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FOREWORD

The National Agricultural Environment Research Centre (NAERC), a leading
centre under the Nepal Agricultural Research Council, is involved in agricultural
research which is directly related to weather/climate and environmental concerns
in agriculture. Greenhouse gas (GHG) emissions and their impact on climate
change are one of the major global issues. Although Nepal is not a significant
contributor of GHGs, it is the fourth most vulnerable country to climate change.
In this context, NAERC has been collaborating within and outside NARC for the
development and dissemination of the most effective adaptation and mitigation
measures to limit the negative impacts of climate change and other environmental
concerns. The NARC has developed many climate-resilient crop varieties and
technologies. This centre has published a compilation of these technologies
in the Nepali language. We are publishing agro-met advisory bulletins on a
regular basis with the support of agricultural and weather/climate experts. The
centre is also conducting activities on assessment of farmers’ perspectives on
the consequences of climate change; calculation of GHG emissions and carbon
sequestration; effect of pesticide use; and the impact of increased temperature on
vegetable crops. Now, the centre has focused on the identification, participatory
research, and dissemination of climate-smart agricultural technologies to address
the vulnerability of climate change in agriculture.

This annual report provides a detailed look at the activities and outcomes of the
research undertaken by the centre during the fiscal year 2078/79. Researchers,
extension staff, students, and national policymakers are likely to find this report
valuable in their research and decision-making processes.

In particular, I would like to thank Mr. Bishnu Prasad Paudel, Dr. Amit Prasad
Timilsina, Dr. Pradeep Shah, Alok Sharma, Rameshwar Rimal, and Hemlal
Bhandari for their efforts to carryout research activities. I would also like to
thank Mr. Krishna Pokhrel, Mr. Ram Kumar Rai, Mr. Raj Kumar Chalise, and
Mrs. Rina Maharjan for their hard work in the areas of administrative assistance,
accounting, and other services. In acknowledgment of its financial support, the
Nepal Agricultural Research Council (NARC) has been praised. I would greatly
appreciate constructive comments and suggestions for how to make the report
better.

Dr. Tika Ram Chapagain

Senior Scientist and Chief

National Agricultural Environment Research Centre (NAERC)
Khumaltar, Lalitpur, Nepal
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EXECUTIVE SUMMARY

This annual report summarizes all the research and promotion activities
completed by the National Agricultural Environment Research Centre (NAERC)
during the fiscal year 2078/2079 (2021/2022). During this period activities
like assessment of pesticide use pattern in mid-hills and Terai, performance of
tomato genotypes under elevated temperature, carbon sequestration, and GHG
emission estimation were carried out. The Centre has regularly published agro-
met advisories and distributed to the concerned stakeholders including all 753
local bodies (governments). NAERC also published compilation of climate
smart technologies developed by NARC along with the agro-met advisory.
Roving seminars were held to aware farmers about the changing climate and to
advice adaptation measure. The following are some of the centre’s major research
outputs and other noteworthy accomplishments in fiscal year 2021/22:

¢ Household surveys were conducted to understand farmers’ knowledge
on pesticide application for vegetable production at Dhunibeshi and
Bharatpur municipalities in Dhading and Chitwan, respectively. Of
the 133 households surveyed, 38 were from Dhunibesi and 95 from
Bharatpur. We were able to ensure the participation of 36.10% of women
farmers in this survey, which made the survey more gender inclusive.
The survey clearly indicated that very few farmers (1.50%) were aware
of climate change while 23.31% had no idea about climate change. The
major weather events affecting vegetable production in the study area
were excessive rainfall (45.11%), frost (24.28%), hailstorm (14.29%),
drought (7.52%), and cold wave (4.51%). Farmers who were aware of the
negative effects of pesticides on environmental health, beneficial insects,
and human health were 73, 63, and 56%, respectively.

o
A

Among the participating farmers, 87.97 % considered the expiry date,
73.68 % cared for the tag level, 85.71 % cared for the recommended
dose, and 75.94 % considered the waiting period of the pesticides
while purchasing. All the respondents said the required pesticides were
available on time. A majority (52.63%) of the farmers purchased the
typical pesticide recommended by the agro-vet owners, whereas 6.67%
of the farmers asked the technician to purchase a particular pesticide. In
particular, commercial farmers (27.07 %) themselves chose the pesticides,
and 13.53% of farmers purchased the pesticides based on their neighbors’
recommendations.

K/
*

Almost all participating farmers (97.74%) used chemical pesticides.
Among them, 82.71% used only chemical pesticides. About 15.04% of

xi
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farmers were using organic pesticides, whereas no farmers were using
organic pesticides in the Dhading district. Mainly, farmers purchased
chemical pesticides from agro-vet and some of the farmers were using
home-made bio-pesticides also.

Four tomato genotypes (HRDTOM 035, AVTO 1705, AVTO 0922, and
AVTO 1422) were evaluated in open top chamber (OTC) and open field
conditions. The average maximum and minimum air temperatures were
higher inside OTC. All the observed parameters had higher values inside
OTC than in the open field. HRDTOM 035 provided the highest yield.

The carbon sequestrating capacity of the litchi tree (Litchi chinensis) was
measured from some of the government-owned farms in five districts of
Nepal. The age of the sample Litchi trees ranged from 10 to 50 years.
A total of 477 trees were sampled from different farms. The carbon
sequestration by litchi trees (t/tree) was found based on diameter and
the age of the trees. The highest carbon sequestration (1.41 tonnes/tree)
was observed in the trees grown at Yagyapuri Farm, Chitwan, where the
age of trees was 50 years and DBH was 1.49 m. Whereas the lowest
amount of carbon (0.15 tonnes/tree) was found stored in litchi trees at
DoAR, Khajura, where the age of the tree was 19 years with 0.68 m DBH.
However, trees aged 19 years at DoAR, Tarahara had sequestered more
carbon (1.04 tonnes/ha) as compared to the trees at DoAR, Khajura. The
difference in carbon sequestration in the same aged tree could be the effect
of the environment and management practices.

In a maize experimental field where a soil pH ranged from 6.3 to 6.6 and a
soil moisture index was 7.8, the CO,-C flux was recorded at the highest of
119.9 mg/ha/hr from the field with 210 kg/ha of nitrogen applied through
urea. The lowest (53.9 mg/ha/hr) was found with the application of 120
kg/ha of Nirtogen. The average emission was found to be 84.6 mg/ha/hr.

During the fiscal year, 52 episodes of the weekly agro-met advisory bulletin
were prepared and distributed by the centre. The bulletin comprises agro-
advisories for livestock, pasture and fodder, fisheries, food crops, fruits
and vegetables, and weather forecasts for the upcoming week. The centre
is assisting the NTV NEWS program after eight p.m. to broadcast agro-
met advisories. The centre is helping to prepare the necessary materials to
broadcast the bulletin through NTV NEWS after eight p.m. Prime News.

Roving seminars to create awareness about climate change, the usefulness
of agro-met advisory and to share adaptation technologies with farmers
were held in Kailali(Terai) and Jumla districts (high hills).

X1i
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Stakeholder interaction workshops were conducted in Lumbini, Karnali,
and Gandaki provinces to share importance and take feedback on agro-
met advisories.

Climate resilient agricultural technologies were shared with the farmers
of the NARC technology village at Baradi, managed by DoAR, Lumle.
Besides Tanahu, these technologies are also shared with farmers and other
concerned stakeholders in stakeholder workshops as well.

A compilation of climate-smart agricultural technologies entitled
“Jalwayu Maitri Krishi Prabidhi Sangrah” was published.

In an experiment with three maize genotypes and four different doses
of nitrogen, the highest yield was obtained from Super 951 (3005.8 kg/
ha) and 210 kg of nitrogen per hectare contributed to the highest yield
(3442.2 kg/ha).

A two-day training on a weather-based disease forecasting model for the
scientists and technical officers working in plant pathology in NARC was
organized on December 9 and 10, 2021.

The population dynamics of tomato fruit borer monitored from Push
(2078) to Asadh (2079) using helilure pheromone traps showed the
highest population of the pest (41 moths/month) in Baisakh (April-May)
in the plains (Tarahara) of Nepal.

The climate-smart agricultural technologies developed by different
organizations in Nepal were enlisted. The workshops for prioritization
of climate-smart agriculture technologies were held in three provinces
(Lumbini, Gandaki, and Karnali) to represent the Terai, midhills, and high
hills. Participatory research was initiated with direct seeded rice (DSR)
and the alternate wetting and drying (AWD) system of rice cultivation.
DSR was established in five farmers’ fields in Parsa district. AWD was
initiated in DSR and transplanted rice in Parsa and Chitwan districts,
respectively.
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1. WORKING CONTEXT

About two-thirds of Nepalese people work in agriculture, which accounts
for about one-third of the nation’s gross domestic product. Moreover, as the
population and food demand grow, it becomes imperative that the country
achieve food security. Warming in the climate, in time and space, along with
other abnormalities, is beginning to be a problem for all agricultural production.
The collection of agro-meteorological records from numerous stations is a good
source for researching the causes and effects of weather and the relationship
between different weather patterns and crop yield. The crop modelling can also
be aided by agro-meteorological datasets. Crop production is a result of crop
genetic make-up, the environment, and the methods used for management.

An open-top chamber study of crop performance on high temperatures might aid
agricultural researchers with their breeding and crop management plans. GHG
emissions are of major concern and are exacerbating climate change. Agriculture
has also an important role in the emission of CO, by agricultural practices. Some
of these experiments are being conducted at Khumaltar representing mid-hill
condition (Annex 11.1). Similarly, horticultural fruit crops help to sequestrate
the CO, in the form of trees and organic matters in soil. Currently, the centre is
tracking CO, emissions from various types of crops and pasture land that are
grown under various management practices across the country. Another objective
of the centre is to create an inventory of different types of fruit tree sequestration
of carbon.

Nepalese agriculture is deeply affected by climate change effects like increased
temperature, unpredictable rainfall patterns, increasing drought, and heat wave
events. In order to limit the adverse impact, the centre is cooperating with
the Ministry of Agriculture and Livestock Development (MoALD) and the
Department of Hydrology and Meteorology (DHM) to prepare and distribute
the agro-met advisory bulletin to farmers since 2071/72. After starting with one
district, the bulletin has grown to seventy-seven districts and Nepal Agricultural
Research Council (NARC) has internalized AAB generation process by its
internal fund after termination of PPCR project. In addition to upcoming weather
forecasts, this bulletin also has other agricultural resources such crops, fruits,
vegetables, livestock, grazing, and fisheries agro-advisories. The centre is helping
to prepare the necessary materials to broadcast the bulletin through a national
broadcaster (NTV NEWS).

The centre is currently collaborating with several national and international
organizations on various areas of researchable subjects as part of its collaboration
strategy.



2. INTRODUCTION

2.1 History

The Agricultural Environment Unit was established in the fiscal year 2000 AD
in Khumaltar, Lalitpur under the Directorate of Planning and Coordination,
Nepal Agricultural Research Council (NARC). It was upgraded to Agricultural
Environment Research Division (AERD) in the F.Y. 2013 AD. Further, the
division has been upgraded as National Agricultural Environment Research
Centre (NAERC) from 1 Shrawan 2077 BS (2020 AD).

2.2 Vision

A climate resilient agriculture with maximum system productivity for transformed
livelihoods of farmers.

2.3 Mission

National Agricultural Environment Research Centre (NAERC) strengthens
the development and adaptation of the environment-friendly, accessible and
affordable improved agricultural technologies through collaborative research to
advance and promote on right solutions to climate-related issues in the agriculture
sector.

2.4 Mandate

The overall mandate of NAERC is to act as a key institution within NARC to
develop and promote agricultural technologies adaptive to climate change and
support on policy guidelines.

The specified mandates are:

e Involve in agricultural environment related research, education,
monitoring, and coordination activities

e Generation and promotion of technologies for climate change related
adaptations

e To help central, provincial and local governments to prepare policy
guidelines related to environment-related issues in the agriculture sector

e Human resources development to work on agro-environment related
issues

e Coordinate and co-operate with national and international organizations

2.5 Current thrust areas for research

e Understand farmer’s perception on climate change
e (Climatic variability of various locations and response of crop



Crop performance under simulated environment (e.g. elevated
temperature)

GHGs emission under different agricultural land and system.
Carbon sequestration in horticultural crops

AAB preparation and its performance and efficacy at farmers’ field

2.6 Infrastructure and facilities

Automatic weather station (8): Daily agro-meteorological data recording
(Temperature, rainfall, solar radiation, relative humidity, soil temperature
etc.)

Open Top Chamber (3): Experimentation on elevated temperature and
CO, level

CO, Monitor: Measuring CO, emission

GPS meter: Taking coordinates of different locations

Soil pH and moisture meter: Measuring soil pH and moisture

Leaf area index meter

Multi-gas analyzer

2.7 Organizational structure and human resources

The organogram of this centre is given in Figure 1 and detail of human resources
in 2078/79 has been presented in Annex 11.2.

Nepal Agricultural Research Council
(Executive Director)

y Y Y A4

. Director Director Director Director
Director (Crop and (Planning (Livestock and | ( A dministration)
(Finance) | | Horticulture and Fisheries

Research) | Coordination Research)

Y

National Agricultural Environment Research Centre

Y Y y

Technical Section Administration Section Financial Section

Figure 1:

Organizational structure of National Agricultural Environment Research Centre
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Figure 2: Location of office in Khumaltar in NAHRC facility




3. RESEARCH HIGHLIGHTS

3.1 Assessment of pesticide use for vegetable production in Dhading and
Chitwan district

3.1.1 Overview of pesticide use in Nepal

Commercial vegetable production in Nepal heavily relies on chemical pesticides
(Rijal et al 2006). However, there is neither a comprehensive record of the amount
of pesticide import and use in agriculture nor the effect of pesticides on human or
environmental health (Atreya 2007). The pesticide consumption is increasing by
about 10%-20% per year in Nepal in which 500 different brands of insecticides, 7
acaricides, 229 brands of fungicides, 6 bactericides, 88 herbicides, 10 rodenticides,
and 19 bio-pesticides are currently used (Khanal and Singh 2016). The use of
pesticide is more intensive in the Terai regions such as Chitwan and Kathmandu
valley where agriculture is more commercialized (Khanal and Singh 2016). The
study was conducted among farmers of Chitwan and Dhading of Nepal, to assess
the pesticide use in the vegetables.

Several chemical pesticides used in agriculture are known to cause health
problems in human, livestock, and produce an adverse impact on plant diversity
and environment in both short and long run (Atreya 2007, Pimentel et al 1993,
Stern et al 1959). In long run, pesticide exposure can cause long-lasting health
issues such as dermatosis, cancer, and genotoxic, neurotoxic, and respiratory
effects (Wesseling et al 2001).

3.1.2 Climate change perspective

Nepal is a mountainous, land-locked country that sits in a seismically active
zone, harbours different climate zones and experiences frequent extreme weather
events. Due to climate change, the frequency and intensity of natural hazards in
Nepal is rising. The Observed Climate Trend Analysis Report (2017) prepared
by the Department of Hydrology and Meteorology (DHM), Nepal based on
temperature and precipitation data from the year1971 to 2014 finds out that the
average annual temperature increase rate of Nepal is 0.056°C.

Nepal is already witnessing the impacts of climate change and disasters in
different socio-economic sectors and systems. The disasters negatively impact
livelihoods and the built environment, increasing the vulnerability of the local
population. The economic impact of climate change is massive. Current climate
variability and extreme events lead to major economic costs in Nepal. Extreme
events are dominated by floods, but also include rainfall variability on agriculture
(rain-fed agriculture, soil erosion, droughts) and low-season river flows reducing
hydroelectricity generation. The estimated direct cost of these events is equivalent
to 1.5-2% of current GDP/year (approximately US$ 270-360 million/year in 2013



prices), and is much higher in extreme years, rising to 5% or more. This is high
by international standards. Consideration of the additional indirect and macro-
economic costs could increase current estimates by 25-100%.

3. 1.3 Study sites
Dhading (Dhunibesi municipality)

Dhading lies in the Bagmati Province and the district covers an area of 1926
sq.km. Geographically the district spreads from 27°40" N to 28°17' N and 80°17'E
to 84°35" E. Major out let of the district is Prithvi highway which connects the
district to Kathmandu, Pokhara and Bharatpur.

Dhunibeshi is a municipality located within the Dhading District. The
municipality spans 96.30 square kilometers with a total population of 31,029
according to 2011 Nepal census report. On March 10, 2017, the Government of
Nepal restructured the local level bodies into 753 new local level structures. The
municipality is divided into 9 wards, with Naubise declared the administrative
center of the municipality.

Chitwan (Bharatpur metropolitan city)

Chitwan is one of 77 districts of Nepal, and is located in the southwestern part of
Bagmati Province. The district covers an area of 2,238.39. The people inhabiting
the Chitwan District are predominantly peasant farmers cultivating mainly food
and cash crops. The land of Chitwan is spotted with silt and clay, which is very
good for growing rice, wheat and vegetables such as cabbage, cauliflower, radish,
potatoes, broccoli, cucumbers, pumpkins, sweet potatoes and carrot.
Bharatpuristhethirdmostpopulouscity of Nepal after Kathmanduand Pokharawith
369,377 inhabitants in 2021. It is also the second largest metropolitan city in
Nepal by area. It is the district headquarter of the Chitwan District.

Chitwan district is one of the consistent vegetable suppliers for the major
vegetable market of the country including the capital city, Kathmandu (Rijal et al
2018). The district was selected for this study purposively because of commercial
and intensive vegetable cultivation and high volume of pesticide use (Khanal and
Singh 2016).

The research was conducted on two sites, namely Dhunibesi municipality of
Dhading and Bharatpur metropolitan city of Chitwan district. These sites are
purposively selected because of commercial and intensive vegetable cultivation
and high volume of pesticide use. Total of 133 farmers, 38 from Dhunibesi and
95 from Bharatpur were included in the sample. The sample selection was done
by simple random sampling technique having minimum 0.033 ha (1 kattha) of
land under vegetable cultivation. Primary data were collected through household
survey by using semi-structured questionnaires. Secondary data collection was
done through the desk study of grey literatures and various authentic publications.



3.1.4 Major findings of the survey
Demographic features

During the survey, the education level, household income and land holding of the
participating farmer recorded. These characteristics are briefly discussed in the
report.

Gender perspective

Among the participating farmers, male respondents constituted 63.90% whereas
36.10% women farmers also shared their view (Table 1). Interesting, more women
farmers were interviewed in Dhading district where they constituted 52.63% of
the total respondents.

Table 1: Gender composition of the participating farmers

Dhading Chitwan Total
Male 18 67 85 (63.90)
Female 20 28 48 (36.10)
Total 38 95 133

Parenthesis indicates percentage

Level of education

Most of the farmers participated in this study were literate (Table 2). Among
them, 5.26% had gone to university, 29.32% passed higher secondary level
degree, 49.62% were literate, and only 15.80% of them did not get opportunity to
be literate. Unfortunately, no one from Dhunibesi had an opportunity to complete
university level of education.

Table 2: Education level of the participating farmers

Illiterate  Literate High school University Sub-total
degree
Dhunibesi 3 23 12 0 38
Bharatpur 18 43 27 7 95
Total 21 (15.80) 66 (49.62) 39 (29.32) 7(5.26) 133

Parenthesis indicates percentage

Land holding and income

Of the 0.45 ha of land that the individual farmer had in Dhunibesi, they used 0.38
ha for vegetable cultivation. Contrastingly, farmers in Bharatpur metropolitan
city had an average land holding of 2.20 ha. Due to the large acreage of the land,
the area under vegetable cultivation was also high (1.90 ha). The average annual
household income from vegetable production was estimated to be NRs. 2.36 lakh
in Dhunibesi while it was as high as NRs. 8.67 lakh per household in Bharatpur.



Vegetable crops

Study sites are the pocket areas of vegetable production. Farmers were cultivating
solanaceous, cruciferous and cucurbitaceous vegetable crops namely; tomato,
brinjal, cauliflower, cabbage, cucumber, pumpkin, gourd, bean, cowpea etc.

Support from government sector

Among the participating farmers, 34% of them had received some sorts of support
in vegetable production from government sector. They have received support
mainly on tractor, plastic tunnel and water pump.

Farmers’ perception on climate change

During study respondents were asked if they know or hear about climate change,
out of total 133 respondents, majority (50%) of the respondents replied that they
were a little bit aware of climate change, 23.31% respondents replied that they
don’t know anything about climate change, 18.80% respondents replied that they
are clearly know the climate change and remaining 1.50% respondents replied
that they clearly knew about climate change (Figure 3).

Know about climate change

0
23.31% 1.5’{)%1 18.80%

56.39% (

= More clearly = Clearly = A little bit = Do not know

Figure 3: Perception of participating farmers about climate change

Climate hazards and crop

Our agriculture system is highly affected by climate-induced hazards. The survey
indicated that excessive rainfall (45.11%), frost (24.28%), hailstorm (14.29%),
drought (7.52%), and cold wave (4.51%) are major climate-induced hazards
which heavily affect the productivity and economic return of the vegetable crops
in the survey area.

Awareness about pesticide

Farmers in the survey area were aware of the harmful effects of pesticides.
A majority (73%) of them said that they knew pesticides were harmful to the
environment. Similarly, 63% of the respondents said they knew insecticides



might kill beneficial insects too. Of the total, 56% of respondents claimed that
they found human health-related problems due to pesticide applications. Major
problems observed due to pesticide applications were skin allergies, respiratory
problems, cancer, eye itching, headaches, and vomiting. However, a majority
(57%) of the farmers said they did not hesitate to apply pesticides in their fields
to minimize the risk of pests to the crops.

The study revealed that farmers (74.44%) decided when to apply pesticides
based on prevailing weather conditions. During the pesticide applications, they
consider weather parameters such as rainfall, wind, temperature, frost and dew.
Among the surveyed farmers, a majority (68.42%) applied pesticides based on
pest symptoms, some (27.07%) of them followed routine based applications, and
only a few (4.51%) used pesticides based on probable incidence of pests due
to upcoming weather. During purchasing pesticides, 87.97 % considered expiry
date, 73.68 % cared the tag level, 85.71 % cared recommended dose and 75.94 %
considered waiting period of the pesticides.

All the farmers agreed that the availability of pesticides on their doorstep was not
an issue. It was quite crucial that a majority (52.63%) of the farmers bought the
pesticides as recommended by the agro-vet owners (Figure 4). Only 6.67 % took
expert advice while purchasing particular pesticides. In particular, commercial
farmers (27.07 %) themselves chose the pesticides against a particular pest,
and the remaining 13.53% of farmers followed the recommendation of their
neighbours.

60.00%
50.00%
40.00% 27.07%

LT

30.00%
20.00%
10.00%

0.00%

Farmer Agrovet Technician Neighbour

Figure 4: Who makes the decision on insecticide purchasing?

Type of pesticides

Vegetable producers (97.74 %) interviewed in Dhunibeshi and Bharatpur used chemical
pesticides for pest control (Table 3). However, they also used other forms of pesticides.
Among them, 82.71 % completely relied on chemical pesticides. Some of the growers



(15.38%) also used bio-pesticides. Unfortunately, not a single farmer was found
practicing other means of pest management besides chemical pesticides in Dhunibesi.
Farmers were purchasing chemical pesticides from the agro-vet, and some of the farmers
were also found practicing home-made pesticides to control pests.

Table 3: Types of pesticides used for vegetable production in survey area

Dhading Chitwan Sub-total
Chemical 38 72 110 (82.71)
Bio-pesticide 0 3 3 (2.26)
Both 0 20 20 (15.04)
Sub-total 38 95 133

Parenthesis indicates percentage

3.2 Response of tomato genotypes to higher temperature grown under Open
Top Chamber (OTC)

Tomato is one of the major commercial vegetable crops of Nepal. It is cultivated
from plains to mid hills during different period of the years. Ambient temperature
plays key role in defining proper season for tomato production. Ambient
temperature is important to agriculture because it influences plant growth and
crop productivity. Therefore, it is crucial to identify the effect of temperature on
tomato genotypes so that its adaptability could be known.

An experiment was carried out to assess the performance of four tomato
genotypes (HRDTOM 035, AVTO 1705, AVTO 0922, AVTO 1422) in the open
field, and in the open top chamber (OTC) at Khumaltar. The OTC was used to
provide an elevated temperature condition for tomato genotypes during summer
season. The growing conditions (OTC and open field) were considered as main
plots and tomato genotypes as sub-plots.

Seeds of tomato sown on plug trays on 9" March, 2022. Seedlings that were
28 days old (about one month old) were transplanted while keeping a 50 cm
space between each row and plant. Fertilizers, FYM, irrigation and other cultural
operations were practices as recommended. The average maximum, minimum
air temperatures between transplanting (April) to July (last harvesting affected by
rain) were found to be higher under OTC than in open field condition. Relative
humidity was remained around 99% throughout the season in both the conditions.
Morphological characters (height, number of leaves/plant), number of fruits/
cluster (inflorescence) and tomato fruit per plant was observed. All the observed
parameters recorded higher in the OTC than the open field condition (Table 4).
The first harvest was possible within 45 and 52 DAT in the chamber and open field
condition, respectively. HRDTOM 035 provided more fruit yield as compared to
the others. Due to continuous rain in July combined with virus like infection and
tomato leaf miner (Tuta absuluta) collapsed the plant within 68 DAT.
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Table 4: Response of tomato genotypes under OTP and open field conditions

Pl.ant No. of No. of N(.). of fruit (gm)/plant

Treatment height branches leaves fruit per (up to 68 DAT)
(B0 DAT) (30 DAT) (30 DAT) cluster

Growing conditions
OTC 44.35 5.16 46.77 3.29 216.39
Field 32.03 5.33 37.01 3.14 114.81
Genotypes
HRDTOM 035 37.6 4.63 30.34 3.12 340.56
AVTO 1705 47.23 7.79 61 3.74 171.17
AVTO 0922 36.75 5.31 57.33 3.16 155.33
AVTO 1422 31.19 3.25 18.13 2.62 42.96

3.3 Estimation of CO, sequestration by Litchi fruit tree

Plant biomass is the major sink of atmospheric carbon dioxide as trees stores it
for a long period (Brahma et al., 2021).Therefore, plantation plays crucial role
for removing CO, from atmosphere and has important role in mitigating climate
change. Moreover, fruit orchards are not only the source of fruits but also the
sink of atmospheric carbon dioxide (Shrestha and Malla 2016). According to
the Kyoto Protocol from 1997, every nation on earth is required to help reduce
greenhouse gas emissions by either increasing carbon sequestration or reducing
emissions. The process of taking carbon dioxide from the atmosphere and storing
it in soil, water, or plant biomass is known as carbon sequestration. As Nepal has
also contributed to carbon stocking, its national carbon stock has been estimated
to be 246 to 393 M t carbon (Gibbs et al 2007). Though the forestry sector has
done a quite good job in quantifying the carbon sequestration by forest trees, the
process itself is in a very primitive stage in the agriculture sector.

A study was under taken by the National Agricultural Environment Research
Centre (NAERC) to estimate the carbon storing capacity of Litchi tree (Litchi
chinensis) grown mainly in government owned farm (Table 5) of five districts of
Nepal. The age of the sample Litchi trees ranged from 10 to 50 years. The total
477 trees were sampled from different farm. To calculate the carbon sequestration
the diameter at breast height (DBH) of the plant was measured at 1.3 m above
ground level and the plant height was calculated using an angle measured by
clinometers. The DBH for the tree is found by taking the square root of the
sum of all squared branches at breast height explained in Nature Conservation
Practice Note No. 02 (Rev. Jun 2006). The above and below-ground tree biomass
and carbon sequestered by Litchi trees within one-hectare of land was calculated
following the procedure described in Timilsina et al (2019). The below-ground
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biomass was determined multiplying above ground by 0.26 as a factor as proposed
by Cairns et al. (1997). Wood density values were compiled from Zanne et al
(2009) to calculate biomass of the plant. The carbon stored in angiosperms were
calculated multiplying total biomass by 0.521 as a factor as proposed by SERC
(2015). The canopy size, height, age of the tree, and girth diameter are the major
determinants of sequestered carbon as tree biomass.

The carbon sequestration by litchi trees (tonnes/tree) was found based on diameter
and the age of the trees (Table 5). The highest carbon sequestration (1.41 tonnes/
tree) was observed in the trees grown at Yagyapuri Farm, Chitwan where the
age of trees was 50 years and DBH was 1.49 m. Whereas the lowest amount
of carbon (0.15 tonnes/tree) was found stored in litchi trees at DoAR, Khajura
where the age of tree as 19 years with 0.68 m DBH. However, tree aged 19 years
at DoAR, Tarahara had sequestered more carbon (1.04 tonnes/ha) as compared to
the trees at DoAR, Khajura. The difference in carbon sequestration in the same
aged tree could be the effect of environment and management practices.

Table 5: Carbon sequestration by Litchi trees in different farm of Nepal

Diameter at Tree Carbon
IS\}' ;’ng;zzgﬁgzme saNr?n‘p(l)efs T(l;:;%e breast height height  sequestrated
: (m) (m) (t/tree)

1 Yagyapuri farm, 91 50 1.49 12.17 1.41
Chitwan

2 Rampur college, 50 25 1.32 10.60 0.98
Chitwan

3 Ganesh farm, 30 10 1.02 6.06 0.33
Letang, Sunsari

4  DoAR, Tarahara, 49 19 1.44 9.27 1.04
Sunsari

5 DoAR, Tarahara, 52 20 1.46 10.21 1.18
Sunsari

6  Tropical fruit, 50 18 1.19 8.76 0.70
Sarlahi

7 DoAR, 52 45 1.25 9.54 0.83
Parawanipur,
Bara

8  Dhawal samsher 50 15 1.00 7.23 0.44
farm, Banke

9  DoAR, Khajura, 53 19 0.68 5.73 0.15
Banke

3.4 Estimation of carbon (CO,-C) emission from maize field
Greenhouse gases trap heat and make the planet warmer. Human activities are
responsible for almost all of the increase in greenhouse gases in the atmosphere
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over the last 150 years (IPCC 2007). As the second largest carbon flux in terres-
trial ecosystems, the soil CO, flux is closely related to the atmospheric CO, con-
centration. The soil CO, flux is the sum of biotic respiration and abiotic geo-
chemical CO, exchange; however, little is known about abiotic CO, fluxes in
cropping areas. Farming practices including use of excessive fertilizers and mis-
management of natural resources has posed serious threat in contribution of CO,
emission from soil. However, it is generally believed that CO, emission from the
soil and CO, fixation by the plant during photosynthesis process is a self-sustain-
ing system and there is balance between carbon released from soil and fixed by
the plant through photosynthesis. CO, flux from agricultural soil mainly depends
on microbial activities on organic matter and a number of abiotic and biotic fac-
tors can also affect it. It generally increases with rise in temperature (Lloyd and
Taylor 1994). Low level of soil moisture limits microbial and root respiration.
Higher emission of CO, from soil depletes the organic matter content and thus
reduces the soil productivity as well as fertility. So, it is necessary to monitor
CO, emission rates in different cropping pattern to formulate the plan to reduce
overall agricultural emission. The study was carried out at the National Agrono-
my Research Centre, Khumaltar to estimate CO, -C emissions from maize fields
with different nitrogen doses (120, 150, 190, and 210 kg/ha) in 2078/79. Soil
temperature, pH and moisture were recorded in the study. The collection of gas
samples was done by the Japanese closed chamber technique and finally subject-
ed to measurement with the help of a CO, monitor. Soil moisture and pH were
taken by a combined soil moisture and pH meter. The temperature of the soil was
measured at a depth of 8 cm. The gas samples were collected in an interval of one
month each.

Table 6: CO2 -C Emission from maize field with different doses of nitrogen

S.N Nitrogen dose Air C-flux Soil Soil Moisture
(kg/ha) Temp. mg/ha/hr  Temp. pH index
‘O 49
1 120 29.8 53.9 17.7 6.3 7.9
2 150 29.8 75.8 18.4 6.5 7.8
3 190 30.2 88.7 18.1 6.6 7.7
4 210 30.3 119.9 17.7 6.5 7.9
Average 30.0 84.6 18.0 6.5 7.8

The pH of the soil ranged from 6.3 to 6.6 and the soil moisture index was 7.8.
Similarly, the air temperature ranged from 29.8 to 30.3 °C during the gas collection
process. The CO2 -C flux was recorded at the highest of 119.9 mg/ha/hr from the
field with 210 kg/ha of nitrogen applied through urea. The lowest (53.9 mg/ha/
hr) was found with the application of 120 kg/ha of Nirtogen in a maize field. The
average emission was found to be 84.6 mg/ha/hr (Table 6).
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3.5 Generation of weather forecast based agro advisory bulletin (AAB)

A total of 52 episodes of the agro-met advisory bulletin had been prepared by an
expert team in collaboration with the Department of Hydrology and Meteorology
(DHM). Weather statistics of the past week were provided by the Agro-met
Section whereas the weather outlook for the coming week was provided by the
Meteorological Forecasting Division (MFD) of the DHM. Seasonal outlook as
well as Special weather alert provided by the DHM was also considered in the
preparation of the advisory. The expert team used to analyze the problems faced
by the farmers, reported on the Kisan Call Centre conducted by the National
Agricultural Technology Information Centre (NATIC), as well as weather
statistics and the outlook for the generation of advisories. The bulletin had been
disseminated through the Google group, email, website, mobile app, television,
and SMS services. A sample of the agro-met advisory bulletin (1st issue of 8th
year published on 2nd Baishakh 2079) has been provided in the Annex-11.6

3.6 Roving seminars for farmers of Kailali and Jumla

Typically the roving seminars are of one-day duration and bring together farmers
from a group of villages to a centralized location in any given region. Farmers
are given information in local language on aspects of weather and climate
in the region, including climate change topics and better risk management.
Farmers provide feedback on the weather and climate issues in their farming
operations and the nature of assistance needed for better adaptation. The main
objective of these seminars is to make farmers more self-reliant by helping them
become better informed about effective weather and climate risk management
for the sustainable use of natural resources for agricultural production. Another
objective is to increase the interactions between the farmers, agriculturists and
the National Meteorological and Hydrological Services (DHM personnel). The
Roving Seminars will help raise the awareness of the farming community of
the current advances in the provision of weather and climate information for
facilitating operational decisions on farm. Feedback obtained from the farmers
will help the personnel from the Meteorological Services and the Agriculturists
to design more improved products for use by farmers and to improve the channels
of communication to provide information to the farmers.

3.6.1 Roving seminar in Kailali district

The roving seminar on the application of agro-meteorology for increasing
agricultural production was held on 24" Poush, 2078. The multi-disciplinary team
of the experts visited Malakheti and Masurita of the Kailali district to understand
the weather and agriculture related problems faced by the farmers in recent years.
The main objective of the seminar was to show how farmers can benefit from
the weekly Agro-met Advisory Bulletin (AAB) prepared by the NARC. Half-
day seminar was conducted at Malakheti and another seminar was conducted at
Masuriya of Kailali district. The farmers’ fields and farms were monitored in both
of locations. They were advised to read the Agro-met Advisory Bulletin (AAB)

14



prepared by the NARC on weekly basis. They were also advised to download
and frequently update NARC Krishi and Hamro Krishi mobile application to get
advises and forewarning given for the coming week thoroughly.

Farmers of Malakheti were more excited to receive the AAB in regular interval.
They have also shared experience that one organization asked for service charge
to get regular update on weather and agriculture advisories. We assured that
they will receive the information without any cost from proper governmental
channel. Farmers from Masuriya were more interested in diseases of livestock
especially goat, cow and buffalo. We found parasites as well as infertility in goat
and cow were major problems. The livestock and veterinary sector expert in the
team tried to provide solutions of some problems. The expert team visited three
farmers farm and discussed on various issues they were facing. Few farmers also
discussed on subsidy provided by PMAMP.

Rice-wheat-fallow and Rice-fallow-fallow were major cropping pattern of khet
land. Vegetable-vegetable was major cropping pattern in Bari land. Vegetable-
maize and maize-tori (mustard)-fallow were other important cropping patterns
in the district.

3.6.2. Roving seminar in Jumla district

The Roving Seminar on the application of agro-meteorology for increasing
agricultural production was held on 25-26, Chaitra, 2078. The multi-disciplinary
team of the experts visited Dillichour and Rini of the Jumla district to understand
the weather and agriculture related problems faced by the farmers in recent years.
The same team visited the Sinja on 26" Chaitra, 2078 and conducted a half-day
seminar. The main objective of the seminar was to show how farmers can benefit
from the weekly Agro-met Advisory Bulletin (AAB) prepared by the NARC.
Half-day field visit was done at Dillichour and another half-day visit was done at
Rini of Jumla district. The farmers’ fields and farms were monitored in both of
locations. They were also advised to download and read the Agro-met Advisory
Bulletin (AAB) from NARC Krishi and Hamro Krishi mobile application.
Farmers from both the locations-Dillichour and Rini shared that apple production
has decreased due to unavailability of chemical pesticides/insecticides due to the
cabinet decision for the adoption of organic agriculture.

The major problems faced by the farmers in these areas are:

(i)  OTSTCTHT T SIge TTUshIcT €T TS &heTHT HHT STTTeh!

(i)  3TIeh QST SISO TRehiet forTel ST T FuTUeht, STeet et TITSHT T, SRt
TeRIT TGS TSI, IcATEH ShH T

(iti) TSI Gt T o1 AT ST HIe THIEhT e

(iv)  HIGTHT ST ShTeT VUL Ffee FHET

(v) Toeftar ama serfq, ora 3=
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(vi) HRHT g8 T HHIHT §h (GLS) 1 G
(vii) STCTHT QT HHTATR THEIT
(vii) STTTHT TSt T

Comments/Feedbacks/Suggestions based on roving seminars

1) There was a general agreement that the seminar demonstrated the importance
of agro-meteorological applications for agriculture. This type of seminars
should be continuous and must involve more people so as to facilitate the
implementation of agro-meteorological extension services;

i1) There should be an improvement of forecasts that can be applicable directly to
the local conditions, instead of being based on large areas;

ii1) Stronger team work and coordination is needed between meteorologists,
agriculture personnel, and the media for the strengthening of agro-
meteorological extension service to farmers;

1v) There must be a system where real time data at meteorological stations can be
available locally to the farmers, as requested;

v) Strengthening of the Palika’s agriculture section is very important for delivering
agro-meteorological service to the local farmers;

vi) Regular feedback from end users/farmers is necessary to improve the AAB;

vil) The mass media must give more attention to the dissemination of agro-
meteorological advisories and information to farmers.

viii) Limited farmers are receiving SMS. So the coverage should be extended.

3.7 Stakeholders interaction workshop on importance of AAB

3.7.1 Lumbini Province

One day stakeholder’s interaction workshop was organised on 20" Chaitra,
2078 at Ministry of Agriculture, Food Technology, and Land Management,
Lumbini Pradesh, Butwal, Rupendehi. The workshop was chaired by Mr. Tika
Ram Chapagain, chief of National Agricultural Environment Research Centre
(NAERC), Khumaltar, Lalitpur and chief guest was Mr. Baikuntha Adhikari,
secretary, Ministry of Agriculture, Food Technology, and Land Management,
Lumbini province. The guests were from the different divisions under Ministry
of Agriculture Food Technology Land Management, Lumbini province
Lumbini province, National Wheat Research Program (NWRP) Bhairahawa.
Other participants were chief of Agriculture Knowledge Centre (AKC) Palpa,
Nawalparasi and Rupandehi, chief of Veterinary Hospital and Livestock Service
Expert Centre (VHLSEC), Palpa and Rupandehi and Chief of Prime Minister
Agriculture Modernization Project (PMAMP), Rupandehi, representatives from
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Agriculture NGOs and farmers from the same province and media persons.

After short introduction, there was three presentation on different issues. The first
presentation was from Dr. Amit Prasad Timilsina, Scientist, NAERC, Khumaltar,
Lalitpur on “Effectiveness of climate friendly agro-climatic advisory bulletin
and role of Province”. Second presentation was from Mr. Anup Tiwari, Ministry
of Agriculture Food Technology Land Management, Lumbini Pradesh, Butwal,
Rupendehi on “The current state of the Smart Agriculture Village Program and its
coordination with research and educational institutions”. Third presentation was
from Mr. Tika Ram Chapagain, Chief, NAERC, Khumaltar, Lalitpur on “Climate
smart agricultural technologies: Priorities of Lumbini Province”.

Some major comments on presentations were:

1. Mr. Tika Ram Chapagain

» AAB bulletin is prepared for the whole country but its access to the
farmers is limited. Provincial ministry should play proactive to provide
the information to the farmers.

2. Mr. Amar Raj Ghimire

» There is not special mechanism to spread the messages of AAB bulletin to
local farmers since only limited farmers visit agricultural offices.

» DoAR, Khajura has initiated farmer call center. If it is linked to FM radio,
local farmers can get information on climate from FM radio.

> Information of AAB should be disseminated from local FM radios on
Provincial level

> Bulk SMS can be more effective

3. Mr. Tulsi Ram Bhandari, Chief (Livestock section), Lumbini Province, Butwal

» There is information technology officer in every municipalities, so, they
can be utilized for dissemination of climatic information

4. Mr. Ram Pandey, (Directorate of Agriculture development)
» Climate smart village should be established in every villages

5. Mr. Shalik Ram Gautam (Crop Development Officer)

» Digital display board should be established in local level and information
regarding climate can be displayed.

6. Mr. Narayan Kafle, PMAMP

» FM radio and local television should be more effective for dissemination
of climatic information

7. Mr. Anil Baniya, AKC, Rupandehi
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» Information can be disseminated through facebook

8. Mr. Baikuntha Adhikari, Secretary, Lumbini province

» Facilitators of SMART AGRICULTURE program can dissiminate
information of AAB to local levels

» Media persons can be linked with AAB bulletin
» Information can be broadcasted from FM radio on free of charge

» Ministry of Agriculture, Food technology and Land management can
disseminate these information to Agriculture Knowledge Centres and
Veterinary Hospital and Livestock Service Expert Center

Participants showed their keen interest to address the risk and uncertainties in
the agriculture sectors to achieve goal of sustainable agriculture. They were
enthusiastic to learn, prepare and issue the AAB on province level themselves.
Discussion was more centered to solve the farmers’ real problems using and
improving the bulletin and stakeholders had opinion to use efficient channel to get
feedback from the farmers. Workshop was successful to identify systematic issues
for the betterment of AAB. Views, ideas and experience shared by stakeholders
will be helpful for AAB preparation.

3.7.2 Karnali Province

One day stakeholder interaction workshop was organised on 24" Chaitra, 2078 at
Ministry of Land Management, Agriculture and Co-operative, Karnali Province,
Birendra Nagar, Surkhet. The workshop was chaired by Mr. Amar Bahadur Pun,
Director, Directorate of Agricultural Research, Karnali province and the chief
guest was Dhan Bahadur Kathayat, chief of Agriculture Development Division
and spokesperson of MOLMAC, Karnali Province. The guests were from the
different divisions under MOLMAC, Karnali Province; Agriculture and Livestock
Business Promotion Training Centre, Karnali Province. Other participants were
chief of Agriculture Development Office, Salyan; chief of Veterinary Hospital
and Livestock Service Office, Salyan; Vice-President, National Farmers Group
Federation; and the representative from the PMAMP-PIU, Surkhet, representatives
from Agriculture NGOs and farmers from the same province.

The interaction workshop was followed by the three presentations. The first
presentation was from Dr. Amit Prasad Timilsina, Scientist, NAERC, Khumaltar,
Lalitpur on “Effectiveness of climate friendly agro-climatic advisory bulletin
and role of Province”. The second presentation was from Mr. Mahesh Acharya,
MOLMAC, Karnali Province, Surkhet on “The impact of climate change in
agriculture sector of Karnali Province”. The third presentation was again from
Dr. Amit Prasad Timilsina, NAERC, Khumaltar, Lalitpur on “Climate smart
agricultural technologies: Priorities of Karnali Province”.
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3.8 Sharing climate resilient technologies with the farmers of NARC
technology village

NAERC had participated on the plant and animal health clinic organized by the
Directorate of Agricultural Research (DOAR), Gandaki Province, Lumle on
NARC technology village-Baradi, Tanahu and its outreach sites- Dhamilikuwa,
Lamjung and Babiyachour, Myagdi. The first clinic was held at Baradi, Tanahu
on 8" Kartik, 2078 and the second was held at Dhamilikuwa, Lamjung on 9™
Kartik, 2078. The third clinic was organized on 26" Falgun at Babiyachour,
Myagdi. In each locations, more than 100 farmers participated and benefited from
the program. They showed the keen interest on the content of the AAB but the
majority of the farmers participated were found unaware about the AAB service
of the NARC. More than 80 samples of soil, 40 samples of milk (for mastitis) and
the faecal (Gobar) was analyzed and provided the report to the respective farmers
on each locations. NAERC delivered a power point presentation on Agro-met
Advisory Bulletin service of the NARC, and displayed a poster on the research
activities conducted by the NAERC on climate change adaptation.

Interaction during the workshop helped a lot to identify the problems faced by
the farmers and the researchable issues on different agro ecological zones of
Nepal. The chairman of the respective municipalities were convinced for the
establishment of two-way communication mechanism to address the problems
faced by the farmers and the technologies developed by the NARC

3.9 Publication of the climate resilient technologies generated by NARC
Changing agri-food systems to adopt ecologically friendly and climate-resilient
practices is the goal of a strategy known as climate-smart agriculture (CSA).
CSA is in favor of achieving internationally recognized objectives including the
SDGs and the Paris Agreement. The CSA approach pursues the triple objectives
of sustainably increasing productivity and incomes, adapting to climate change
and reducing greenhouse gas emissions where possible (FAO 2010). NARC
has constantly been engaging itself in the development of climate resilient
agriculture technologies which may fulfil all or some objectives of CSA. NAERC
has compiled such technologies in Nepali language which is entitled as “Jalwayu
Maitri Krishi Prabidhi Sangrah” in 300 copies (Annex 11.4). It covers the major
technologies developed by NARC which meets the characteristics of CSA
technologies. The publication serial number is NPSN: 139/078/079.

3.10 Effect of nitrogen on yield of maize under rainfed condition

For the majority of farmers in Nepal’s hills, growing maize is their way of life.
It is a perennial crop grown on sloping Bari land (rainfed upland) in the hills for
food, feed, and fodder. It is grown under rainfed conditions from April to August
as a single crop or later in the season is relayed with millet. The agriculture
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sector in Nepal accounts for around 65.5% of the labour force and makes up
25.83% of the country’s gross domestic product (GDP). The total area occupied
by maize in Nepal is 956,447 hectare of land and productivity of 2387 kg/ha
in 2018/19 (MoALD 2020). Hybrid technology has had a significant impact
on many nations around the world, with a hybrid revolution and significantly
altering maize output. However, it requires more input, and one crucial factor
that must be taken into account is nutrition. Therefore, four levels of nitrogen
dosages were used to study how different varieties responded. Hybrid kinds of
maize produce 20-30% more than other improved varieties. Seven maize hybrids
have been registered and distributed by the National Maize Research Program
(NMRP), Rampur, however they are not appropriate for all of Nepal’s agro-
climatic regions. Just 10% of Nepal’s entire maize land is hybridized. The main
issues with hybrid maize cultivation in Nepal include a high cost of hybrid seed,
a large anthesis-silking interval, poor seed set, challenges with early generation
lines, untimely availability of inputs (irrigation, fertilizer, pesticides, etc.), the
need for seed replacement every season, and high irrigation.

This experiment was conducted at National Agronomy Research Centre,
Khumaltar, Nepal (latitude 27.40 N, longitude 85.20 E, 1350 m) under rainfed
condition. The experiment was carried out utilizing a split plot design, where
varied nitrogen levels were deemed the sub plot and variety was considered the
main plot. Maize varieties (JKHM 502, MM 1107 and Super 951) were planted
with the spacing of 20 cm (plant to plant) and 60 cm (row to row) respectively.
Four nitrogen level (120,150,180 and 210 kg/ha) were considered and the
experiment had three replication. Phosphorous and Potash was applied at rate
of 60 and 40 kg/ha basis. The individual plot size was 2.5 m wide and 4.2 m
long. Intercultural operation was followed as per the recommendation for rainfed
maize. Nitrogen was applied through line placement in three splits at basal dose
followed by 30 days after seeding (DAS) and second top dress 45 DAS. GenStat
tool was used for statistical analysis.

The result showed that Super 951 variety had higher yield as compared to other
two varieties with 3005.8 kg/ha while JKHM 502 had 2913.4 kg/ha and MM
1107 had 2845.8 kg/ha (Table 7). The yield for maize was found highest in 210
kg of nitrogen with the yield of 3442.2 kg/ha as compared to 180, 150 and 120
kg of nitrogen with the yield as 3092.7, 2724.5 and 2427.2 kg/ha respectively.
The stover yield was found highest in Super 951 with 4948.8 kg/ha as compared
to 4649.7 and 4776.1 kg/ha in MM 1107 and JKHM 502 varieties respectively.
While comparing the yield for nitrogen dose the stover yield was found highest
in 210 kg of nitrogen with yield of 5764.9 kg/ha as compared to 180, 150 and
120 kg of nitrogen per hectare with the yield of 5111.5, 4422.9 and 3866.9 kg/
ha respectively. The thousand grain weight ranged from 239.8 gm to 251.5 gm
within the varieties and 241.6 to 251.8 within the nitrogen dose. The cob length
was found highest in JKHM 502 variety with 16.3 cm and lowest in Super 951
with 15.6 cm.
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3.11 Plant disease epidemiology and weather based modelling training

A management approach called plant disease forecasting is used to foresee the
occurrence or alteration in the severity of plant diseases. Growers employ these
systems at the field level to decide on the most cost-effective disease control
measures. Prediction models are in use for plant diseases including late blight of
potato and are essential decision-making tool in different countries. However, the
development of late blight incidence and or forecasting models is new to Nepal.
Therefore, this training was organized to discuss and plan future pathways to late
blight disease prediction models and their use for the disease management in Nepal.
The specific objectives were:

1. to provide a general introduction of plant disease epidemiology, prediction
models, and their uses for plant disease management with focus on late
blight of potato,

2. to study two case studies for the development of prediction models,

to provide hands-on experience to develop disease prediction models, and

4. to prioritize disease and weather variables for future disease prediction and
decision support tools in Nepal.

(9]

Forecasting assists the growers for spray schedule and reduces the costs involved
by eliminating the unnecessary sprays and labour cost without increasing the
risk of losing the crop. Forecasting is an ecologically and economically sound
approach like cultural, biological control methods which plays an important
role in the management of diseases and pest. National Agricultural Environment
Research Centre conducted two days training program for the scientist and technical
officer working in plant pathology in NARC on December 9 and 10, 2021. Training
was focused on modelling of late blight disease occurrence.

General introduction: Plant disease epidemiology
Use of disease forecasting models for late blight management
Quantitative data analysis using linear regression model

Qualitative data analysis using logistic regression model

A A

Late blight epidemiology: critical factors in different landscape and
environment

6. Use of current data for late blight model development

3.12 Population dynamics of tomato fruit borer

Tomato productivity in Nepal is around 18.01 t ha'!, which is half of global
productivity and far less than that of Southern Asia (FAOSTAT, 2020; MoALD,
2020). Among many biotic factors that reduce tomato yield, Tomato fruit borer,
Helicoverpa armigera is one of the major polyphagous pest which feeds on more
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than 15 crops (Vinutha et al 2013). In Asia, including Nepal, it affects more than
100 economically significant plants and greatly harms tomato crops in terms of
both quality and quantity (Muthukumaran and Selvanarayanan 2016). This insect
is widespread across the country and is considered as the national priority pest in
Nepal (Manandhar 1997). This pest is becoming a major threat of winter season
tomato for the last few years in Nepal. Tomato is grown as an Autumn-Winter
crop in Terai, inner Terai and foot hills of Nepal (Ghimire et al 2017). Monitoring
of this pest was carried out in Khumaltar as well as in DoAR, Tarahara.

50 ~

—4— Number of fruit borer
40 A

30 A

20 -

Number of H. armingera

10 4

Push Magh Falgun Chaitra Baisakh Jeshth Asadh

Months of 2078/79 (2022)

Figure 5: Population dynamics of H. armigera at DoAR, Tarahara in 2078/79

The population dynamics of tomato fruit borer was recorded from Push (2078)
to Asadh (2079) using helilure pheromone traps (Figure 5). Population of pest
monitored in 2 days interval. Based on the available data, the highest number (41/
month) of H. armigera was recorded in Baisakh (April-May). However started to
increase rapidly (32/month) from Magh (February-March) and sharply declined
(35/month) after Jestha (May-June) towards Asadh (18/month). The distribution
of fruit borer over the months clearly matches with the production season of
tomato in plains of Nepal. This pest was more prevalent in last week of April in
plain area of Nepal (Shah et al 1988). Likewise, Rijal et al (2007) recorded the
highest number of H. armigera moths during third week of March in Chitwan
condition. The observation made in this study are also in agreement with the
earlier studies carried out in plains of Nepal (Maharjan 2002, Sha et al 2007).

At Khumlatar, Heli-lure traps were kept from February to July 2022. Very few
numbers of H. armigera adults were trapped. There were only one, two and one
moths were observed in March, May and June, respectively.
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3.13 Consortium for scaling-up climate smart agriculture in South Asia
(C-SUCSeS)

3.13.1 Develop Inventory of Climate Smart Agriculture (CSA) Technologies

The review has been done on climate smart agriculture technologies developed
in Nepal. The major source of information was the Nepal Agricutlural Research
Council. The information were collected from the proceedings, annual reports,
leaflets, booklets and journal articles etc. A list of CSA technologies (30
technologies) has been created for different cropping system (rice-rice, rice-
wheat, rainfed mixed, highland mixed) as specified in the C-SUCSeS project
document.

3.13.2 Prioritization of CSA technologies-Lumbini province

One-day stakeholder’s interaction workshop was organized on 2™ April, 2022
at Ministry of Agriculture, Food Technology, Land Management, Lumbini
Province, Butwal. The workshop was chaired by Mr. Tika Ram Chapagain,
national focal point- C-SUCSeS and chief guest was Mr. Baikuntha Adhikari,
secretary, Ministry of Agriculture Food Technology Land Management, Lumbini
province. In the interaction program, directors of livestock and crop sectors of
the province ministry, Chief of Agriculture Knowledge Centre (AKC) Palpa,
Nawalparasi and Rupandehi, chief of Veterinary Hospital and Livestock Service
Expert Centre (VHLSEC), Palpa and Rupandehi and Chief of Prime Minister
Agriculture Modernization Project (PMAMP), Rupandehi, representatives from
Agriculture NGOs and farmers from the same province and media persons were
presented. Chief of National Wheat Research Program also participated in the
program. Altogether, there were 34 participants in the interaction workshop, in
which, 30 were male and 4 were female.

Ministry of Agriculture Food Technology Land Management, Lumbini province
has been conducting the Smart Agriculture Village Program in coordination with
research and educational institutions. We discussed the status of the program and
tried to related how these activities will be scaled up. From group discussion,
we prioritized some the promising climate smart agricultural technologies for
Lumbini Province.

According to stakeholders, some basis for climate smart agriculture (CSA)
technology prioritization are:

i.Sustainable agriculture
11.Crop diversity
iii.Sustainability
iv.Resource conservation
v.Higher production
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vi.Economy
vii.Market
viii.Social preference

Ranking of some climate smart agriculture technology by stakeholders of
Lumbini province based on:

1. Rice-rice cropping system
1.Laser land levelling
ii.Rice variety resistant to submerged condition
iit.Integrated plant nutrient management
iv.Community seed bank
v.Seeding time

2. Rice-wheat cropping system
i.Early maturity variety
ii.Laser land levelling
iii.Integrated plant nutrient Management
iv.Irrigation management
v.Agro-met advisory

3. Rainfed cropping system
1.Agro-met advisory
ii.Mixed farming
iii.Rain water harvesting
iv.Integration of legumes
v.Integrated nutrient management
4. Highland mixed
1.Scientific management of grazing land
11.FYM improvement
iii.Integrated plan nutrient management
iv.Integration of legume crops
v.Rain water harvesting

3.13.3 Prioritization of CSA technologies-Karnali province

Climate smart agricultural technology prioritzation workshop was conducted in
Karnali Province on 6™ April, 2022 at Ministry of Land Management, Agriculture
and Co-operatives, Karnali Province to prioriize and understand the scaling up
strategies of the CSA technoligies. The workshop was chaired by Mr. Amar
Bahadur Pun, director of Directorate of Agricultural Research, Surkhet, Karnali
Province and chief guest was Mr. Dhan Bahadur Kathayat from Ministry of
Land Management, Agriculture and Co-operatives, Karnali Province. Other
participants were from Agriculture Knowledge Centre, Local NGOs, National
Plant Pathology Research Centre, National Agronomy Research Centre, National
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Entomology Research Centre, Prime Minister Agriculture Modernization Project
(PMAMP), farmers from same province. Overall, there were 25 participants,
among them, 22 were male and 3 were female. Interaction with farmers was
also carried out in Rini, Dillichaur and Sinja of Jumla district (high hill, Karnali
province). In the field discussion program more than 20 female farmers were
actively participated.

Following are the technoloiges ranked by the stakeholders at Karnali province.

1. Rice-wheat cropping system
1. Drought tolerant rice varieties
i1. Community seed bank
i11i. Solar water lifting
iv. Integrated nutrient management
v. Inclusion of legumes in system
vi. Agro-met advisory bulletin

2. Rainfed cropping system
i. Rain water harvesting
il. Micro irrigation
iii. Mulching
iv. Agro-forestry
v. Community seed bank
vi. Agro-met advisory bulletin

3. Highland mixed
i. Rain water harvesting
ii. Range land management
iii. FYM
iv. Intercropping
v. Community seed bank

3.13.4 Prioritization of CSA technologies-Gandaki province

One-day workshop was accomplished in Gandaki province on 22" June, 2022
at Aanbu Khaireni Rural Municipalities, Tanahu. The workshop was chaired
by chief of Aanbu Khaireni Rural Municipalities Mr. Sukra Chuman and
chief guests were chief of Goat research program, Bandipur and Horticulture
research program, Malepatan, Pokhara. Likewise, guests were for director of
DoAR, chief of fisheries research program, Pokhara, chief of Prime Minister
Agriculture Modernization Project (PMAMP), Tanahu. Other participants were
from Agriculture Knowledge Centre (AKC) Tahanu Chief of Prime Minister
Agriculture Modernization Project (PMAMP), Gorkha, representatives from
Agriculture NGOs and farmers from the same province. The total number of
participants were 39, in which, 32 were male while 7 were female. The same
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process of technology prioritization as in other provinces was completed in
Gandaki province with major focus on the mid hills condition.

Following are the technoloiges ranked by the stakeholders at Gandaki province.

1. Rice-wheat cropping system
1.Drought tolerant rice varieties
ii.Direct seeded rice
iii.Mulching
iv.Agro-met advisory bulletin
v.Insect pest tolerant varieties

2. Rainfed cropping system
1.Insect pest tolerant varieties
i1.Agro-met advisory bulletin
iil.Agriculture insurance
iv.Drought tolerant rice varieties
v.Integrated nutrient management

3. Highland mixed
i.Rain water harvesting
ii.Scientific management of grazing land
iii.Fodder management
iv.Intercropping
v.Community seed bank

3.13.5 Validation/viability assessment of CSA technologies through
participatory research

After identifying and prioritized CSA technologies through stakeholder workshop,
the most promising technologies were validated through participatory research
in farmers’ field. For this, two agro-systems were selected i.e. rice-rice and
rice-wheat. For rice-rice agro-systems, Harnari of Chitwan district and for rice-
wheat agro-systems, Jagarnath rural municipality-3, Bijbania of Parsa district
was selected. It is the initiation of participatory research. Participatory research
initiated on DSR at 5 farmers field while AWD at 2 farmers field.

In Bijbania, 5 farmers (Table 8) were selected to practice Direct Seeded Rice
(DSR) on their rice cultivated land. All farmers are practicing direct seeded
rice method of crop establishment using Bahuguni Dhan-2 variety. They were
supported for seed, fertilizer, herbicides and rental cost of machines. Mr. Abhay
Yadav will use 20 kattha land for direct seeded rice method and remaining
20 kattha for transplanting method. The farmer’s nearby the DSR area also
received Bahuguni Dhan-2 and followed their own practices. It will help to make
comparison with DSR practice and transplanted method. All the activities are
monitored by Agriculture Implement Research Center, Ranighat, Parsa.

27



Table 8: Name of the participating farmers’ on direct seeded rice research

S.N. Farmers name Area (kattha)
1  Mr. Abhay Yadav 40
2 Mr. Pun Ram Sah 6
3 Mr Raj Chettri Yadav 6
4  Mr. Binay Yadav 5
5  Mr. Raj Banshi Yadav 8

Note: (30 kattha= 1ha)

In Chitwan, AWD is being practiced in rice field with Sabitri variety transplanted
using the machine. In case of Bijbania, AWD is being practiced under DSR with
Bahuguni Dhan-2 variety.

4. TECHNOLOGY TRANSFER AND SERVICES

Services
Information regarding climate change and climate smart agriculture technologies,
was provided to various concern stakeholders.

Publications

Besides the annual report, a compilation of agro-met advisory bulletin (500
copies) published and distributed to concerned (Annex 11.4). A compilation of
climate smart agricultural technologles developed by NARC (300 copies) was
published as titled” STeTaTq CE]l EF%T gtata TUE in Nepali language.

Information through media
Various interviews related to climate change and its impact on Nepalese
agriculture were broadcasted/published on various media.

5. VISITS

Visit of students from Tribhuvan University, Agriculture and Forestry University,
CTEVT and personnel’s from NGOs, INGOs, GOs regarding meteorological and
climate change information.
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6. OTHER ACTIVITIES

Participation in different training and workshop by different personals from the
centre is given in Annex 11.5.

7. BUDGET AND EXPENDITURE

The total annual budget and expenditure of the centre for regular projects are
provided in details in from Annex 11.8. The budget and expenditure of special
project (C-SUCSeS) is given in Annex 11.9. Revenue generated from various
activities and Beruju status of the centre is provided in Annex 11.10 and Annex
11.11, respectively.

8. KEY PROBLEMS

e Insufficient technical human resources to represent different disciplines.

9. WAY FORWARD

e Expansion of climate change related research activities to other research
stations.

e [Establishment of Environment Unit in each Agricultural Research
Directorate and commodity program of NARC.

e Strengthening human resource and laboratory facilities to conduct climate
change related research work in NARC system.

e Coordination with different organizations to provide agro-met advisory
based on weather forecasting for agriculture use.
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11. ANNEXES

Annex 11.1: Monthly meteorological data of Khumaltar, Lalitpur, 2078/79 (2021/22)

Mean Temperature (°C i
Month/Year : p : .( ) Total rainfall Rainy days
Maximum Minimum (mm)
July 2021 27.4 20.8 397.7 29
August 2021 27.4 20.6 215.8 26
September 2021 27.8 19.5 131.5 21
October 2021 26.8 16.8 31.2 8
November 2021 22.2 11.2 - -
December 2021 16.6 4.2 45.2 3
January 2022 17.1 4.4 4.7 3
February 2022 17.7 4.4 50.0 3
March 2022 26.2 11.0 0.2 1
April 2022 28.4 15.2 28.8 6
May 2022 27.3 17.1 196.7 25
June 2022 28.2 20.0 204.0 22
Mean/Total 25.1 13.8 1305.8 147
Annex 11.2: Human resources in 2078/79 (2021/22)

S.N. | Name of the Staff Designation Remarks

1 | Dr. Tika Ram Chapagain Senior Scientist (S-4)

2 | Mr. Bishnu Prasad Paudel Senior Scientist (S-3)

3 | Dr. Amit Prasad Timilsina Scientist (S-1) ggﬁl}fd from

4 | Dr. Pradeep Shah Scientist (S-1)

5 | Mr. Alok Sharma Technical Officer (T-6)

6 | Mr. Rameshwar Rimal Technical Officer (T-6)

7 | Mr. Ram Kumar Rai Admin. Officer (A-6)

8 | Mr. Krishna Prasad Pokhrel | Account Officer (A-6)

9 | Mr. Hemlal Bhandari Technician (T-5)

10 | Mr. Raj Kumar Chalise Driver gfgﬁd from

11 | Mrs. Reena Maharjan Lower Technician
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Annex 11.6: Agro-met advisory bulletin (1% issue of 8" year published on 2" Baisakh 2079)
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AT -8 : TATCTeh! HIEH YSTTHTAAT TART & FTeaTaier

Terms used in Weather Forecasting in Nepal

TSI STTEAT HET (Fair) No cloud in the sky
(Cloud condition) AT H%T (Mainly fair) 1/8 to 2/8 (25%) sky covered by cloud
AT sgel (Partly cloudy) 3/8 (26%) to 4/8 (50%) sky covered by cloud
TR sIqad! (Generally cloudy) | 5/8 (51%) to 6/8 (75%) sky covered by cloud
SAferehTaT Teett (Mostly cloudy) 6/8 (76%) to 7/8 (88%) sky covered by cloud
quf srget (Cloudy) 8/8 (100%) or all sky covered by cloud
awhﬁuzgﬁr Temporary or Brief (&Tﬁ’T&? EI‘Sﬁ) Weather phenomena occur for short span of
(Nature of Rain) time usually less than two hour
Continuous (<TITATRI Ef‘ﬁ) Weather phenomena occurring regularly and
more often throughout the time duration
Intermittent (Tfeha @aﬂf) Rain occurring and reoccurring at certain
intervals
Widespread (SAT9h ‘em‘) Weather phenomena extensively throughout an
area during specified time duration
TYTehT HATHAT T ATRT <10% None used Isolated at one or two places
&= (TH-T3 TIH)
(Rainfall probability 10-30% Slight Chance Widely Scattered at a few places
in percentage and its RLSRIGLD)
coverage) 30-50% Chance/possible Scattered at a some places
(e T
50-80% Likely Fairly widespread at many places
(BR T
>80% More likely Widespread at most places
(SATereRizT T

AT ST HEAT (%) = ST X &, STET AT HATe! el TATHT TN G T HHTET (%) SIS W &1 T
TNTSRUHT TeATThl ST EF He EATIIA 9-4TT (%) SHISED | IETETOIHT AT ol TATTRT £ 0% &FHT Y 0% AT SATeherT
T STAETHT Hl EATHRT THTI S Tehl AT (%) = 0.4 Xo.¢ = ¥0% T 3B |

TYTeRT WTT Light rain (23T 99T less than 10 mm
(Rainfall amount based Moderate rain (H&IH 3!"5!'?) 10 mm or more but less than 50 mm
on total accumulated Heavy rain (AR am‘) 50 mm or more but less than 100 mm
rainfall during 24 hrs) Very heavy rain (@f maﬁ) 100 mm or more but less than 200 mm
Extremely heavy rain (31'% %m"raﬁ) 200 mm or more
qoteT Today (3T 6 AM to 6 PM
(Time Period) Morning (fsrg) 6 AM to Noon
Afternoon (3T9{-8) Noon to 6 PM
Late afternoon (m B?FFPE?) 3PMto 6 PM
Evening (‘vTTET) 6 PM to 9 PM
Night (TriT) 6 PM to 6 AM (Next day)

AN WAH GATTHTT WETITET, T a1 e foe forsmr
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Annex 11.8: Regular annual budget and expenditure in 2078/79 (2021/22)

Bg:g:t Budget heads Annual Budget Expenses Balance
21%** | Staff expenses
21111 | Basic Salary 6709000.00 6685510.50 23489.50
21121 | Uniform 1100000.00 110000.00 0.00
21132 | Dearness allowance 254000.00 254000.00 0.00
21134 | Meeting allowance 949000.00 948600.00 400.00
21213 IS;E:::“’“ based 51000.00 50800.00 200.00
pkEE Opergti.onal .and
Administrative expenses
22111 | Water and electricity 51000.00 24192.55 17807.45
22112 | Communication 114000.00 97406.00 16594.00
22212 | Fuel vehicle 552000.00 529663.23 22336.77
22213 | Vehicle maintenance 330000.00 330000.00 0.00
22214 | Insurance 80000.00 76500.00 3500.00
22221 X:l"nlgr‘;rnyczriggﬁgxgt 159000.00 135109.50 23890.50
22291 g;irtsegfzzﬁonal Assets 105000.00 60591.00 44409.00
22311 | Office expenditure 324000.00 262351.50 61648.50
22313 | Books and materials 30000.00 21627.00 8373.00
expenditure
22314 | Fuel others 24000.00 17210.00 6790.00
Newspapers, printing and
22315 | information publishing 675000.00 554604.00 120396.00
expenditure
22413 | Contract Service Charge 75000.00 50968.00 24032.00
22512 Eﬁglli?:ve;?gz::t\;gishop 600000.00 549195.00 50805.00
22521 E;;‘;Eztiitz‘r‘emateriaw Service | 135300000 | 86280329 | 490196.71
22612 | Travel expenses 1104000.00 934130.50 169869.50
22711 | Contingency Expenses 203000.00 202962.00 38.00
28143 ;ﬁ;;iﬁ;ﬁiﬁn:geﬁis 145000.00 111300.00 33700.00
Total 13988000 12869524.07 | 1118475.93
31122 | Machinery and equipment’s 555000.00 545677.60 9322.40
31123 | Furniture and Fixture 105000.00 104552.00 448.00
Total 660000.00 650229.60 9770.40
Grand Total 14648000.00 13519753.67 | 1128246.33
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Annex 11.9: Special Project annual budget and expenditure in 2078/79 (2021/22)

Budget Budget heads Annual Budget Expenses Balance

Code

2] HE Staff expenses

21135 Staff Incentive allowance 263340.00 131512.50 131828.00

2om gg:?r?i:trzltiir;dexpenses

22112 Communication 30000.00 0.00 30000.00

22212 | Fuel (office use) 75000.00 18199.50 56800.50

2221 X:ﬁ:i"nyczmeiggﬁggff 50000.00 | 49576.50 423.50

22311 Office expenditure 40000.00 0.00 40000.00
Newspapers, printing and

22315 | information publishing 30200.00 0.00 30200.00
expenditure

22512 | Training and Seminar 425000.00 0.00 425000.00

22521 1;2231‘10‘2“;’%%33??/ 175000.00 | 91417.00 |  83583.00

22611 Monitoring expenses 43000.00 0.00 43000.00

22612 | Travel expenses 450000.00 105832.50 344167.50

22711 Contingency Expenses 55000.00 0.00 55000.00

8143 | 40000.00 0.00 40000.00
Total 1676540.00 396537.50 1280002.50

Annex 11.10: Revenue status in 2078/79 (2021/22) (In Nepalese Rupees)

Source Total Remarks

Administration Income 5000.00

Research materials 5940.00

Grand Total 10940.00

Annex 11.11: Beruju status in 2078/79 (2021/22) (In Nepalese Rupees)

Beruju Amount Remarks

Beruju till last year 0.00

Beruju cleared this FY 0.00

Remaining Beruju 0.00
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Interaction with stakeholders about impact of climate change in Tanahu




