NPSN: 036/2078/79

Annual Report

2077/78 (2020/21)

Government of Nepal
Nepal Agricultural Research Council

National Agricultural Environment Research Centre
Khumaltar, Lalitpur, Nepal

2021






NPSN: 036/2078/79

Annual Report

2077/78 (2020/21)

Government of Nepal
Nepal Agricultural Research Council

National Agricultural Environment Research Centre
Khumaltar, Lalitpur, Nepal

2021

i



© National Agricultural Environment Research Centre (NAERC), Khumaltar,
2021

National Agricultural Environment Research Centre (NAERC)
Nepal Agricultural Research Council (NARC)

Khumaltar, Lalitpur

Tel: 977-1-5535981

Email: env.narc@gmail.com

URL: http://www.narc-env.gov.np, http://www.narc.gov.np

Citation:

NAERC, 2021. Annual Report. 2020/21 (2077/78). National Agricultural Environment
Research Centre, Khumaltar, Lalitpur, Nepal

Cover Page Photo: NAERC Office Building

il



FOREWORD

The National Agricultural Environment Research Centre (NAERC) was created
to address weather/climate and environmental concerns in agriculture. Being
ranked as the fourth most vulnerable country to climate change, Nepal has to
work on climate related issues to optimize the agriculture production system in
backdrop of large cultivated area under rainfall agriculture system, increasing
frequency of climate related hazards, growing use of chemical pesticides, and
deteriorating soil and water quality for agricultural use. In this context, NAERC
has been working with a variety of organizations and stakeholders to identify the
most effective adaptation and mitigation measures to limit the negative impacts
of weather/climate change and other environmental concerns. A meteorological
database containing seasonal and yearly trends for different parts of Nepal is being
prepared by the centre in order to be used for agricultural purposes in Nepal. A wide
range of crops have been tested for their ability to adjust spatially and temporally
to high temperatures in order to determine how best to adapt to climate change.
Other significant activities include agro-meteorological data collecting, analysis
and dissemination; assessment of consequences of climate change on farmers'
perspectives; agro-meteorological advisory bulletin (AAB) creation and distribution;
and calculation of GHG emissions and carbon sequestration. Last but not least, in the
coming year, the centre will focus on identifying and prioritizing new agricultural and
environmental challenges.

This annual report provides a detailed look at the activities and outcomes of the research
undertaken by the centre during the fiscal year 2077/78. Researchers, extension staff,
students, and national policy makers are likely to find this report valuable in their
research and decision-making process.

In particular, I'd like to express my gratitude for the invaluable contributions made by
Mr. Bishnu Prasad Paudel as well as Dr. Amit Prasad Timilsina, Mr. Alok Sharma, Mr.
Rameshwar Rimal, and Mr. Hem Lal Bhandari. My thanks to Mrs. Mandira Chitrakar,
Mr. Pravat Sah, 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. Regarding the report's
improvement, I would much welcome constructive criticism and ideas.

Tika Ram Chapagain

Senior Scientist and Chief

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

The National Agricultural Environment Research Centre (NAERC) has been
seeking and working toward the transformation of farmers' livelihoods via
the development and sharing of climate-resilient, environmentally friendly
agricultural technologies. It entails the sharing of knowledge on skillful programs
such as crop modeling, carbon sequestration, and GHG emission estimation
investigations. Recognizing the relevance of climatic information to agricultural
researchers, the centre has consistently encouraged the installation of automatic
weather stations in various research sites. Many of the centre's clients, including
researchers and organizations, have received advisory services on changing
climate scenarios and their impact on crops. The centre is preparing weekly
agromet-based advisory services via bulletins for farmers across all physiographic
zones of Nepal in order to reduce weather-induced crop vulnerabilities. Under the
centre, continuous research is also underway to develop environmentally friendly
agricultural technologies and mitigation methods to reduce crop vulnerabilities.
Aside from the aforementioned services, the centre also makes weather data
available to other organizations, research stations, and students working in
agricultural research. The following are some of the centre's research discoveries
and other noteworthy accomplishments in fiscal year 2020/21:

% The centre has continued the preparation of the agro-met advisory bulletin
initiated by PPCR in FY 2071/72. A total of 52 episodes of the weekly
agro-met advisory bulletin have been prepared. The bulletin includes
weather forecasts for the coming week, as well as agro-advisories for
food crops, fruits and vegetables, livestock, pasture and fodder, and
fisheries. The centre is assisting the NTV NEWS program after eight p.m.
to distribute 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.

¢ The lettuce grown at Khumaltar under the Open Top Chamber (OTC) was
found to have a higher number of leaves, longer base to tip length, leaf
width at the middle part and weight of total leaves per unit area. Based
on the number of leaves at three harvests, Green Wave was found to be
better than Green Leaf, Helinong Seed, and New Red Fire genotypes of
lettuce with up to 17 leaves per plant. The base to tip length and width of
leaves were found highest in the New Red Fire genotype. However, total
leaf weight per meter square area was not consistent with any genotype in
three harvests.

% The mango trees of eight years (in germplasm block), fifteen years
(Amrapali as well as Calcuttia) grown in Directorate of Agricultural
Research, Tarahara were found to fix 27.2, 180.9 and 63.5 kg Carbon
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per trees, respectively. Similarly, the fifteen-year-old mango trees at the
National Rice Research Centre, Hardinath, were found to fix 272.7 kg of
carbon per tree.

The CO,-C flux was recorded at the highest of 97.8 mg/ha/hr from the
maize field with 190 kg/ha of nitrogen applied through urea. The lowest
(60.4 mg/ha/hr) was found with the application of 120 kg/ha of Nirtogen
in a maize field. The average CO,-C flux was found to be 77.6 mg/ha/hr
from maize field at Khumaltar.

The survey was conducted at Kavrepalanchock with 23 tomato growers.
About 52.2% of farmers experienced a climate change impact on tomato.
More than two thirds of farmers complained about not getting any
weather or climate-related information. Rainfall was perceived as a major
contributor to tomato production by 54.5% of farmers. The majority of
farmers (82.6%) are cultivating new varieties for higher production. Tuta
(tomato leaf miner) and late blight were taken as major insects (by all
farmers) and diseases (by 65.2% of farmers), respectively. The increase
in the number of pesticide applications was experienced by 56.7%
of farmers. Farmers were found worried about the increased cost of
cultivation, insects and diseases, as well as less support from concerned
stakeholders.

A survey was also conducted with eight agro-vet of Kavrepalanchok
district. They experienced that Tuta was the major pest for tomato. Half
of the agro-vet owners mentioned that both the seller and the buyer decide
the types of pesticides. The majority of agro-vet owners (87.5%) stated
that farmers were aware of the tag/label, expiry date, dose, and waiting
period and the seller also provided such information to farmers. Among
four respondents who raked tomato among vegetables based on pesticide
use, two of them ranked first, one as second and one as third. All the
agro-vet owners advocated that the government should make a proper
law on pesticide sales and use, be able to provide alternatives to chemical
pesticides to farmers, and make farmers aware of various aspects of
pesticide use.






1. WORKING CONTEXT

A two-thirds portion of the Nepalese population is engaged in agriculture, a
sector that makes about one-third of the country's economy. 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. 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 of National Agricultural Environment Research Centre

The Agricultural Environment Unit was established in the F.Y. 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 mandate of NAERC is to act as a key player for collaborative research in
partnership with the provincial government, local government, NGOs, INGOs
and other stakeholders on environment-related issues in the agriculture sector
and support on policy guidelines.

In pursuit of this, NAERC focuses on

e Involve in agriculture environmental 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 agri-environment related
issues

e Co-ordinate 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
temperature).

GHGs emission under different agricultural land and system.

Carbon sequestration in agricultural, plantation and horticultural crops.
Mineralization rate of soil organic matter under elevated temperature.
AAB performance and efficacy under local level / farmer level.

simulated environment (e.g. Elevated

2.6 Infrastructure and facilities

Automatic weather station (11): 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 Organization structure and human resources

The structure of this centre is given in Fig 1 and detail of human resources in
2076/77 has been presented in Annex 1.

Nepal Agricultural Research Council
(Executive Director)

\ 4

Y Y Y

b Director Director Director Director
irector (Crop and (Planning (Livestock and A ]
(Finance) Horticulture and Fisheries (Administration)
Research) | Coordinatign Research)
D

Figure 1: Organizational structure of National Agricultural Environment Research
Centre
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Figure 2: Location of office building

3. RESEARCH HIGHLIGHTS

3.1 Response of lettuce genotypes to higher temperature grown under Open
Top Chamber (OTC)

Air temperature is important to agriculture because it influences plant growth
and crop productivity. It affects different parameters of soil including soil
mineralization rate and soil moisture. It also has effects on whole crop phenology
like physiological maturity, heading etc. Farmers mainly use air temperature along
with other weather information to decide crop, varieties and other management
practices. Thus, a study on the effects of temperature on crops is necessary for
knowing the adaptability or vulnerability of new crop varieties.

An experiment was carried out to assess the performance of four lettuce genotypes
(Green Leaf, Green Wave, Helinong Seed, New Red Fire) in the open field and
in the Open Top Chamber (OTC) at Khumaltar. The OTC was used to provide
an elevated temperature condition for lettuce varieties. The growing conditions
(OTC and open field) were considered as main plots and lettuce genotypes as
sub-plots. These varieties were selected based on availability in agro-vet and
widely used by farmers based on agro-vet selling.

The seed was sown on 1 November, 2020 on a raised bed. Green Wave emerged
in 4 days, Green Leaf and New Red Fire in 5 days, and Helinong Seed in 6 days.
Each chamber or open field was divided into 4 parts with Im?. Seedlings were
transplanted on 10" December, 2020 at 25 cm x 25 c¢m spacing. While preparing

4



the field, the fertilizer was applied at a rate of 60:40:20 N: P,O5: KO kg/ha, with
the full dose of phosphorous and potash and half a dose of nitrogen. Irrigation
was done as needed. The harvestings were done at 10, 20, 35, 45, 65, 85 and 105
days after transplaitng (DAT). The harvest at 65 DAT was only from OTC. For
the comparison purpose, the last three harvests of leaves (65, 85, and 105 DAT)
at 20-day intervals were used. The average maximum, minimum air and soil
temperatures between 3™ January and 30" March (with some days’ data missing)
were found to be higher under OTC than in open field conditions (Table 1).

Table 1: Average air and soil temperature in chamber and field condition for
lettuce growing period, 2077/78 (2020/2021)

Maximum Minimum Maximum Soil Minimum Soil
Treatments temperature  temperature temperature temperature
9] 49 9 9]
Open Top Chamber 29.02°C 4.2°C 13.8 11.3
Open field 26.2.2°C 3.6°C 11.5 8.2

The number of leaves under OTC was found to be significantly higher compared
to field conditions. The Helinong Seed genotype had a significantly higher number
of leaves compared to Green Leaf and New Red Fire with a harvest at 65 DAT.
Only the New Red Fire genotype had a lower number of leaves compared to other
genotypes at 85 DAT. The Green Wave gentope was found with a significantly
higher number of leaves compared to all other genotypes at 105 DAT (Table 2).

Table 2: Number of leaves of lettuce varieties grown in different growing
conditions at Khumaltar, 2077/78 (2020/21)

Treatment Leaf number Leaf number Leaf number
(65DAT) (85DAT) (105DAT)

Growing condition

OTC 10.2 8.0 16.4

Open field 6.6 9.8 11.4

F test * * *

LSD (at 0.05) 2.36 1.38 1.18

CV (%) 8.0 4.4 2.4

Genotypes

Green Leaf 7.7 9.1 14.1

Green Wave 8.6 9.1 16.9

Helinong Seed 9.4 9.1 13.1

New Red Fire 7.9 8.3 11.6

F test * NS ok

LSD (at 0.05) 1.12 - 1.47

CV (%) 10.6 12.1 8.4

The base to tip length ofleaf was found significantly higher with genotypes grown
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under OTC condition. The width of leaf was also found higher under OTC than
open field condition with significantly higher width of leaf harvest at 85DAT.
New red fire was found to have significantly higher base to tip and width of
leaves than other genotypes at all three harvest (Table 3).

Table 3: Leaf length and width of lettuce varieties grown in different growing
conditions at Khumaltar, 2077/78 (2020/21)

Base to tip Base to tip Baseto tip Width Width Width

Treatment (cm) (cm) (cm) (cm) (cm) (cm)
(65DAT) (85DAT) (105DAT) (65DAT) (85DAT) (105DAT)

Growing condition
OTC 13.4 13.29 13.36 13.2 13.30 11.97
Field 10.8 11.71 11.23 10.6 11.93 10.83
F test * * * NS * NS
LSD (at 0.05) 1.58 0.755 0.541 - 0.459 -
CV (%) 3.7 1.7 1.3 5.5 1.0 6.1
Genotypes
Green Leaf 11.5 12.23 11.63 11.3 12.12 9.67
Green Wave 11.8 12.05 11.67 11.7 12.22 10.23
Helinong Seed 11.2 11.75 11.53 10.2 11.21 11.33
New Red Fire 13.8 13.95 14.35 14.5 14.92 14.37
F test * Kk *k k * *
LSD (at 0.05) 1.07 1.422 1.430 1.72 2.275 2.361
CV (%) 7.1 9.0 9.2 11.4 14.3 16.5

The yield was found significantly higher with last two harvest under OTC than
field condition. The leaf weight was even more than two times under OTC than
field conditoin with harvest at 65 DAT. The leaf weight differed significantly
among genotyes at 105 DAT harvest only and was found significantly higher leaf
weight of Helinong Seed genotypes. Green Wave at 65DAT harvest and New Red
Fire at 85DAT harvest had higher leaf weight (Table 4).

Table 4: Leaf weight of lettuce varieties grown in different growing
conditions at Khumaltar, 2077/78 (2020/21)

Leaf weight Leaf weight Leaf weight

Treatment (® (® ®
(65DAT) (85DAT) (105DAT)

Growing condition
OoTC 933 1645 1668
Field 423 958 1019
F test NS * *
LSD (at 0.05) - 425 409.3
CV (%) 22.9 9.3 8.7
Genotypes
Green Leaf 588 1036 1313
Green Wave 755 1330 1168




Leaf weight Leaf weight Leaf weight

Treatment (€3] (e (e
(65DAT) (85DAT) (105DAT)

Helinong Seed 636 1392 1502

New Red Fire 732 1449 1390

F test NS NS *

LSD (at 0.05) - - 1178.8

CV (%) 23.9 19.3 10.6

3.2 Responses of maize varieties with different doses of nitrogen

Maize is the second most important crop in Nepal after rice, in terms of area
and production. Its efficiency is exceptionally low when compared with other
developed countries. In Nepal, the agriculture sector occupies 34.3% of GDP
and is the major dominating sector for the livelihoods of the Nepalese people,
accounting for about 65.5% of the working force. The total area occupied by
maize in Nepal is 956,447 hacter of land and productivity of 2387 kg/ha in
2018/19 (MoALD, 2020). In many countries around the world, hybrid technology
has made a huge impact in bringing about the hybrid revolution and drastically
changing maize productivity. However, it necessitates greater inputs, and one of
the most important inputs to consider is nutrients. Therefore, the responses of
different varieties under four levels of nitrogen doses were studied. Hybrid maize
yields 20-30% more than other maize varieties. The National Maize Research
Program (NMRP), Rampur, has registered and released seven maize hybrids, but
they are not suitable for all agro-climatic regions of Nepal. Hybrid maize covers
only 10% of the total maize area of Nepal. The high price of hybrid seed, a wide
gap in anthesis-silking interval, poor seed set, difficulties in early generation lines,
untimely availability of inputs (irrigation, fertilizer, pesticides etc.), requirement
for seed replacement in every season and high irrigation are the major problems
associated with hybrid maize cultivation in Nepal.

This experiment was conducted at the experimental field of the Agronomy
Division, Khumaltar, Nepal under rainfed conditions. The field was located in
the hilly region at an altitude of 1350 m above mean sea level (latitude 27.40
N, longitude 85.20 E). The experiment was conducted using a split plot design
where variety was considered as the main plot and different nitrogen levels
were considered as sub plots. Maize varieties (Rajkumar, CP 808 and AF 2)
were planted with the spacing of 20 cm (plant to plant) and 60 cm (row to row)
respectively. The experiment had three replications. Phosphorous and potash
were applied at rates of 60 and 40 kg/ha, respectively. The individual plot size
was 2.5 m wide and 4.2 m long. Intercultural operations were followed as per the
recommendation for rainfed maize. Nitrogen was applied through line placement
in three split doses, as basal dose at the time of seeding, a first top dress dose on
30 days after seeding (DAS) and a second top dress on 45 DAS. The GenStat



statistical software was used for stastical analysis.

The experimental results showed that the CP 808 variety yielded more than the
other two varieties, with 1934.9 kg/ha, while Rajkumar yielded 1619.9 kg/ha
and AF 2 yielded 1347.8 kg/ha. The maize yield (2026.2 kg/ha) was found to be
highest with 210 kg of nitrogen as compared to 180, 150, and 120 kg of nitrogen
with yields of 1753.9, 1471.4, and 1285.2 kg/ha respectively. The stover yield of
CP 808 was found highest (2620.1 kg/ha) compared to 2193.6 and 1825.1 kg/ha
stover yield of Rajkumar and AF 2 varieties, respectively. The stover yield was
found to be highest (2743.9 kg/ha) with 210 kg of nitrogen compared to 180, 150,
and 120 kg of nitrogen per hectar with yields of 2375.1, 1992.5, and 1740.4 kg/
ha, respectively. The thousand grain weight among varieties ranged from 234.4 g
to 255.0 g, and the nitrogen dose ranged from 240.3 to 259.8 g. The cob length of
AF 2 variety was highest with 15.5 cm and Rajkumar had lowest cob length with
13.1 cm. The maize yield was lower due to a lower plant population of the maize.
This was due to lockdown for a longer period which delayed sowing, coincide
emergence and early growth phases with higher amount of rainfall.
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3.3 Quantification of carbon sequestration by mango trees

The majority of the developing countries are an insignificant contributor of
carbon, though they are most suffered from the impact of climate change. Carbon
trading is one sector where they can take advantage to collect some funds and
apply in adaptive measures to cope with climate change. 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. In
the carbon sequestration process, either CO, is captured from the atmosphere or
added into the soil. In this study, above-ground biomass (AGB) and belowground
biomass (BGB) of the fruit trees have been considered and used to calculate
the carbon sequestration. Increasing biomass of trees helps to reduce carbon
concentration in the atmosphere as the green trees continuously absorb carbon
during photosynthesis.

The National Agricultural Environment Research Centre (NAERC) has taken the
initiative and is preparing some databases on the carbon sequestration by major
fruit trees across the country. This year, the mango trees grown in the Directorate
of Agriculture Research (DoAR), Tarahara, Sunsari, Province No. 1 and the
National Rice Research Program (NRRP), Hardinath, Dhanusa. Sunsari district
rank first in terms of area in Province No. 1, with 1,456 ha covered by mango
trees. Dhanusha which lies in Province No. 2 has 2,968 ha of mango orchards
(MoALD, 2020).

The sample trees were taken from three different locations: germplasm block,
orchard with Amrapali (4 x 4 m planting) and Kalkattia (6 x 6 m planting)
varieties of mango. The diameter at breast height (DBH) was measured at
1.3 m above ground level and the plant height was calculated using an angle
measured by clinometers. The above and below-ground tree biomass and carbon
sequestered by mango trees within one-hectare of land was calculated following
the procedure described in Timilsina et al. (2019 (a)). The canopy size, height,
age of the tree, and girth diameter are the major determinants of sequestered
carbon as tree biomass.

Table 6: Carbon Sequestration by mango trees grown at DoAR Tarahara

and NRRP, Hardinath
Block/ No. of Tree Diameter at Tree Carbon
S.N. Locations orchard sam' les age breast height height Sequestrated
name P (years) (m) (m) (kg/per tree)
1 DoAR, Germplasm
Tarahara block 25 9 0.42 3.79 27.2
2 DoAR, Calkattia
Tarahara block 53 15 0.83 8.71 180.9
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Block/ Tree Diameter at Tree Carbon
No. of

S.N. Locations orchard samples  28€ breast height  height Sequestrated
name P (years) (m) (m) (kg/per tree)
3  DoAR, Amrapali
Tarahara block 29 15 0.586 4.90 63.5
4. NRRP, Mango

Hardinath orchard 100 52 0.817 11.47 282.7

The carbon sequestration by nine years mango trees from germplasm block with
0.42 m average diameter at breast height and 3.79 tree height was found 27.2 kg/
tree. Similarly, Calkattia varietie’s trees of 15 years old with an average diameter
0f 0.83 m at breast height and an average tree height of 8.71 m have an average of
180.9 kg/tree sequestration. Amrapali variety trees that were 15 years old and had
a 0.586 m average diameter at breast height and a 4.9 m tree height sequestered
282.7 kg of carbon per tree (Table 6).

3.4 Estimation of COZ-C emission from maize field

Soil CO, flux is the combined result of root respiration and microbial
decomposition of soil organic matter (Hanson et a/ 2000). Farming practices
including use of excessive fertilizers and mismanagement 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 sustaining 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 factors 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 Agronomy Research Centre, Khumaltar
to estimate CO,-C emissions from maize fields with different nitrogen doses
(120, 150, 190, and 210 kg/ha) in 2021. 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 subjected 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.
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Table 7: CO,-C Emission from maize field with different doses, 2078
S.N. Nitrogen dose Air Temp. C flux mg/m Soil Temp. Soil  Moisture

(kg/ha) (°O) sq/hr (°O) pH index
1 120 31.7 60.4 26.1 6.13 >8
2 150 30.9 81.0 25.9 6.13 >8
3 190 314 87.8 26.0 6.12 >8
4 210 31.2 81.3 26.1 6.15 >8
Average 31.3 77.6 26.0 6.13 >8

The pH of the soil ranged from 6.14 to 6.16 and the soil moisture index was
above 8. Similarly, the air temperature ranged from 29.7 to 32.9 °C during the gas
collection process.The CO,-C flux was recorded at the highest of 97.8 mg/ha/hr
from the field with 190 kg/ha of nitrogen applied through urea. The lowest (60.4
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 77.6 mg/ha/hr (Table 6).

3.5 Assessment of pesticide use on vegetables in Kavrepalanchok

In the context of climate change, weather vulnerability and its impact on Nepalese
agriculture is a matter of increasing concern. Agriculture is one of the sectors
being affected by climate change (Malla, 2009) and variability in various ways
and locations. Crop productivity is not the only area impacted by weather/climate-
related vulnerabilities, but the impact can also be seen on the environment and
human health (Karki et al. 2009). Farmers' attitudes toward climate change, as well
as their practical efforts to mitigate its effects, are useful in developing effective
plans and policies for future weather and climate (Timilsina et al. 2019 (b)).

A total of 23 farmers’ perceptions were taken for the assessment of pesticide
use on tomato in Dhulikhel (4 respondents) and Pachkhal Municipality (19
respondents) of Kavrepalanchock district of Nepal. The samples were less
than expected as the further survey could not be done due to the COVID-19
pandemic. Six of them were at age of 20-30, five of them were 30-40, four of
them were 40-50, three of them were 50-60, and five of them were in the 60-
70 age group. There were thirteen female and ten male respondents. About 43
percent of respondents said that women take the lead role in agriculture related
decision making, followed by men (about 30 percent). About ninety-one percent
of respondents said their income came from agriculture sectors, out of which
28.5% had up to one lakh income, followed by above one lakh to up to two
lakh (about 24%), above three to up to four lakh (about 19%), above four to up
to five lakh (about 14%), above two lakh to upto three lakh (about 9.5%), and
above five lakh (about 5%). Tomato cultivation, on the other hand, earned up to
one lakh Nepalese rupees for approximately 57 percent of farmers. One farmer
with NRs. 12 lakh annual earnings from the agriculture sector responded that
the share from tomato production was about 83% of the total earnings from the
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agriculture sector. Total land holding ranged from four to fifteen ropani, with
tomato cultivation occupying one-and-a-half to ten ropani.Seven farmers were
found totally dependent on tomato cultivation.

About 96% of farmers were getting the required pesticide in the proper amount
and time. Most of them (about 61%) were using Knapsack to apply pesticides
on vegetables. All farmers using pesticides in vegetable production were getting
human labor on time and did not need to provide any additional payment for
pesticide application. About 8% of respondents' perceived pesticide availability
also affected the time and amount of pesticide application. More than half (about
53%) of respondents said that agro-vet is a major decider for the type of pesticide
use. Approximately 90% of farmers believed that they chose pesticides based
solely on effectiveness, while 9% believed that they chose pesticides based
on both effectiveness and safety, while the remainder were unsure about both
effectiveness and safety criteria. Agrovet is the main pesticide source for most
farmers (about 78.3%), followed by farmer groups/co-operatives (17.4%) and the
remaining (4.3%) were using homemade pesticides like Jholmol, livestock urine
etc. The majority of pesticide users were using chemical pesticides (about 35%),
as well as bio-pesticides (about 35%), and the rest were unable to differentiate
between chemical and bio-pesticides. One pesticide user did not know about the
date of expiry, tag/label, recommended dose, and waiting period. More farmers
were careful about expirty date (about 68.2%) compared to waiting period
(about 59%), recommended dose (about 59%), tag/label (45.5%). A majority
of farmers (about 74%) have not received any training on pesticide use. Only
one respondent received training from both the government and agro-vet, two
received training from the government and I/NGOs, two from Sahakari. Among
twenty-one farmers who answered, only 17.4% thought they knew about climate
change clearly, about 56.5% knew a little bit, and 26.1% were unknown about
it. However, about 52.2% of respondents said tomato production is affected by
climate change, and 8.7% could not respond. Nearly 43.5% thought the number
and timing of pesticide applications had not changed due to climate change, and
17.4% did not have any idea. Almost two-thirds of respondents (69.6%) said
they had not received any weather or climate-related information in the previous
two years. All the pesticide users’ respondents have been considering weather
while deciding the time of pesticide application. Rainfall, wind, and fog are
the kety parameters that farmers consider while making decision of pesticide
applications. About 91.3% pesticide users have been considering time of day for
pesticide application and about half of that (45.5%) chose evening time, followed
by afternoon (13.6%), anytime (13.6%), morning and evening (9.1%), morning
and evening (9.1%), morning, afternoon and evening (9.1%). Most of the farmers
(81.8%) used to decide pesticide application based on visible symptoms on
plant followed by symptoms as well as routine, based on experience (9.1%),
routine based on experience (4.5%) and symptoms, weather, and routine based
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on experience (4.5%). Among pesticide users, about 72.7% thought that the
pesticides also kills beneficial insects as well. About 54.5% of respondents think
rainfall is the main weather event impacting tomato production, followed by
hailstorm (27.2%), fog (13.6%), and frost (9.1%). One farmer also responded
that it wouldn’t affect on tomato under the tunnel. Normal tomato planting time
in the survey area was found to be Falgun to Baisak first week in Khet, Bhadra
in Bari, Jestha-Asar in the tunnel. Varietis like Amita, Dalila, Srijana, Improved
Srijana, Kabita are popular among farmers. Farmers have been producing 0.8-8
mt from one ropani area. All respondents agreed that pest problems are increasing,
especially Tuta. About 65.2% of farmers observed increased blight problems.
Other pests that are becoming a problem in tomato cultivation are leaf minor
and aphid.Farmers could exactly respond to pesticide name and dose changes
in the past and now. About 95.7% of farmers have not changed their tomato
based cropping patterns. One farmer has utilized fallow land by making a tunnel
for tomato production. The majority of farmers (74.9%) have changed the area
under tomato cultivation in recent years, ranging from 0.5 to 5 ropani.The shift
towards the tomato cultivation was mainly due to the economic benefit of tomato
cultivation. None of the farmers have stopped growing tomato. The majority of
farmers (82.6%) have changed tomato varieties and mostly replaced their local
varieties with improved varieties/hybrids like Srijana. The main reason for shifting
from local to new varieties was higher production and benefits. More than half
(56.5%) of farmers changed or increased the number of pesticide applications,
17.4% thought there was no change, and the rest of the respondents could not
respond. Only one farmer responded to the change in planting time, harvesting,
and picking intervals. Among 21 respondents, four perceived a decrease in the
cost of production per ropani, twelve perceived an increase, and five perceived
the same cost of production. Similarly, among 18 respondents, six respondents
felt the higher cost of pesticides and their application, three respondents felt a
lower cost and nine felt no change. The decrease in the cost of pesticides and
their application was found linked with awareness and less use. About 74% of
farmers think that they have increased tomato production in recent days. The
tomato yield was found to vary from 1.5 to 7 quintals per roapni. They were
getting a price in the range of 30 to 100 kg/ha, depending on the season and year.
Only twenty six farmers felt that they have increased net income per ropani from
tomato production these days. Only one farmer experienced a decrease in net
income per ropani. The total benefit ranged from one latkh to about three lakhs
per ropani. About fifty-two percent of respondents consider the waiting period
while harvesting. Only one farmer thinks that the quality of produce was affected
by pesticide application and most of the fruit was less durable. About 69.6% of
respondents believed that maketing was affected by the pesticide application.
About two-fifths of farmers perceive that the rate of fresh tomato is affected by
pesticide application. None of the farmers have experienced any monitoring for
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quality control by concerned agencies. About two thirds of farmers said that they
have received machines as support from the government. None of the farmers got
any pesticide support from any agencies. Therefore, they thought that the timing,
rate, and amount of pesticide application were not affected by the pesticide
support.

Similarly, the survey was also conducted using agro-vet owner about pesticides
related business with major focus on tomato. Three agro-vets from Dhulikhel and
five from Panchkhal Municipality. Only one respondent was a female proprieter.
Five of them had education up to high school level, two had university degrees
and one was literate. The transaction from pesticides and other related equipment
ranged from 10 to 3 crore, out of which the transaction for vegetables ranged
from 1.5 lakh to one crore. Furthermore, the shares for tomato production related
transactions ranged from one to 20 lakhs per year. Six agro-vets identified
tomatoes as the main vegetable with the highest pesticide use, followed by
potatoes (1 agro-vet) and chillies (1 agrovet). According to them, farmers mainly
asked/used pesticides for blight diseases and for mosaic virus. Dimethomorp
and Mancozeb are popular pesticides for blight diseases which are available in
every agro-vet. Based on higher pesticide use, it was found that the major insect,
Tuta, was followed by the whitefly. Emamectin Benzoides were found popular
for controlling tuta. According to half of the respondents, the type of pesticide is
decided by both farmers and themselves. All of them experienced that farmers
were aware of the expiry date and recommended dose while purchasing pesticides,
while 87.5% of the respondents perceived farmers also looked at tags, labelling,
and waiting period while purchasing. Most respondents (87.5%) mentioned that
they inform farmers about the expiration date, tag/labelling, recommended dose,
and waiting period. The rest of them were practicing giving advice based on
request or demand only. The majority of respondents (62.5%) mentioned that they
recommend safe pesticides to farmers, followed by effective pesticides (25% of
respondents) and both effective and safe pesticides (12.5%). The majority of agro-
vets (37.5%) convince farmers to use new pesticides by supplying them with new
formulations free of cost. Only one respondent mentioned that they used to have
all kinds of pesticides as per the needs of farmers, and one agro-vet only fulfilled
up to 10-20% demand for pesticides, while others mostly fulfilled demand (up to
80%). All agro-vets received complaints from farmers about pesticides, but the
percentage of farmers ranged from five to twenty-five. Mostly, the complaints
were about the effectiveness of pesticides. The pesticides were manufactured
mostly by India (10-75%), China (30-70%) and Nepal (5-20%). The pesticide
suppliers were Shangrila Agro-vet Suppliers, Panchkhal Bij Bhandar, Karma
Groups, Arbind Agro Centre, Bara, etc. Only two respondents mentioned that
they were selling organic pesticides only and one respondent was selling chemical
pesticides only. Others were selling both types of pesticides and with major
portions of chemical pesticides (50-95%). Only four respondents were able to
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rank tomato based on the amount of pesticide used. Two of them ranked first, one
ranked second, and one ranked fourth among the vegetables. Five respondents
mentioned that they also check the effectiveness of particular pesticides. All five
asked farmers for their effectiveness of pesticides, and one of them was also
using them on their own farm. Half of the respondents mentioned that they have
tomato specific pesticides. Agro-vet also suggested making an effective law for
the use and selling of pesticides, providing alternatives to chemical pesticides,
training farmers about the dose and effective use of pesticides, and also increasing
awareness programs on pesticide use and their negative consequences.

3.6 Agro-met advisory bulletin (AAB)

A total of 52 episodes of the agro-met advisory bulletin have been prepared by an
expert team in collaboration with the Department of Hydrology and Meteorology
(DHM). The bulleting continued to encompass all 77 districts of Nepal. The
seven-day weather forecast was received for Terai, the Hills, and the Mountains
in the respective provinces. The expert team used crop and livestock status as well
as weather forecast to prepare agro-met advisories which have been disseminated
through television, mobile SMS, web service, email, etc. A sample of the latest
agro-met advisory bulletin for FY 2077/78 has been provided below.
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3.7 Roving Seminars for Farmers of Nuwakot and Chitwan

The multi-disciplinary team of twelve experts visited Meghang-3, Phasang and
Belkotgadhi-11, Amare in Nuwakot district and Pithuwa, Bachyauli, and Jagatpur
areas of Chitwan district to understand the farmers’s weather and agriculture
related problems.

Agricultural Engineering Related issues at farmers

The Phasang (1985 masl) of Meghang Gaupalika was found to be famous
for its off-season vegetable farming in plastic houses. Nearly 300 plastic
houses were found in the vicinity. The number is even bigger (aprrox.3000)
in Kimtang of the same Gaupalika (source: farmers). There was not any
surface irrigation system. Farmers are using rainwater harvesting ponds
for irrigation. However, they are not aware of crop-stage based irrigation
scheduling. The importance of irrigation and a better way of increasing
water productivity was discussed among the farmers.

A well managed Majuwa Devi Krishi Firm, situated at Belkot-7, Amare
Nuwakot, was visited and the commercial goat farming practices observed.
The modified goat housing structure was found to be unique and suitable
for that climate.

The prepared seedbed for the mechanical rice transplanter at Bachyauli
Chitwan was observed by the different disciplinaries sections and the
causes of failure were discussed. The initial examination indicated that
the seedlings were in a water-stressed condition. Furthermore, the soil
mixture used in the tray was not proper. The techniques of seedling
preparation for mechanical rice transplanters were discussed among the
farmers.

The importance of irrigation in banana cultivation was discussed with the
banana farming farmers at Pithuwa, Rantnanagar Nagarpalika Chitwan.
Very few farmers were found to be aware of the importance of efficient
water management practices in bananas.
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Information on weather and it’s measuring instruments

1.

2.

The method of measuring temperature and precipitation was demostrated
in interactive way.

Information from farmers were taken about what kind of problems they
were facing reagarding temeprature and precipitation and how farmers
were getting such information.

The interaction was also focused on how weather/climate information
could be useful in agriculture

Farmers were made aware about agro-met advisory bulletin and how
bulletin as well as weather/climate related information could be accessed
by farmers

Research areas in banana cultivation felt by farmer’s of Pithuwa, Chitwan

N kW=

8.

Varietal improvement and performace of banana

Mechanization to reduce cost of banana cultivation

Panama disease as well as common insects of banana

Intercropping in banana

Management aspects of soil, fertilizers, irrigation as well as spacing
Ways to maximize weather/climate information received at advance time

Residue mangementValue chain analysis of banana to find out ways to
increase income from banana cultivation

Ways to increase the size of individual banana finger

Comments/Feedbacks/Suggestions based on roving seminars

Based on the observa.tions, some of the suggestions were received to be
incorporated into the project activities.

Intensive research is needed to solve the problems of banana farmers.

Farmers need to be aware of the weather and climate related impacts on
agriculture.

Dissemination of the Agro-met advisory bulletin to the farmers' field
level in the existing organizational structure is challenging. Therefore,
further discussion/meeting should be planned to strengthen an effective
dissemination mechanism.

Regular feedback from end users/farmers is necessary to improve the
AAB.

Limited farmers are receiving SMS. So the coverage should be extended.
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4. TECHNOLOGY TRANSFER AND SERVICES

Services

Infromation regarding climate change, climate smart agriculture, agri-
environment and its importance and impact on agricultural productivity was
provided to various concern stakeholders.

Publications
Besides the annual report, a half yearly compilation of agro-met advisiory bulletin
(300 copies) buplised and distributed to concerned (Annex 3).

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

S. 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.

6. OTHER ACTIVITIES

Participation in different training and workshop by different personals from the
centre is given in Annex 4.

7. BUDGET AND EXPENDITURE

The total annual budget and expenditure of the centre for regularprojects are
provided in details in from Annex 6. Revenue generated from various activities
and Beruju status of the centre is provided in Annex 7 and Annex 8, 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 Resarch
Directorate and commodity program of NARC.

e Strengthening human resourcea and 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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Figure 3: Temperature and rainfall pattern at Khumaltar, 2077/78 (2020/21)
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11. ANNEXES
Annex 1. Human Resources, 2077/78 (2020/21)
S.N. |Name of the Staff Designation Remarks
1 | Mr. Tika Ram Chapagai Senior Scientist (S-4)
2 | Mr. Bishnu Prasad Paudel Senior Scientist (S-3)
3 | Dr. Amit Prasad Timilsina Scientist (S-1) Deputed from HCRP
4 |Mr. Alok Sharma Technical Officer (T-6)
5 | Mr. Rameshwar Rimal Technical Officer (T-6)
6 | Mr. Ram Kumar Rai Admin. Officer (A-6)
7 | Mr. Krishna Prasad Pokhrel | Account Officer (A-6)
8 |Mr. Hem Lal Bhandari Technician (T-5)
9 | Mr. Raj Kumar Chalise Driver Deputed from NASRI
10 | Mrs Reena Maharjan Lower Technician
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Annex 5. List of agro met advisory committee in FY 2077/78 (2020/21)
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Annex 6. Regular annual budget and expenditure, (NARC) 2077/78 (2020/21)

ngg:t Budget heads gzg;:tl Expenses Balance
21%** | Staff expenses
21111 |Basic Salary 5492000.00 5389509.00 102491.00
21121 |Cloth 100000.00 100000.00 0.00
21132 |Dearness allowance 228000.00 226000.00 2000.00
21134 | Staff allowance 1596000.00 1308050.00 287950.00
21213 | Contribution based Insurance 46000.00 44800.00 1200.00
Qs Operational and

Administrative expenses
22111 | Water and electricity 42000.00 23751.80 18248.20
22112 |Communication 115000.00 78190.00 36810.00
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Budget Annual
Code Budget heads Budget Expenses Balance
22212 |Fuel vehicle 610000.00 416578.53 193421.47
22213 | Vehicle maintenance 310000.00 309630.71 369.29
22214 |Insurance 50000.00 49695.00 305.00
2227 |Machinery and equipment 374000.00 79500.25 294499.75
maintenance expenditure
22231 | Existing Assets Maintenance 410000.00 403577.69 6422.31
2209; | Others operational Assets 131000.00 12850.00 118150.00
Maintenance
22311 | Office expenditure 387000.00 374762.60 12237.40
22313 | Books and materials 30000.00 7000.00 23000.00
expenditure
22314 |Fuel others 21000.00 14390.00 6610.00
Newspapers, printing and
22315 |information publishing 390000.00 389993.51 6.49
expenditure
22413 | Contract Service Charge 575000.00 444770.00 130230.00
2252 | Production materials/ Service | y115500 09 | 904452.30 210547.70
expenditure
22612 | Travel expenses 1304000.00 554778.50 749221.50
22711 |Contingency Expenses 260000.00 254510.00 5490.00
28143 | Vehicle, machinery and 125000.00 50000.00 75000.00
equipment rent expenses
Total 13711000 11436789.89 2274210.11
31122 |Machinery and equipment's 348000.00 335283.77 12716.23
31123 | Furniture and Fixture 99000.00 83987.25 15012.75
31134 Computer software
construction and purchase 50000.00 0.00 50000.00
Grand Total 14208000.00 | 11856060.91 2351939.09
Annex 7. Revenue status, 2077/78 (2020/21) (In Nepalese Rupees)
Source Total Remarks
Administration Income 4000.00
Research materials 4428.00
Grand Total 8428.00
Annex 8. Beruju status, 2077/78 (2020/21) (In Nepalese Rupees)
Beruju Amount Remarks
Beruju till last year 6978.00
Beruju cleared this FY 6978.00

Remaining Beruju

0
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Interaction with banana farmers of Pithuwa, Chitwan

Interaction with farmers of Phasang, Nuwakot




