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1.0

Technical Narrative

1.1 Introduction
A humanitarian crisis ensued due to loss of lives and damage to the infrastructure
by two major earthquakes on April 25 and May 12, 2015 in Nepal. An estimated
500,000 houses were destroyed and 250,000 partially damaged. A majority of
earthquake victims in the hilly areas of Nepal are smallholders. FAO estimates about
220,000 affected households are regular agricultural farmers in the 23 earthquake
affected hilly districts (FAO). Following the earthquake devastation, two types of
food relief related approaches were undertaken for helping earthquake victims.
The first type of immediate relief was based on Post Disaster Needs Assessment
survey which showed severe damage to seeds and grains stored in local structures
(Table 1). About 3.5 million people needed food assistance but 1.4 million people
were most vulnerable (WFP, 2015; Post Disaster Needs Assessment report, 2015).
Thus, food grain was delivered by international donors including World Food
Program (WFP)/UNDP. However, the donated grain was partially poor in quality, as
was widely reported by local and international media (HKNepal, May 19, 2015;
eKantipur, May 27, 2015; June 29, 2015; July 17, 2015; República, June 26, 2015). It
is noted that WFP/UNDP is involved in humanitarian relief work at Nepal and does
not intend to deliver poor quality food to anyone. Subsequently, poor quality food
that entered the food chain was replaced or destroyed by WFP itself (ekantipur, July
20, 2015; República, December 29, 2015). Such concern on quality of donated food
was also raised in 2009 when 65000 people were sickened and about 450 deaths
occurred in Nepal (INSEC, 2009; Xinhua, 2009). Although WFP/UNDP has been
providing food grains in food deficit areas of Nepal for many years, these repeated
instances indicate the problems that exist in maintaining high quality food grains in
storage. Recently, poor quality of grains has also been noticed in the stores of Nepal
Food Corporation (eKantipur, December 16, 24, 2015; January 12, 2016; eKantipur,
March 16, 2016) and other humanitarian groups (Annapurna Post, January 11,
2016). Furthermore, poor storage condition is being noted for creating scarcity of
food for earthquake victims (Nagariknews, February 24, 2016). Clearly, Nepal and
donor organizations have been importing food during poor production years and
natural disasters mainly from India. Thus, in addition to investing in input
management to increase production, there is further need to improve postharvest
management practices in Nepal.
The second approach undertaken to address the long-term food security
management for earthquake victims was the distribution of food storage materials.
For example, some agencies like Asta-Ja Research and Development Center (Asta-Ja
RDC) and CIMMYT/USAID, MOAD started to help the affected communities to save
the harvested seeds and grains in the earthquake devastated districts (Asta-Ja RDC
website www.astajardcnepal.org, CIMMYT, 2015). This proposal will not only help
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most of the earthquake victims to save their primary cereals, the concepts can be
disseminated to other regions within and outside Nepal to minimize about 80
million tons of annual grain losses in the Asian countries.
Table 1. Estimation of damaged grain stores in earthquake affected districts.
Earthquake
affected districts

Number of
households

Sindhupalchok
Dhading
Nuwakot
Dolakha
Kavrepalanchok
Gorkha
Makwanpur
Okhaldhunga
Sindhuli
Ramechhap
Rasuwa
Total

70437
76757
61910
48833
87731
61008
90101
34402
60648
46912
10502
649241

Proportion
of
households
damaged (*)
0.53
0.42
0.4
0.5
0.2
0.28
0.11
0.2
0.1
0.12
0.48

Number of
households
damaged
37331.61
24416.5
24764
5040.96
17082.24
32237.94
9911.11
6880.4
6064.8
5629.44
17546.2
186905.2

Approximate
number of
damaged
grain stores
38400
24500
25000
5500
17500
32500
10000
7000
6500
5700
17600
190200

*Source: Nepal Earthquake Response, Nov 2015: A joint assessment of Nepal Planning
Commission and international organizations in Nepal.
1.2 Grain storage need assessment
Primary cereals are mainly harvested during dry season and stored in local
structures inside homes. However, the houses and storage structures have been
destroyed by the devastating earthquake. We estimated number of damaged storage
structures in each district based on proportion of damage as reported in Nepal
Earthquake Response, Nov 2015 (Table 1). Clearly, the earthquake hit smallholders
need to store the primary cereals for the whole year (eKantipur, October 30, 2015).
As the reconstruction process has begun, grain storage needs must be addressed to
ensure immediate and long-term food security. The main concern of quake affected
farmers is to protect the grain from the rainfall/moisture, a critical issue that was
not easily recognized when the grain was stored inside homes.
1.3 High moisture is the enemy for stored dry products
Dry grains stored in traditional open or porous containers absorb moisture from the
atmosphere and attain moisture contents that are determined by the ambient
relative humidity (Cromarty et al., 1982). Grain losses in neighboring India are stark
reminders that grains cannot be stored in porous containers in an open
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environment (Figure 1, upper left panel). Porous grain bags hauled inside train carts
in India (NDTV, 2013) or even those stored inside structures in Thailand (Figure 1,
upper right panel) were noticeably of inferior quality. Toxigenic molds and insects
are the main biotic agents of stored products in porous containers that proliferate at
higher moisture contents. It is noted that research during the 1950s-1970s has
already demonstrated the adverse effects of high moisture contents on the quality of
seeds (Figure 1, lower left panel). Moisture based storage concept has been used in
the seed industry and processed foods (breakfast cereals, flours, dry fruits, spices)
in developed countries (Roos, 2007; Bewley et al., 2013). Scaled up use of the
moisture-based concept is proposed to store dry grains for earthquake victims.

Improving food security
Dry, monitor moisture and
pack in herme c containers

PICS Superbags

Cocoons

Tunnels

Herme c (air ght) PICS bags made at
Chitwon, Nepal (Nafseeds@gmail.com)

Figure 1. Upper left, example of food losses in the porous and open stoarge in India; upper right,
grain damaged by mold in porous bags that were stored inside the open structure in Thailand;
lower left, basic seed storage model which indicates safe moisture content ranges (Bewley et al.,
2013 after Roberts, 1972); lower right, suggested hermetic containers for maintaining Dry Chain.
PICS bags are also manufactured at Chitwon, Nepal and distributed by NAFseeds, Patan.
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1.4.0 Grain Storage by Climate Smart Dry Chain
1.4.1 Climate Smart Sun Drying
Seeds and grains can be sundried during dry seasons and stored inside hermetic
containers like Superbags (PICS, 2012; Figure 1, lower right panel). Grains should
be dried thoroughly to levels that correspond to product dryness suitable for
milling/processing before packaging into hermetic containers. Such “Climate
Smart” drying is feasible during October to June in Nepal (Note low relative
humidity values during day time in dry season in Figure 2; Desjardins et al., 2000)
and several other dry breadbasket regions of the world where we need hermetic
packaging only or implementation of the First Step of Dry Chain. Low relative
humidity values observed in weather data would have been masked if only
average values were considered to describe the available natural drying (Still et
al., 1997). Farmers have traditionally judged suitability for milling of grains by
biting between teeth, the crunchy sound (Kitikka) indicating moisture content
close to 14%. Cognitive neuroscience also supports sound as the indicator of the
moisture of the food products (Spence, 2015). The availability of dry weather in
the foothills of Nepal is evidenced by the weight loss of oven-dried cardamoms
harvested during September- November. Large cardamom that is dried from 7080% to 10-12% moisture content in traditional ovens has lost about 12% weight
in the storage during February- March (Singh and Pothula, 2013; eKantipur,
March 9, 2016; Taplejung weather in Fig. 2). Thus, grains could be easily sun
dried for milling purposes during the dry season. The lower moisture contents of
seeds and grains achieved by sun drying can be maintained inside the hermetic
containers and thus mold and insect damage and secondary moisture build up
during rainy season could be minimized. Hermetic packaging largely provides
protection from rodents as the bags are odor-proof. Food grains should not be
packaged into the hermetic containers at moisture content higher than 14% as
indicated by soft or 'Kichikka' sound upon biting. Additional drying resources
including drying beads (www.dryingbeads.com) could be needed before
hermetic packaging during the rainy season in order to implement Second Step
of Dry Chain where the main concern relates to molds and insects infestation.
1.4.2. Insects
Insects account for about 43% of the total physical and nutritional food loss of
dry products occurring in the developing world (Chomchalow, 2003; FAO, 1994;
1985). Rice weevil is the most destructive storage pest of cereals. Research at
Agriculture and Forestry University, Chitwan, Nepal reported upto 18% storage
grain losses due to insects. Losses as high as 19 % in wheat, 20% in maize and
57% in rice have been reported (Subedi et al., 2009). Pesticides are widely used
to control insects in management of food commodities in stores that risks
accidental poisoning of consumers (FAO, 1989). In addition to insects, cereal
grains stored at high moisture also harbor toxigenic molds (Fig. 1, upper panel
and lower left).
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Figure 2. Analysis of weather data for Taplejung, Rumjatar (Okhaldhunga), Kathmandu and
Dipayal (www.wunderground.com). Rumjatar and Kathmandu lie in earthquake hit
districts.These four locations approximate weather in rest of earthquake affected hilly districts of
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Nepal. Relative humidity remains very high in Kathmandu valley during the morning and late
evening throughout the year. However, minimum humidity changes between 25-60% during
October to mid June supporting favorable conditions for air drying practices (Desrajidin et al.,
2000). With some exceptions, daytime minimum relative humidity remains below 70% even
during rainy season (mid June- September) corroborating air drying practices on non-rainy days
and pointing to the need to modify the packaging practices to maintain product value chain.
1.4.3 Toxigenic Molds
Toxigenic molds mostly develop in improperly dried grains in the storage and
produce secondary metabolite called mycotoxins, notably aflatoxins. Low levels
of mold growth are invisible to the naked eyes. Mold growth for longer storage
period leads to rotting and insect growth as seen in some foods that were
imported and distributed in Nepal as discussed above. There are health
consequences of eating toxic-mold contaminated food. In brief, eating large
quantities of toxins leads to diarrhea and death especially in very young and
elderly people. Medical research has shown an association of aflatoxins with
Hepatocellular Carcinoma (HCC), the most common type of liver cancer. In
addition to HCC cases, increasing evidence suggests that exposure to aflatoxins
may cause adverse health effects on immune system and stunted growth in
children (Groopman et al., 2013; Wu et al., 2013).
Almost 25 years ago, medical researchers reported mycotoxins in the serum of
hospital workers and patients at Banepa, Kavre indicating aflatoxin
contamination in the food chain (Denning et al., 1990). However, a survey did not
find rice mycotoxins under local storage conditions in the foothills (Desjardins et
al., 2000). It is noted that this survey was done during February- March that is a
dry period in Nepal. Another research surveyed the food and feed products in 16
eastern districts during 1995-2003 and found 1/3 of 832 samples contaminated
with unacceptable level of aflatoxins (Koirala et al., 2005). Anatomical
examination of ruminary tract, liver and kidney of dead goats at Kathmandu
feeding on moldy feed and fodder after the rainfall during October, 2010
supported aflatoxin contamination in the food chain (Karki, retrieved March
2016) suggesting the need of improving food chain that starts primarily with
good cereal seeds (IFPRI, 2010).
1.5 Seeds
Seeds require drying 2-3 more times than food grains to maintain quality until
subsequent planting seasons. Vegetable seeds require 4-8% moisture content
whereas cereal seeds can be stored between 9-12% moisture content for the next
season. The duration of seed storage depends primarily on the moisture content.
Researchers can estimate the lower moisture content for seeds by inserting the
humidicator strips inside the hermetic containers (Bradford et al., 2014;
Microessential Laboratory).
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1.6 Containers for Dry Chain
Triple layer hermetic Superbags are proposed to maintain desired moisture
contents of dry foods. More sturdy and expensive metallic or plastic containers
could also be used but a seal is needed to make the container hermetic. The
hermetic bags were initially supported by The Bill and Melinda Gates Foundation
and USAID and are manufactured at Narayangarh, Nepal. These bags can be
reused for 4-5 years if handled properly and recycled (Fig 1, lower right panel).
Although, 22 two bags are required to store 1100 Kg paddy that is the average
annual food requirement of 5-member family at Nepal, only 11 bags are proposed
for the hills where land holdings and yields are much lower. A general guideline
required to store foods of diverse group of smallholders in different districts is
presented in Table 2. Programs in MOAD, Asta-Ja RDC and CIMMYT have used
these hermetic bags to some extent. Thus, it will be efficient to make use of
hermetic bags available in Nepal for bigger stakeholders as well.
1.7 Dry Chain for National and International Organizations
Dry Chain concepts used by the earthquake victims need to be shared with Nepal
Food Corporation, neighboring countries and international organization as Nepal
imports food during bad weather and frequent disasters. Drought induced food
insecurity looms at Far Western Karnali region (eKantipur, February 29, 2016)
and global organizations are likely to deliver food procured from India. It is noted
that international organizations do not have access to quality storage within
Nepal (USAID, 2013).
Thus, implementation of Dry Chain concepts by earthquake victims is expected to
change traditional grain storage concepts, improve the quality of imported food
and food safety within and outside Nepal.

2.0 Project goals and objectives
The main goal of this project is to enhance dry food safety, security (nutrition and
health) in earthquake affected communities and generate awareness on poor
quality food in natural disasters at Nepal and India. The specific objectives of the
project include:
1. Enhance food security for earthquake victims for the whole year by
protecting harvested grains using Climate Smart Dry Chain approach.
Protecting the dry products (seeds, cereals, millets, pulses) from rainfall
is the immediate need even before the reconstruction of physical
infrastructures takes place. It is noted that weather and cropping patterns
are natural events and do not follow human calendars.
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2. Minimize storage losses of dry foods of earthquake victims from molds,
insects, rodents. Toxigenic molds and insects develop in dry products like
seeds and food commodities of cereals (corn, rice, wheat, millets, pulses)
when stored in the open in porous containers like jute or plastic sacks.
3. Organize awareness campaign about dry food quality with national and
international stakeholders in Nepal. Nepal also imports dry foods from
neighboring countries during low rainfall years and receives food aid
during natural disasters. The program used by the earthquake victims can
be used by others smallholders, Nepal Food Corporation and international
stakeholders.

3.0 Plan of Actions and Methodology

.

Implement First Step of Dry Chain during dry season
1. Recruit project personnel for project duration of 18 months. Some of
the volunteer staffs of Asta-Ja RDC will be deputed to implement the
project.
2. Procure and deliver hermetic containers and corn shellers to
earthquake victims in affected smallholders.
3. Immediately package seeds and grains of earthquake victims into
hermetic containers before monsoon rains effectively implementing
Climate Smart Dry Chain, i.e., moisture based drying and hermetic
packaging. Natural weather available during mid October to mid June
would allow the grains to be dried to the condition suitable for
milling or processing which is 14% moisture content for rice and
wheat, about 13.5% for corn.
4. Organize awareness meeting about Dry Chain for national and
international stakeholders including Nepal Food Corporation and
WFP/UNDP. District level meetings of stakeholders to disseminate the
method to village level.
5. Disseminate the technology through available media outlets of TV,
MOAD and NRA.
Implement Second Step of Dry Chain in mid to high hills after the rainfall
Maize and millets are the main cereals in mid-high hills that will be
harvested after the rainfall. Maize should be dehusked and shelled using
manual shellers. Kernels should be dried as for milling (13.5% moisture
content) before packaging into hermetic containers. Maize kernels for
seed should be dried 2-3 times more before hermetic packaging. The
tradition of drying maize in thatches outside the house should be avoided
to protect the grains from moisture that will in turn facilitate mold and
insect infestation.
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Table 2. Proposed general guideline to distribute the hermetic containers at the
district level.
Grains, muri1 and
altitudes
Below 5 muris
(Higher elevation)
6- 10 muris
(Mid hills)
11-15 muris
(Lower elevation)
1

Number of bags
Seed
Grain
1

5

1

10

1

15

https://sizes.com/units/murhi.htm

4.0 Project Implementation
4.1. Asta-Ja RDC and the Collaborative Partnership
The Ministry of Agricultural Development (MOAD), particularly Dept of
Agriculture, the Post Harvest Directorate, and the Dept. of Food Testing and
Quality Control will coordinate the program through the Asta-Ja Research and
Development Center (Asta-Ja RDC; www.astajardcnepal.org). The Asta-Ja RDC
will be the lead supporting partner to implement the project in the affected
districts in collaboration with district level teams including NRA, DADO,
CDO, LDO. Asta-Ja RDC is a registered non-profit and non-governmental
organization with headquarters located in Kathmandu-31, Dhobidhara, Nepal.
The Asta-Ja RDC includes an 11-memebr Executive Board of highly recognized
and experienced professionals with the highest level of ethics, morale, and
commitment for community services, research and development, and nation
building. The Executive Board also includes professionals with diverse expertise
on Agricultural Extension, Agricultural Research, Soil Science, Environmental
Science, Geology, GIS, Rural Development, Veterinary Science, Forestry and
Agroforestry, and Communication. The Board Members have earned degrees
from a wide range of countries including the USA, India, Thailand, UK, Germany
and Israel. They have collected a wealth of working experience from many
governmental and non-governmental organizations, international agencies,
private companies both inside and outside Nepal.
The Asta-Ja RDC also has a small working group (full-time, part-time and
volunteers) in its headquarters in Kathmandu, Nepal. It has created
interdisciplinary network of more than 90 individuals of Nepal origin from 17
countries (http://www.astajardcnepal.org/asta-ja-icc-.html). This network
includes highly accomplished scientists, academicians, businessmen, medical
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doctors, engineers, computer scientists, graduate students, administrators, IT
professionals, service providers, researchers, and other professionals.
Following the earthquake devastation, the Asta-Ja RDC came forward to address
the agriculture sector of earthquake victims. It organized support from
GreaterGood.Org and the Hungersite and distributed 50,000 SuperGrain bags in
23 earthquake devastated districts in collaboration with the Ministry of
Agriculture, District Agricultural Offices, and Li-BIRD. Similarly, The Asta-Ja RDC
distributed seed packets to 611 earthquake victim families in Ramkot and
Shankharpur (Kathmandu), Jibanpur (Dhading), Jiling, Ratmate and Duipipal
(Nuwakot), Chandani and Mahadevsthan (Kavre), and Bhimtar and Mankha
(Sindhupalchowk). A total amount of 1,505 kg rice and 227 vegetable seed
packets containing 2 kg vegetable seeds each were distributed. Orientation on
varieties, plant growth, nursery management, fertilizer requirement, planting,
pests and diseases, and harvesting was organized during seed distribution in the
presence of Agricultural Officers from the respective districts. Among the
individuals receiving seeds, almost 70% were female and 30% were male. Seed
distribution to earthquake victims was appreciated by government officials and
local communities as The Asta-Ja was one of the first organizations leading seed
distribution in quake affected communities. These activities make The Asta-Ja
RDC a favorite NGO to carry out immediate project activities.
4.2. Project Implementation, Monitoring and Evaluation (PIME) Committee
In order to implement the project timely and effectively, the Asta-Ja RDC will
form a collaborative Project Implementation, Monitoring and Evaluation (PIME)
Committee having representation from various line agencies and stakeholders
such as MOAD, Department of Agriculture, Directorate of Post Harvest, Dept. of
Food Testing and Quality Control, NRA, DADOs, CDOs, LDOs, suppliers, experts,
and others. This committee will meet as needed and will formulate the guidelines
and strategies in relation to procurement, storage, distribution and all other
important project activities. The Asta-Ja RDC will be in adherence with the
guidelines and suggestion made by the PIME. The timeline for project activities is
presented in Table 3.
4.3. Participatory Delivery Approach (PDA)
We propose a Participatory Deliver Approach (PDA) for the quickest delivery of
the food saving materials. Considering the remoteness of the earthquake affected
areas and also lack of income generating activities in these local communities, we
propose transporting storage materials from district headquarters to the
respective villages by the villagers themselves. We estimate about three porter
days, on average, for transporting one unit load of food storage materials within a
district and we pay $20/day for a porter. The materials will be transported on
small trucks in the affected areas that are accessible by roads. Other mode of
transportation could be donkeys and mules as appropriate. The district
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coordinating committee will decide the amount of materials, mode of
transportation, and the villages to be served in each district.
Table 3. Timeline for major project activities.

Activities

Before
monsoon,
2016

Recruit personnel and
project collaborative
committee
Awareness and
coordination meeting at
district level
Procure and deliver
hermetic bags, manual
corn shellers
Packaging winter rice
from 2015
Packaging spring maize,
wheat from 2016
Packaging hill maize,
millets
Food quality survey, Post
Harvest Directorate,
DFTQC, Asta-Ja
PIME Committee and
national, international
stakeholders’ meeting

Climate Calendar
Sept- Nov,
Dec-Jan,
2016 (Post 2016/2017
monsoon)
(Winter)

FebMay,
2017
(Spring)

X

X
X

X

X

X

X

X
X

X
X

X
X

X
X

5.0 Project outcomes
Two grain storage traditions are addressed by Climate Smart Dry Chain concept.
Grain storage in porous containers by smallholders is a general practice in Asia
but the storage of unhusked corn cobs in raised structures is more specific to the
foothills in Nepal. The Dry Chain utilizes natural energy and enables shelter-less
earthquake affected smallholders to save the dry food from rainfall even in the
absence of housing structures. To put the project outcomes in a bigger
perspective, FAO estimates grain losses upto 25% to molds and insects in
traditional storage (FAO, 2011). Additional losses to rodents will also be
minimized due to odor-proof pesticide-free hermetic packaging. Thus, use of
moisture based storage concept by earthquake victims will be the biggest
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outcome of the project for all smallholders as the practice can be extended to
other regions within Nepal. Besides, the concept could be shared with bigger
stakeholders like Nepal Food Corporation, India and global agencies. Hence, the
current project will bring awareness about moisture in the dry food, improve
food security and health by minimizing the use and distribution of poor quality
food during future food imports and disasters. Thus, Nepal will essentially
introduce a new technology that can simultaneously be shared with
neighbors and global organizations.

6.0 Budget Justification
Description
Cost ($)
Eleven Triple Layer Superbags to hold 550 kg grains for 5- 5,158,224
member household; 190,200 households per FAO to be
covered; Triple Layer Superbags 209,2200 @ $2.46/bag
(Rs 240+ 13% VAT; 1$= Rs.110)
1,046,100
One manual corn sheller for 2 households; 95,100 pieces
@ $11 each
Average delivery cost to the district headquarters (55-six
wheel large trucks @$2,000 per truck)
Transportation within the districts 55000 units (villager
porters $20/day, on an average 3 porter days per load);
110,000 units)
Personnel for 24 months
a) Project In-charge (1) @ $1000 per month
b) Procurement officer (1) @ $800 per month
c) Field coordinators (11) @ $1000 per month
Domestic travel including Dept. of Agri., DADOs,
Postharvest, DFTQC, MOAD @ $25,000 per year
International travel, 6 experts, 2 diplomats; @ $2000/trip;
twice a year for 3 experts and one each for rest members
Material storage cost at districts; $50,000
Project coordination meetings and other expenses (central
and district level); $24,000/year
Office supplies:
Computer, printer, paper, fax machine, camera
Subtotal
Overhead cost @ 5%
Total cost
Average cost per household

110,000
1,100,000

24,000
19,200
264,000
50,000
32,000
50,000
48,000

30,000
7,931,524
396,576
8,328,100
45
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