on surveys carried out with a sample of farmers, it aims to understand the functioning of the farms in the study region by modeling the technical functioning and economic results of the farming systems studied, in a comparative approach. The comparison of the economic results is based on the use of two economic indicators, the Net Value Added (NVA) and the Agricultural Income (...), which allow respectively to give an account of the economic performances and of the modalities of redistribution of the added value created for each farming system. (Le Bihan, 2015)

Crop and livestock system

The value of what is produced on a plot or in a herd is evaluated with the gross product (GP), taking into account the part of the production that is sold but also consumed by the farmer : GP = Σ(quantity sold x selling price) x Σ(quantity self-consumed x market price)

We can calculate the wealth actually created on the same plot with the gross value added (GVA), i.e. we deduct from the gross product what intermediate consumption (IC) have costed (such as seeds, fertilisers, pesticides, equipment hire, diesel, transport costs, etc) :

GVA = GP -IC

In order to compare the different crop and livestock systems with each other, we are interested in two values : the wealth produced per unit of surface area (GVA/ha) and the wealth created per day of work (GVA/person-day7 ) to identify which crop or livestock type valorises at the best the land and the family labour force, respectively.

Farming system

To assess the economic performance of the different farming systems, the total gross product of each crop and livestock sub-system, as well as the non-agricultural activities identified, is calculated as the sum of their gross products. The same reasoning is used for the gross value added. Then, it is possible to evaluate the total wealth generated on the farm by calculating the net value added (NVA) : NVA = ΣGVA -Am

This amortisation (Am) corresponds to the wear and tear of equipment and other fixed charges during each production cycle. Wealth creation per unit area (NVA/ha) and overall labour productivity on the farm (NVA/worker) are then calculated. Then, it is possible to calculate the farm income (FI) which corresponds to what the farmer actually earns : FI = NVA -(agricultural wages + taxes + land rent + interests (fertilisers or loans)) + subventions

To assess the sustainability of the different farming systems, the farm income per worker is compared with the poverty threshold, which is the minimum income that a worker must generate from his or her farm to ensure survival. The farm income is also compared with the agricultural or urban minimum wage depending on the local context.

The work schedule of this study is in Appendix 3. For the agrarian history, part of the historical interviews were conducted by ARSOW-Nepal team members living in the study area during the lockdown period. An interview guide was made available to them. Back in the field, additional interviews were conducted to obtain more details. In total, 18 old farmers were interviewed.

An interview with a member of a Forest Users Committee was also conducted to learn more about forest management from the 1950s to the present. Finally, for the techno-economic analysis, 26 interviews were conducted based on a pre-typology of 8 different production systems. The list of all the interviews is in Appendix 4.

Limitations of the study

4.1 Limitations related to the context of the study

The interviews with the local population were conducted in English, translated by TGH Junior Technical Assistant into Nepali. Indeed, Nepali (the official language of Nepal) is difficult to assimilate in a few months. The loss of information caused by these double translations is therefore an important limitation in the collection of data. Also, in the ward of Bhotang, most people are Tamang and some of them do not speak Nepali, also causing a loss of information.

The rainy season from June to September also had an impact on the planning. Indeed, the 2021 monsoon has proven to be more violent than in previous years, causing landslides and limiting travel in some cases.

The availability of farmers was also a limitation to conducting interviews, especially during the rainy season when workloads are high due to rice and maize/finger-millet cultivation cycles.

Moreover, the health crisis linked to Covid-19 slowed down the realization of this agrarian diagnosis.

The districts decided to confine themselves for a month and a half, from May 3 to June 15, making my work in the field impossible. However, some people working for ARSOW-Nepal lived in the area and were able to visit farmers to conduct the first historical interviews. A total of 16 interviews were conducted by Malati Sapkota (in Thangpaldhap), Ajay Lama (in Gunsakot), Manoj Paudyal (in Taar) and Singi Tamang (in Bhotang). On my return to the field, I went back to talk to these same people to get more details. Also, having been forced to confine myself for 10 days in August (Covid-19), technicaleconomic interviews (about 5) were conducted by Malati.

One of the biases of this study is that most of the farmers interviewed in the villages are known to the local ARSOW Nepal team, some have even been supported during previous or current programmes.

Limitations of the agrarian diagnosis

This agrarian diagnosis was carried out in a time step of approximately 5 months and thus gives an overview at a given moment of a defined agrarian situation. This situation is constantly changing, and we cannot consider the analysis of the agricultural situation presented here to be invariable. In addition, even though we have tried to meet with as many randomly selected farms as possible, they cannot ensure complete representation of local agriculture because the number of farms is rather high in the area and the villages are sometimes far apart.

CHAPTER 2 -A TYPICAL NEPALESE MIDDLE MOUNTAIN AREA 1. The study area : the Thangpal Valley in the middle mountains of Nepal

The study area covered four wards (equivalent of villages) : Bhotang (ward 3), Thangpalkot (ward 4, also called 'Kot'), Gunsakot (ward 5, also called 'Gunsa') and Thangpaldhap (ward 6, divided into 'Dhap' and 'Taar'). All these wards are part of the Sindhupalchok district (in the Bagmati Province) and also part of the Panchpokhari Thangpal Rural Municipality (also known as Gaunpalika) (Figure 6 The purpose of RM is to organise village people structurally at a local level and create a partnership between the community and the public sector for improving service delivery systems with a fiveyear strategy. The RM gives village people an element of control and responsibility in development, and also ensures proper utilization and distribution of state funds and a greater interaction between government officials, NGOs and agencies (Nepali Times, 2018). The RM has signed a partnership agreement for the "Integrated Comprehensive Recovery Program for Thangpal Valley", implemented by ARSOW-Nepal and TGH.

1.1 A diverse population with a majority of Tamang communities

The study area is located in rural Nepal. The four villages cover an area of approximately 88km8 with a total population of over 15,000. The number of inhabitants and households is detailed in table x. Also, the population density is between 130 hab.km² (for Gunsakot) and 341 hab.km² (for Thangpaldhap) (Table 1). The Bhotang ward extends to the border of Sindhupalchok district. However, Chhimti village in Bhotang ward is the last village in the intervention area. After this village, the altitude exceeds 2000m and the houses are rare and difficult to access. It is necessary to walk for hours to reach them, they are located on the road leading to Panchpokhari, a tourist place known for its 5 lakes at more than 4000m altitude. ) and the rest of the population is christian (2,37%), kiratist (0,18%) and sikhist (0,03%). There are two main languages spoken in the area : Nepali and Tamang.

Nepal has been a meeting ground for diverse people and culture through the centuries. The dominant strains in Nepal's population are Causasoid and Mongoloid, with varying degrees of admixture. Some of these ethnic groups were immigrants from the east as part of the westward movement of tribal peoples from southeastern Asia. Other groups originated in Tibet, whereas still others moved in from the India plains or eastward from the hill areas of the western Hiamalayas. [START_REF] Prasain | Nepali large cardamom growers and traders cheer rebound in prices[END_REF] In the study area, Tamang are the main ethnic group. Their culture is very close to the Tibetan and Sherpa cultures.

There are also Chhetri and Brahmin people, part of the high caste and Dalit people (Sarki, Damai, Kami, etc) (Table 2). The higher areas are almost exclusively populated by Tamang (such as Bhotang, Thangpalkot and Gunsakot). In the lower areas (such as Thangpaldhap), the ethnic composition of the population is much more mixed as a result of colonisation by people of Hindu religion (Chhetri, Brahmin, Sarki, etc). [START_REF] Bergeret | Les systèmes agraires et la diversité des pratiques agricoles dans la zone des collines himalayennes du Népal[END_REF] The study area is located between the low mountains and hills and middle mountains at 70 km northeast from Kathmandu, capital of Nepal (Figure 8). The wards are located at different altitudes above sea level. Dhap is located around 1200 mamsl10 . It is at a lower altitude than Taar, which can reach an altitude of around 1500m. The villages of Thangpalkot vary in altitude from 1600m for the main village near the river to 1900m for the village of Khalangatar for example. It is similar for the village of Gunsakot. Bhotang, located further north, is at a higher altitude with an average of 1900 mamsl (Figure 9). This difference in altitude has an impact on cropping systems. Indeed, with the increase in altitude, yields will tend to decrease and the cropping systems themselves will be different : from 1000 to 1800 m, irrigated rice and wheat are possible ; at the same altitude and higher, up to about 2200 m and on non-irrigated land, maize, finger millet and potatoes are the main crops. In addition, the sowing period will also differ. In Thangpaldhap, at a lower altitude where temperatures are higher all year round than in other wards, the transplanting period for rice and millet is often 3 to 4 weeks later.

This region is not well known for its five Panchpokhari ponds, which are located in northern Sindhupalchok district (4000 m above sea level). This is a sacred site where thousands of people visit annually during Janaipurnia festival held generally in the mid August. Devotees from countrywide reach Panch Pokhari to take their holy bath which is said to carry significant mythological belief. [START_REF] Pradhan | An assessment of biodiversity in Panch Pokhari of Sindhupalchok District of Central Nepal Emphasizing Conservation Needs -A Mid Term Report[END_REF] As a result, the village of Bhotang has developed an activity around tourism: hotels, restaurants, guides, porters, etc. Farmers cultivate their land on terraces, which are arranged in longitudinal strips perpendicular to the slope. They allow them to be partially free of the natural constraints of the environment in terms of agricultural development (stones, unevenness, irregular rainfall, slopes, etc) [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF]. The cultivated area is on slopes of 25°C or less on average. Slopes with a higher gradient are used to harvest fodder, firewood or to graze goats. The type of terrace depends on access to water and determines the crops that are grown on it. There are two main types of terrace in the landscape: baris and khets.

Two main types of soil for two main types of cultivated lands (bari and khet)

The soils present are called kalo mato or "black soils'' by farmers. These are brown to black soils with a high organic matter content. These soils are found in the whole area. According to [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF], these soils are low in nitrogen and high in phosphorus; they are silty soils. They are appreciated by farmers for their water retention capacity and their low water requirements. This land is mainly cultivated with irrigated rice (khet). The land cultivated with maize and finger millet (bari) has a brown colour and is stony, the clods are more difficult to break up when working the soil.

There are also rato maato soils, i.e. "red soils", especially found in Taar, which are created by the subtropical monsoon climate. In their 2009 agrarian diagnosis, André and Miquel describe these soils as rich in clay, poor in nitrogen and phosphorus and acidic due to the leaching of calcium, magnesium and potassium during monsoon periods. They are also known for their high aluminium and iron content (the oxidation of the iron giving this red colour) [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF].

A water network essential to agriculture

The main river, Hadi Khola River, runs north-south, while the secondary rivers, especially near the villages of Gunsakot and Taar, run east-west. It is noticeable that human constructions, such as houses and roads, are often built close to these water resources. The water sources are located in the hills.

The wards of Thangpaldhap, Gunsakot and Thangpalkot are close to the river (Hadi Khola). This river has various uses : supplying homes or community fountains, watering animals, irrigating certain crops (rice, wheat, maize, etc), for water mills (making of flour), operating a hydropower plant,... Villages of Thangpaldhap and Thangpalkot are located on the right shore of the Hadi Khola ; villages of Taar and Gunsakot are located on the left shore of the Hadi Khola (Figure 10). Next to Bhotang, there is a river called Larke Khola but the fields are far away from it (the villages are at high altitude compared to the river, on the left shore).

Figure 10 -Rivers crossing the study area

Access to water depends on access to irrigable land

To supply water to crops such as rice, there are many irrigation canals, made of stone, cement or dug directly into the ground at the edge of the plots; they also serve as paths in the hills. The water is collected from springs in the mountains. Those who have access to it for agriculture are those who have land in khet. Everyone grows at least a few ropanis of khet, whether they are landowners or sharecroppers, as rice is a fundamental resource for the Nepalese. To manage the water resource, people have created informal water management groups. These meetings allow for discussion in order to allocate water properly, as the terraces are not all located at the same altitude.

Following the 2015 earthquakes, some irrigation canals were reconstructed by local people. Water tanks can also be found in the upper parts (Chhimti, Bhotang, Khalangatar) to cultivate the nonirrigated lands (bari).

A temperate climate with monsoonal rainfalls

Climate is more or less similar between the different villages. Here, the umbro-thermal diagram shows the average temperature and rainfall for Thangpaldhap ward over the period 1989 -201911 at an altitude of 1200 above sea level (Figure 11). The climate is temperate with monsoonal rainfall [START_REF] Duplan | Diagnostic agro-économique d'une petite région de moyenne montagne au Népal : cas du Village Development Committee de Jubing[END_REF], the annual rainfall being between 1800 and 2000 mm. There are two main seasons : the wet season where the climate is dominated by monsoon rains falling from June to September (concentrating 80% of the annual rainfall, i.e. 1436mm). The temperature is highest during this period (20.4°C in July for an annual average of 14.5°C). The monsoon is a peak period for agricultural work, particularly for transplanting and weeding (mainly rice), which are generally not very different in time.

These concentrated heavy rains often cause landslides that destroy the road and make the valley inaccessible. During this period, food prices from outside are likely to rise sharply. People therefore stock up on food, especially rice. During the dry season, the winter rains are much lower but are of interest for the wheat harvests (in April-May). The winter minimum temperature is reached in January (6.1°C).

Only data from the Thangpaldhap station is available. Knowing that the temperature drops by about 1°C for every 150m of altitude, one can expect more or less significant variations between villages, especially in Bhotang which is located at an altitude of about 1900 m. Almost all the houses have electricity, which is generated by a hydropower station in Tipeni, a village below, shortly after Melamchi. They can also get water all year round thanks to many water points (either common or in the gardens of the houses). The building materials for houses are diverse but since the two earthquakes, if people can afford it, they build earthquake-resistant houses or they received some support to rebuild their house from organizations (roof made of sheet metal, a material used for its lightweight properties) (Erreur ! Source du renvoi introuvable.), so all the houses seem s imilar. There are still some old houses made of stone from the area, others are made of wood. Newer houses are made of cement and clinker, and sheet metal is increasingly replacing thatched roofs.

In most cases, a yard is located at the entrance of the house, where animals (goats, chickens) are kept, as well as drying, threshing and pounding of grain. A majority of households have a kitchen garden (for vegetable farming), often protected by a frame made from bamboo. Some also have fruit trees (peach, pear, banana, mango, timur pepper). Near the village cluster, the plots are often separated from the road by small stone or earthen walls reinforced with branches or stones to prevent the intrusion of animals (goats, cows). Also, many religious buildings are present in the villages. In the villages of Dhap, Taar, Gunsakot and Thangpalkot, we find mainly Hindu temples, close to the houses, and in the ward of Bhotang in particular, there are mainly Buddhist "stupa" (because of the large Tamang community).

Different cluster villages depending on their location

Due to the difference in altitude, there are three main types of village clusters [START_REF] Duchier | Diagnostic agraire dans les collines himalayennes (NEPAL) : Des chouxfleurs dans les[END_REF].

The first type includes villages located between 1100 and 1800 m altitude. The "main village" is located near the river in the valleys and the main services are located there: schools (Dhap), grocery shops, hospital (Manekharka), tailor, restaurants, etc. They are accessible by a dirt road, which is difficult to drive on in the rainy season.

The second type concerns the so-called "high altitude" villages located around 1900m. They are accessible on foot via dirt paths and stone steps that border the terraces and criss-cross the forest but can also be reached by motorbike. They group together more than a dozen houses (Khalangatar, Lekharka) and are generally close to a water source that supplies all the villagers through water taps near the houses.

The last type concerns farms isolated in the landscape and located up to 2000 m in altitude.

Local government institutions to improve the household livelihoods

There is one ward office in each ward. Since one year, there is also one Junior Technical Assistant from the Agricultural Department per ward. Its role is to provide services and advice related to agriculture and livestock in the area. However, it is the farmers who have to go to the ward office in case of need or questions, and in many cases they do not go. The local government is trying to better manage this service. The wards are also responsible for the Forest Users Committees.

The office of the Thangpal Panchpokhari Rural Municipality is located in Taar. This institution has some authorities including collecting taxes like entertainment tax, business tax, land tax and residential tax at the local level. It also has an annual budget of at least 10 million NPR.

Agro-ecological units according to altitude

According to G. Sharwa (1997), the organisation of the hills is generally as follows: forested areas at the top, then terraces, mostly non-irrigated (bari), and finally irrigated terraces (khet) at the foot of the hills. The size of the terraces varies from 100m² to just over 500m² (one ropani), these are small plots.

Farmers distinguish between rainfed crops in the bari and irrigated crops in the khet. However, we can see that almost all the water resources in the area are seasonal and come from the monsoon rains.

Unlike the bari land, which have no direct water resources other than rainfall, the khet land have direct and controlled access to water during the rainy season via facilities such as earthen canals dug into the ground or concrete canals, which were recently rebuilt following the 2015 earthquakes. The water distributed on the khets is based on the principle of gravity flow in most cases.

The irrigated terraces at altitude below 1800 m : khet The khet are flat terraces, irrigated by canals from water points. The more they are located at the foot of the hills, the wider they become. Thanks to their perimeter bunds and drainage canals along their slopes, they allow the cultivation of rice from June to October (Figure 12), sometimes followed by a wheat, potato or mustard crop during winter (November -May) (Figure 12). 

Agroforestry areas near rice fields: cardamom under cover of Nepalese alder (utis)

Large cardamom (Amomum subulatum) is a perennial plant that produces dried fruits at its base that are used as a spice. In this region, it is grown under the cover of Alnus nepalensis because cardamom needs shadow, near the river or between the bari, on irrigated lands. This alder is able to fix atmospheric nitrogen through its root nodules. Thus, the association of cardamom with alder optimises the production potential of this crop [START_REF] Sharma | Energy efficiency of large cardamom grown under Himalayan alder and natural forest[END_REF]. Since 2017, Thangpalkot has become a pocket area for cardamom, i.e. the Nepalese government has supported the planting of cardamom plants. These agroforestry clusters are found near the river and close to the irrigated rice fields (Figure 13). 

Uncultivated areas due to the presence of rocks

In Thangpalkot, there is a big area called "Dhard" by the locals. Few areas are cultivated or they are small, this is due to the presence of huge rocks (Figure 14). The trees that grow there are exploited by the population as firewood. The cultivated and non-irrigated terraces at altitude above 1700 m : bari These terraces are often located on high altitude, above 1700 m and are mainly cultivated with maize and then transplanted with finger-millet (Figure 15). Maize may be grown in combination with beans, pumpkin, potatoes or cucumbers. The majority of these plots are not irrigated and are locally called bari. During the winter months, which is the dry season (November to March), many plots are left fallow. At the edge of these plots are fodder trees and grasses. In the case of vegetable farming, farmers can use bari in order to implement plastic tunnels with a support made of bamboo. 

Pastures on barren cultivation terraces : pakho bari

For the past fifteen to twenty years, some farmers have abandoned and no longer cultivate certain lands located at altitudes around 1800 m (Figure 16). This can be explained by several factors: the presence of pests (monkeys, porcupines, wild boars), the distance between plots (sometimes up to an hour's walk) and the intensification of the number of crop cycles on the nearest plots. These lands then become grazing land, especially for goats, and also become land where fodder trees grow. In some of these areas, there are even fruit trees. 

Forest areas

The majority of the forests in the area are community forests: they are owned by the government but managed by local people. The forests differ in age and nature.

Near the river, at the bottom of the valley, there are subtropical species (Pinus roxburghii, Schima wallichii, Castasnopsis, Alnus nepalensis). These forests are mainly exploited for the harvest of leaf fodder and we can also find cardamom planted under the forest cover of Alnus nepalensis.

As we go up in altitude, around 1900 m to 2400 m, we find mainly recent forests, which are perhaps the result of massive replanting projects and which are mainly made up of pines (Pinus roxburghii).

At altitudes above 2500 m, we still find pine trees, but this time we find a denser, mixed forest, with oaks. These forests look untouched and preserved from deforestation.

High altitude pastures above 3000 m : kharka (mainly in Bhotang)

Bhotang ward is a sub-region of the study area. Indeed, khets are rare, baris predominate (with maize, finger-millet and potato cultivation). The herds are larger than in other villages and the animals are taken for three to six months of the year (from April to September) to highland pastures called kharka (Figure 17), due to the lack of fodder resources and the occupation of cultivated land during the monsoon. These kharka are located at altitudes above 2000m, and include goths, which are shelters for herders and animals. We will not study them because this agro-ecological unit is not part of the intervention area as it is located at very high altitudes, sometimes reaching 3000/4000m. All agroecological units were placed on a block diagram (Figure 18), on a photo (Figure 19) and on a transect (Figure 20). On the latter, the fertility transfers were also represented. A fertility transfer, in agriculture, refers to the movement of elements necessary for plant growth, mainly nitrogen. A lateral transfer is when elements are transported from one place to another in the cultivated area. In our area, the lateral transfers are from the forest or barren lands to the cultivated terraces (in blue on Figure 20). Conversely, vertical transfer occurs when the mineral elements come directly from the soil.

Here, the vertical transfers are from the fodder trees planted in the terraces to the terraces themselves (in red on Figure 20). 

CHAPTER 3 -AN AGRARIAN HISTORY DETERMINED BY THE RECENT OPENING OF THE VALLEY

In order to understand the diversity of farms present in the area today, it is important to trace the agrarian history and look at the important events (Appendix 7) that may have shaped the landscape as we know it.

1. A hillside settlement that reflects the Nepalese caste system

According to [START_REF] Bergeret | Les systèmes agraires et la diversité des pratiques agricoles dans la zone des collines himalayennes du Népal[END_REF], the lower hill areas of Nepal were progressively appropriated by the Brahmin and Chhetri through a process of economic colonisation in which usurious loans secured on livestock or land played a determining role. In the highland villages, which are often purely Tamang, social stratification and division of labour are not very pronounced, in contrast to the lowland areas where there are landless peasants selling their labour to landlords who do little or no manual work. In the study of a rural and highly agricultural society, the influence of these castes and ethnicities is still very much present. It is sometimes the key to understanding a farmer's strategy in relation to his means of production and the answer to the description of the types of farms encountered in the area.

2. The agrarian system in the first half of the 20th century

In the first half of the 20th century, the agrarian system consisted of cereals and livestock, all dependent on the forest area. Fertility was mainly transferred from the forest, which provides fodder and pasture but also from grazing in the empty fields, near the villages. In the villages of Thangpaldhap, Taar, Gunsakot, and Thangpalkot, people mainly cultivated rice during the rainy season, maize, fingermillet and wheat. According to old farmers, crop yields were low and irrigation systems were inefficient and built by local people. Soil fertility depended entirely on animal manure. People usually had a pair of oxen (for land tillage), a few cows for milk production and making clarified butter (ghiu), one or two buffalos for manure and a dozen or even twenty goats for meat and chickens for meat or eggs (FS 1B). Only a few people had oxen to plough the fields of other villagers (FS 1B). One day of ploughing was equivalent to 3 days of work in the fields (e.g. transplanting). On average, one household was composed of 6 people and all were involved in agriculture, even the children.

Bhotang, in local language, means a sacred hidden place, was different from the other villages, the communities were mainly Tamang : these people used to live in a community and group together several families and generations. A farmer from Chhimti, from Bhotang ward explains that there were 25 people living under the same roof in his parents' time and that all of them were involved in agriculture. At that time, the land was grouped together and amounted to a total of 200 ropani (10 ha). Also, the size of the livestock was much larger, between 60 and 200 animals. The animals were taken to highland pastures called kharka for six months, from April to September, as fodder resources were scarce at that time. At that time, almost 50 goth (animal shelter) were in the different pasture land 12 , at an altitude up to 2000 m above sea level. Sheeps was used to make clothes with wool and meat and goats used for meat production. People used to grow different varieties of potatoes (seto, nilo or rato alu), maize, finger-millet and rice in the down parts of Bhotang, near the Indrawati river.

(FS 2)

In all wards farming was manual, the cultivation terraces were worked with oxen and a swing plough (halo). The tools were made from forest wood and iron and were produced and maintained by the Kami people, who were also involved in agriculture but less than other people. Different types of agricultural equipment were used and are still used one century later : halo (ard plough), rekh (harrow), kuto, kodalo (spade), kodali (large spade), jaato (mill), hasiya (sickle used for harvesting cereals or cutting fodder), khukuri (knife), ghatta (water mill). Pictures of these tools are listed in Appendix 15.

The population was entirely based on agriculture and labour was plentiful as the whole family worked, children from an early age and the elderly up to over 70 years old. There were a lot of exchanges in the area, either on the slope itself or between the different wards.

For example, during death ceremonies, it was obligatory to bring rice to the family of the deceased. In Bhotang, however, people produced little or no rice due to lower temperature and higher altitude.

They had to go to other villages, sometimes 2 or 3 hours away, to exchange potatoes for rice.

In 1986, in the two-volume book "The Hills of Central Nepal: Social Structures and Agrarian Systems", Denis Blamont proposed a definition adapted to the way Nepal operates.

By the term "exchange" he means "all operations by which a good, a product, a tool, a labour force (human or animal) or their use of money are given in exchange for a good, a product, a tool, a labour force or their use of money. It is thus a question of gathering what expresses the dependence of a member, of a village community, on the outside of its village from the point of view of maintaining its workforce, i.e. the production of its tools, its clothing, its housing, its subsistence and that of its family.

During the interviews with farmers, different types of exchange were identified. Before the arrival of money in the valley in the 1970s, villagers relied on the exchange of goods. Despite the introduction of money, some exchanges still take place.

Labour exchange, also called parma This is the most frequently used exchange, which allows for the availability of a large and locally available workforce during peak crop periods (transplanting, weeding and harvesting). The practice of parma is a culture of performing each other's work turn by turn collectively. This exchange is not paid for, but the family that owns the land being worked provides the meals corresponding to the days of work to all the workers. This exchange is widely practiced for crops such as rice, wheat and maize.

In the case of rice, for example, once the nursery is planted, farmers know when they will need labour, especially for transplanting. Therefore, they directly inform their relatives and neighbours of the date when they will need them. It is therefore necessary to anticipate this moment. The same applies to weeding and harvesting.

Use of water mill or rice mill

On the banks of the river there are water mills to turn cereal grains into flour. These watermills are owned by people from the community, who are responsible for their maintenance and must pay a tax to the rural municipality each year. Villagers can come and grind their grain in exchange for a share of what is ground (about 10%).

Other villagers have invested in a rice mill and make it available to the community, also in exchange for some rice. They also take care of the maintenance and pay for the electricity on a monthly basis (about 2000 NPR/month). According to a farmer in Syale in Thangpaldhap, the rice collected is not negligible and can amount to up to 7 muri per year (about 460 kg).

Grass for animal manure Some farmers exchange grass for animal manure. One bhari is a load, i.e. a full hood (doko). This value varies depending on what is being transported. According to [START_REF] Mohan | Farmers dependency on forests for nutrients transfer to farmlands in mid-hills and high mountain regions in Nepal (case studies in Hemja, Kaski, Lete and Kunjo, Mustang district)[END_REF], one bhari is equivalent to 25 kg of fresh biomass. In exchange for one bhari of grass, it is possible to get one doko of farm yard manure (FYM) (between 30 and 40 kg).

Maize for animal breeding

Grain can be used as a currency, and instead of paying in cash, some farmers pay for the breeding of their animal with cereals. In most cases, maize is given because rice is kept for household consumption. In Syale (Thangpaldhap), one breeding is equivalent to one manaa of maize (approximately 400g).

The farms are differentiated by the size and distribution of their land (itself linked to access to irrigation) and by the size and the nature of their herd.

During the earlier sedentarisation of these populations, animal husbandry was constrained by religious and moral laws. The cow is considered sacred because it is essential for survival (dairy products and manure), and its slaughter is forbidden. Also, the Hindu religion advocates the quest for purity, notably through vegetarianism. A majority of Brahmins are therefore vegetarians and only raise cattle for the purpose of producing milk, for the use of traction with oxen or for the production of animal manure to renew the land fertility. Only goats are considered noble enough to be bred and slaughtered by the upper castes. Pigs are raised by the lower castes (Dalit, mainly Kami people) but also by some Tamang communities. [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF] A majority of people own their land, only the low caste populations (such as Dalit), who often practice another activity, such as sewing, work other land in exchange for half the harvest (tenant system, called adhiya) (FS 1C). This system of tenant also existed for livestock (adhiya). The tenant took care of the animal and fed it, and in exchange he received one offspring (i.e. cow or goat). Evolution of the farming systems since the 1950s until nowadays is described in a diagram in Appendix 8.

At the beginning of the 20th century, the agrarian system was entirely based on the production of cereals and small livestock (except in Bhotang, which is located at a higher altitude) and fertility transfers were mainly from the forest ecosystem. Yields are low, irrigation is inefficient and agriculture is manual. The area is located in a remote area, in the middle mountains, with little access to the outside, no money and therefore a lot of trade within the slope. The population practices subsistence agriculture and land distribution is caste-based.

In 1951, Nepal opened its borders to the rest of the world.

The agrarian system from the 1950s

In the 1950s, Nepal opened its borders to foreigners. At the same time, foreign researchers came to the country and research was carried out, especially on the improvement of the major staples: rice, maize and wheat. However, these improved varieties would not be introduced into the area until several decades later.

In the early 1960s, King Mahendra promulgated a new constitution and introduced the Panchayat or village assembly system. They were in charge of forest management (since 1978) but also of conflict resolution between villagers. The representatives who govern the village were elected by the people. At that time, there were no roads linking the valley to other major cities. In order to get supplies such as salt or oil, people had to walk several hours to Melamchi or even a day or two to reach Kathmandu. Sometimes people brought back chilli, onion or garlic seeds. There were no grocery shops in the village and trade for money was rare. Education was only available to boys and the royal family.

Introduction of potato in Kavre in 1952

The potato seems to be an exception to the introduction of improved varieties in the area. According to André and Miquel, the potato, a crop of high commercial value, arrived in Patalekhet a few years after it was introduced in the neighbouring VDC of Kavre in 1952. As this region is not far from ours, it is possible that the potato was introduced in the 1950s.

In the 1950s, the forests became Nepalese Government property

In 1957, the Private Forest Nationalization Act was led by an Act from the government. This new law turned all forested land across the country into public property. However, according to one of the members of the Forest User Committee of Thangpalkot, this act did not have an impact on our area until 20 years later (around 1978). Before, when villagers deforested and worked the land, the land became their property. From then on, the farms could not expand anymore, under penalty of a fine. Even if some farmers sold their land in case of illness or the need to repay a loan, the market was not really developed and land was a big investment. According to a farmer in Thangpaldhap, 50 years ago, one ropani of khet land cost about 800 NPR (16 000 NPR/ha).

An increase in population and a decrease in farm size in the 1970s : the number of cycles per plot is increasing In the 1970s, the development of health centres and the implementation of health-related programmes by local NGOs led to a decrease in birth mortality and an increase in population, even in remote areas such as our study area. At this point, children no longer die of measles thanks to vaccination campaigns.

The population increased and the land was divided between the sons, resulting in a decrease in the area per farm/per worker 13 . Indeed, the land is inherited by the sons from the father, divided equally, either during his lifetime (jiuni), in which case he keeps part of the land for subsistence farming, or on his death. The daughters have no inheritance and go to live with their husband's family, this is a patrilineal society. They can become owners once their husband dies. If a family has no sons, the land is given to the father's brother and nephews. For example, a farmer in Thangpaldhap said that his parents' farm was 50 ropani (2,5 ha), he inherited half of it (22 ropani, i.e. 1,1 ha) and when his two sons divided it up, he now has only 4 ropani (0,2 ha).

Crop cycles within the same plot intensify for the reasons stated above. Indeed, the population has rapidly increased in the 1970s due to vaccination campaigns and lower infant mortality, and the forests have become state property, so farmers can no longer expand as freely as before.

As a result, farmers plant pulses, such as soybeans, lentils or chickpeas, on the edges of rice fields for their own consumption. Some farmers, especially those at altitudes up to 1300 m and with good irrigation systems, grow rice in the rainy season followed by wheat in the winter in the khet. In bari, finger-millet is transplanted into maize during the monsoon season. It can therefore be assumed that the arable land becomes saturated during this decade. At this moment, the Nepalese government introduced cereal improved varieties, giving better yields.

In the 1950s, the forest became state-owned and over the following decades the population grew rapidly as vaccination campaigns reduced infant mortality. As a result, the potential cultivable area per capita decreased, and farmers decided to intensify the cycles within the same plot.

In addition, researchers introduced new and improved varieties of cereals, allowing better yields.

The 1980s : implementation of programmes by government and international NGOs

Introduction of improved varieties for cereals Within the span of about fifty years, Nepal has released and registered more than one hundred rice varieties. In 1968, exchange of germplasm with the IRRI (International Rice Research Institute) started.

For maize and wheat, CIMMYT (International Maize and Wheat Improvement Center) developed a program in order to release improved varieties since the 1970s and 1980s. Since 1991, an autonomous organization, Nepal Agricultural Research Council (NARC), was established to conduct agricultural research in the country to uplift the economic level of people. One of its activities is to release improved varieties and distribute them throughout Nepal, according to the recommended domains of each seed. These improved varieties (Appendix 9) allowed an increase of the yields, surely linked to the recommended domains of implementation.

The production of ownership certificates

In 1976, the boundaries of the land register were set in the area. Government officials came to the land and produced ownership certificates (laal-purja). The government defines three types of land: forest areas, private areas and government-owned areas. Previously, there was no accurate map but only physical boundaries to delimitate plots. The purchase of land was done at the local level, in an informal way.

The National Forestry Plan

The same year, the Government formulated the National Forestry Plan; this new policy made it the responsibility of the local Panchayats to look after forests, laying the foundation for today's Forest User Committee. In the 80s, in an effort to undo the decades of deforestation that had left vast tracts of forest lands barren, the government started a country-wide afforestation drive, and pine was chosen as the species to plant in the mid-hills. Three of the most common pines that were used for plantation were Pinus roxburghii (khote salla), Pinus wallichiana (gobre salla) and Pinus patula (patle/patula salla) (Kathmandu Post, 2019).

In the 1980s, generalisation of schooling leads to a decrease in the available labour force Before schooling became widespread, everyone worked on the family farm. When sons married, their wives came to live on the farm with the rest of the family, often consisting of grandparents, parents and siblings. When one of the daughters married, she left the family home to live with her parents-inlaws. In 1980, schooling was generalised in Nepal and children had to go to the village school. This resulted in a reduction in the workforce, as the children were often in charge of herding (often goats) and feeding them. They still help their parents on Saturdays (day of rest) and in the evening after school.

Plantation of fodder trees on the edge of the fields

In the hills, the main thrust of Government programmes for the development of animal feed resources has been through Integrated Rural Development Projects (IRDPs). Activities have included fodder development, through the introduction of tree fodder, the distribution of grass/legume seeds, and the improvement of feed conservation and husbandry practices.

Due to a decrease in labour and the distance to the forest, i.e. between 1 and 3 hours' walk to collect wood or fodder, farmers are starting to plant or conserve trees on the edge of the fields.

There are different species : kutmiro (Litsea polyantha), badahar (Artocarpus lakoocha), bagaino (Melia azderactica), etc. (Appendix 14). According to farmers, they play several roles. The first is to provide fodder for animals while avoiding having to go far into the forest. The second is to reduce erosion and thus limit landslides, which are numerous during the rainy season and sometimes lead to considerable losses of cultivable land. Finally, according to several farmers, these trees help to "freshen the air".

Also, increasingly, animals such as cows or buffaloes are kept in mobile shelters (called goth) in the fields that are moved from one plot to another, especially during winter because the fields are most of the time empty, left fallow. It allows a manure product directly near the field to be fertilised and to feed the animals by providing them with the stubbles after the crops have been harvested. The goats, the cows and the buffaloes are kept in shelters near the houses. Farmers cut grass and make bundles of it, which they hang on the roof of the shelter. This fodder comes either from fodder trees or from grass on the edge of the fields (Napier, also known as Elephant grass or babiyo).

According to the agrarian history interviews, these fodder grass, Napier grass and NB-21, a cross between Napier (Pennisetum purpureum) and Bajra (Pennisetum typhoides L.) was introduced by a development project about 45 years ago. The fodder is often cut by the women, who carry it in baskets made of bamboo (doko). Also, in the morning and evening, the farmers take them to graze on the uncultivated land (pakho bari) not far from the village. An important part of the livestock feed comes from community forests. The animals go there to graze, but above all the farmers go there to collect fodder which they bring to the animals. Most farmers have land that they no longer cultivate, where grasses and fodder trees grow, called pakho bari.

In parallel in Bhotang, the high altitude area, the number of farms with big herds is decreasing. Indeed, herding turns into a less attractive occupation, from social economic points of view. Herding is considered as a dirty, labor intensive and wild job. Also, unpredictable climates make the life of herders difficult, they have to face heavy rainfall. (Banjade and Paudel 2008)

In the 1980s, schooling was generalised to all (boys and girls) which led to a reduction in the labour force within the family farm. Farmers adapted and implemented new solutions to save time : planting fodder trees in cultivated terraces, planting nitrogen-rich grasses along the terraces, building mobile shelters in uncultivated fields in winter to produce manure directly where it is needed, etc.

In the 1990s, a road was built and led to the opening of the Thangpal Valley.

5. The 1990s and 2000s: the opening of the Thangpal Valley

The Panchayat system was abolished in 1990 and replaced by the Village Development Committee (VDC). The purpose of VDC is to organise village people structurally at a local level and create a partnership between the community and the public sector for an improved service delivery system.

Forest Users Groups : decentralising forest management and increasing community-based responsibility and authority

Due to a lack of infrastructure, the community-based gestion of forests through the local political body of Panchayat was finally proved to be ineffective. In 1993, the government came with the New Forestry Act and created Forest Users Groups knowing that rural people have for a long time played an important role in the use and management of the forests. The main objective of the community forestry was to meet basic needs of the local people, particularly fuelwood and timber, through a sustainable forest management and utilisation. Meetings are held to decide by vote on the use of the forest : they can price the forest products, raise funds from various sources, including the collection of fines and they have to prepare an operational plan [START_REF] Paudel | Community forestry in Nepal[END_REF].

The construction of the road to the city and the arrival of electricity

The construction of these access roads to the mid-mountain villages took place from the mid-1990s to the mid-2000s. The opening up of the valley to the rest of the country is therefore fairly recent.

The construction of roads to towns such as Tipeni and Melamchi has had a considerable impact on agriculture and economic activity in the area, according to farmers. Before, they had to walk many hours to reach these cities, buy what they could not produce (salt, oil for tuki batti, soap, etc) and sell cereals or milk products. However, the construction of these roads is still subject to landslides and flooding, making access to the area difficult even today.

This has enabled people in the area to obtain various inputs. Firstly, vegetable seeds. Before this, the diversity of vegetables was low and vegetables such as radish or rapeseed leaves were produced in small quantities and dried (gundruk) for the dry season. Following the availability of seeds and the arrival of new irrigation equipment such as sprinklers or irrigation pipes, a majority of people started growing vegetables in their kitchen garden for their own consumption, while others diversified their production and started market gardening. These vegetables are used in many Nepalese dishes. Among these dishes, we find dal bhat, eaten in the morning and evening and made of rice, lentil soup and vegetable curry. These vegetables are onion, garlic, cauliflower, cabbage, tomato, chili (Akabar khursani), capsicum, rapeseed, bitter gourd,.. Those who practice market gardening in a commercial way use greenhouses made of bamboo and plastic.

However, vegetable production in the area is insufficient. This is still felt today: in mid-June 2021, heavy monsoon rains destroyed the bridge linking Melamchi to the rest of the valley and numerous landslides made the road impassable. Being in the area at the time, the availability of vegetables was low or non-existent and prices only increased from week to week.

It has also enabled some farmers to have access to fertilizers such as urea or NPK. Thanks to the agricultural cooperatives in the area, which have been in existence for about 10 years (2010s), farmers have access to low-cost inputs, due to bulk purchase and some subsidies given by the government. However, in our area, many farmers are still using only FYM.

Before the advent of village grocery shops and cheap rice, villagers used to eat a dish made from maize, wheat or finger-millet flour and water (dhindo). On certain occasions, especially in October for Dasai, families who could afford it would accompany it with goat meat. Rice was mainly reserved for special occasions and birth and death ceremonies. Also, most farmers had at least one cow at home, used for milk production. The milk was used in the preparation of tea and sometimes made into clarified butter (ghiu) or curd (dahi). People from Tamang or Newar caste used to make local alcohols called chang and rakshi. They are made with finger-millet, wheat or rice.

With the arrival of the roads comes the arrival of electricity in the area. Before, people used oil or paraffin lamps (tuki batti) to light their homes, and only used wood from the forest for heating and cooking. The opening up of the valley also allowed the introduction of gas (LPG), which is now used by the majority of people as a supplement to firewood for cooking. According to the villagers and satellite images, it seems that the forest has become more dense for ten years. This renewal of the forest area may be related to the more frequent use of gas and the collection of wood near the houses and on the edge of the fields. The arrival of electricity in the area has also enabled the acquisition of a rice mill, a machine that separates the grain from the bran and husk of the rice. Previously, the grains were winnowed with large nanglo baskets. Some farmers formed group to buy this machine and received subsidies from the government. This machine represents a significant cost of about NPR 70,000 (500€). A few farmers have become sole owners and rent the service, for one muri of paddy (60 kg) it costs about 300 NPR, between 4 to 6 mana of rice (1,5 to 2,25 kg) or the whole husk and bran you get from your paddy. The arrival of these machines results in a decrease in the number of people/day dedicated to winnowing.

Introduction of improved livestock breeds

According to [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF], breeding has been subject to genetic improvement and in the 1990s some improved breeds were introduced into the Nepalese production systems of Patalekhet.

As this area is close to ours, it is possible that these breeds (Table 3) were introduced a decade later, in the 2000s. The improvement of irrigation canals (kulo) : a step forward to increase yields Before the construction of concrete irrigation canals, the irrigation canals came from springs and were mainly dug along paths in the soil (they are still used today). Farmers used to form groups to build, finance and maintain these irrigation channels (kulo). In the 1980s, the Nepalese government started to finance and to support the improvement of the irrigation canals and the pipelines of the area.

Those who have access to irrigation are those who have khet or those who work the land (sharecroppers). The khet owners often belong to the high castes such as the Chhetri, Brahmin and also the Tamang (among the first to settle in these middle mountains). The lower castes (Dalit) rarely have irrigated land. Access to water is not paid for, it is only necessary to participate in the maintenance of the canal, to have irrigable land and to inform its neighbours about the date of use. Many farmers report that the construction of these water channels has increased their yields, along with the use of hybrid seeds and fertilisers.

With the construction of irrigation canals near the river (Hadi Khola), water mills are built in small shelters. The flow of water allows the grinding of maize, finger-millet, rice or wheat grains into flour. Some people own these mills (ghatta) and take a share of the flour in exchange for their use. Before the construction of this type of mill, people used manual mills called jaato or dhiki, consisting of two stone discs. These improved mills save time and minimise the workload of women and children involved in agro-processing and allow them more time for other purposes such as farming, caring for children and participating in community affairs [START_REF] Shakya | Flour power | Nation | Nepali Times[END_REF].

Temporary and permanent migration

Short-distance mobility, whether on the slope between the forest and the village or to buy food in the towns (i.e. Tipeni or Melamchi), is decreasing or even disappearing, while long-distance migration, often international, is increasing. Indeed, migration to other countries has existed since the 1970s. In an interview with a farmer from Taar, he explains that having lost his parents at a very young age, he went to India to work for 12 years in road construction and finally returned to the village with money in his pocket to buy land. However, these migrations have increased since the 1990s. New destinations are appearing such as the Gulf countries (Qatar, Saudi Arabia) and in Asia (Malaysia, Japan) and in some Western countries (Portugal). It is mainly men who leave. This phenomenon seems to be more important in Bhotang, in the Tamang communities. Also, some are involved in tourism-related activities, as guides, hoteliers or porters because the village is on the road to the Panchpokhari trek.

According to the NACCFL study report on initial assessment of cooperatives (July 2021), in Bhotang 45 -50% of the youth force of the ward is abroad for work and study related purposes ; 45% in Thangpalkot and 50% in Gunsakot.

People who leave the villages and own land rarely sell it despite the amount of money it represents (200,000 NPR for 1 ropani of khet). In some cases, other family members cultivate the land and can therefore keep the entire harvest. In other cases, the land is given in sharecropping and the harvest is divided in two (50/50) if the owner or his family is present in the area.

Since the earthquake in 2015, various local or international organisations are or have been present in the area, creating employment. These employed people no longer have the time to cultivate all their land and share out part of it, allowing them to obtain half the harvest.

In the 1990's, a road was built to allow better access to the middle mountain villages (previously accessible only on foot). This is the event that has had the most impact on the agriculture of the area (and on life in rural areas). Even if we do not speak of a "green revolution", inputs are arriving in the area : urea and new seeds (vegetables, improved varieties of cereals); gas is entering the area, allowing the reduction of firewood collection in the forest. Goods and people are entering the valley while others are migrating to the big cities (Kathmandu) or even to foreign countries (Gulf countries) to work in a non-agricultural and more remunerative activity.

6. The 2015 earthquakes: two events that precipitated the abandonment of cultivated plots

Abandonment of remote plots due to the presence of pests

In 2015, two earthquakes hit Nepal: the first of 7.8 magnitude on 25 April, the second of slightly lesser magnitude of 7.33 on 12 May. These had serious consequences, resulting in the death of hundreds of people, as well as the destruction of homes and infrastructure in the country, but also of religious monuments. Swayambunath, one of Kathmandu's historic Buddhist sites, also known as the "Monkey Temple" was devastated. This sacred site is also home to hundreds of monkeys considered sacred by Buddhists and Hindus. As a result of the earthquakes, people could no longer go there and feed the monkeys. The monkeys were moved to the jungle in the hills and low mountains of Nepal. According to farmers in Dhap, Kot, Gunsakot and Bhotang wards, since then the number of monkeys has increased in the area, causing damage to crops away from the homes. In many cases, these fields (bari) are left abandoned by farmers, becoming pakho bari. However, this land is being abandoned for cereal cultivation but remains a source of firewood and fodder from fodder trees. They are not far from the villages and are easily accessible, and are useful to farmers especially during the dry season. Indeed, during this period leaf fodder complements the straw ration distributed to the animals (rice or wheat straw) or even replaces this ration while waiting for the new grass growth at the beginning of the monsoon [START_REF] Bergeret | Les systèmes agraires et la diversité des pratiques agricoles dans la zone des collines himalayennes du Népal[END_REF].

Among monkeys, farmers also have to deal with wild boars and porcupines. Their increase in numbers is a recent phenomenon. To the north-east of the villages is the Makalu Barun National Park, which is home to the Panch Pokhari (Five Lakes) site. The intervention area is therefore close to a conservation area, regulated by protected wildlife legislation in the area. Species such as wild boar and porcupines cannot be hunted, which explains their high numbers and the damage they cause to crops.

Significant loss of livestock resulting in a significant shortage of manure

The earthquakes also caused the loss of a large number of animals of all kinds: cows, buffaloes and goats. This loss results in a lack of available manure. The price of livestock has also changed, as most farmers cannot afford to reinvest in new stock : 1 lakh NPR for one buffalo and between 30 000 to 45 000 NPR for one cow. Presumably, this is also why farmers tend to adopt hybrid varieties for rice, varieties that give good yields with less FYM input compared to local varieties and also with urea input.

The introduction of rice hybrid varieties

After these destructive earthquakes, some farmers, especially those in Thangpaldhap, are turning to buying hybrid seeds, offering them the promise of higher yields for less labour (especially for transplanting). Currently, two varieties have been found in the area : DY-28 and DY-18 (Appendix 9).

Many young people leave for the city

With a majority of houses and infrastructure destroyed, this makes it all the more attractive for young people to move to the big cities such as Kathmandu to continue their studies. Many of the farmers' children interviewed left at this time, at the age of 15 to 20.

In 2015, two earthquakes seriously affected the study area : a large part of the livestock died, plots were lost due to landslides... When farming activities resume a few months later, some farmers invest in new inputs, hybrid seeds for rice in order to achieve better yields on small areas. At the same time, the rural exodus intensified with the departure of many villagers to the cities.

After these events, with a resilient population, new farming systems emerged.

Post-earthquake: new innovations emerge

Pocket areas: towards an improvement in government-targeted production ?

Pocket area

In 2016, four agricultural production categories were implemented under the PMAM14 2016-2026 project. One of these categories was the "pocket area". Pocket areas are primary agricultural production centres at the district level with a minimum area of 10 hectares of cultivated land of a particular commodity. The main objectives of pocket areas are to increase production, productivity, marketing, modernization, ease of supply of agricultural production inputs and technical assistance in these areas. Agricultural infrastructure such as threshing floors, warehouses and collection centres will be developed in these areas. There will be a total of 10,000 pocket areas throughout the country. In an article written in August 2020, the existing number of established pocket areas was 2776.

For the past ten years, some farmers in the area have been growing cardamom in small quantities. In 2016, ARSOW-TGH supported cardamom growers by providing plants, harvesting knives and sprayers.

The aim was to increase the number of cardamom producing households and thus the area under cardamom cultivation in order to meet the pocket area criteria, i.e. to have at least 10 hectares of cardamom production or at least 300 households involved. In 2017, Thangpalkot became a pocket area for cardamom.

Development of nurseries for farming market

For the past three/four years, initiatives have been taking place. Some farms have developed nurseries to supply other farmers with tomato, cabbage, lady finger, capsicum, onion and even pine plants. The use of plastic tunnels are required for such farming.

Other farmers have obtained support from organisations such as the Red Cross or have invested in raising broilers above ground for approximately five years. Animal husbandry and cash crops are increasingly common in the area, but remain in the minority and in small proportions. For example, Broiler breeding does not exceed 500 chickens per season and market gardening in greenhouses is done on areas of up to ten ropanis (0,5 ha).

Use of hand tractors

In recent years, some farmers have used power tiller to plough their fields before transplanting rice. Some of them rent them to others, the price is 500 NPR/hour against 1500 NPR/day for ploughing with oxen. However, access to the terraces is not always possible with the power tiller, oxen are mostly used in our area.

The decentralisation reform of 2017

In 2017, the Nepalese government embarked on a decentralisation reform. Thus, until January 2018, the district was in charge of regional development. The district offices were composed of technical departments directly funded by the state. Since then, most of the regional administrative power is managed by the Rural Municipality (RM). The members of the municipality are elected for 5 years. It should also be noted that following this decentralisation some terminology has been changed to designate communes and their subdivisions :

-The former VDCs (Village Development Committees) have become Wards or "communes"; -The former Wards (subdivisions of the VDC) have become Toles or "villages".

At the same time, the Agriculture Development and Livestock Development Section at the Municipality level were created. Before, there were only these sections at the District Level. The major role of these sections is planning and service delivery at the Municipality level, but the staff also act as technical advisers to the Municipality decision-making mechanisms. These sections provide the agriculture services to the farmers and facilitate the linkage of services to the farmers. [START_REF] Bishwakarma | Maize (Zea mays) in the Eastern Hills of Nepal[END_REF] Cardamom: a steadily declining price According to an article in the Himalayan Times written in 2019, the cardamom price in 2017 has reached 120,000 NPR (850€) per 40 kg, approximately 3000 NPR per kg (21€). However, after that, cardamom prices have kept fluctuating in between 25,000 NPR and 30,000 NPR per 40 kg, about 625 to 750 NPR per kg (4,40 to 6,7€), almost 5 times lower. One of the reasons cited for this sharp decline in prices is that India, Nepal's largest cardamom market, considers the quality to be low and therefore does not pay the producers the right price for cardamom although the cardamom price has increased in the Indian market (Himalayan News Service, 2019).

It can be seen that the price of Nepalese cardamom is linked to Indian production. In an article in the Kathmandu post of December 2020, the price per kg goes up again (875 NPR) due to a poor production that year. India is the biggest buyer of Nepal's large cardamom, absorbing 99 percent of its exports.

The spice is re-exported to Pakistan and the Middle East where it fetches high prices because of the local preference for the Nepali product [START_REF] Prasain | Nepali large cardamom growers and traders cheer rebound in prices[END_REF].

This high price fluctuation does not encourage producers in the area to invest time and labour in their cardamom fields. Some of them do not take care of it anymore (such as fertilize, pruning, etc), others even pull up their plants to plant food crops instead (maize, finger millet, rice).

During the harvest, which starts in September (Ashoj), buyers come from the city (Kathmandu) and buy directly from the producers. In other cases, some farmers in the area take on the role of collector and collect the produce of local producers to go to the capital to sell. They often have different contacts and better negotiating power than in the first case.

Covid-19 crisis

In the wake of the Covid-19 health crisis, agriculture is enjoying a revival. Indeed, some people who had migrated to large cities in Nepal such as Kathmandu to work, returned during the lockdown periods and started to cultivate land they had abandoned (pakho bari).

In the years following the earthquakes, agriculture developed rather rapidly with the creation of pocket areas and the presence of international and local NGOs. Farmers, who used to grow food only, turned to commercial production sold within the wards (goat, pig, poultry and cash crops such as cardamom, potato and market gardening).

CHAPTER 4 -TECHNICAL AND ECONOMIC ANALYSIS OF PRODUCTION SYSTEMS

The main factors of differentiation of agriculture in this zone of middle mountains are the availability of labor, the altitude which conditions the access to certain lands, the land capital with the floodable lands (khet) and those which are not (bari), the migrations towards the cities and countries of the Gulf and the tourist development (in particular in Bhotang). However, all these production systems have a common characteristic : they are crop-livestock farming systems. Until the opening of the valley some twenty years ago, these farms were entirely based on subsistence agriculture, with all production being self-consumed or even exchanged within the villages. The animals ensure the renewal of the fertility of the cultivated areas but are also sources of meat and milk and provide a labor force. Also, the agrarian system relies heavily on the forest area and on fodder trees in the cultivated area since these provide food during the dry season. Finally, the crops allow households to be self-sufficient for part of the year (or even all year) and also to feed the animals (cereal meal and straw) (Figure 21). 

Cropping systems

The cropping system corresponds to "the set of technical modalities implemented on plots treated in an identical way. Each cropping system is defined by : -The nature of the crops and their order of succession ; -The technical itineraries applied to these different crops, which includes the choice of varieties for the crops selected. A technical itinerary is a "logical and orderly sequence of cultivation operations applied to a cultivated plant species. On the same farm, characterised by its production system, one or more cropping systems can be found." [START_REF] Sebillotte | Les systèmes de culture. Réflexion sur l'intérêt et l'emploi de cette notion à partir de l'expérience acquise en région de grande culture[END_REF] Agriculture in these four wards is mainly subsistence agriculture, although commercial crops have been developed over the last ten years (cardamom, bees, vegetables). The population's diet is based mainly on cereals (rice, maize, finger-millet), tubers (potatoes), some pulses (soybeans) and vegetables (cauliflower, tomatoes, chilli, rapeseed, etc). Depending on the type of land cultivated (khet or bari), the crop rotation differ. They are listed in Table 4 and are described in the following sections. Flooded rice cultivation dominates in the valley and in the irrigated lands called khet. Rice (Oryza sativa) plays an important role in Nepalese culture and is often offered during ceremonies (especially Hindu ones). In addition, it is found in the national dish called dal bhat, a meal composed of rice, lentils and a vegetable curry. For the inhabitants of the Thangpaldhap valley, it represents a source of food autonomy for part of the year.

CS | In the khet, rice cultivation predominates (rice/fallow/rice)

Depending on the altitude, different seeds are used for rice. In Thangpaldhap (1100 m) farmers have tended to use hybrid seeds for the last five years or so, whereas in the other wards (1500 -1800 m) farmers continue to grow improved rice seeds. The cultivation system of the latter will first be described in detail (Table 8) and then the cultivation system using hybrid seeds will be briefly described and compared with the former.

Nursery of rice : mid of Baisakh (May)

There are two ways to prepare the nursery in the area, depending on the availability of water. In this case, at an altitude between 1500 to 1800 m, most of the people make a wet seedbed because water is available at the beginning of May. The nursery represents about 10% of the transplanted area, for a ropani of khet (i.e. 1000 m² for one hectare of paddy field). The paddy is germinated for two days in a bag filled with a mixture of water and manure. The reason for this short germination period is that the young rice sprouts should not be too long, otherwise they may break during transport to the rice field where the nursery is set up. Before the broadcast of the sprouts, the land used as a nursery is ploughing (by hand or by oxen, depending on the surface) and some FYM is applied. Then, a thin layer of water is maintained for one month, until transplanting. For a transplanted ropani, the quantity of paddy needed is about one pathi (3 kg), or 60 kg of paddy per hectare.

At this altitude, most of the farmers use improved varieties such as Pokhareli Masino (landrace), For this type of variety, they have to wait 28 to 30 days before transplanting. Taichung-176 rice (called Taïchin by farmers) is yellow or white in colour and has a large, round grain. Khumal-4 is a long, fine-grained rice with a fine straw. 22) The first tillage of the land is made on dry soil 3 to 4 weeks before transplanting, in which FYM (Farm Yard Manure) is mixed. The day before transplanting, the plot is put in water. Then, on the same day of transplanting, a second tillage is made on wet soil and levelling is done with a harrow (dade). Soil preparation is done by men only. Either it is done with the use of a pair of oxen, a swing plough (halo) and a man leading them (1000 -1500 NPR/day), or it is done by two men manually with a spade (kodali) (350 NPR/day) for one ropani. Ploughing with oxen makes it possible to pull the plough through the slimy mud and to bury the plant remains. On the same day, men reshape the ridges of the terraces with kodali (spade). Transplanting of rice : mid-Jestha -mid-Ashad (June) Transplanting of rice is the most labour-intensive operation. The rice is transplanted by women (300 NPR/day). In many farms, this work is done by the family but also by exchange of labour (parma).

Soil preparation (Figure

The day before transplanting, they dig up the rice plants in the nursery and make bundles of about 100 plants. They transplant by burying the roots of a clump of 3 to 4 seedlings in the mud (for improved varieties), in a line, parallel to the slope. The transplanting distance is about 15 cm.

Soybean on the ridges of the rice fields

On the edge of the terrace, the farmers plant soybeans for human consumption (at the same time of transplanting). This makes maximum use of the arable land. This crop is negligible and is not taken into account in economic calculations. The soybean production on 1 ropani represents approximately 7 kg. Firstly, it allows for maximum optimisation of land use. Secondly, it allows for a small production of pulses for the winter, soya can be used to prepare dal bhat, replacing lentils. Finally, soybeans attract insect pests to the rice (leaf-roller, white butterflies), causing less damage to the rice crop.

Fertilization : at the same time of soil preparation

Fertility is renewed by adding farm yard manure during the first tillage. The composition of the manure depends on the resources available to the farmer, and is a mixture of the manure from his livestock (goats, buffaloes, oxen, cows, pigs or poultry) and leaves, grass, maize straw, rice husk, etc. The proportions therefore vary from farm to farm. In general, one ropani receives 25 doko of manure 17 .

Where farmers use improved varieties, few add urea. If they do, they do it after the second tillage, when the plot is covered with water so that the urea dissolves. For one ropani, this corresponds to about 1 pathi of urea (2 kg), or 40 kg of urea per hectare. This urea is bought in Small Farmers cooperatives or in shops in Melamchi.

Weeding : mid-Ashad -mid-Shrawan (July)

The most common weed found in rice fields is Echinochloa sp. (Sama Jahr) of the Poaceae family.

Weeding is done only one time, by hand, mainly by women. On sunny days, farmers bring water to the plot in the morning so that the water heats up, further preventing weed growth.

Irrigation : from transplanting to the appearance of the first grains

The rice fields are constantly watered from transplanting (June) until 15 days before harvest (mid-September/early October). This period corresponds to the rainy season (June to mid-September), when water availability is high. Water from mountain springs is brought to the paddy fields through a channel, dug in the ground or through concrete channels (kulo). The maintenance of a water level allows the control of weed development. The water level is controlled by the farmers through the drainage channel in the bund : the water can be stopped by adding stones. Farmers stop irrigating the plot about 15 days before harvest (mid-September to early October), so it dries out naturally ; it allows the paddy grains to ripen.

Harvesting, beating and milling : Kartik (mid-October -mid-November) Harvesting takes place from mid-October to mid-November. The stems are cut at the base with a sickle (hasiya). They are left in the field to dry in the sun for two days, grouped into bundles then beaten on a flat stone. This stage allows the separation of the grains from the rice straw (figure x). From this 17 One doko of manure is equivalent to 40 kg.

stage, farmers collect the paddy (dhan) (rice + husk) and store it in bags. When they need to consume it, the paddy is processed into rice (chamal), two different machines are used : one to remove the husk and another one to remove the bran (Figure 23). For one ropani, 2,3 muri of paddy can be harvested, i.e. 2,3 Mt/ha. Three bhari of straws per ropani (120 kg) are used to feed the livestock. Different types of payment can be used but most of the time, farmers give a part of the processed rice (Table 5). Payment made with rice is the most common. 

Difference between paddy and rice

Paddy is the rice grain with husk. The term paddy was derived from Malay word with the meaning of "rice in the straw or husk". Generally, rice plant is called paddy. This is a crop which belongs to the family Graminae. Botanical name of the paddy is Oryza sativa. Paddy becomes rice after the removal of husk by threshing. Rice is the seed of paddy. In Thangpaldhap, located between 1000 and 1300 meters above sea level, the temperatures are higher most part of the year compared to the other wards. So, we can consider that the cropping system for the rice is different, for different reasons. Farmers use hybrid seeds (Dy-28) since less than 10 years, it has consequences : the paddy yields are higher (about 6 Mt/ha) for a smaller density of seedlings during transplanting (spacing of 30 cm instead of 15 cm) so the manpower needed is less and finally farmers apply more urea (7 to 10 kg per ropani) (Table 6).

It can be hypothesised that this cropping system may tend to spread to other wards, as the yields obtained are higher than with the improved varieties. Wheat is the third most important cereal crop in Nepal after rice and maize both in area and production; it is used to make Nepalese bread (roti), dhidho (flour and hot water mixed) and sometimes to feed the livestock.

The paddy crop that precedes the wheat (Triticum aestivum L.) is the same as in the rice/fallow cropping system. Two things influence the decision to plant wheat after rice on khet: the need for wheat and straw (for human and animal feeding), and the hydromorphy of the land. Indeed, wheat is planted during the dry season, from November to early May, when rainfall is lower. In the area, two varieties of seeds are used : "Pasang Lhamu", an improved variety adapted for the hills released in 1997 in Nepal (Joshi et al., 1970) and "Nepale", a local variety.

The crop sequence management is described in the Table 9.

At the beginning of November, a first soil tillage is carried out thanks to the animal traction. It allows to bury the remaining residues of the previous rice crop. A month later, at the beginning of December, a second tillage is done, still with oxen. It allows a homogenization of the soil and to trace the furrow where the grains (about 2 kg per ropani) of wheat are planted at 20 cm of interval (2 persons are necessary : one to guide the oxen, the other to broadcast). Then, water is applied at 15 day intervals and urea is added in February (about 5 kg per ropani). No weeding is necessary in the wheat and harvesting is done in late April, early May. The straws are cut and let in the field to dry during 2 days. Then, the straw is divided from the grains and the grains are processed in a machine (Figure 25). Often, farmers share the machine (paid thanks to subsidies from the government). Wheat yield is about 1,5 muri per ropani (1,9 Mt/ha).

In some cases, farmers plant part of the field with mustard to make oil used in the preparation of dishes.

Figure 25 -Farmers are processing the wheat with a machine to obtain the grains (end of April 2021) The cropping system Rice/Wheat (year 1) is the same as the Rice/Wheat cropping system described previously. Some parts of the khet area are allocated to potato cultivation (at the same time as wheat or maize), they are intended for self-consumption but also for sale. This cropping system is mainly found in Thangpaldhap and in Thangpalkot (Manekharka tole).
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In year 2, rice is cultivated during the rainy season and one maize crop follows, its cultivation is quite similar with the crop system Maize/Finger-millet in the bari. However, the maize yield will be higher because of the availability of the water (even during dry season).

CS | Cardamom under Nepalese alder

Khet can also be grown as agroforestry systems with cardamom at an altitude between 1200 to 1800 m. Large cardamom (Amomum subulatum) is a perennial plant that produces dried fruits at its base that are used as a spice. Cardamom was introduced into Nepal in 1865, by Nepalese laborers who went to Sikkim for seasonal work [START_REF] Shrestha | Cardamom production in Kavrepalanchowk[END_REF]. This cash crop has been grown for about ten years in all four wards. The ward of Thangpalkot has been a cardamom pocket area since February 2017. A pocket area is a sector defined by the Ministry of Agriculture and Development of Nepal of at least ten (10) hectares of the same production, in order to address the fragmentation of arable land. After the pocket area nomination, the government has helped the area with 85% capital subsidies on quality seeds and plants and also 50% capital subsidies for production, processing and storage centres. Pocket areas are supervised at a district level by the DADO (District Agriculture Development Office) [START_REF] Gerardin | Value chains support as a lever for economic recovery of households[END_REF]. In this region, cardamom is grown under the cover of Alnus nepalensis (utis in Nepali and Nepalese alder in English) because cardamom needs shadow, near the river or between the bari, on irrigated lands. The Nepalese alder is able to fix atmospheric nitrogen through its root nodules. Thus, the association of cardamom with alder optimises the production potential of this crop [START_REF] Sharma | Energy efficiency of large cardamom grown under Himalayan alder and natural forest[END_REF]. Most of the farmers do not apply anything but mulch and manure. Different varieties of cardamom are cultivated : Golsai, with a potential yield of 35 kg per ropani (700 kg per hectare) and Ramsai, with a potential yield of 31 kg per ropani (620 kg).

Plantation of new suckers

The planting of new suckers is done before the rainy season, in May or June, with plants from nurseries (mainly bought in Banepa) and plants separated from the old one. The first harvest is possible in the third year and is optimal around 8 to 10 years.

Cardamom harvesting

The harvest season of cardamom is done after the rainy season, from September to October. The cardamom cultivated area is between 2 to 20 ropani per farm. According to [START_REF] Gerardin | Value chains support as a lever for economic recovery of households[END_REF], for smaller and new producers, the annual production is around 2 to 10 kg per year (dry weight) and for older producers with a bigger area (more than 20 ropani) the production can reach 200 kg per year. Also, according to the Rural Municipality's 2019 statistics on crop production in the four wards, the area for cardamom is about 11,5 hectares, i.e. 230 ropanis and on average, the yield is around 25 kg per ropani (0,5 Mt/ha).

Often people are employed during the harvest of cardamom because the window is short and family labour is not sufficient. According to some farmers, if the cardamom is not harvested in time "the smell is bad". One day of labour for cardamom harvesting is 600 to 1000 NPR. For example, one farmer in Thangpalkot has 3 ropani of cardamom with 900 plants of it, he needs 15 to 20 people during 1 or 2 days to manage the harvest.

Drying process

Farmers dry the cardamom before selling it. According to [START_REF] Gerardin | Value chains support as a lever for economic recovery of households[END_REF] most of them are doing sun-dry, i.e. spreading seeds on the ground to let them dry 7 to 15 days. Other farmers have built drying facilities (called bathi) using the fire energy to dry the seeds within a few days.

Rain-fed terraces called bari

Bari are terraces that are not irrigated and depend entirely on monsoon rainfall. The most common combination in the bari is the maize -finger-millet combination. In the Bhotang ward, farmers practice this combination but also the maize-potato combination or potato followed by one fallow.

CS | Maize + finger-millet/Fallow

Finger-millet (Eleusine coracana) is mainly grown in rainfed conditions in the uplands as a sole crop or relay cropping with maize (Zea mays L.). Finger-millet is an interesting crop because of its climate resilience with high adaptation to drought. Its flour is commonly used for making dhido (flour and boiling water mixed), roti (bread), and grain is used for making high quality traditionally fermented liquor called chang and preparing distilled liquor called raksi. However, there is still a social taboo in its consumption by the elite groups in the rural and urban areas of Nepal because finger-millet is considered as "food for the poor". Maize is mainly fed to animals in the form of flour. Otherwise, it is also consumed by humans (green maize in the fire, fried or in dhido). The crop sequence management is described in Table 10.

Soil preparation and maize sowing : Chaitra (mid-March)

In mid-February, farmers bring manure to the field, for one ropani 25 dokos of manure are needed. This manure is incorporated into the soil during the first tillage, which is done with a swing plough, pulled by a pair of oxen to a depth of 20 cm. This helps to weed and break up the soil. A ploughman is employed on a daily basis, costing between 1000 and 1500 NPR per working day, knowing that he can work 4 ropanis per day. If the area is small, the farmer does not use this service and spades the land with kodalo. Two to three weeks later, a second tillage is made, still with one pair of oxen. At that time, sowing is done. The farmer sows 2,5 to 4 kg of maize seed per ropani. These seeds come from the best corn selected during the previous harvest and are also those that have not been infected by weevils during the storage (ghun). In the area, we can find different improved varieties of maize : Manakamana-1 (released in 1987 in Nepal), Deuti (released in 2006 in Nepal) and Manakamana-4 18 (released in Nepal in 2008 and originated from Mexico). The farmer places a seed every 20 cm and covers them with soil with the kodalo. The rows are about 45 cm apart.

18 According to CIMMYT-Nepal (International Maize and Wheat Improvement Center), "Manakamana-4 provides a great yellow-maize option to farmers in the mid hills of Nepal because it fits well in the maize/millet, maize/potato, rice/maize, and maize/legumes cropping systems. The variety has a yield potential of about 6.5 tons per hectare". (CIMMYT-Nepal, 2008) 
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CS | Potato/Fallow

Potato is an important crop for food security in the high-hills of Nepal contributing substantially to the livelihood of resource-poor farmers in mountains. Since 2017, Bhotang has become a pocket area for potatoes (Solanum tuberosum). This white potato (alu seto) is very famous in the region, grown for 7 to 8 months. According to Chand et al., the potato variety could be Sarkari seto. Many potato farmers buy tubers to plant every year. Bhotang is a suitable environment for potato seed tuber production because of its cool weather during cultivation period and its altitude over 1900 meters leading to less disease and pest attack. In most cases, potatoes are grown in unirrigated land (bari). Depending on the altitude, the length of the cultivation cycle differs. In Thangpaldhap, the cycle is shorter, starting in January and the potatoes are harvested at the end of May.

Seed tuber potato plantation

Before planting the previous season's tubers (about 1 muri per ropani), the soil is worked twice with the plough and oxen (end of December and mid of January). The first time manure is incorporated (about 60 dokos per ropani) and the second time the plough makes the furrow where the potatoes are planted about 40-50 cm apart. One month later, it is necessary to butter the soil to promote the development of the potatoes and to keep them from being exposed to light.

Weeding

Two weedings are necessary :

-In Bhotang, the first one is mid-April and the second one is mid-May ; -At lower altitudes, the first one is mid-February and the second one is mid-March.

Harvesting

Harvesting is done when the leaves on the surface start to yellow or the farmer may harvest one to ensure maturity. The potato harvest in Bhotang is in mid-September, while at lower altitudes the harvest is in late May. Yields are not the same, for 1 muri of tubers planted in Bhotang, almost 6 muri of potatoes (7 Mt/ha) can be harvested compared to almost 7 muri (8,4 Mt/ha) at lower altitudes (Thangpaldhap).

Pests

Farmers in the area do not really know the names of the pests of their crops but some of them were identified on the field (Table 11). In addition, many do not treat with pesticides (natural or chemical), some just pull up plants that appear diseased. 

Crop Pest

Rice Leafroller (Cnaphalocrocis medinalis) : larvae cut the leaf edges and fold the leaf, yield loss may vary up to 10-50 per cent.

Maize

Fall armyworm 19 (Spodoptera Frugiperda) : leaf feeding damage along with direct injury to the ear.

Monkey and wild boar damages

Finger-millet Fall armyworm High rainfall during flowering Potato Mildew : black spots at the end of the leaves and stems, a mold can then develop, the plant collapses quickly. Can also affect the tubers.

Potato tuber moth (Phthorimaea operculella) Porcupine damages

Because of the monkeys, wild boars and porcupines, some farmers stop cultivating their land too far away because they do not have enough manpower to look after it.

CS | Vegetable farming

To increase yields and avoid weather-related losses for vegetable farming, some farmers have invested in greenhouses or received them from NGOs. These greenhouses usually have a support made of local bamboo and a plastic tarpaulin is attached to it. The bamboo lasts for an average of 2 to 3 years but the tarpaulin has to be changed every year due to the heavy monsoon rains. The most cultivated vegetables are those used in the preparation of dal-bhat, the national dish, i.e. tomatoes 20 , cabbage, cauliflower, onions, garlic, rapeseed and green chilli. Vegetable farming can be done in both khet and bari, depending on the farmer's land availability. If vegetable farming is set up in the khet, irrigation will be done via irrigation canals (kulo), while in the bari, the farmer will have to buy pipes to carry water or invest in a tank.

The example of the tomato, the most cultivated vegetable under greenhouse (Figure 27 -Tomatoes under greenhouse in Gunsakot)

The soil is tilled in mid-April and manure is incorporated into the soil (about 300 dokos per ropani). From there, a nursery is set up with tomato hybrid seeds (0,3 p-d) and watered daily during the germination period.

Transplanting occurs in May (1 p-d). From June onwards, the suckers are removed, weeding is done at the bottom of the plants and then the plants are hung on wires connected to the greenhouse (6 p-d). From July onwards, harvesting can be done on a daily basis (10 min. per day) depending on the quantities requested by the villagers 19 Fall Armyworm (Spodoptera Frugiperda) in Maize: An Emerging Threat in Nepal and its Management, Santosh Kandel, Rakshya Poudel (2020) 20 Tomato is the third most important vegetable after cauliflower and cabbage in terms of area, and production in Nepal. (yield of 250 kg/ropani on average but it can reach 500 kg/ropani). By staggering the dates of sowing, the harvest can go on until about December.

CS | Kitchen garden

Each household has a kitchen garden, ranging in size from 1 to 6 aana (30 to 180 m²), located near the house. Their produce is used for meal preparation and is rarely, if at all, sold. This kitchen garden is often complemented by fruit trees : bananas and orange trees (especially in Thangpaldhap where the climate is warmer) and apple trees. People grow more or less the same varieties. An example was taken with a kitchen garden with a size between 5 and 6 aana in Thangpaldhap (Appendix 12). Some have small greenhouses made from bamboo and covered with a transparent plastic sheet. There are two main seasons : the first is during the rainy season (June to September) when water is available and vegetable growth is fast and during the dry season (winter season from October to May) where it is sometimes necessary to bring water via pipes, tanks or by watering. The crop calendar is in Appendix 13. During the dry season, when the availability of vegetables is low, fresh vegetables are replaced by dried vegetables called gundruk (radish or mustard leaves rehydrated when preparing the meal).

Vegetable consumption is supplemented by the harvesting of mushrooms, especially in Bhotang, and forest products such as fiddleheads (niuro). It can be seen that with a price of NPR 600 per kilogram of cardamom and the use of labour for harvesting, this cash crop is not very advantageous compared to food crops (rice (improved seeds), maize/finger millet) (Figure 28). However, by person-day, the GVA is the highest (2000 NPR/personday). We also see that there is a big difference between improved rice and hybrid rice with a doubling of the yield, less labour required (22,5 vs. 25) despite the purchase of fertilisers (and probably pesticides).

Economic comparison of the cropping systems

Livestock systems

A livestock system is "the set of workshops and techniques that allow the production of animals or animal products under conditions compatible with the farmer's objective and with the constraints of the farm. It is broken down into three main subsystems : the forage system, the herd management system and the animal production development system" (Dufumier, 2009). Goats are an indispensable component of the rural economy in Nepal. Being popular as "poor man's cow" and "living cheque", they significantly contribute to food, nutritional and economic security of the marginalized farmers. In the Thangpal Valley, different breeds of goats are found : Khari (local breed), Jamunapari and Boer (improved breeds) . They are raised for meat and manure production.

LS | Goat breeding

There are two types of farming: -Subsistence breeding, which is a source of savings, with a small herd of between 2 and 10 mothers; -Commercial breeding, with a larger herd of more than 15 mothers (50 to 60 goats total in average). A feed based on fodder and cereal flour (pitho)

The goats are kept in an elevated hut (Figure 31) to facilitate the evacuation of their excrement, which is used to make manure. Various combinations of housing exist, but in all cases they are locked up at night to protect them from attack by wild animals :

-Taken out to graze for 5-6 hours by children or elderly people (most of the time) ; -Taken out to graze in the morning and evening (1 to 2 hours) ; -Left in the hut where fodder is available all day. During the dry season, from November to April, fodder comes from terrace trees or pakho bari. During the rainy season, fodder comes from the grasses that grow on the edge of the terraces (Napier, babiyo, etc). Farmers with commercial livestock use their unirrigated land (bari) to grow these grasses in large quantities as well as fodder trees. Also, in some areas (3 to 4 ropani) they grow green oats in winter. In addition to the fodder, every day, an adult goat eats an average of 120 grams of cereal flour (pitho) mixed with warm water and salt (20 grams/day/goat). Farmers who can afford it also buy vitamins for the period after the goats give birth. They also use rice bran or concentrate as a substitute for cereal flour.

Goat breeding : a productive livestock Goats are only raised for meat and manure production. There is no milk production. Males are sold between 8 months and 1 year for NPR 15,000 to 20,000. Females are kept for renewal and expansion of the herd. Sometimes a few females are sold in the case of commercial farming (6,000 NPR/female goat of 1 year). A goat produces one to two kids per kid, once or twice a year (average of 3 kids per female goat). A female can give birth to a baby from 10 months. Breeding is done by natural breeding. In general, farms "specialised" in goat breeding have a billy-goat, which they also make available for breeding small flocks (300 NPR per service). In some cases, farms use guarding (adhiya). The oral contract consists of the sharing of the products obtained between the owner of the goats and the herder to whom he entrusts them. 

LS | Cow, oxen and buffalo breeding

In Nepal, cows are sacred to Hindus. Therefore, their meat is not eaten. On the other hand, some non-Hindu communities sometimes buy cull cattle. Households do not have many heads. Some farmers have a pair of castrated oxen for tillage, while others have only cows (1 or 2) for milk.

According to the NACCFL study report on initial assessment of cooperatives (July 2021), in Gunsakot, every household has at least one cow or one buffalo (80%)

Oxen, the main "tool" for tillage Oxen are used for land tillage activities. They are bought at two years old, castrated (for docility) and then kept for 5 years. They are sold at about 12 000 NPR and the castration is done by a vet after purchasing, it costs 500 NPR per ox. Generally, the farmer owns a pair of oxen, tillage is not feasible with just an ox. At 7 years, they are often sold to Tamang people for 4000 NPR.

Goth system (mobile shelter for livestock)

Towards the end of the rainy season (mid/late September), cow and ox owners as well as buffalos build a mobile shelter from bamboo and tarpaulin and place their animals in it to smoke the newly harvested maize fields. This saves farmers from having to carry manure on their backs to the field to renew the fertility and to carry fodder to the household to feed the livestock. Indeed, the cattle can eat the cereal residues and the grass on the ridges of the field. Crop residues (straws and stovers) are grazed on a stake, which is moved several times a day. The animals then spend the night under the goth. If farmers have several plots, the shelter is moved throughout the season. The frequency is irregular and depends on each farmer and the number of animals but on average, the goth is moved every three weeks. 

Cow and buffalo as sources of milk production

For the technico-economic study, we have considered that the milk production for cow and buffalo were similar. However, cows are not eaten by Nepalese people, buffalo meat is. On average, buffalo meat is less expensive than chicken meat in this area but also less eaten. One buffalo can cost 1,00,000 NPR. Over a four-year period and calving once every two years, a cow produces on average :

-A bull for sale for ploughing (2 years) ; -A female for renewal and growth of the herd.

The cow is lactating every other year for about ten months. The milk production can therefore be calculated on a yearly basis and is 250 L. According to (Sharma and Banskota, 2007), on average every household collect about 30 kg of grass per day per adult animal in the rainy and autumn seasons (mid-May to end of October). Farmers cut improved grass but also and native grasses like amriso, nigalo, siru (Imperata cylendrica), khar (Andropogan spp.), and banso (Setaria pallidesesca). During winter and spring (November to May), farmers collected fodder leaves on alternate days (25 to 30 kg). They also give the rice and fingermillet straws (October -January), the wheat straws (May -July) and the maize strovers (September -October) (Figure 34). Moreover, farmers mix about 0,6 kg of khole (a mix of water, salt, flour also know as pitho and grains) or rice bran with beverage by-products and feed this to the lactating animals (during nine to ten months).

Figure 34 -Forage and fodder calendar for livestock systems in the study area

LS | Poultry breeding

Many households have a few chickens to eat the meat or eggs. In the last five years, some farms have begun to do poultry farming in a commercial way. According to Subir Singh, the poultry industry is an agriculture based emerging economic sector of Nepal with a flourishing impact to provide sustainable and cheapest protein as a source of human food in Nepal.

Broiler chicken : fast and space-saving production Farmers do not know the breed of broiler chickens. However, according to the literature, the breeds found in Nepal are Cobb 500, Ven Cobb 400, Hubbard and Arbor Acre Plus. In the area, they are maily raised for meat production (not for egg in a commercial way) ; in the meat shops or directly at the farm, the price is approximately 400 NPR per kg (2,8€). The chickens are raised above ground, in buildings of about 30 to 50 m². The chicks are bought from Banepa at 2 to 3 days old for NPR 70 each.

In an average season (60 days of rearing), farmers raise 500 chickens and do 3 to 5 seasons per year (2000 chickens/year). For Broilers, which are reared up to 50 days (almost two months), three types are used: 0, from 0 to 14 days (1 bag = 3400 NPR); 1, from 14 to 28 days (1 bag = 3200 NPR) and 2 from 28 to 50 days (1 bag = 3200 NPR). 'Dana' is composed of maize, rice polish, DCP (Dried Coffee Pulp), soyabean, vitamins (calcium, phosphorus) and aminoacids.

For Broiler chicken farming, the gross added value is 1,87 million NPR per year.

A new more interesting breed in terms of taste but less accessible for most of the population Lately, some farmers are testing the breeding of other chicken breeds, called Giriraja, a breed developed in India. Young chickens are also bought in Banepa, at 3 weeks old for 150 NPR. The selling price is higher (about 2000 NPR for a 3 kg chicken) but they are sold at 6 months compared to 2 months for Broiler chicken. These chickens are also fed with concentrates. Farmers do not want to raise only this breed because the selling price is too high for the local population. However, the taste is better and "it tastes like local".

LS | Pig farming

Pig farming is not new in Nepal. However, in the study area only the Dalit (especially the Kami, the blacksmiths) raised pigs, one or two for their own consumption. In the last one or two years, other castes have started commercial pig farming, especially Tamang people. In the area, we can find breeds such as Pakhribas pig, a black colour pig or crossed breed like Dharane kalo.

The gestation period of the sow lasts 3 months, 3 weeks and 3 days in theory. Generally, a sow gives 6 to 8 babies per year. After 4 to 5 years, the sow is sold. Pigs are bought at a few weeks old for about NPR 7,000 (50€) and then sold between 6 months and 1 year. Their price can reach 50,000 NPR (350€).

Pigs are useful for providing manure and can be fed on waste products (rakshi residues, vegetables) as well as on grass. They also have high water requirements (about 5 to 10 litres/day/pig). Pig breeding in a commercial farming way is similar : the farmers buy piglets in Banepa, they feed them for 8 to 9 months then they sell the meat. However, after 2 or 3 years of activity, they start to do breeding pig farming.

LS | Bee-keeping

A livestock system on the verge of disappearing Before the 2015 earthquakes, some farmers had beehives, from a few to as many as forty in Thangpaldhap. Following the earthquakes, many of the beehives that were located near the forest were destroyed. ARSOW-Nepal supported the purchase of new hives, but this was not a success due to the climate, which was too cold for the bees. However, in Thangpalkot, a farmer continues to make hives on demand and sells them outside the valley (10,000 NPR per hive). Some farmers indicated that non-traditional hives are not suitable for the area, unlike traditional hives, which are sometimes embedded in the walls of mud houses. Broiler chickens breeding (1 TLU = 0,007) have the highest GVA per TLU (140,000 NPR/TLU), followed by the buffalo. Other livestocks have little GVA/TLU (below 20,000 NPR/TLU) (Figure 36).

Transformation system

3.1 TS | Finger-millet distilled alcohol (rakshi)

Rakshi is a distilled alcohol made with finger-millet grains. Tamang communities make alcohol all year round but especially during festivals (Dasai in October). First, after sieving finger-millet grains, it is mixed with water and boiled. Later, the cooked finger-millet is left to ferment for one month in a basket. The mixture is distilled with a traditional installation, a set of several nested vessels (Figure 37). For 4 pathi of finger millet (about 16 kg), the distillation takes a day of 8 hours (about 2 hours per pathi). From one kilo of finger millet, 1,5 litres of rakshi is obtained. The average selling price is NPR 100 per litre. For 4 pathi of finger-millet, the gross product is 2400 NPR (17€) and the intermediate consumptions are about 800 NPR (200 NPR/pathi of finger-millet). Firewood is collected in the 'jungle', for 8 hours of distillation, the needs are about 100 kg. Finally, the added value per liter is 66 NPR. The spent grain (kord) is used for animal feed, especially for pigs. [START_REF] Sharma | Status of Potential Non-Timber Forest Products for Wise Use and Conservation in the Langtang National Park's Buffer Zone[END_REF] Based on the principle of distillation, the camphor leaves are mixed in a vat with water, the mixture is heated thanks to the wood fire in order to transform it into vapour then this vapour loaded with essence is cooled in order to recover the essential oil. To obtain one liter of this, selling 12,000 NPR in Kathmandu, they need 6 bhari of firewood (300 kg) and 12 big bhari of leaves. It takes one day of 10 hours to obtain. Used and depleted leaves can be used for compost or manure. This processing system was never mentioned during interviews with farmers, it was identified during landscape studies. There are a few of them but they are not widespread. 

Farming systems

In total, twelve farming systems were identified in the area. We can divide them into two broad categories: subsistence farms and commercial farms. Several factors can explain this differentiation.

Farms moving towards commercial farming may have taken the risk of converting some of their land from food crops to cash crops or building a livestock building; some of the investments may also have been made through loans from banks or cooperatives (agricultural or not).

Some subsistence farms may lack labour or prefer to invest their time and money in other, nonagricultural activities (blacksmith, tailoring, grocery shop, hotel, restaurant, tourism). In addition, some do not have enough land to start growing cash crops or a larger-scale livestock activity.

Subsistence farming

4.1.1 FS 1 | Subsistence farming on khet and bari with oxen for tillage service Farmers who offer the tillage service with oxen usually own a pair of castrated oxen. On average, about 50 days are worked per year for this service. The peaks of work of the farmer and his oxen are at two periods of the year : a first from April to July and a second from November to December. From April to July, plowing is carried out in the fields where rice seedlings are planted, then in the fields that will be transplanted with rice (khet) and also in the fields planted with maize (bari). During the dry season (November -December), plowing is carried out in the future wheat fields (khet). A pair of oxen can plow 4 to 5 ropani (0,2 to 0,25 ha) per day. Farms that own oxen are usually two working people, the man does the tillage service and the woman works the fields they own, i.e. a few ropanis of khet (1 ropani) and bari (4 to 7 ropani) to feed themselves and the animals. The production of maize and finger millet to feed the animals is often not sufficient, so they buy a supplement (3 to 5 muri (180 to 300 kg) of each cereal per year) if the cultivated area is less than 4 ropani. 4.1.2 FS 2 | Subsistence farming in bari with pig livestock and pluriactivity This farming system was already present in the area in the 1950s. Generally, the households with this farming system belong to the Dalit caste (the lowest Hindu caste), and in particular to the Kami subgroup, who in many cases are blacksmiths. They own some land, in most cases bari (unirrigated land) (3 à 6 ropani) where maize, finger millet or potatoes are grown. Some have irrigated land to grow some of the rice they consume, but these areas are small (0,5 to 2 ropani). If they do not own any khet, the rest of the family cultivates the land in sharecropping, but the cultivated areas do not allow them to be self-sufficient in rice for a whole year. In terms of breeding, they have one or two pigs that they buy as piglets (1 month old) and slaughter 7 to 9 months later, for self-consumption and to sell part of their meat within the village. They also have some chickens for meat and eggs. Their main activity is blacksmithing, they make the metal part of the agricultural tools. This allows them to generate a revenue of 20,000 to 25,000 NPR per year. The households have 2 to 3 active workers, often with one person abroad (often the wife) who sends remittances. According to a farmer in Gunsakot, there are nine households similar to this farming system in the village. We can assume that this farming system is not widespread.

FS 3 | Subsistence farming with sharecropping on khet and ownership of bari with a little livestock

In Nepal, sharecropping (tenant) contracts often state that half (50%) of the crop must be given to the landowner. This agreement is in most cases oral in our area. Two cases exist in the area :

-Sharecroppers who work the land of large landowners (15 to 20 ropanis) because they do not have enough land to feed themselves or because they do not have irrigated land (khet) to produce rice. They are often members of the untouchable caste, the Dalit. -Sharecroppers who own land (khet and bari) but who take the opportunity to work the land of owners who have gone to work abroad or in the city, or those who work in offices in the area (NGOs, rural municipalities). The land under sharecropping is therefore mostly khets, located in Thangpaldhap, Thangpalkot and few in Gunsakot. Some sharecroppers must therefore sometimes walk an hour to reach these irrigated lands. The surface area of these sharecropping lands varies from 3 to 9 ropanis (0,15 to 0,45 ha) for 3 to 5 family workers. To cultivate their land, they resort to labour exchange (parma) because they cannot employ labour. In general they do not have many cattle, a few goats or a buffalo/cow and her baby for milk, so they have to get manure from other farms. In most cases, inputs (seeds, tools, manure) are not provided by the owner. The surface of the bari is between 3 to 6 ropani.

FS 4 | Subsistence farming on khet and bari with goat livestock and pluriactivity

This production system is based on subsistence agriculture, mainly in Chhetri communities with an entirely family workforce (2 to 5 workers per household). They own their land : from 2 to 13 ropani of khet (rice and sometimes wheat or potatoes in the dry season) and from 2 to 6 ropani of bari (maize and finger-millet). Some of the farmers grow some wheat after the rice, in the dry season so they can feed the livestock with it. Also, they have more animals so they have enough manure to fertilize the wheat rotation. The main type of farming is goat farming, with 2 to 10 mothers per household, sometimes with a breeding male, but most of the time they have recourse to an external breeding male, a paid service, once or twice a year. One to four animals are sold per year, especially during the important festival of Dasai, and one to two animals are kept for the family's own consumption. In addition to farming, households have a double activity, often owning a food shop and one person is working abroad (sending remittances).

FS 5 | Subsistence farming on khet and bari with cow or buffalo livestock

This farming system is well found in Gunsakot and a few in Thangpaldhap, in Tamang communities. On average, 2,5 active workers are on the farm (only family). They own their land : 0 to 4 ropani of bari (maize and finger-millet and sometimes wheat) and 3 to 6 ropani of khet. They raise cow for milk production and buffalo for the meat (if it is a male) and for milk production (if it is a female), one to three bovines. The milk and meat are consumed by the family members but they sell a part. During the rainy season, the bovines are kept in a shelter near the house but after the harvest of the fingermillet, they are put in the fields under mobile shelter (goth) to produce manure directly on the place where it is needed.

Commercial farming

In the last five years, some farms have started to develop commercial farming activities. These farms are in the minority compared to those that depend almost entirely on agriculture for their livelihood. Some farms engage in mainly vegetable production: market gardening, cardamom, potatoes, while others engage in animal production: poultry farming, pig farming or goat farming. Vegetable production seems to have appeared a little earlier than animal production, between 10 and 15 years before.

FS 6 | Commercial goat farming with bari for fodder and forage and a few khet for

self-subsistence This production system has been present in the area for about 5 years. The majority of goat farmers are Chhetri. Before starting goat rearing in a commercial way, these farmers had only a few goats at home. With subsidies from the government or financial and material support from local NGOs present after the earthquakes, they were able to build the building and buy new animals. On average, they own or rent 3 to 4 ropani of bari (0,15 to 0,2 ha) near the farm and they are used to grow fodder grasses (Super Napier, Sumba seteria) or fodder trees (epil epil, mulberry, bahadur) rich in protein. As the bari are reserved for the cultivation of grasses and fodder trees, the farmer has to buy the concentrates (pitho) of maize, wheat or millet flours, which are fed to the goats daily as a mixture of heated water and flour. During the day, the goats are taken to the farmer's pakho bari (non-cultivated lands) or to the bottom of the community forest. One person takes care of them for 5 to 6 hours a day. In general, for a herd of about 50 animals (15 mother goats) two workers are present on the farm, either 2 family workers, or one person who owns the farm and one employee who is paid about 165,000 NPR per year. Next to the bari, the farmer usually has some khet (1 to 5 ropani). They are cultivated with rice for self-consumption and sometimes with fodder oats (Avena sativa) during the dry season (December to April) and fertilized with the manure produced from goat dung. One part of this goat dung is even sold in the village.

FS 7 | Commercial broiler chicken farming and ownership of khet and bari for self-

subsistence Broiler chicken breeders are often Tamang. It is a recent breeding, which is possible thanks to the purchase of chicks in other big cities (Banepa at 4h by car). They raise between 1000 and 2500 chicks per year in 30 to 60 m² (in a shelter), divided in seasons of approximately 60 days. They are fed only with concentrates from outside the valley, which bring nutrients and minerals. Indeed, the crops coming from the bari (between 3 and 5 ropanis) are not intended for that, just as for the khet (from 1 to 4 ropani). In general, two active workers are present on the farm, either family or partners. It is a farming system that produces a lot of wealth on a small space and requires daily work, about 3 hours per day for two people (feeding the chickens, washing the shelter, selling the chickens within the village and in other wards).

FS 8 | Commercial broiler chicken farming with pig farming and bari for selfsubsistence

In the last one or two years, a new production system has appeared in the area. Farmers who for some years had been raising Broiler chicken, have been able to save money and invest in pig farming. The number of active workers stays the same, the pig breeding requires 3 hours of work per day (feeding and cleaning). To start with, they only buy piglets at one month, fatten them and sell them at 8/9 months. After a few years, if this system works, the farmers are in the perspective to continue the fattening but also to become a breeder. In general, the area owned is the same as for FS 7, a small portion of the land in bari has been allocated for the construction of a concrete shelter (20 to 40 m²). A farm can have 2 to 4 pigs per year.

FS 9 | Commercial pig breeding and bari and khet for self-subsistence

Some farmers have specialized in fattening pigs. They have between 1 and 3 ropani of bari and 2 to 5 ropani of khet. The shelter occupies a rather small area, the pigs are raised above ground and fed with concentrates bought outside the valley because of the small area of bari (and also fed with the waste related to the preparation of rakshi). They raise between 6 and 20 pigs, buy piglets in Banepa and resold 7 months later within the village and sometimes 1 or 2 in Kathmandu, this is rare because the marketing channels are not very developed. On average, two members of the family are working on the farm (often Tamang people) but it can reach 5 people, especially Dalit people who form groups to search the consumptions.

FS 10 | Commercial vegetable farming and bari and khet for self-subsistence

Commercial market gardening is carried out in greenhouses made of plastic sheeting supported by a local bamboo structure. In the sample studied, these are mainly people from the Tamang community but there are also Chhetri-Brahmin people. In most cases, two family workers are involved, they do not hire annual wage labour but sometimes seasonal labour, especially for carrying manure. The greenhouses occupy 0,5 to 2 ropani (0,025 to 0,1 ha), which are small areas. In order to produce manure, the farmers have a few goats or even a buffalo for manure and milk. If vegetable are grown on khet, irrigation is available mainly during the rainy season through irrigation canals (kulo) and if grown on bari (often close to the house), a water tank and pipes, renewed every year, are required. The seeds are mainly F1 hybrids approved by the National Board Seed and purchased in Melamchi or Kathmandu. The most cultivated crops are tomatoes, onions, garlic, cabbage, cauliflower, bitter gourds, cucumbers and cauliflower. Some have started selling seedlings of these varieties. The plants and vegetables are sold within the village, either people come directly to the farm to buy them or the farmers sell part of the production in small shops or hotels nearby. A farmer in Gunsakot has developed, in parallel to market gardening, the cultivation of pine seedlings, to be sold to the pharmaceutical industry after 20 months.

FS 11 | Commercial cardamom farming on khet and khet and bari for self-subsistence

The farmers currently growing cardamom are farmers who have taken the risk of converting irrigated land usually used for growing rice for household consumption into a productive cash crop 3 to 4 years after planting. They are mainly Tamang communities, the majority ethnic group in Thangpalkot, pocket area of cardamom since 2017 but also Chhetri and Newars. The area dedicated to cardamom varies from 2 to 20 ropani (0,1 to 1 ha) per farm according to [START_REF] Gerardin | Value chains support as a lever for economic recovery of households[END_REF]. The part that is not under cardamom cultivation is under rice cultivation. They also have bari, which are cultivated with maize and millet, grains used for animal feed, millet alcohol production and a small part for cooking. The use of day labour is common for cardamom harvesting, as the window of opportunity is small (only a few days). On average, for 1 ropani of cardamom 5 people are required during one day for it and it costs between 800 to 1000 NPR/day. Cardamom buyers come from outside the valley, often from Kathmandu while some farmers (2 to 3 in the area) are collectors, they buy the production to villagers (600 NPR/kg) and sell it for 800 NPR to the city. These same farmers buy suckers from nurseries in neighbouring districts (Dolaka or Kavre) for 7 NPR/sucker and sell them for 10 NPR/sucker. This allows them to increase their income from cardamom considerably, leaving other producers without bargaining power. Most of the time, cardamom producers have a few goats, 3 to 10 heads for meat sales and sometimes a buffalo for meat. Some have a complementary activity as a shopkeeper, probably an investment made thanks to the high income from cardamom.

FS 12 | Commercial potato farming in Bhotang and bari for self-subsistence

The Bhotang ward has been a pocket area for potatoes since 2017, meaning that there are at least 10 hectares of this crop present in the area. This allows farmers to access government subsidies. The Bhotang white potato is renowned for the length of time it spends underground (7 to 8 months), giving it its particular taste and texture. It is sold as an edible potato but the tubers are also sold for planting in Bhotang and other wards in the rural municipality. Producers who grow potatoes for commercial purposes have potato areas between about 6 and 10 ropani and on average, three family members are working on the farm. They also grow some maize and finger-millet on bari for feeding their little livestock (few goats).

Modelling and economic analysis of farming systems

Hypothesis for economic calculations

Price of the farming products

The prices of agricultural commodities are sometimes difficult to know because most of the production in the area is for self-consumption by households. Moreover, these prices are likely to vary during the year, especially during the monsoon season when access by road is difficult or impossible, and prices increase. For example, this year the price of cabbage increased from 60 NPR to 80 NPR per kilogram during this period. It is therefore necessary to estimate the price at which the produce would have been bought if the families did not produce it.

Gross product

Gross products are calculated based on the production of the crop system (and sometimes transformation system for rakshi or ghee) and on the livestock system. Productions from the kitchen garden have not been considered. Indeed, even if this production represents a source of livelihood for all households in the area, it is difficult to really estimate and it varies from one household to another, either in size or in variety diversity.

Intermediate consumptions

Intermediate consumptions are relative to seeds (even those kept from the past harvest), concentrates for livestock (flour), fertilizers (urea), tillage by oxen, sometimes paid labour (but it seems to be rare in the area), the animals bought as baby, etc.

Manpower

Two manpower units were defined : 12 to 16 years old is equivalent to 0,5 unit ; 16 to 65 years old is equivalent to 1 unit and 65 years old and more as 0,5 unit. Children help their parents before and after school and on Saturday, they help to collect fodder or they keep an eye on the livestock. Especially in 2020 and 2021, because of Covid-19 schools were closed, many children were seen in the fields.

Loans and taxes

Loans have not been considered as it is often one-off and over a few months. They are taken from cooperatives (not necessarily agricultural) and banks but are not necessarily used to invest in agriculture. The property tax is about 50 NPR/ropani.

Modelisation of the survey data

With an average of 2,5 surveys per production system, the raw survey data were used. In order to compare the production systems with each other, the net value added (NVA in NPR) is related to the cultivated area per worker (total workers).

No production system lies below the x-axis (abscissa), which means that in the surveys conducted, all farms have a NVA higher than zero, so they produce wealth (Figure 41). The squares represent 'commercial' production systems and the triangles represent 'subsistence' production systems.

All "subsistence" production systems are below the calculated survival threshold (79,000 NPR), which explains the fact that in most cases the farms corresponding to these production systems receive remittances from one or more family members who work in the city or abroad, or have a pluriactivity (blacksmith, tailor, merchant, etc). Often, this money is spent in part on daily food-related consumption because these farms do not have access to land to be self-sufficient in rice for a year. The rice consumed comes from outside the valley. Also, it can be seen that farms that practice sharecropping and therefore give 50% of the field's production to the owner lose a great deal of farmer income, which is often on rice production, which is essential for daily life. Access to land is therefore also a limiting factor in the annual rice selfsufficiency of households in this rural area. Also, owning a small herd of goats or having a buffalo for meat or a cow/buffalo for milk, allows these small farms to have an additional income and a source of protein.

Among the "commercial" production systems, some are below the survival threshold. There is the farming system based on the sale of cardamom. This low wealth can be explained by the fact that, unlike in 2017 when the price of cardamom was around 2000 NPR/kg, in 2020 the price of cardamom dropped drastically, reaching a price of 600 to 700 NPR/kg. As the price fluctuates and decreases from year to year, cardamom growers are gradually abandoning this crop, despite the fact that the government has supported it with the creation of pocket areas. Also about the cardamom producers, a group seems to emerge but one point is at very high VER and IF. This can be explained by the fact that this producer buys cardamom plants in Banepa and resells them in the villages. In addition, he is a cardamom collector, i.e. he buys cardamom from producers in the area and sells it in Kathmandu. By doing so, he increases his bargaining power and the value of the spice.

The potato producers, who unfortunately were not interviewed much due to lack of time, seem to be generating wealth, but this does not allow them to exceed the survival threshold. Like cardamom, the Bhotang potato has been part of a pocket area since 2017. However, the sale of potatoes is mainly within the wards and there is little or no marketing outside the valley where the price could perhaps be higher in the cities and generate more wealth for the producers. In addition, some of the crop is often thrown away due to bad storage from one year to the next (lack of knowledge, resources). Also, commercial potato producers are often also involved in a non-agricultural activity, in particular tourism, as Bhotang is on the trekking path to Panchpokhari. About vegetable farming, the areas used for this crop are often small and do not generate much wealth. Moreover, marketing channels for this type of product are almost non-existent. In general, producers sell directly on the farm when consumers come. In some cases, small restaurants in the villages buy a small part of the production from them, but this is not regular. As a result, these producers are not encouraged to increase their production for fear of ending up with unsold production to be thrown away, as was the case last year (the tomatoes were given to livestock).

Among the two pig farms surveyed, one seems to have a small surface area and little income, which can be explained by the fact that this farm is small (about ten pigs) and run by a group of five people who have an additional activity (blacksmith or butcher).

The farming systems above the survival threshold are mainly those with a dominant livestock system (Broiler chicken, pig farming, goat farming). Practices related to the consumption of animal products have been changing over the past decade, with people consuming more meat of all kinds, depending on their caste. Moreover, these are mostly off-ground farms, so they do not require a lot of space to install the shelter and therefore this breeding is not at the expense of self-consumed crops.

1. Cardamom: a cash crop that needs to yield more than rice to be profitable The objective of the cash crop is to sell the produce and make a greater profit than a crop for selfconsumption would bring. As explained earlier, farmers who plant cardamom convert land initially cultivated with irrigated rice into cardamom field. Over the past two years, the price of cardamom has fallen sharply from 2000 NPR/kg (14€) to NPR 600 NPR/kg (4,3€). We can then ask ourselves : at what price does cardamom become financially interesting for the farmer, knowing that it is grown at the expense of self-consuming rice ? To answer to this question, we have different information to take into account :

-The wealth (GVA) created by one ropani of irrigated rice is NPR 8,900/ropani. During 11 years (3 years waiting for the cardamom production and 8 in production), the GVA is around 97,900 NPR/ropani. -The first harvest for cardamome is possible in the third year and is optimal around 8 to 10 years. -The cardamom average yield is 20 kg per ropani. During 8 years, the production will be 160 kg.

So, it means that the price of the cardamom has to be more than 611 NPR/kg. It means that the current price given to farmers for cardamome is not enough, so the risk might be that the farmers give up this cash crop and go back to subsistence crops (rice, wheat). Also to reach the survival threshold (NPR 79,000/asset) with only cardamom and with a price of NPR 2,000/kg, one farmer would need at least 2 ropani in cardamom (which is possible in the study area).

The cardamom sector is therefore not yet fully developed despite support from the state and nongovernmental organisations in previous years. It would therefore be interesting to work on the bargaining power of cardamom producers, to work on marketing channels in order to avoid excessive fluctuations in the price of this crop, and also on the promotion of a crop without chemical inputs, since farmers only use mulch and Nepalese alder leaves to renew fertility and avoid pests.

2. New improved cereal varieties adapted to the area to increase self-sufficiency Among the farms surveyed, households have enough rice for 6 months by using improved seeds to 12 months of the year by using hybrid seeds. So, not every farm is self-sufficient in rice. However, there are two main limiting factors for increased rice production : the available khet and the labour force in the study area. One of the possible solutions could be to introduce new improved varieties, adapted to the area, by taking in account the climate change and depending on the soil conditions, water availability and altitude in order to obtain better yields but at the same time, trying to preserve the "local varieties". The Nepal Agricultural Research Council (NARC) seems to have an expertise in this field.

It is important to keep in mind that the majority of farms in the area are subsistence farmers, and the productions are therefore not sold. It is important to keep this semi-autonomous food supply, as it should not be forgotten that this area of middle mountains becomes inaccessible four months of the year, during the rainy season. Moreover, the rice grown in the area seems to be important on different points :

-Social : the cultivation of rice involves the exchange of labour (parma) and constitutes a convivial and important moment of the year (one day is even dedicated to it). Also, the rice is a sacred product in the Nepalese culture ; -Environmental : terrace cultivation reduces the risk of erosion; -Economic : it is a crop that is consumed on a daily basis, which means that the population is less dependent on external markets. It should be remembered that in 2016, India closed its border with Nepal, considerably reducing trade21 . Furthermore, compared to the national or district yields, some of the crop yields in the area are below the others (table x), i.e. wheat, maize and paddy. Finger-millet 1,1 1,3 1,9

3. Introduction of new varieties of fodder and forage to improve livestock feed Many farms do not have access to enough labour to afford to go very far to collect fodder for the animals. It would therefore be great to introduce new fodder varieties with high nitrogen content and available all year round by complementing the dry season/rainy season. They could be grown on the edge of the terraces to limit travel time.

In addition, it is important to maintain livestock in this area in order to renew fertility, especially with such intensive systems. To this end, work on improving the rations given to the animals could be carried out and made available in the future information centre (future TGH project activity).

Support the agroecological practices of the area

Being a landlocked area due to its location in the middle mountains, agriculture has not undergone a real green revolution as is commonly known with the introduction of hybrid varieties, motor mechanization, chemical fertilizers and pesticides. Apart from urea for maize and sometimes rice, and hybrid seeds for rice in Thangpaldhap, the practices of farmers in the area are close to agroecology, with animal traction, fertilization by manure, manual work, homemade biopesticides, etc. It is therefore important to support these initiatives. The future model (and organic) farm can play a role in the dissemination of practices that respect the environment and the individual.

5. Vegetable and potato farming : interesting activities that require technical support and structuring of the sector Even though the farms surveyed for the farming systems producing potatoes and vegetables for sale, it seems that both productions are interesting, first of all to reduce the imports of vegetables and potatoes coming from the south of the country (Terai) which are known for their high pesticide content. In addition, the vegetables would allow a diversification of the diet of the populations of the area, improving the food security of households.

Ensuring good storage of these products, some of which can be preserved over time (especially potatoes), would be a good prospect for the future, whether for consumption or for replanting in subsequent years. Some households process leafy vegetables, drying them for consumption during the winter by rehydrating them (called gundruk). It would be interesting to improve this process or to discover new ones. For example, last year large quantities of unsold tomatoes were fed to livestock, instead perhaps processing to preserve them would have been possible. With storage, the theme of the packaging and the grading of the production could be really interesting if the productions can be sold outside the valley, it can bring an added value on the market.

Land issue for the low caste

Because of the sharecropping system practised in the area, with 50% of the harvest given to the landowner, the sharecroppers (often Dalit) have a low capacity for capital accumulation. A credit system or the income-generating activity set up by ARSOW-TGH seems relevant. Investments in agriculture could be made such as the purchase of small livestock such as goats which provide a regular income with the sale of kids (all year round and especially during Dasai). And in the long term, a plea for land reform for the smallest/disadvantaged, perhaps?

Improved access to markets

The development of commercial farming indicates that this trend will increase in the coming years.

Market access should therefore be improved as local populations will not be able to "absorb" all the production. However, competition in neighbouring districts is strong because production is higher due to better climatic conditions. Supporting collective action and relying on agricultural cooperatives can be useful.

According to farmers, there are other main challenges in agriculture for the future. First, there is a big issue with the increasing number of monkeys, wild boars and porcupines that destroy a big part of agricultural production. In addition to animal pests, there are also new type of insect pests because they use new varieties of cereals. They also mentioned climate change with disruption of rainfall which can have negative impacts on crop yields.

CONCLUSION

In the last seventy years, agriculture in this landlocked middle mountain area has undergone significant changes, such as widespread schooling and the nationalization of forests. However, this pace of change has really accelerated with the construction of the road, opening up the Thangpal Valley to the rest of Nepal fifteen years ago. From there, electricity, improved seeds in order to increase the yield, rice from the rest of the country, appeared in the region.

A few years later, the beginnings of commercial agriculture are visible. Nevertheless, a majority of the population is still based on subsistence agriculture, with few chemical inputs and the use of animal traction for tilling the soil, which explains the yields that are often below the national yield. At the same time, due to a decrease in labor and the reduction of the surface area per worker, we are witnessing intensification, e.g. finger millet transplanted into maize field , or the very few existing crop rotations. Other farms are even disadvantaged in terms of access to land, due to their inheritance and/or their caste affiliation (Dalit). These farms, which can be described as subsistence farming systems, are often dependent on remittances sent by a family member who works in large Nepalese cities or abroad (particularly in the Gulf countries).

Some farmers invest this money in commercial agriculture, either animal (pig, goat and poultry farming) or vegetable (cardamom, potato, market gardening). This seems to increase agricultural incomes considerably, so these sectors seem to be worth supporting in the future, in addition to the interest shown in small farmers.

In the future, it will also be important and crucial to take into account global warming in the development of activities related to livelihoods because this phenomenon that affects the entire planet will inevitably have an impact on crops, source of food for all farmers in the valley.

Ethnic groups

Brahmin : population of Indo-Nepalese origin, they belong to the highest Hindu castes, they are mainly priests and teachers.

Chhetri : population of Indo-Nepalese origin, they also belong to the high Hindu castes, they are mainly administrators, governors and military elites. Damai : population of Indo-Nepalese origin, they are part of the untouchables of the caste system, they are mostly tailors. Kami : population of Indo-Nepalese origin, they are mainly blacksmiths. Newar : population of Tibetan origin, they are mainly farmers, shopkeepers and craftsmen. Sarki : population of Indo-Nepalese origin, also known as "Hill Dalit", they are part of the untouchables of the caste system, they are mostly leather workers.

Tamang : population of Tibetan origin, major population of the study area. 
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 4 Figure 4 -Phases of the Integrated Global Reconstruction Programme (IGRP) in the Rural Municipality of Panchpokari Thangpal set up by TGH and ARSOW-Nepal since 2015
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 5 Figure 5 -TGH needs link to the Integrated Global Reconstruction Project (IGRP) in Nepal
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 6 Figure 6 -Map of Nepal and its province (in grey), with a highlight on the study area district 3.3 Methodology : the agrarian diagnosis to better understand the diversity of farms
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 8 Figure 8 -Location of the study area on topographic profile north/sud of Himalaya chain (source : J. Smadja, 2003, adapted from Ramsay, 1986)

Figure 9 -

 9 Figure 9 -Map of the study area with altitude and hydrology (main rivers)

Figure 11 -

 11 Figure 11 -Ombrothermic diagram for Thangpaldhap ward (1200 m above sea level) 1.7 The impact of earthquakes on the diversity of houses

Figure 12 -

 12 Figure 12 -Irrigated terraces in Thangpalkot grown in rice (July 2021)

Figure 13 -

 13 Figure 13 -Cardamom under Nepalese alder between Thangpalkot and Thangpaldhap (May 2021)

Figure 14 -

 14 Figure 14 -Uncultivated area due to the presence of big stones in Thangpalkot

Figure 15 -

 15 Figure 15 -Rainfed terraces in Thangpalkot grow in maize and finger-millet (June 2021)

Figure 16 -

 16 Figure 16 -Barren lands in the background with maize and finger-millet in the foreground (Thangpalkot) (June 2021)

Figure 17 -

 17 Figure 17 -High altitude pasture lands with an animal shelter (goth) on the left (July 2021 on the way to Panchpokhari)

Figure 18 -

 18 Figure 18 -Location of the different agro-ecological units in the study area

Figure 21 -

 21 Figure 21 -An agrarian system based on a transfer of fertility from the forest ecosystem and the trees in the cultivated area[START_REF] Duplan | Diagnostic agro-économique d'une petite région de moyenne montagne au Népal : cas du Village Development Committee de Jubing[END_REF] 

Figure 22 -

 22 Figure 22 -From left to right : one man is tilling the land with oxen, two men are making the ridges, four women are transplanting the paddy and one woman is planting soybean on the ridge (June 2021)

Figure 23 -

 23 Figure 23 -Rice husk removing machine (on the left) and rice bran removing machine (on the right) (September 2021)

Figure 24 -

 24 Figure 24 -By-product of the rice plant (source : Rice Knowledge Bank)

Beating 3

 3 Beat by hand or with a stick, on a flat stone per ropani = 100 € GVA per hectare = 727 € Labour = 35 person/day Labour productivity = 2,83 € *Person-day (1 p-d = 6 hours of work) 1.1.3 CS | Rice/Wheat/Rice/Maize on two years (1100 m -1800 m)

Finger

  By 1 pair of oxen, on dry soil with swing plough + addition of Seed are put one by one in the furrow of the swing plough 1st maize weeding 3 Weeding + harvest of young maize (fodder) On dry soil, 40 m² for 1 ropani. Seeds are broadcast and cover with straws or leaves Finger-millet bundles 4 One day before transplanting, women make FM bundles

Figure 27 -

 27 Figure 27 -Tomatoes under greenhouse in Gunsakot

Figure 28 -

 28 Figure 28 -GVA/ropani by cropping systems

Figure 30 -

 30 Figure 30 -Commercial goat farming in Thangpaldhap (School tole on the left and Lapse tole on the right)

Figure 31 -

 31 Figure 31 -Goats in their elevated hut (Thangpaldhap) (July 2021)

Figure 32 -

 32 Figure 32 -Ox in Gunsakot, recognizable by the hump that carries the shoulder yoke (left picture) and a farmer with a swing plough in Gunsakot (right picture)

Figure 35 -

 35 Figure 35 -Traditional beehive in Syale, Thangpaldhap (July 2021) 2.6 Economic comparison of the livestock systems

Figure 37 -

 37 Figure 37 -Distillation set-up for rakshi production (drawing by Duplan, 2011)3.2 TS | Water millThe water mills are located near the river and the concrete irrigation channels. They are privately owned and their use is paid for or based on the donation of a portion of the milled grain (about 10%). The mill uses the power of the water current and the grain is poured through a funnel into a hole in the mobile millstone which works against a fixed millstone. Most of the cereals are processed into flour before being used in food. These flours are used to make patties (chapatti), fritters (cel roti) or dhido (cooked mixture of flour and water). Cereals are also fed to animals in the form of flour.

Figure 38 -

 38 Figure 38 -Water mill in Thangpalkot, next to the Hadi Khola river (April 2021) 3.3 TS | Camphor oil (Cinnamomum glanduliferum) Camphor branches (Cinnamomum glanduliferum) are cut from forests at altitudes between 1900 and 2500 m and carried on human backs. They are part of the family of the Non-Timber Forest Products (NTFPs). a collection of biological resources derived from both natural and managed forests and other

Figure 39 -

 39 Figure 39 -Camphor essential oil set-up in Nagidada (September 2021)
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  In 1950, King Tribhuvan managed to appoint a non-Rana Prime Minister. Then, a draft constitution was drawn up instituting a representative form of government, based on a British model. In 1951, Nepal finally opened up to foreigners. In early 1959, King Mahendra promulgated the new constitution, and the first democratic parliamentary elections were held. The Nepali Congress Party, a moderate socialist party, won the elections by a wide margin. After several democratic failures, a Maoist-inspired Nepalese civil war was declared in 1996 with the declared aim of abolishing the monarchy, which was described as corrupt, and establishing a communist regime that would express itself through a "people's democracy". It lasted ten years and killed many people.

Ten years later, in 2006, Parliament unanimously passed a historic proclamation stripping King Gyanendra of most of his powers. The proclamation stipulates that Parliament is the supreme authority of the country. The country's official name was changed from 'Kingdom of Nepal' to 'State of Nepal'. Two years later, in 2008, the monarchy was completely abolished and an assembly was set up to draft a new constitution, making Nepal a 'federal, democratic and republican' state. 1.3 A societal organisation based on caste systems 4

Table 1 -

 1 Surface area and population density of the study area (data sources : TGH 2019 end-line-survey and QGIS data)

		Bhotang	Thangpalkot	Gunsakot	Thangpaldhap Total
	Total surface (km²)	28,6	21,8	24,2	13,8	88,4
	UAA 9 (km²)	5	6,8	5,7	5,7	23,2
	% UAA/total surface	17,5	31,2	23,5	41,3	26,2
	Inhabitants	4328	3629	3156	4711	15824
	Households	857	750	614	1113	3334
	Inhabitants/total	151	166	130	341	179
	surface (inhb/km²)					
	Inhabitants/km² UAA	865,6	533,7	553,68	826,5	682

A majority of the population is buddhist (69,53%), a quarter is hinduist (27,89%

Table 2 -

 2 Main casts/ethnic groups found in the study area (based on data from Sindhupalchok Census 2011) Differences of altitude may explain the different ecological levels

		Bhotang	Thangpalkot	Gunsakot	Thangpaldhap
		Tamang (96,2%)	Tamang (39%)	Tamang (95%)	Tamang (34,8%)
		Kari (2,7%)	Hyolmo (29%)	Newar (1,7%)	Chhetri (27,9%)
	Main	Bhote (Tibetan)	Chhetri (17,6%)	Kami (2,6%)	Newar (8,4%)
	casts/ethnic	(1,11%)	Newar (4%)	Others	Brahmin(7,5%)
	groups	Chhetri (0,5%)	Others (Kami,		Sarki (7,4%)
		Others	Brahmin, Damai,		Sanyasi (7,4%)
			Sanyasi)		Others
	1.2				

Table 3 -

 3 Local and improved breeds present in the study area

Local breeds with low productivity, small size Improved breed used for breeding, more productive and adapted to the area

  

	Buffalo	Lime, Parkote	Murra (curled horns)
	Goat	Khari	Jamunapari (long ears), Boer
	Cow	Pahari	Jersey, Holstein, Red Sindhi
	Pig	Chwachey, Dampudkey	Hampshire, Yorkshire

Table 4 -

 4 Crop rotation depending on the cultivated land (khet or bari)

	Irrigated area (khet)	Rainfed area (bari)
	Rice/Fallow/Rice	Maize + finger-millet/Fallow
	-1100 m -1300 m (Thangpaldhap)	
	-1500 m -1800 m (Thangpalkot,	
	Gunsakot and down parts of Bhotang)	
	Rice/Wheat -Mustard/Rice	Potato/Fallow/Potato
	Rice/Potato/Rice	Maize + potato/Fallow
	Rice/Wheat/Rice/Maize	Maize/Wheat 15
	Cardamom under Nepalese alder	Maize + potato/Wheat (mainly in Bhotang) 16
	Market gardening : tomato, cauliflower, chili, rapeseed, raddish, bitter gourd, cabbage, onion, garlic,
	turmeric, ginger	
	1.1 Irrigated terraces called khet	

Table 5 -

 5 Types of paiement used for the rice mill

		300 NPR (2,15€)
	For 1 muri of paddy (60 kg)	4 -6

mana of rice (2,25 kg) = 180 NPR (1,3€)

  

	Total husk (32 kg) and bran (3 kg)

Table 6 -

 6 Comparison of the characteristic between improved and hybrid rice varieties in the area

		Improved rice variety	Hybrid rice variety
	Seeds	3 kg	0,5 kg
	Urea	5 kg	7 kg
	Potasse	0	0,75 kg
	FYM	25 doko	25 doko
	Paddy yield	100 kg/ropani	312 kg/ropani
	Work (person/day)	25 p-d	22,5 p-d

Same crop sequence management as Rice/Fallow cropping system

  

				1	2	1	2
	Paddy	100 kg	10,000	
	Wheat	100 kg	6,000	
	First tillage		375		By oxen
	Second tillage		375		Oxen
	Sowing (broadcasting)	2 kg	120		1*
	Weeding		1	Weeding is not really necessary
	Harvest			5 Wheat is cut, dry 2 days in the field

Table 11 -

 11 Pests found in the study area on rice, maize, finger-millet and potato crops

Table 12 -

 12 Economic modelling for 5 mother goats (subsistence goat farming)

	Product	Quantity/year	Unit price (NPR)	Gross product (NPR)
	Gross Product			
	Male goat [6 months -1 year]	5	15,000	75,000
	Culled female [6 -7 years]	0,14	6,000	840
	Intermediate consumptions			
	Maize/finger-millet/wheat flour	216 kg	60	12,960
	(pitho)			
	Salt	36 kg	25	900
	GVA = 75,840 -13,860 = 61,980 NPR/year	

Table 13 -

 13 Economic modelling for 15 mother goats and one male for breeding (commercial goat farming)

	Product	Quantity/year	Unit price (NPR)	Gross product (NPR)
	Gross Product			
	Male goat [6 months -1 year]	22,5	15,000 -20,000	393,750
	Female goat [1 year]		(17,500)	
	Culled female [6 -7 years]	3	6,000	18,000
	Goat manure (bag of 50 kg)	50	400	20,000
	Breeding	30	300	9,000
	Intermediate consumptions			
	Rice bran	48 bags	1,550	74,400
	Maize/finger-millet/wheat flour	700 kg	60	42,000
	(pitho)			
	Concentrate ('Dana')	3 bags (50 kg)	3,000	9,000
	Vitamins	20 L	1,500	30,000
	Salt	365 kg	25	9,125
	GVA = 440,750 -164,525 = 276,	

225 NPR/year For commercial goat breeding, the gross added value is 276,225 NPR per year versus 61,980 NPR for subsistence goat breeding.

  

Table 14 -

 14 Economic modelling for two oxen

	Product	Quantity/year	Unit price (NPR)	Gross product (NPR)
	Gross Product			
	Tillage day	50	1500	75,000
	Intermediate consumptions			
	Maize flour	5 muri	3,000	15,000
	Millet flour	4 muri	3,000	12,000
	Salt	65 kg	25	1,625
	Metal ploughshare (phali)	3	2,500	7,500
	Shoulder yoke (juwa)	1	1,000	1,000
	GVA = 75,000 -31,125 =		

43,875 NPR/year For oxen breeding, the gross added value is 43,875 NPR per year.

  

Table 15 -

 15 Economic modelling for one cow with a calf

	Product	Quantity/year	Price (NPR)	Gross product (NPR)
	Gross Product			
	Milk	250	100	25,000
	Bull (2 years)	0,25	12,000	3000
	Intermediate consumptions			
	Breeding	1	1,000	1,000
	Flour (pitho) (kg)	162	60	9,720
	Salt (kg)	54	25	1,350
	GVA = 28,000 -12,070 = 15,930 NPR/year	

Table 16 -

 16 Economic modelling for Broiler chicken farming (2000 chickens per year)

	Product	Quantity/year	Price (NPR)	Gross product (NPR)
	Gross Product			
	Broiler chicken	2,000	1,200	2,400,000
	Chicken manure (50 kg bag)	50	250	12,500
	Intermediate consumptions			
	Chicks (2 -3 days)	2,000	70	140,000
	Chick transport	4	6,000	24,000
	Concentrate ('Dana')			
	1 -14 days	20	3,400	6,800
	15 -28 days	32	3,200	102,400
	28 days +	40	3,200	128,000
	Vitamins	1	1,900	1,900
	Plastic for shelter	1	4,000	4,000
	Dead chickens (5%)	100	1,200	120,000
	Rice husk (50 kg bag)	60	70	4,200
	GVA = 2,412,500 -531,300 = 1		

,881,500 NPR/year A

  feeding entirely based on the purchase of concentrates Intermediate consumption corresponds to the feed for broilers. The farmers feed the broilers with concentrates (which they call 'Dana'). The 50 kg bags are bought in Banepa or Kathmandu. Depending on the age of the chickens, the type of 'Dana' used changes.

Table 17 -

 17 Economic modelling for pig-fattening (subsistence farming = 2 pigs/year)

	Product	Quantity/year	Price (NPR)	Gross product (NPR)
	Gross Product			
	Pig (7 to 8 months)	2	17,000	34,000
	Intermediate consumptions			
	Piglet (1 month)	2	6,000	14,000
	Duto (mix of grains) (kg)	-	45	
	GVA = 50,000 -14,000 -990 = 35,010 NPR/year	

Table 19 -

 19 Comparison of the yields (national, district and study area) in 2018 -2021

	Cereals	National yield (Mt/ha)	Yield in Sindhupalchok	Yield in the study area
			district (Mt/ha)	(Mt/ha)
	Wheat	2,8	1,1	1,6
	Maize	2,8	2,8	1,8
	Paddy	3,7	2,8	Improved : 2,3
				Hybrid : 5

  khurpa short handled cutting tool with a flat blade used for digging soil and weeding in small gardens or vegetable farms kodāli large hoe (an iron blade fitted to a wooden handle with which it makes an acute angle) kodālo hoe (tool for scraping the soil for weeding or potato harvesting, also used to break up clods or close a furrow during sowing)

	lasun	garlic
	mula	radish
	mulā	radish
	pharsi	pumpkin
	pyaj	(big) onion
	rāyo	mustard
	rāyo sāg/paalungo koma	spinach tool in the form of a curved blade for scraping the ground
	titepati kukhuri	mugwort (Artemisia vulgaris) knife
	nanglo	round woven bamboo tray used to separate grain from bran
	Pests dadhe	harrow
	salah Forest	locust
	Lexicon Nepali -English (based on Duplan, 2011) ayurbed medicinal plants Livestock chyāu mushroom
	bākhrā Agriculture (krishi) andā dāurā	goat egg firewood
	ālu bhale Water	potatoes cock/rooster
	bāri bhatmās chamal bhuighā chauri kulo chhurpi paani	dry crop fields soja rice (ready to be cook) grass water channel hybrid resulting from the crossing of a male Yak and a female cow cheese made with Yak milk water
	dhān gahu dahi dudha Clothes (tailoring)	rice (paddy) wheat curds milk
	ghaiyā dhān jau kodo khet lekh mās gāi ghiu topi goth cholo kharāyo daura mauri kurtha mauriko cākā bhoto	rainfed rice barley eleusine/finger millet irrigated cultivation terraces upper part of the cultivated slope near the forest lentil cow hat worn by men butter traditional woman's blouse mobile shelter for animals found in the field traditional male dress rabbit bee beehive baby clothes
	māto makaï mol/mala sungur Religion/Social links	soil maize manure pig
	parāl adhiyā	rice straw 50% sharecropping contract (half of the production goes to the
	phāpar Agricultural equipment owner), animal confinement (50% of newborns go to the owner) buckwheat
	pindālu simi tori tori pina bancharo Panchayat dhiki Mahendra doko parma uwa gelvi/galpi ghatta Food	taro bean mustard village assembly, a system introduced in the early 1960s by King axe cereals beater support group (informal exchange of work) bamboo hood mustard cattle cake bare barley flail (used to thresh wheat and barley) water mill (cereals transformation)
	Market gardening (saagpaat) chapi chiple bheendee halo hasiya chang dal bhat reaping, grain crops or cutting succulent forage chiefly for feeding livestock) onion (little) ard plough local beer brew from maize, barley, rice or finger-millet sickle (tool with curved blades and typically used for harvesting, or eating morning and evening by people in the villages, meal with steam rice, lentils soup and curry vegetables lady fingers dhaniya coriander gaajar carrot golbhedaa jāto dhindo meal prepared by gradually adding flour (maize, finger-millet, wheat, grinder for cereals juwā buckwheat) to boiling water while stirring yoke (hitch for oxen) rakshi alcohol obtained by distillation of cereals (maize, barley, wheat, tomato gundruk finger millet, rice) dry vegetables iskus chayotte roti bread
	kauli	cauliflower

wikipedia: History of Nepal

Organisation de la société népalaise

We consider that one person-day corresponds to 6 hours of work per day.

The Thangpal Rural Municipality covers an area of approximately 187 km². The study area represents 47% of the RM.

Utilised Agricultural Area : total area taken up by arable land, permanent grassland, permanent crops and kitchen gardens used by the holding, regardless of the type of tenure or of whether it is used as a part of common land.

Metres above mean sea level

Data CRU Time series v4.04 from https://climatecharts.net/. The weather station is located in the village of Thangpaldhap, at an altitude of

m (http://dhm.gov.np/meteorological-station/).

In 2021, only three are left.

Unfortunately, census in Nepal are quite new, it is impossible to confirm this evolution with numbers.

Prime Minister Agriculture Modernization Project

Not described because of a lack of time

Not described because of a lack of time

Figure 26 -Maize cobs drying on the beam of the house (September 2021)

https://www.courrierinternational.com/revue-de-presse/asie-le-nepal-sort-extenue-de-cinq-mois-de-blocus
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Double weeding in maize : Baisakh (mid-April) and Jestha (mid-May)

Mid-April, one first weeding is done in the maize field, during this operation, farmers cut young maize plants of about 45 days old. This fodder is intended to be fed to the animals. It represents 10% of the maize planted. Mid-May, a second weeding of the maize is done, urea is applied to the feet of the maize plant by plant (about 5 kg for one ropani). Again, some maize plants are cut for fodder and also for green maize (eaten in fire), it represents 5%.

Millet nursery : end of Jestha (beginning of June) At the beginning of June (beginning of the rainy season), the millet nursery is made on dry soil. For one ropani of millet, 40 m² of nursery are required, 2 dokos of FYM and 0,5 kg of seeds from the past harvest. The seeds are covered with dry leaves or straws to protect them from the birds and heavy rainfalls. Three local varieties are used in the area : Dalle-1, Rato kodo (red finger-millet) and Seto kodo (white finger-millet). Tillage is usually done by hand, with a kodalo, as the areas under millet are smaller than those under rice. At the same time, some green maize is again harvested (15%).

Millet transplanting : Shrawan (beginning of July)

Three weeks to one month after making the nursery, finger-millet is transplanted. Men dig the land with their kodalo to loosen the soil and make the transplanting easier, and women transplant the seedlings one by one (20 cm between each).

Harvest of the maize and weeding of the finger-millet : Bhadra (mid-August to beginning of September)

The maize is harvested from mid-August to early September, at the same time as the millet is weeded. The amount of maize is only 70% of the amount planted, due to the green maize and fodder harvests in the previous months. The cobs are collected, put in the dokos and brought to the household. They are then hung to dry on the roof beams of the houses (Figure 26). On average, maize yield is 2 muri per ropani, i.e. 2,5 Mt/ha. The stovers are not cut directly, they are left to dry before harvest. They will be used as bedding for the animals' shelter. During this harvest, farmers take the opportunity to weed the millet. This step is done by hand by the women.

The wealth produced by hybrid rice is 3,3 times greater than with improved rice (Table 7). It is also necessary to take into account the altitude. Indeed, the hybrid varieties in the area are mostly grown at an altitude of about 1100 m. If this crop is grown towards Thangpalkot or Gunsakot (1700 m), yields will tend to decrease (same reasoning with improved varieties). Harvest of the finger-millet : Kartik (mid-October) Finger-millet is harvested during October. The seeds are obtained by beating with a stick and the straws are cut with one hasiya and dried. These straws are used to feed the livestock, during one or two months (especially during the dry season, from October to May when the grass is less available).

On average, the finger-millet yield is about 1,2 muri per ropani, i.e. 1,6 Mt/ha.

CS | Maize + potato

In Bhotang, at higher altitudes (>1800 m), there is a maize/potato combination in the bari. We have not had the time to study this farming system, but the literature suggests that there is some interest in this combination. Indeed, the two species have root systems that exploit different horizons : potatoes have shallow roots (rooting up to 30 cm) whereas maize grows up to 90 cm deep. Moreover, the maize brings shade and cools the soil, benefiting the potato [START_REF] Bishwakarma | Maize (Zea mays) in the Eastern Hills of Nepal[END_REF]. According to [START_REF] Duplan | Diagnostic agro-économique d'une petite région de moyenne montagne au Népal : cas du Village Development Committee de Jubing[END_REF], although they are sown at the same time, maize and potato have different time requirements due to their different development cycles. Also, the cultivation of potatoes at the foot of the maize allows for soil coverage, limiting weeds and the spread of diseases.

Survival threshold

The survival threshold is the threshold below which the farmer's income can no longer meet his basic needs and those for whom he is responsible. These needs are food, health, education and clothing. For the calculation of the survival threshold, the quantity values were borrowed from the Duplan report [START_REF] Duplan | Diagnostic agro-économique d'une petite région de moyenne montagne au Népal : cas du Village Development Committee de Jubing[END_REF], except for meat ( Table 18). The calculation is therefore made for a theoretical family of six people comprising two adults, three children (one of whom is over 12 years old) and one person over the age of 65, i.e. 2,6 active people. The survival threshold is 79,209 NPR (561€) per year for an active person with more than one inactive person in their care. It is equivalent to 1,61€ (it corresponds to the poverty threshold defined by the World Bank). 

Analysis of the economic results

Surface units

1 ropani = 16 aana = 509 m² = 0,05 ha 16 aana = 1 ropani

Nepalese calendar

Bickram Sambat era = christian era + 57 years. In 2021 in France, we are in 2078 in Nepal.

Dasaï : this festival, of Hindu origin, lasts three days and begins on the eighth day of the clear fortnight of Ashoj (September -October). On the first day (astami), buffaloes and goats are sacrificed in honour of Nau Durga Bhawan.

Administrative units

Nepal is a federal republic comprising seven (7) provinces : Province No. We are doing a study about the different types of farms that we can find in four wards of Sindhupalchok district : Gunsakot, Thangpalkot, Thangpaldhap and Bothang. This study could be used to develop new interventions, but it also aims to have an agriculture mapping of the area.

Currently, we try to understand changes in agriculture during the last 50 years in the area.

The survey will deal with different subjects: crops, livestock, irrigation, equipment, public policies, infrastructures… Due to Covid-19 restrictions, this interview will be on the phone and it will last about one hour, but it could be less if you are not available.

I thank you for your time and if you have any questions, do not hesitate during the interview.

Instruction for interview

Things written in italics / (in brackets) give you an idea of the expected answers.

You can try to make one or two interviews and we can adjust/add questions or discuss about them.

It is important to write all the things that the interviewer says and avoid making interpretations. Also, keep the original sheets where you wrote the interview. 

About the farmer

• What is your name and how old are you ?

• Since how many years are you a farmer ? Your parents were also farmers ? In the same location or in a different farm?

Village history

• Can you tell me about the history of your village ? For example, when the village was created ? Why at this location ? • What castes were there at the time ? Are they still the same today ? (Tamang, Chhetree,...) • Can you remember when electricity came into your village (in which year) ?

• Also, when roads were built from the nearest town (Melamchi i.e) to your village ?

• What impacts did these events have on the village ? On agriculture ?

Crops

• What crops were growing in your parents' farm / when you were young / in the area ?

• What crops can we find nowadays ?

• Why has this changed ? (introduction of new seeds, arrival of new people,...)

Forest/Wooden resources • In your parents' time, where did you get wood for heating, cooking, etc?

• Is there a difference today?

• What is the purpose of the trees on the edge of the terraces? How long have they been part of the landscape? 

Conclusion

Are there any other major events or factors in the evolution of agriculture that we have not talked about ?

Complementary questions for agrarian history part

Katmandu is still under lockdown until 14th June for the moment, if it is possible for you, you will have to go back and talk to the farmers you have interviewed for the last two weeks.

Objective : Understand how and why the farms of the people you interviewed have changed since 1950s

Now we need to go into more detail with the farmers you have already interviewed. For this, I have prepared a non-exhaustive list of questions divided into different themes. You can find them below.

•

Don't limit yourself to the questions I give you, try to bounce off the different answers ;

• Write the answers in Nepali, the translation will come in the second step and send me both versions.

If you have any questions, you can call me : +9808274012 or send an e-mail : agro.nepal@trianglegh.org

The farmer and his/her family 

Cropping system

• Make a drawing of his/her parents' land and place the different crops on it, specifying whether the crops were irrigated or not (and how), how much surface (ropani)? • Could you do the same with his/her current lands?

• Your parents grew few or no vegetables, did they eat any? Which ones and where did these vegetables come from? • Today, you grow vegetables: since when? On what surface (in ropani)? What production? Do you sell them? If so, where? What is the difference between selling cereals and vegetables? • You told me that you grew green or black grams (pulses) whereas your parents only grew cereals, how do you explain this change? When do you plant the pulses? • The irrigation channels in the area are new. What has changed in the way you farm since the canals were installed?

The abandonment of some plots (especially those of the bari type) because of pests

You mentioned predators such as monkeys or porcupines that ravage your fields.

• Can you tell me when this phenomenon began to happen?

• How long (since which year or for how many years) have the pests been destroying your crops? • Before (e.g. in your parents' time) how did you manage these pests?

Sales

• Before the construction of roads to the nearest towns, did your parents sell their production?

If so, which production(s)? • During your farming career, did you sell your production? Is this still the case? What do you buy with the money you earn?

Livestock

From what you have told me, I get the impression that your parents had more animals, especially buffaloes or cows, whereas now people tend to have only a few cows or buffaloes, goats and small poultry. How do you explain this?

• You told me that the 2015 earthquake killed a lot of livestock, but had the size of your livestock already decreased before that event? If so, by how much and for what reason(s)? • How did your parents fed the animals?

• Has this changed in the last 50 years? How has it changed? What is the reason for this (more access to pasture, more labour available to take the herd elsewhere)?

Access to land

• Why do you think some people have more land than others?

• What about the location of the plots? How were lands distributed at first ? The forest cover

• Talking to people, it seems that the forest has become denser in the last ten years. Have you planted any trees? If so, where and why? • Do you see any other reason for the increase in the number of trees? The events are numbered on this timeline, they are reported on the evolution of farming systems drawn by arrows. This makes it possible to understand which event(s) had consequences on the farming systems of the area. 

CROPPING SYSTEM

1. Tell us the detailed annual cropping calendar in your different parcels (including FALLOW LAND).

Plots :

Subdivisions and area (surface, location) Khet / Bari 

NON-TIMBER FOREST PRODUCTS (NTFP)

Do you collect NTFP ? (medicinal plants, mushrooms, honey…) ?

If yes, in which quantity ? When ? What is the price ?

LIVESTOCK SYSTEM

1. What are the main animals in your farm ? Why (religion, income, products…) ? 2. For each species : a. Breed ? Numbers ? Sex ? Age ? Animal farm type (dairy, suckling, breeding, workforce) ? b. Reproduction / breeding -How do you manage reproduction ? Where ? What is the price ? How do you choose the male ? Success in first time ? -Female age at first baby/parturition ? -Babies born per female/life or /year ? -Dead babies before the birth/during pregnancy ? -Dead babies after the birth/the weaning/before selling c. Culling (réforme) -How long do you keep each animal on the farm ? How long do you keep them productive ?

Age at culling ? -What happened to them ? Are they sell ? What is the price ? To whom ? d. Replacement / turnover -When you want a new animal, do you breed it or buy it ? (price, to whom, when?) -How often do you breed or buy a new animal ? e. Management of the fertility -Can you explain to me how you manage the fertility of your lands ?

→ Goth system ? → Shelter and collection of manure ? f. Products Lactation (mainly for cow in our case) How much milk produce your cow during the lactation peak ? Each day ? What is the lactation length ? Which part of your production do you keep for self-consumption ? Do you sell any dairy product (ghiu, dahi…) ? In which quantity and what is the price ? To whom ? What is your annual milk income ? Meat (mainly goat/buffalo/pig/oxen in our case) Which part of your animal production do you keep for self-consumption ? (quantity) How many do you sell in a year ? What is the price for one kg or one animal ? Who are the consumers ? What is your annual income for meat sale ? Poultry -How long do you keep your chickens ? -Which part of your poultry production do you keep for self-consumption ? -For the other, when and how much (good/bad price) do you sell them (egg or meat) ? -What is your annual income for poultry farm ? g. Feeding (for each species) -Do they graze or ramble (divaguent) ? How often ? How many times/day or in a week ? (in hours) Who cares about them ? How do you manage during the winter season ? -What is the daily ration ? -Do you cut grass ? When do you do it ? How many time/day ? What quantity ? For which animals ? Where ? Is it free ? Price ? How do you decide the quantity ?

-When you cut grass, can you cut grass everywhere or it has to be on your fields ? Same for fodder trees ? -Are there some common lands where everyone can go for pasture time or for fodder collection ? If yes, do you need to pay taxes ? When can you go ? Is there a period ? Do you have some constraints ? -Do the feeding change during the year according to the seasonal and fodder resources or the physiological stage (pregnancy, lactation…) of the animals? -Are you self-sufficient in cattle feeding? What external products do you include in the daily ration (concentrates, hay, straw, minerals, grass…) From your point of view, what are the agricultural advantages and disadvantages of the area ? Of your production system/your farm Inspired by [START_REF] André | Agriculture familiale en zone de Moyennes Montagnes : ouverture récente aux marchés et conséquences Cas de la CF* de la forêt de Kapileshor[END_REF][START_REF] Duchier | Diagnostic agraire dans les collines himalayennes (NEPAL) : Des chouxfleurs dans les[END_REF][START_REF] Duchier | Diagnostic agraire dans les collines himalayennes (NEPAL) : Des chouxfleurs dans les[END_REF]