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. INTRODUCTION

Around seven million premature deaths are
attributed to air pollution annually, including over
700,000 children™. In South Asia, air pollution
exposure is a particular problem, with 100% of
the population in India and Nepal — over 1.3 billion
people — living in regions where fine particulate

matter (PM.s) pollution exceeds the WHOM
guideline level®®, Yearly average PM.s pollution
concentrations in South Asian countries have
remained persistently high, with concentrations in
India, Nepal, and Bangladesh increasing in recent
years (see Figure 1).
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Figure 1. National population-weighted PM2.5 concentrations for West and South Asian countries between the
years 2000 to 2020. Figure was produced using PM2.5 data from van Donkelaar et al.[5] and population data
from CIESIN[6].

A major source of PM.s exposure in South Asia is
open burning of agricultural residues, particularly
during burning seasons®. Agricultural residue
burning in South Asia is also a large source of
greenhouse gas (GHG) emissions!®'". Huge
amounts of crop residues are burnt in South Asia
every year, more than in any other sub-region (see
Figure 2). In 2020, the amount of biomass dry
matter burnt per square kilometre of agricultural

Figure 3: Geography and Evolution of Crop Residue Burnin
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land in South Asia was over two times that in
North America and mainland Chinal'>'¥l. Exposure
to PMz s pollution from agricultural and forest fires
is associated with adverse health outcomes
including morbidity and mortality™*'". Preventing
agricultural residue burning in South Asia could
have a substantial human health benefit; avoiding
around 44,000-98,000 premature deaths yearly
across the sub-region®.
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Figure 2. Geography and evolution of crop residue burning.
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In addition to increasing GHG emissions and
causing adverse effects on air quality and public
health, agricultural residue burning can negatively
affect soil health, leading to a loss of soil carbon
and micro-nutrients, while adversely affecting soil
temperature, pH, moisture, and organic matter!'®.
Farmlands that have undergone repeated burning
generally have reduced soil fertility!"? and higher
erosion rates®”, requiring increased use of
fertilizer®!. However, viable no-burn alternatives
exist that can provide both environmental and
economic benefits to the farmers/®.

Implementation of modern agricultural machinery
can promote the transition to sustainable and
integrated management of agricultural residues,
for example using baler machinery to compress
and transport straw as bales for use as livestock
feed/bedding, bioenergy, mushroom substrate,
or industry material®®. Once the rice straw has
been harvested, using minimum/zero-till seeder

(e.g., Happy Seeder) can help the farmers sow
seeds in crop residue conditions, thus avoiding
the need to first clear the field by burning.

Reducing air pollution from biomass burning in
the agricultural sector in South Asia will help
countries uphold their commitment to the 2015
Paris Accords and other global conventions and
standards to tackle climate change. In addition,
agricultural emissions reductions would support
the attainment of the targets laid out in the
Sustainable  Development Goals (SDGs),
particularly SDG 1 (No Poverty) target 1.4 (poor
have equal access to appropriate new
technology), SDG 2 (Zero Hunger) target 2.4
(ensure sustainable food production systems,
SDG 12 (Responsible Consumption and
Production) target 12.2 (promote efficient use of
natural resources), and SDG 13 (Climate Action)
target 13.1 (strengthening adaptive capacity to
climate-related hazards).

Il. PROJECT BACKGROUND

A. The CSAM Regional Initiative on
Integrated Straw Management

In 2018 the Centre for Sustainable Agricultural
Mechanization (CSAM) of the United Nations
Economic and Social Commission for Asia and
the Pacific (ESCAP), with the support of ESCAP’s
Environment and Development  Division,
commenced a regional initiative to promote
mechanization-based solutions for integrated
management of crop straw residue to enable

sustainable and climate-smart agriculture. The
main objective was to identify, test and adapt
innovative agricultural equipment and machinery
for alternate uses and sustainable management
of straw residue which could reduce farmers’
inclination to openly burn this potentially valuable
resource, thereby reducing air pollution and GHG
emissions from the agricultural sector and
preserving soil health. The approach was centred
around a circular model (see Figure 3) of straw
management  within  farming communities
including use of straw for purposes such as
fertilizer, fodder, substrate for mushroom growing
and production of clean energy.
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Figure 3. Circular model of straw utilisation.

Following the launch of the regional initiative,
positive results were attained via pilot projects
implemented in China and Viet Nam in
collaboration with national partners, where
agricultural machinery was applied and optimized
to improve current practices and provide suitable
alternatives to burning straw residue that enabled
ecological and economic benefits for the farms
involved. For instance, the pilot in China
demonstrated utilisation of wheat and maize
straw as fertilizer, fodder and production of
biogas, in-place of burning, whilst increasing crop
yields, soil organic matter, and the net income of
the local farmers cooperative. The pilot project in
Viet Nam demonstrated the yield and quality
enhancement benefits from using straw to
cultivate mushrooms via an indoor method.
Moreover, India, which had already established a
large-scale national project to combat straw
burning, contributed to the initiative as a
knowledge-sharing partner and hosted a study
tour in 2019 to demonstrate related machinery
and good practices.

In 2021 the regional initiative expanded further to
build on lessons learned, with pilot sites in
Cambodia, Indonesia, and Nepal. It engaged with
the farming communities at pilot sites to first
understand their needs through baseline
assessments and workshops, then implemented

technical interventions by providing training and
agricultural machinery/equipment to the local
community and documenting the successes and
learnings in the real world.

The results of this work have shown how new
measures can be applied effectively when directly
engaging with local stakeholders to explore
contextually suitable approaches and identify
machinery that can be adapted to serve their
needs.

B. Identifying key areas for
interventions

Pinpointing where to apply these interventions
involves identifying the areas with greatest fire
activity, typically requiring a robust system to

monitor and measure burning hotspots and the
associated air pollution. ESCAP has been
undertaking work to help governments target
where interventions are critically needed which
has complemented the CSAM regional initiative.
This work uses advanced data science practices
to build a machine learning model that relies on
simple data and the moderate-resolution imaging
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spectroradiometer (MODIS) satellite images to
identify hotspots and make more accurate
predictions about policy impacts. This model has
been tested across the Asia-Pacific region, along
with an in-depth case study done hand-in-hand

with the local government in Chiang Mai, Thailand.

Combining this methodological approach with
techniques from the CSAM regional initiative can
significantly reduce the impact of air pollution by
informing farmers and decision-makers of
burning hotspots where the need for
mechanization should be prioritized to be most
relevant.

C. Pilot on Integrated straw

management in Nepal

This Brief on integrated straw management in
Nepal analyzes the results of CSAM’s pilot project
in Morang district of Nepal’s Province 1, including
findings from local surveys about farming
practices and the promotion of agricultural
mechanization-based solutions to incentivize
sustainably using straw residue as a resource.
The pilot was implemented during 2021-2023 as
part of a wider project titled ‘Enabling Sustainable
and Climate-smart Agriculture in Cambodia,
Indonesia, and Nepal Through Mechanization
Solutions for Integrated Management of Straw
Residue and Air Pollution Monitoring’ with
financial support from the China-ESCAP
Cooperation Programme (CECP) and in
partnership with Purwanchal Campus of
Tribhuvan University, Nepal.

lll. NEPAL: AGRICULTURE AND

AIR POLLUTION

Nepal, situated in South Asia, was chosen for
CSAM’s pilot project as the agricultural sector is
one of the most important sectors in terms of
employment and the national economy. Nepal’s
agricultural sector involves two thirds of the
working population and contributes around one
quarter to one third of the national GDP?. In
Nepal, paddy is the main staple crop, followed by
maize, wheat, millet, buckwheat, and barley.
Agricultural crop residues are mostly utilised as
animal feed but residue burning in the field

remains a common practice?” (see Figure 4).
Between 2 and 3 million tonnes of rice straw are
subjected to burning yearly in Nepal'®?®,
generating substantial air pollutant emissions®®
with severe implications for public health!®',
Agricultural fires can also spread from farms into
forested land®® causing further ecological and
environmental damage. Therefore, there is an
urgent need for the introduction of viable no-burn
alternatives and the immediate implementation of
agricultural mechanization-based solutions®” to
address residue burning practices in Nepal.

Figure 4. Farmers in Morang District, Nepal burning remaining paddy stubble (after combined harvester use) in
the field. Picture courtesy: Tribhuvan University, Nepal.
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A. Study Area: Morang District,
Province 1, Nepal

In Nepal, paddy makes up around half of the total
cereal crop production, with Province 1
accounting for around 23% of the total paddy
production[31]. The CSAM project established its
pilot site in Morang District, in south-eastern
Nepal in Province 1, which is the one of the main
paddy farming districts in Nepal. In 2021, Morang
District was the second largest paddy producer
of all districts in Nepal, producing 369,195 tonnes
(around 7% of Nepal’s total).

Morang District has a land area of 1,855 km2 and
is in the Outer Terai (plains) of Nepal and borders
with India to the south. Morang has a population
of 1,147,186[31] and mostly consists of rural
areas, with one metropolitan city (Biratnagar),
eight municipalities, and eight rural municipalities.
Most of Morang’s land area (over 80%) lies in the
lower tropical ecological zone with an elevation of

IV. CASE STUDY:

under 300 m above sea level[32].

In Nepal’s Terai region, increasing food demand
has driven a recent increase in mechanization of
agricultural processes, replacing more traditional
methods. This mechanization provides multiple
potential benefits to the farmers like increased
production and decreased need for labour, but
also some unintended consequences.
Mechanized harvesting using machinery such as
combine harvesters leaves longer stalks in the
fields than manual harvesting methods[27]. With
straw strewn around the field, collection becomes
more challenging[33], which is compounded by
an increased shortage of agricultural labour due
to rising overseas employment and urban
migration in Nepal[34]. A general reduction in
livestock-keeping in the Terai means that options
for utilising the straw as fodder and bedding are
similarly reduced[27]. These factors combine to
drive some Nepalese farmers to burn crop
residues despite its adverse effects on air quality
and the environment, thus indicating the need for
implementation of mechanization-based
solutions and viable alternative uses of crop
residue in this region[27].

IMPLEMENTATION OF
MACHINERY IN MORANG

An agreement for implementation of the pilot
project in Nepal was signed in 2021 between
ESCAP and Purwanchal Campus, Tribhuvan
University. The project was implemented in
Morang District, Province 1, an important paddy

Output 1

farming district in Nepal where farmers lack
feasible solutions to utilise post-harvest straw.
The project aimed to deliver the following three
outputs:

Establish pilot site in Nepal for integrated management of straw residue informed by

research on air pollution and GHG emissions from the agricultural sector.
Output 2 Test and adapt improved technologies and practices for integrated management of

straw residue at pilot site.
Output 3

Enhance capacities of farming community and change agents for adopting improved

technologies and practices for integrated management of straw residue.

The key project activities are summarised below.
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A. ldentification of Pilot Site

The field and plant of Krishna Daana Udhyog
(KDU) (a local enterprise), located in Jhorahat,
Biratnagar, Morang District, was selected to be
the pilot site for in-situ and ex-situ management
of straw residue. KDU was one of the
stakeholders in this project, working in
commercial cattle farming, animal feed
production, and the making and supplying of
nutrient-rich compressed straw blocks.

B. Identifying the current farming
status in the study area

To understand the current agricultural straw uses
and management practices in the study area, a
baseline survey was conducted with 111 farmers
(19% women) in Morang District, covering seven
municipalities, two rural municipalities, and one
metropolitan city. The survey was designed to
determine the demographics of the farmers, the
agricultural conditions of the farms, and the

current straw management status.

The survey obtained a wealth of valuable
information about the farmers and the local
agricultural conditions in Morang District. In terms
of agricultural mechanization, farmers in the
surveyed area were found to be transforming
farming practices from traditional to mechanized
pattern. Tractors with tillage implements were
being used for preparing fields, and threshers and
combine harvesters had almost replaced manual
threshing.

In terms of straw management, the survey
identified that the main uses for straw post-
harvest were for animal feed (45%), animal
bedding (21%), and selling (12%). It was found
that around 26% of the participating farmers burn
the straw in the field, with the main justifications
for using this practice being insufficient time for
straw collection (32%) and lack of feasible
alternative uses (30%) (see Figure 5). Aimost all
farmers indicated awareness and concern about
the environmental impacts of straw burning.
However, a lack of knowledge about straw
valorisation left them with the only option of
burning as a fast and convenient straw
management option.

No time for  No alternative

using other method of straw that the

methods of disposal payment will
straw disposal actually be

made

17
16
7
6
4
2
1
B e

Not believing Family member Labor was not
insisted on

It was burn
inadvertently(
without
intention)

Any others
available
burning

Figure 5. Baseline survey results showing the main reasons for farmers burning paddy straw in the field.
Participants consisted of 111 farmers in the pilot project area of Morang District. Figure courtesy: Tribhuvan
University, Nepal

Statistical analysis of the survey results revealed
that straw burning was found to be related to the
harvesting method, specifically = combine
harvester usage. The use of combine harvesters
disperses the straw at random on the field,
making the residue more difficult to manage®”,
with straw collection serving to delay the

following growing seasons and increasing
economic cost (e.g., increased labour). Thus, the
farmers keep the straw needed for animal feed in
the absence of a valorisation alternative, while
burning the remainder in the field. The analysis
also found a strong link between farm location
and residue burning, indicating that in some
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locations, such as Rangeli and Sunwarshi
municipalities, high transportation costs to the
site of demand cause a lack of buyers for the
straw leading to farmers burning the excess.
Finally, the analysis found that straw burning had
no link to the educational level of the farmer,
further indicating that the key driver for straw
burning is the lack of alternative options.

C. Inception workshop

An inception workshop of the pilot project was
organized, involving a total of 59 participants from
the government, research institutes, academia
and civil society, alongside entrepreneurs,
farmers, and students. It benefited from the
participation of relevant departments of the
Government of Nepal as well as Province 1, Nepal
Agriculture Research Council, United Nations
Resident Coordinator's Office in Nepal, and other
domestic stakeholders. The workshop
highlighted the vital role of agricultural machinery
in sustainable and integrated management of
straw residue and briefed key national, provincial,
and community-level stakeholders in Nepal about
the pilot programme to enable their active

Pl

support and engagement for producing practical,
impactful outcomes suitable for the national
context. The workshop successfully motivated
participants, with 86% communicating a desire to
learn more about or apply the solutions and
practices highlighted in the event, and that they
are looking forward to taking part in more such
events in future.

D. Field trials of agricultural
equipment

Field trials for in-situ straw management were
conducted (see Figures 6,7 and 8) using
machinery such as minimum/no-till seeders
(Happy Seeder and Super Seeder) which can
plant seeds directly through standing stubble,
negating the need for the farmers to remove or
burn the straw prior to planting. Trials were also
conducted for the drum seeder, a low-cost and
smallholder-friendly solution which can enable
the crop to mature and be harvested earlier,
allowing more time for the stubble to decompose
before the next cropping cycle, thus discouraging
burning.

Figure 7. Left side control plot (traditional) & right
side (Minimum/No-till Seeder) showing earlier

maturity of the crop.

Figure 8. Drum Seeder.

(Pictures courtesy: Tribhuvan University, Nepal)
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For ex-situ management of straw residue, an
existing Total Densified Mixed Ration (DTMR)
block making machine, used for making straw
blocks for use as fodder or other purposes, was
repaired/modified and operationalized.

E. Awareness building &
demonstration sessions and
training for machinery operators

Three awareness and demonstration sessions
were organized to improve the farmers’
understanding of the consequences of straw
burning and to demonstrate improved ways of
straw management. The sessions were
conducted in parallel with the field trials, and
involved presentations and discussions on straw
burning and possible valorisation methods.
Practical demonstrations of machinery such as
minimum/no-till seeders, drum seeder, mulcher
and straw block making machine were provided.

The sessions, which reached out to 194 farmers
and change agents (27% women) were well
received by the participants as evidenced by the
results of the feedback questionnaires completed
by them. For instance, 83% agreed or strongly
agreed that the events achieved their objective of
engaging stakeholders to promote integrated
management of straw residue through
agricultural machinery. Encouragingly, the vast
majority of participants of all sessions (98%)

indicated a strong interest in taking part in more
such events in future.

In addition to the awareness sessions, training
was given to KDU staff and local operators at the
pilot site on operation and maintenance of in-situ
and ex-situ straw management machinery. The
training involved both theoretical and practical
sessions, covering introduction of the machinery,
its functions and major components, safety of the
operator and machine, and repair and
maintenance aspects. The training event was
enhanced the capacity of all participants to
implement improved technologies and practices
for integrated management of straw residue.

F. Knowledge sharing visit (India)

To support the pilot project, a multi-stakeholder
team of 7 delegates from Nepal visited India to
gain knowledge of practices of straw
management in the country. Through visits to
agricultural research Institutes and universities as
well as machinery manufacturers, the visiting
team identified suitable agricultural machinery for
in-situ straw management for the pilot site,
learned about the approaches for reducing straw
burning, and explored opportunities for
cooperation and technology transfer on
mechanization-based and other solutions for
integrated management of straw residue and
prevention of residue burning.

V. KEY RESULTS OF PILOT
PROJECT IN NEPAL

The pilot project in Nepal achieved the following
key results in relation to its objective to promote
the sustainable and climate-smart management
of straw residue through use of agricultural
machinery-based solutions:

1. Reinforced understanding amongst
farmers about the adverse
consequences of crop straw burning and
the economic benefits of valorization of
the straw residue.

2. Enhanced skills of local machinery
operators for smooth operation and

maintenance of the machinery needed
for sustainable in-situ and ex-situ
utilization of straw such as minimum/no-
till seeder, straw mulcher, baler and
DTMR block making machine. Farmers
cooperatives expressed willingness to
buy such machines.

3. Enhanced capacities of the local farming
communities (including women farmers),
researchers and extension workers to
implement improved mechanization
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technologies and practices for integrated
management of straw residue.

4. Improvements introduced to the DTMR
straw block making machine leading to
labour saving and reduced cost of

production of straw blocks for ex-situ use.

5. Increased motivation among government
stakeholders to promote minimum/no-till
seeders for in-situ straw management,
with the Directorate of Agricultural
Research in at least one other location
affirming plans to purchase the
machinery  for  field trials and
demonstration.

Vi. POLICY RECOMMENDATIONS

A. Promote both in-situ and ex-site
straw residue management

Organic content of the soils in Nepal is
experiencing degradation in many places, so
proper in-situ crop residue management through
application of innovative machinery is necessary
to improve the soil quality and hence
productivity. In the absence of appropriate
interventions, soil degradation may pose a
challenge to food security in the coming years.
In addition to in-situ management, opportunities
for ex-situ use should also be explored,
wherever practical and economically feasible,
such as for briquette fuels, biogas production,
carbonization fuel, gasification fuel, ethanol,
mushroom growing, papermaking, building
material and crafts production.

B. Expand and replicate pilot
initiatives

Further replication and expansion of pilot
initiatives such as the one implemented in
Morang District are needed to draw wider-scale
conclusions on the improvement of soil
conditions under differing agro-ecological
conditions, and to convince the farmers to adopt

new or improved technologies and models over
a larger geographic area.

C. Strengthen policy environment
and government support

Enhanced government planning and strategies
are needed to reduce straw burning and
encourage straw based industries. There is need
for policy support not only for offering viable
alternatives to straw burning for farmers which
can concurrently deliver economic benefits to
them, but also for strengthening monitoring and
enforcement measures to control burning.

D. Enhance sub-regional and
regional cooperation

A range of good technologies, best practices
and experiences on integrated and climate-
smart crop residue management is available
both in South Asia and in the Asia-Pacific region
more broadly. There is continued need for
enabling knowledge exchange and cooperation
through multilateral as well as bilateral platforms
and mechanisms so that effective actions and
impact can be accelerated.
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