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2017 Annual Report
Feed the Future Innovation Lab
for the Reduction of Post-Harvest Loss
I.

Executive Summary

The Feed the Future Innovation Lab for the Reduction of Post-Harvest Loss (PHLIL) is a strategic, applied,
research and education program aimed at improving global food security by reducing post-harvest losses in
stored product crops, such as grains, oilseeds, legumes, root crops and seeds. The Lab’s efforts are focused in
four Feed the Future countries: Bangladesh, Ethiopia, Ghana, and Guatemala. Projects in each country are
led by Country Team Co-Leaders and overseen by a U.S. Principle Investigator (PI) and the Lab’s Director,
with input from local and international academic, private sector, governmental and non-governmental
organizations. In its fourth of five years, the program has continued to make significant advances towards
scalable innovation packages and cultivating the necessary capacity to reduce post-harvest losses at scale in
our target countries.
The PHLIL program has entered its engagement phase, an inflexion point in the research for development
pathway. The program has formed strategic partnerships and enhanced human and institutional capacity in its
core countries. PHLIL has now successfully characterized and gleaned insights into various postharvest losses
in chickpea, dried fruits, maize, nuts, rice, sesame seeds and wheat. Further, a more advanced understanding
of the socioeconomic, gender and nutrition context is coming into focus through surveys, trainings,
workshops and focus groups discussions. Overall, this has produced a matrix of adapted and validated
postharvest interventions, which are effectively being moved from research into piloting and technology
transfer. Key partnerships along the pathway to impact have been forged, with strategic actors engaged. This
ensures that the ultimate innovations bear the mark of their input and receive their buy-in; these actors form
the long-standing front line defense against post-harvest losses, and hold the key to improved nutrition and
reduced poverty.
Major activities in this engagement focus on three overarching goals. The first is to validate and pilot postharvest loss technologies, including grain dryers, storage bags, moisture meters, and mycotoxin testing
procedures. These technologies must come with low acquisition costs and limited operational footprints that
are sustainably accessible to resource-poor farmers and other actors, as appropriate. Second, we seek to
translate the understanding of current post-harvest loss factors, garnered earlier in the program, into
immediately and directly useful engagement and training materials appropriate for next-user trainers and other
strategic stakeholders. Thirdly, PHLIL will continue to develop strong partnerships with in-country extension
agents, NGOs and local entrepreneurs to effectively scale-up and spread information on the technologies
developed to farmers and other actors throughout the targeted regions.
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II.

Program Activities and Highlights

As the Post-Harvest Loss Innovation Lab entered its fourth year of programming, program objectives shifted
from establishing specific post-harvest research capacities in-country and conducting research to validate and
adapt technologies, to carrying innovations along the pathway to impact, to end users, through engagement.
To help propel innovations into scale-up and sustainability, partnerships are maturing that involve investment
from private sector actors to promote and scale promising technologies.
In each of the four core program countries, activities focused on:
1. Continuing surveys and focus group interactions to further build contextual appreciation of
biophysical, socioeconomic, gender and nutrition-related factors in the target regions and with the
target actors intended to ultimately scale up post-harvest innovations.
2. Moving drying, storage and moisture measurement interventions to piloting with end users on farm
and elsewhere. Associated research focused on validating technologies in situ, revealing further
adaptations that could improve efficiency and use with end users. Research shifted from onstation/in-lab to on-farm, to complement the piloting and engagement activities.
3. Further enhancing national capacity to conduct postharvest loss and food safety research. This
included increased visibility through presentation and publication in national and international fora,
formal integration of post-harvest into university curricula, and development of materials for trained
trainers to in turn use downstream of the project.
4. Communicating research findings and intervention options with stakeholders, through measured
communications plans, including through training of potential end-users of the promising
technologies.
5. Forging and leveraging partnerships and engagement with private sector, policy makers, civil society
and other strategic stakeholders to propel innovations down the pathway to impact.
On these fronts, some of the key activities and highlights of FY2017 included:
•
•
•

•
•
•

The development of robust, locally appropriate post-harvest loss mitigation training manuals in all
four core countries, with Ghana and Guatemala leading the way.
A total of 2,696 short-term, and 26 long-term trainees supported by the program in FY2017.
Production of the PHL moisture meter was established at Kwame Nkrumah University of Science
and Technology (KNUST) and initial orders were placed by the Ghana Grains Council and the
USDA Food for Progress AMPLIFIES program. The PHLIL Ghana team is working with some
young entrepreneurs to move the production into a private sector start up.
The BAU-STR dryer is garnering excitement inside Bangladesh and beyond, being featured in several
national media outlets and a Nature Magazine editorial.
PHLIL Ethiopia team members are increasingly recognized as a national resource to address postharvest losses, with team members serving as in-country resources for new initiatives, and with a very
supportive letter received from the Minister of Agriculture on April 24.
A SAWBO animated video on the PHL moisture meter was created and made publically available. It
will be translated to local language in 2018.

In addition, PHLIL partnered with the Soybean Innovation Lab and the Nutrition Innovation Lab to hold a
one-day session in Washington, DC, followed by a webinar, on our program objectives, particularly relating to
gender and nutrition. Ongoing collaborations with each IL were noted.
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PHLIL added two Mission Buy-In projects to its portfolio: mycotoxin projects in Nepal and Honduras.
Results of these assessments will be covered in separate reports.

III.

Key Accomplishments

In all four core countries, post-harvest loss innovation packages coalesced and were presented to next-users
along the pathway to impact. Through these interactions with key stakeholders, technology and knowledge
were fine-tuned as packages, as an iterative process to diversify and improve them for subsequent engagement
rounds.
Program-wide outputs, including for Feed the Future indicators, include:
•
•
•
•
•

A total of 2,696 short-term, and 26 long-term trainees supported by the program in FY2017.
A total of 13 research publications.
A total of seven technologies transferred and/or ready to scale.
Various public-private partnerships along the pathway to scaling and impact.
Integration of post-harvest issues in university curricula.

Selected key accomplishments by country include (note that this is a subset of key accomplishments, for brevity;
more detail is provided in subsequent sections):
Bangladesh
The BAU-STR dryer has been successfully adapted, validated, piloted and deployed in villages across six
districts. With the exception of the blower (under development), it is entirely locally manufactured by
agricultural equipment manufacturing businesses. The dryer has been covered in the national media,
highlighted in a Nature Magazine editorial, and purchased for end-use. Demand and interest are high, with
business models for deployment at various points in the value chain under consideration.
Ethiopia
As baseline surveys, research characterizing post-harvest losses, and engagement of end-users while piloting
drying and storage technologies, one critical area of concern identified is unsafe use of pesticides. They are
highly toxic and often misused by smallholder farmers and other value chain actors, including use without
personal protective equipment and storage in the home. Research into inert filter cake revealed that it is effective
at controlling Rhyzopertha dominica and Sitophilus granarius insect pests on grain. Coupled with participatory
research with hermetic bags on farm, the team has identified non-toxic, safe and ecologically friendly solutions
to obviate the need for use of toxic pesticides.
Ghana
The PHL moisture meter can now be assembled and sold in Ghana. KNUST established and is hosting an
assembly lab, with an opening ceremony to be held in November 2017. The team of technical experts
assembling the units is comprised of recent graduates who intend to start a small business to build and sell
the meters.
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Guatemala
The team analyzed data and prepared a report outlining the level of aflatoxin and fumonisin contamination in
maize, both produced on farm and purchased in the market. Dietary intake of mycotoxins was estimated and
contextualized based on the extremely high levels of consumption of maize as a staple in Guatemala, particularly
in the Western Highlands. The results suggest that, while toxin levels fell below the internationally recognized
maximum limits, further consideration of these limits is required given the high levels of maize consumption
and by extension potential toxin exposure. The results, broader context and the technical manuscript were
shared with the USAID Guatemala Mission early in the process.

IV.

Research Program Overview and Structure

PHLIL focuses on three key areas with significant post-harvest challenges: drying, storage and mycotoxin
contamination, as well as working with pesticide residue and fumigation management issues. The program
takes a phased approach to building capacity, conducting research to develop and identify suitable
innovations, and piloting innovation packages towards adoption and use for sustainable impact.
In addition, PHLIL recognizes and works to address and incorporate three cross-cutting components into
our programming:
•

•
•

Gender – All four core countries have a local gender specialist who assesses and documents relative
roles by gender in the villages where new technologies are to be piloted. Deployment strategies for
interventions are informed by insights into current and potential gender dynamics related to
perturbed post-harvest practices and outcomes.
Nutrition – Aspects related to human nutrition are considered, including both direct (e.g., reduced
mycotoxin exposure) and secondary (e.g., increased dietary diversity due to increased household
income).
Environment – Research programs and activities adhere to USAID’s Environmental Compliance
Procedures in Title 22 of the Code of Federal Regulations, Part 216 (22 CFR 216).

The PHLIL program establishes human and institutional capacity in every project country, empowering our
national partners as innovation leaders and the champions to reduce post-harvest losses in their respective
national systems.

V.

Research Project Report

This section details research progress across the focus areas in each core PHLIL country.

Bangladesh
Focus crop: Rice
Location: Mymensingh, Netrokona, Jessore, Bogra, Dinajpur and Barisol districts.
Collaborators: University: Bangladesh Agricultural University (BAU); Government: Department of Agricultural
Extension; NGOs: Jagorani Chakra Foundation; Private-sector: Bhai-Bhai Engineering, ACI Motors Ltd., Uttaron
Engineering, Kamal Machine Tools

Achievements:
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Engagement and Outreach:
This year saw the expansion of piloting and outreach to 26 additional villages, selected strategically in six rice
dominant districts (as listed above). Activities intensified to ensure that knowledge generated and
validated/adapted innovation packages reached trainers and end users through engagement. Partners and
participants were selected as strategic partners for downstream scale-up. Participating stakeholders for
training of trainers (ToT) and other workshops included farmers/lead farmers, sub-assistant agricultural
officers, rice millers, small entrepreneurs, manufacturers, NGO personnel, researchers, academicians, policy
makers and other private sector actors.
Draft training modules in English and Bangla were developed for drying and storage technologies and
awareness building on mycotoxin and gender issues. The Bangla training module has been distributed to ToT
participants. Several posters and three leaflets both in Bangla and English were prepared and distributed
among the farmers during training and demonstrations.
An annual workshop was held on August 20, 2017, at BAU to share project findings, overall objectives and
strategy input to achieve outcomes discussed to help inform project delivery and design into the future.
Complementary to this, two Engagement Advisory Committee meetings were held, focused on formulating
strategy and messaging for extension and dissemination of the BAU-STR dryer, PHL moisture meter,
hermetic bags, as well as mycotoxin and gender awareness.
The BAU-STR dryer is attracting excitement among end users. It was featured in several national electronic
and print media outlets, including news24.bd, The daily Ittefaq, The daily Janakantha, The daily Samakal, The
daily Jugantor and The Bangladesh Protidin.
Nature Magazine featured the PHLIL BAU-STR dryer as the solitary Feed the Future output highlighted in a
13 April, 2017, editorial entitled “US foreign aid saves money as well as lives: cutting the budget for applied
research in foreign aid would make the United States less competitive.” http://www.nature.com/news/usforeign-aid-saves-money-as-well-as-lives-1.21826
Private sector engagement:
There were two successful pilot projects launched. The first took place at the Mati Auto Rice Mill in
Shyamgonj in the Netrokona district. Approximately 20 MT of paddy was dried using the BAU-STR dryer
last Aman season. A farmer, Md. Humayun Kabir, also piloted a BAU-STR dryer in Atiti village in Comilla,
Bangladesh, during the 2016 Aman season, and subsequently purchased a dryer, which he is now using on his
farm and providing custom-hire service to other farmers.
Prototypes were provided and trainings were given on fabrication, operation and maintenance of the BAUSTR dryer to Bhai Bhai Engg. Workshop, M/S Uttaran Engg. Works and M/S Kamal Machine Tools. These
local businesses are collaborating with the project to fabricate and make the BAU-STR dryer available locally
to interested farmers and businesses. Manufacturing of the blower for the dryer is, however, a challenge. ACI
Motors Ltd., a private agricultural machinery importer and manufacturer in the country, is collaborating to
adapt and produce the blower locally, which will reduce the dryer’s purchase price.
PICS and GrainPro bags are imported in Bangladesh by ACI Motors Ltd. As a result, the current price is high
for the farmers. To reach a more affordable price, the project is seeking to manufacture hermetic bags incountry. The project linked ACI Motors Ltd. with the PICS (Purdue Improved Crop Storage) program at
Purdue University to transfer the hermetic bag manufacturing technology to Bangladesh for local production.
For developing associated market linkages, potential entrepreneurs like rice producers, millers, seed traders,
manufacturers are being identified on an ongoing basis. Several key issues in relation to business model
development have already been identified for BAU-STR dryer and hermetic storage technology, with
development of business models in progress.
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Without a subsidy, developing the market for the BAU-STR dryer and hermetic storage technology is a
challenge, as the government is providing a 50-70% subsidy for popularizing selected agricultural machineries.
The project management has introduced these technologies for consideration in formal government subsidy
program discussions, in collaboration with Department of Agricultural Extension and private sector
companies.
Drying:
Piloting of the BAU-STR dryer was done during the 2016 Aman (Nov.-Dec. 2016) season in selected areas of
Netrokona, Mymensingh and Jessore districts of Bangladesh. The dryer was evaluated with three varieties of
paddy: Gutisorna, Punja, and BRRI dhan49 at three different locations. The results showed that the
temperature and moisture distributions at different layers of the grain bin in BAU-STR dryer were uniform,
and the required drying time was 4.0-4.7 hrs for 500 kg dryer capacity.
Storage:
Hermetically stored (PICS and GrainPro bags) paddy was inspected in 600 farm households in Mymensingh,
Netrakona, and Jessore districts. Only two percent of farmers failed to use hermetic bags correctly. An
intensive experiment was conducted on monitoring of O2 and CO2 concentration levels in paddy stored in
GrainPro and PICS bags during Aman 2016, in the Postharvest Preservation and Processing Lab in the
Department of Farm Power and Machinery at BAU.
Smallholder farmers typically purchase seed from government agencies and private companies. However,
since the seed available on the market is of poor or variable quality (low germination rates, not reliably
labeled/true to type), at present about 95% of the intervention farmers in Shyamganj, Netrokona are
producing their own seed and storing in hermetic bags. They are using the seed for their own planting and
selling excess seed to neighbors at a higher price. Storage of seed in hermetic bags is becoming popular
among the farmers of Mymensingh, Netrokona and Jessore districts as it has higher germination rate (more
than 90%) compared to seed purchased from market (80% or significantly lower). Women farmers have
taken seed storage in hermetic bags and subsequent sale as an income generating activity.
Mycotoxins:
Overall, aflatoxin and fumonisin levels were found to be low across two tested seasons, consistent with rice
being generally recognized as a low risk commodity. Paddy samples from Aman 2016 were tested for
aflatoxins and fumonisins. Out of 200 samples, 4.5% had aflatoxin contamination above 2 ppb (up to 4ppb),
and 95.5% had aflatoxin contamination less than 2ppb. In Boro 2017, 60 paddy samples were tested for
detection of aflatoxins and fumonisins. Out of 60 samples, 6.7% had aflatoxin contamination above 2 ppb
(up to 3.5ppb), and 93.3% had aflatoxin contamination less than 2ppb. All samples from both Aman and
Boro had fumonisins less than 0.25 ppm. Associated moisture content, dry inspection of the grain, purity
analysis and germination were measured as well.
Gender:
Six focus group discussions took place in 2017 in the Bogra and Dinajpur districts to add to the focus group
results from 2016. A manuscript of the results from the 2016-2017 surveys is in process for submission to a
peer-reviewed journal. Also as a result of the findings, identified gender issues in drying, storage, moisture
meter use and gender awareness have been incorporated into a ToT manual, posters and leaflets. Ten gender
sensitization workshops were conducted in 2017, along with two validation workshops.
Publications:
Alam, M. A., Saha, C. K., Momin, M. A., Alam, M. M., & Bala, B. K. (2016). Spatial distribution of
temperature and moisture in grain bin and grain bin size effects on STR dryer performance in Bangladesh
(pp.1-8). Journal of Agricultural Machinery and Bioresource Engineering. Mymensingh, Bangladesh. 7(1):1993-4041.
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Alam, M., Saha, C. K., & Alam, M. (2017) Field Performance of BAU-STR Dryer in Rural Area of
Bangladesh (pp.170-174). Asian Journal of Poverty Studies, Bengkulu, Indonesia. 3(2):2477-0561.
Hossain, M., Awal, M., Ali, M., & Alam, M. (2016) Moisture Meter Use in Post-harvest Loss Reduction of
Rice. Progressive Agriculture. Mymensingh, Bangladesh. 27(4):511-516.
doi:http://dx.doi.org/10.3329/pa.v27i4.32141
Kalita, P. and Kumar, D. (2017) Reducing Postharvest Losses during Storage of Grain Crops to Strengthen
Food Security in Developing Countries. Foods. 6(1):8.
doi:10.3390/foods6010008
Volland, A. (2016) Reducing Postharvest Loss in All Areas of the Production Chain. i-ACES: An
Undergraduate Research Journal College of Agricultural, Consumer and Environmental Sciences. University of Illinois at
Urbana-Champaign. 2(1).
Zahan, A., Ali, M., & Momin, M. (2017) Probability of mycotoxin contamination during post-harvest
operations of boro paddy. Journal of Bangladesh Agricultural University, Mymensingh, Bangladesh.
14(2):135-145.
doi:http://dx.doi.org/10.3329/jbau.v14i2.32686
Presentations:
Reduction of Paddy in Bangladesh: A Novel Approach. Seminar on "Post-Harvest Loss Reduction of Paddy
in Bangladesh: A Novel Approach." Institute of Engineers, Bangladesh.
Awal, M., Ali, M., Hossain, M., Alam, M., Kalita, P., & Harvey, J. (2017) Hermetic bag an effective and
economic rice storage technology in Bangladesh. 2017 ASABE Annual International Meeting, Spokane,
Washington, USA. doi:10.13031/aim.201700329
Awal, M., Hossain, M., Ali, M., & Alam, M. (2017) Moisture Meter: An Effective Tool for Post-harvest Loss
Reduction in Grain. 2017 ASABE Annual International Meeting, Spokane, Washington, USA.
Saha, C. K., Alam, M., Kalita, P., & Harvey, J. (2017) Field Performance of BAU-STR Paddy Dryer in
Bangladesh. 2017 ASABE Annual International Meeting, Spokane, Washington, USA.
doi:10.13031/aim.201700644
Saha, C. K., Alam, M., & Alam, M. (2017) Appropriate Paddy Drying Technologies for Small Traders and
Farmers. Proceedings of the Workshop of BAU Research Progress.
Hossain, M. A., Awal, M., Ali, M., & Alam, M. (2017) Appropriate Rice Storage Technology for Small
Farmers. 2017 PHLIL Annual Meeting, Manhattan, KS.
Alam, M., Saha, C. K., & Alam, M. (2017). Evaluation of the PHLIL-adapted BAU-STR Dryer Using Field
Experiments, Neural Network Modeling and Exergy Analysis. 2017 PHLIL Annual Meeting, Manhattan, KS.
Alam, M., Awal, M., Ali, M., & Hossain, M. A. (2017) Hermetic Bags: A Novel Rice Storage Technology in
Bangladesh. 2017 PHLIL Annual Meeting, Manhattan, KS.
Alam, M. (2017). Post-Harvest Loss Alam, M., Saha, C. K., & Alam, M. (2017) BAU-STR Dryer for farmers
and Small Traders in Bangladesh. 2017 PHLIL Annual Meeting, Manhattan, KS.
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Alam, M., Saha, C. K., & Alam, M. (2016) Field Performance of BAU-STR Dryer in Rural Area of
Bangladesh. 7th International Seminar of Regional Network for Poverty Eradication (RENPER7),
Mymensingh, Bangladesh.
Hossain, M. A., Awal, M., Ali, M., & Alam, M. (2016) Moisture Meter Use - A Key to Post-Harvest Loss
Reduction of Paddy. 7th International Seminar of Regional Network for Poverty Eradication (RENPER7),
Mymensingh, Bangladesh
Kalita, P. (2017) Focusing of Food Loss. Fook Tank 2017 Summit. New York, New York.
Kalita, P. (2016) Actors and Impacts of Global Postharvest Loss Prevention Initiatives. American Society of
Agricultural and Biological Engineers, Global Initiative Conference. Cape Town, South Africa.
Zahan, A., Ali, M., & Alam, M. (2016) Detection of Aflatoxins in Boro Paddy of Bangladesh. 7th
International Seminar of Regional Network for Poverty Eradication (RENPER7). Mymensingh, Bangladesh.

Ethiopia
Focus Crops: Chickpea, Maize, Sesame and Wheat
Location: Amhara region: Bahir Dar Zuria, Gondor, Mecha, Wenberma districts; Tigray region: Mekelle and
Almata districts; Oromiya region: Kalumsa district.
Collaborators: Universities: Bahir Dar University, Mekelle University; Research Centers: Ethiopian Institute of
Agricultural Research, Sesame Research Center at Humera.

Achievements:
Engagement/Outreach:
A set of training materials has been compiled into manuals used in the various training exercises. Materials
were developed in Tigranian and Amharic and cover mold, pesticide use, storage and drying. Review and
modification of these materials is an iterative process, including in consideration of materials provided to the
team by the Ministry of Agriculture.
The Ethiopia team held trainings on post-harvest loss mitigation in October (2016), May and September
(2017). The overall total of 791 participants included targeted producers, government, private sector and civil
society members. Two trainings focused on hermetic storage bags, and two on a broader set of integrated
interventions; one was a farmer demonstration day. The outcome of the trainings was that the participants
gave feedback to the team (e.g., varying hermetic bag sizes for different uses will help adoption), and it helped
prepare for demonstration/experiments for these technologies on-farm, during the November 2017 harvest.
Exposure to the PHL moisture meter spawned many questions of how to access it, from across the
agricultural sector; this highlights the latent demand and recognition of this technology’s value to reduce postharvest loss.
The post-harvest loss knowledge, capacity and technologies from PHLIL are being transferred down the
pathway to impact and across to related projects, to multiply the impact moving forward. This includes:
•

A cabinet dryer was introduced and demonstrated at the Lemlem seed producer cooperative in
Hawzien, Tigray. This was part of a Post-Harvest Management project Mekelle University has in
collaboration with VLIR-Belgium.
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•
•

PHLIL team members participated in a World Bank Center of Excellence on Innovative Rodent Pest
Management, on September 3-4, 2017, at Mekelle University; they were recognized as key experts
and are now included as members of the expert team for this initiative.
The PHLIL-Ethiopia team has also met with and agreed to collaborate with the Feed the Future
Value Chain project in Ethiopia. Members of the team will attend the upcoming trainings in
November 2017.

Mycotoxins and pesticide alternatives:
In 2017 the final on-site and laboratory data collection of on-farm performance of hermetic bags on wheat
storage concluded. The study compared PICS, GrainPro and polypropylene bags. A total of 42 wheat samples
were collected. At the baseline, the two month-old grain had none of the four mycotoxins tested (aflatoxins,
ochratoxins, fumonisins and DON). However, after 4 months of storage, aflatoxins and ochratoxins were
detected while fumonisin and DON were not. PICS and GrainPro were significantly better than
polypropylene bags in keeping low levels of aflatoxin and ochratoxin during the four-month storage period.
In analysis of chickpea data, there was a positive correlation between moisture content and mean mycotoxins,
highlighting the critical importance of proper drying and storage to reduce levels of toxin accumulation in
another commodity.
In a Bahir Dar University multi-institutional collaborative study, research results on testing filter cake as an
intervention targeting the insect pests Sitophilus granarius and Rhyzopertha dominica were further analyzed. Filter
cake dusts effectively controlled both insect pests in treated wheat grains, with average mortality after
treatment at 84.0 – 98.7% and 98.3 – 100% for S. granarius and R. dominica respectively. These results confirm
this inert dust as a safe, environmentally friendly alternative to pesticide use, which is a major health hazard in
Ethiopia and other developing countries.
Drying:
As part of the graduate student projects, research was being finalized on drying technologies. At Bahir Dar
University, work focused on the Solar Bubble Dryer and three different versions of a cabinet dryer. On-farm
trials of the solar bubble dryer are planned for FY2018. At Mekelle University, the cabinet dryer model was
scaled up to a one-MT unit, with funding from the VLIR-Belgium project. This design’s effectiveness will be
tested in 2018.
A study of insect susceptibility of solar dried maize was conducted at Bahir Dar University, focusing on
weevils in maize stored on-farm. Greater infestation of insects was observed in open sun and thick layer solar
cabinet dried maize grain; fewer insects in maize that had been dried with the solar bubble dryer, especially in
thin layer (1cm) drying. The physicochemical properties (fat, protein moisture, and starch content) of open
sun and solar dried maize samples were assessed using infrared Grain Analyzers, with data analysis underway.
These results will help inform which technologies are effective at reducing insect pest damage and improving
on-farm nutritional content of grains.
Storage:
At Bahir Dar University, effectiveness of hermetic bags was evaluated on stored wheat under farmers’
conditions in Wenberma district. Wheat was stored from January to June 2017 and prevalence of weevils was
examined. Live weevil density in hermetic bags such as PICS and SuperGrain bags ranged from 0 to 1 while
that in polypropylene bags was 0 to 45 live weevils per kg of wheat grain. Gas composition in bags was tested
at the end of the storage period, and CO2 levels in PICS bags ranged from 0.08% to 0.82% and in SuperGrain
bags from 0.17% to 2.82%. The slight change in gas composition could be attributed to low moisture content
of stored seed, which ranged from 8.3% to 10.6% and which limited the activity of insects and molds.
A total of 80 farmers residing in Mecha (30) and Wenberma (50) districts and who used hermetic bags (either
SuperGrain or PICS bags) were interviewed using checklists on the utility of the hermetic bags to gauge
farmer perceptions. Of total respondents, about 22.5% were women. A considerable number of farmers
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(46%) preferred to use hermetic bags for storage of maize while only 25% preferred to store wheat in
hermetic bags, because maize is more prone to insect damage. About 86.3% of farmers stored grains in
hermetic bags without application of chemicals, with farmers applauding the chemical free option available
for protection of their maize or wheat grain from insect damage. About 78.8% of respondents observed no
live insects in grains after four or more months of storage, and about 20% perceived a low number of live
insects in grains stored in hermetic bags. As a result of their participation and direct observations, 95% of
respondents believed that the hermetic bags are effective against insects of stored maize and/or wheat. In
terms of the price per bag, 60% perceived that they are indifferent about the bag price while 33.8% perceived
that the bag price is costly; 86.3% of the farmers expressed a preference to use hermetic bags as an alternative
to chemicals for protection of stored wheat and maize. For an upcoming follow-on activity, a protocol has
been prepared to survey the knowledge, attitude and perceptions of farmers towards insecticide use in stored
grains.
Gender:
Project work in this area has characterized gender roles and perceptions in post-harvest domains. As part of
this, women’s indigenous knowledge and innovations that help them reduce post-harvest losses have been
identified. As an example, this includes mixing seeds of other crops with teff (not heavily attacked by insect
pests, with perceived carry-over effects) and treating storage facilities with chili pepper to deter pests. The
focus group discussion-based survey has been compiled into a manuscript and submitted to the World Health
Policy Journal.
Publications:
Dessalegn, T., Solomon, T., Kristos, T.G., Solomon, A., Seboka, S., Chane, Y., Subramanyam, B., Roberts,
K.A., Abay, F., and Mahroof, R. (2017) Post-harvest wheat losses in Africa: an Ethiopian case study. In: Ed.
Peter Langridge, Achieving sustainable cultivation of wheat Volume 2: Cultivation techniques. (pp. 1-20). Cambridge,
UK: Burleigh Dodds Science Publishing Ltd.
Presentations:
Berhe, M. (2017) Studies on Insect Pest Management on Stored Sesame and Chickpea Crops. Implication for
Management and Improvement. 2017 PHLIL Annual Meeting, Manhattan, KS.
Fanta, A., Abera, M., Subramanyam, B., Assefa, D., Workneh, S. (2017) Occurrence of Mycotoxins in
Ethiopian Farmers’ Maize Storage Systems. 2017 PHLIL Annual Meeting, Manhattan, KS.
Kalsa, K., Subramanyam, B., Demissie, G., Mahroof, R., & Habtu, D. (2017) Effectiveness of Hermetic Bags
in Protecting Maize Grains from Sitophilus zeamais Matschulsky (Maize Weevil). Post-Harvest Congress,
Nairobi, Kenya.
Kalsa, K., Subramanyam, B., Demissie, G., & Mahroof, R. (2017) Efficacy of Filter Cake against Sitphilus
granarius and Rhyzopertha dominica in Stored Wheat. The 1st All Africa Post Harvest Congress & Exhibition,
All-Africa Postharvest Technologies & Innovations Challenges Nairobi, Kenya.
Kalsa, K., Demissie, G., Subramanyam, B., & Mahroof, R. (2017) Efficacy of Filter Cake against Sitphilus
granarius and Rhyzopertha dominica. 2017 PHLIL Annual Meeting, Manhattan, KS.
Molla, A., Alavi, S., Subramanyam, B., Gabbiye, N. (2017) Solar Drying of Maize: Performance and thin layer
kinetics. 2017 PHLIL Annual Meeting, Manhattan, KS.
Tesfaye Tadesse and Subramanyam, B. (2017) Efficacy of Filter cake and Triplex Against Sitophilus zeamais on
wheat. Entomological Society of America Annual conference. Nov. 5-8, 2017, Denver, CO.
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Tesfaye Tadesse Subramanyam, B. (2017) Efficacy of Filter Cake and Triplex Against Sitophilus oryzae on
Wheat. 10th annual Grain Science Graduate Student organization research symposium September 23, 2017.
The International Grains Program (IGP), Manhattan, KS.
Tesfaye Tadesse and Subramanyam, B. (2017) Efficacy of Filter Cake and Triplex Against Sitophilus zeamais on
concrete arenas. U.S. Borlaug Summer Institute on Global Food Security. June 4-13, 2017, Purdue University,
West Lafayette, IN.
Tesfaye Tadesse and Subramanyam, B. (2017) Efficacy of Filter cake and Triplex against the maize weevil,
Sitophilus zeamais Motschulsky. NC-213 “Marketing and Delivery of Quality Grains and Bio-Process
Coproducts”. February 28 to March 1, 2017, Kansas City, MO.

Ghana
Focus crop: Maize
Location: Ejura, Wenchi, Tamale and Kumasi districts.
Collaborators: University: Kwame Nkrumah University of Science and Technology (KNUST); Government:
Ministry of Food and Agriculture (Northern and Upper West regional offices); NGOs: Adventist Development
Relief Agency; Private sector: Ghana Grains Council, Pens Food Bank, Agri Commercial Service Ltd.;
USAID/USG Project Partners: AMPLIFIES

Achievements:
Engagement:
The engagement strategy of Ghana focuses on an annual training, targeted at key stakeholders who are
provided intensive, detailed information and materials to use in their own subsequent trainings and extension
activities. For this activity, a post-harvest loss mitigation training was held on January 10-12, 2017, at the
Council for Scientific and Industrial Research-Crops Research Institute (CSIR-CRI) in Kumasi, Ghana. The
training utilized a curriculum and set of training materials that had been used in previous PHL mitigation
trainings, updated for the Ghanaian context and purposes of the training. These training materials will
continue to be updated and improved for future trainings in Ghana with the PHLIL team and other partners,
as well as being made available for use by teams in other countries, as the basic principles span many country
contexts.
The January training was a three-day workshop with trainers from four US Institutions of Higher Education,
USDA, one Ghana Institution of Higher Education, a local food bank, a representative from SAWBO and
the in-country team leader. Altogether, 43 stakeholders were trained in maize post-harvest loss mitigation.
Stakeholders included people from Ministry Extension, Non-Ministry Extension, private company extension,
and traders.
The first two days of the event were hosted at CSIR-CRI in Kumasi with the third day hosted at PENS Food
Bank Ent. in Ejura. Seven overarching topics were addressed with several presentations addressing each one.
The topics included: grain drying, grain monitoring, grain storage, insect monitoring, pest identification,
safety, and sanitation. While day one was the delivery of foundational information in the form of
presentations, days two and three more actively engaged participants. Day two included a presentation and
question and answer session on aflatoxin and its implications. Also, day two included hands-on stations to
help participants connect to many of the materials that could be available for producers. Day three was
conducted at the PENS Food Bank, a partner in much of the previous research. While at PENS, participants
were introduced to a solar biomass hybrid dryer for grain drying and disinfesting grains. Participants were also
hands-on with many of the grain storage techniques.
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Most of these stakeholders trained will use the new skills and knowledge gained during the training to actively
train farmer-based organizations and other stakeholders producing and aggregating maize. They will train
others in best practices for maize harvesting, post-harvest handling, and storage. Ultimately, those trained will
train managers and members of Crop Aggregation Centers (CACs) in proper maize harvesting, post-harvest
handling, and storage.
The PHLIL training materials were also used outside our project, by the USDA-funded AMPLIFIES project,
wherein 25 extension trainers were trained in March by a team mostly constituted of PHLIL team members.
A cross-over benefit within our program, the PHLIL Guatemala team also used the training materials as a
foundation for creating Guatemalan-appropriate PHL training materials.
Two animation videos on the PHL mitigation strategy DICE (Dry, Inspect, Clean, Examine) and the PHL
moisture meter are being produced in collaboration with SAWBO. The moisture meter video was released in
fall 2017 in English. A local language version will be produced in FY2018. The DICE video will be
completed in FY2018.
Scaling/Private Sector Engagement:
The GIZ-funded Green Innovation Center (GIC) has committed to the construction of 20 mobile (portable)
1-MT solar biomass hybrid dryers (SBHDs). GIC will also purchase at least 30 PHL moisture meters from
Ghana PHLIL. GIC is also considering purchasing an unspecified number of ZeroFly Hermetic Storage bags
with hermetic liners and adapted 7-MT water tank silos. As of August 2017, 30 PHL meters are being
assembled for GIC at Kwame Nkrumah University of Science and Technology (KNUST).
A major achievement has been the establishment of a PHL meter assembly platform at KNUST. All
components are sourced from overseas online and assembled by the team based at KNUST. Please see
Appendix A for more information on the event held at KNUST to unveil the new lab, and the team of young
professionals.
The AMPLIFIES program has been a key partner both in training and in the scaling of technologies. To date,
they have provided $28,000 for technology scaling. These funds were used to as a revolving fund to construct
a 5-MT SBHD for a poultry producer in Jamasi, Ghana (near Kumasi). The producer purchases maize from
~75 smallholder farmers and stocks large quantities of maize for long periods (up to 5 months); this
aggregator, meso-scale intervention point generates income for these smallholder farmers, and enables safe
storage with significantly reduced post-harvest losses in the value chain. These funds will also be used to
purchase 50 PHL meters for training purposes and for farmer based organizations (FBOs).
Manuscript Development:
As the three M.S. students conducting PHLIL research completed their degree programs (two at KNUST and
one at Oklahoma State University), preparation of manuscripts detailing research findings went into full
swing. The manuscript entitled "Moisture Content, Insect Pests and Mycotoxin Levels of Maize at Harvest
and Post-harvest in the Middle Belt of Ghana" was accepted for publication in the Journal of Stored Products
Research (JSPR) in August 2017. The manuscript entitled "Population dynamics of stored maize insect pests
in warehouses in two districts in Ghana" was submitted for publication in the Journal of Stored Products
Research (JSPR) in August 2017. Three further manuscripts are at an advanced stage of preparation and will
be submitted to peer reviewed journals in early FY2018.
Publications:
Armstrong, P. R., S. McNeill, N. Manu, A. Bosomtwe, J. K. Danso, E. A. Osekre and Opit, G. (2017)
Technical Note: Development and Evaluation of a Low-Cost Probe-Type Instrument to Measure the
Equilibrium Moisture Content of Grain. Applied Engineering in Agriculture 33(5):619–627.
https://doi.org/10.13031/aea.12266
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Danso, J. K., E. A. Osekre, N. Manu, G. P. Opit, P. Armstrong, F. H. Arthur, J. F. Campbell, and Mbata, G.
(2017) Moisture content, insect pests and mycotoxin levels of maize at harvest and post-harvest in the Middle
Belt of Ghana. Journal of Stored Products Research 74:46–55.
https://doi.org/10.13031/aea.12266
Paudyal, S., Opit, G. P., Arthur, F., Bingham, G., Payton, M., Gautam, S., and Noden, B. (2017) Effectiveness
of the ZeroFly storage bag fabric against stored-product insects. Journal of Stored Products Research 73:87-97.
Paudyal, S., G. P. Opit, E. A. Osekre, F. H. Arthur, G. V. Bingham, M. E. Payton, J. K. Danso, N. Manu, E.,
Nsiah, P. (2017) Field evaluation of the long-lasting treated storage bag, deltamethrin incorporated,
(ZeroFly® Storage Bag) as a barrier to insect pest infestation. Journal of Stored Products Research 70:44-52.
http://dx.doi.org/10.1016/j.jspr.2016.11.003
Presentations:
Armstrong, P. R. (2017) Low-Cost Moisture Meter Probe to Measure Equilibrium Moisture Content of
Grain. The 1st All Africa Post Harvest Congress & Exhibition, All-Africa Postharvest Technologies &
Innovations Challenges, Nairobi, Kenya.
Danso, J., Osekre, E., Manu, N., Opit, G. P., Armstrong, P. R. (2017) Moisture Content, Insect Pests and
Mycotoxin Levels in Maize in Three Districts in the Middle Belt of Ghana. 2017 PHLIL Annual Meeting,
Manhattan, KS.
Ocran, A. (2017). Survival of Stored-Product Psocids (Psocoptera: Liposcelididea) at relative humidities of 43
and 50%. 2017 PHLIL Annual Meeting, Manhattan, KS.
Manu, N., Osekre, E., Arthur, F., Campbell, J., Mbata, G. (2017) Population Dynamics of Stored Maize
Insect Pests In Warehouses in Two Agro-Ecological Zones in Ghana. 2017 PHLIL Annual Meeting,
Manhattan, KS.
Opit, G.O., Arthur, F., and Campbell, J. (2017) The Feed the Future Innovation Lab for the Reduction of
Post-Harvest Loss: Maize Postharvest Loss Mitigation in Ghana. Proceedings of the Conference of the
IOBC/wprs (OILB/srop) Working Group on “Integrated Protection of Stored Products” Ljubljana,
Slovenia, 3-5 July 2017.
Opit, G.O., Ocran, A., and Shakya, K. (2017) Survival of stored-product psocids (Psocoptera: Liposcelididae)
at 43% and 50% relative humidity. Proceedings of the Conference of the IOBC/wprs (OILB/srop) Working
Group on “Integrated Protection of Stored Products” Ljubljana, Slovenia, 3-5 July 2017.

Guatemala
Focus crop: Maize
Location: Huehuetenango, Chiantla and Todos Santos districts in the Western Highlands
Collaborators: University: Universidad del Valle; NGOs: SHARE, FUNDIT; Project Partners: Buena Milpa

Achievements:
Engagement:
In November 2016 the annual Engagement and the first Stakeholders meetings were held in Huehuetenango
and Guatemala City, respectively. The Engagement meeting provided an opportunity for stakeholders
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working in Huehuetenango to give feedback and suggestions. The main takeaways of this input included that
1) technologies must remain low-cost in our target communities and must align with local traditions; 2)
extension materials should be visual and focus on practical actions; and 3) PHLIL should form partnerships
with other organizations to expand our reach. The Stakeholder meeting allowed for feedback from
government and industry, which included 1) private industry and government officials should be more
included in project objectives; 2) education efforts to encourage reduced consumption of moldy maize must
account for cultural changes as well as economic; and 3) partnerships should be created with the other
ongoing USAID-funded projects like Buena Milpa (a USAID-funded project on post-harvest reduction
managed by CIMMYT and Ascocuch, a local NGO in Huehuetenango).
With the feedback from these two groups the PHLIL Guatemala team is creating a thorough and locally
appropriate suite of educational training materials on post-harvest loss mitigation practices, and they have
established a partnership with the Buena Milpa project. The training package includes a facilitator’s guide and
accompanying presentation slides (will also be available in print for use without a computer), a farmer’s guide,
which includes mostly pictures and little text, and cards and posters with key messages. The first draft of the
manual was developed utilizing available technical information, observations on the current and culturally
significant practices used by farmers, and the results of the program research trials in storage and drying.
Additionally, information was incorporated based on feedback from our gender specialist and some of the
local extension staff from SHARE.
The first ToT session to introduce this manual was given to 32 extension staff from SHARE and farmer
leaders in August 2017. This aligned closely with the first joint activity with Buena Milpa, which was a
mycotoxin-focused meeting in August 2017 that sought to define and compare the work being done by
different projects in mycotoxins in the Western Highlands and identify priority needs. The short-term
outcome from meeting was the commitment by the technicians and extension personnel from Buena Milpa
and FundIt, also a Huehuetenango-based NGO, to take part in the post-harvest loss mitigation train the
trainer two-day event to be held in late October 2017.
Nutrition, gender and economics baseline survey:
The first phase of a survey (baseline) was conducted to collect key information on nutrition, gender and
economic factors relating to agricultural and post-harvest practices. The survey was developed using other
USAID survey tools and information from the PHLIL Year 1 baseline survey on post-harvest practices,
household dynamics, and overall maize production practices in the region. A comprehensive questionnaire
was used to collect baseline information from 204 farmers in the Huehuetenango region. Survey participants
will receive storage technologies and associated training in time for the fall 2017 harvest season; these include
GrainPro storage bags (50kg) and plastic silos, or tonels (150 kg). These two storage technologies were
chosen since they are the most cost effective available in the Huehuetenango market. Approximately one year
after the baseline survey, a second survey will be conducted with the same households to measure changes in
attitudes or practices related to the newly distributed storage technologies or other post-harvest practices. The
findings from this survey will be used to inform scale-up models and strategies down the pathway to uptake
and impact.
Drying:
Data analysis on drying trials (STR and the hybrid solar/biomass prototype dryers) was completed. At KSU, a
modified STR dryer model was developed using locally available 50-gallon metal drums for the heat
exchanger and a 5-gallon drum as the furnace, lowering production costs by using pre-fabricated materials.
However, the drying efficiency for this model only increased from 1.05% to 1.5% moisture content reduction
per hour, unlikely to be a large enough gain to make up for the high-moisture environment of the
Guatemalan Highlands. All findings suggest that the cost for farmers to purchase any of the dryers tested is
above what is economically feasible. Additionally, the amount of grain that each farmer dries on a yearly basis
does not justify investment in a costly dryer. Community-based dryers could be an option, but distance from
farms to community centers could be a limiting factor, and even at a community-level, the dryers are likely
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too costly for our target communities. In the absence of new workable drying solutions, the team has focused
instead on providing educational knowledge on improving traditional drying methods and best post-harvest
management practices. These have been incorporated into the post-harvest manual.
Storage:
The on-farm testing of potential storage technologies (Grain Pro semi-hermetic bags, plastic drums, and
metal silos) by farmers in Huehuetenango was completed. The storage technologies were distributed
randomly among twenty farms participating in the project. The analysis showed similar effectiveness between
the three. From an economic perspective, the Grain Pro bags have a lower purchasing cost compared to the
plastic drums and metal silos. However, their durability is compromised due to common handling procedures
by farmers and are expected to have a life of no more than three years. In these terms, both plastic drums and
metal silos have a longer life, expected to last for at least a decade. In practical terms, plastic drums are more
readily available commercially in Huehuetenango. However, metal silos can be manufactured by local artisans.
An advantage of the plastic drums is that they can also be utilized to store potable water.
Mycotoxin Analysis:
Analysis of the mycotoxin and mold data collected during the first three years of the project resulted in an
internal report and a manuscript that has been submitted to the peer-reviewed Journal for Food Protection.
The manuscript describing this dataset and an accompanying letter explaining the context and implications of
the findings were shared with the USAID Guatemala Mission prior to submitting for publication. The results
highlight the extremely high levels of consumption of maize in Guatemala, particularly in the Western
Highlands; and thus show that while toxin levels are below internationally accepted limits, the amount of maize
consumed results in risk levels exceeding safe limits. These results help to inform prevalence of mycotoxin,
household behavior related to mycotoxins, and have helped create appropriate content for the post-harvest
manual. The results lend further support to the idea that global regulatory bodies and the public health
community need to assess maximum limits of mycotoxins in light of high amounts of susceptible staple foods
consumed here and in many developing countries.
Gender:
A series of workshops (began in 2016) based around the Women’s Empowerment in Agriculture 10 domains
of empowerment was held with 40 women from the target households in Todos Santos and Chiantla. The
workshops focused on women’s understanding of their roles at their homes and farms and the roles of other
family members. Because of the difference in cultures between the two communities (Todos Santos is a
largely Mam community) there were some differences in approach and response to the workshops between
the two communities. For example, women from Todos Santos were less likely to share information, but
opened up more by the end of the workshop series. However, in both communities the overall roles were
very similar, where women tend to have a more direct responsibility in taking care of the household activities,
children and preparation of food. In the case of maize, women provide some help with harvest and have a
large role in storage, shelling, and processing/food preparation (namely, making tortillas).
Publications:
Mendoza, J.R., Sabillon, L., Martinez, W., Campabadal, C., Hallen-Adams, H.E., Bianchini, A. (2017)
Traditional maize post-harvest management practices amongst smallholder farmers in Guatemala. Journal of
Stored Products Research 71:14-21.
Mendoza, J.R., Kok, C.R., Stratton, J., Bianchini, A., Hallen-Adams, H.E. (2017) Understanding the
mycobiota of maize from the highlands of Guatemala, and implications for maize quality and safety. Crop
Protection 101:5–11.
Bianchini, A. (2017) From Milpas to the Market: A Feasibility study on the Use of Metal Silos for Safer and
Better Storage of Guatemalan Native Corn. Final Report for the project supported by the Scientific
Cooperation and Research Program (SCRP).
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Presentations:
Mendoza, R., Campabadal, C., Hallen-Adams, H., Bianchini, A. Understanding the mycobiota of native maize
from the highlands of Guatemala, and implications to its quality and safety. In: AACCI Annual Meeting,
Savannah, GA, October 23-26, 2016.
Morales-Quiros, A., Campabadal, C.A., Bianchini, A., Sabillón, L., Mendoza, R. Improved drying technologies
to reduce post-harvest losses in the Western Highlands of Guatemala. In: Engineering and Technology
Innovation for Global Food Security, ASABE, Cape Town Stellenbosch, South Africa, October 24-27, 2016.
Campabadal, C., Bianchini, A., Sabillón, L., Mendoza, R., Morales-Quiros, A. Improving food security of
smallholder farmers in the Western Highlands of Guatemala through reduction of post-harvest losses in
maize. In: Engineering and Technology Innovation for Global Food Security, ASABE, Cape Town
Stellenbosch, South Africa, October 24-27, 2016.
Sabillon, L., Mendoza, R., Campabadal, C. & Bianchini, A. (2017) Corn Storage Technologies: A Comparative
Study in the Western Highlands of Guatemala. 2017 PHLIL Annual Meeting, Manhattan, KS.

VI.

Human and Institutional Capacity Development

a. Short term Training
Country of
Training

Brief Purpose of Training

Who was Trained

Number Trained
M
F
Total

Bangladesh

Validation workshop on
Gender findings from FGD and
Gender training (10/18/16)

Producers
Government
Private Sector
Civil Society
Producers

29

21

50

15

15

30

Producers

0

15

15

Producers
Government
Private Sector
Civil Society
Producers
Private Sector
Civil Society
Producers
Government
Civil Society
Producers
Civil Society

36

5

41

33

31

64

30

20

50

34

20

54

Producers

31

42

73

Awareness on Gender issues of
post-harvest technologies ( 2
trainings) (11/14/16)
Awareness Building on Gender
Issues (11/15/16)
BAU-STR dryer Installation and
Operation at Farmers Field
(11/22/16)
BAU-STR dryer Installation and
Operation (11/26/16)
BAU-STR dryer Installation and
Operation (12/3/16)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (12/5/16)
BAU-STR dryer Installation and
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Operation; Use and
management of Hermetic bag
and moisture meter (12/6/16)
BAU-STR dryer Installation and
Operation in Mati Auto Rice
Mill (12/10/16)
Validation of Gender findings
and Gender Training (1/6/17)
BAU-STR dryer Installation and
Operation (4/29/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/1/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/2/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/2/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/3/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/3/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/3/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/6/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/6/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/7/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/7/17)

Civil Society
Government
Private Sector
Civil Society
Producers
Private Sector
Producers
Civil Society
Producers
Private Sector
Civil Society

17

2

19

19

19

38

23

8

31

26

7

33

Producers
Civil Society

27

5

32

Producers
Private Sector
Civil Society

24

8

32

Producers
Civil Society

18

14

32

Producers
Civil Society

26

4

30

Producers
Civil Society

11

6

17

Producers
Government
Private Sector
Civil Society
Producers
Government
Civil Society

30

4

34

35

1

36

Producers
Private Sector
Civil Society

27

11

38

Producers
Government
Private Sector
Civil society

51

0

51
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BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/16/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/16/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/17/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/17/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/18/17)
PHLIL Gender component
Bangladesh (5/18/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/19/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/19/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/19/17)
PHLIL Bangladesh Gender
component (5/19/17)
PHLIL Bangladesh Gender
component (5/19/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/20/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/20/17)
Awareness Building on Gender
Issues (5/20/17)
Awareness building on Gender
Issues (5/20/17)
BAU-STR dryer Installation and

Producers
Government
Private Sector
Civil Society
Producers
Private Sector
Civil Society

34

0

34

26

11

37

Producers
Government
Civil Society

34

0

34

Producers
Government
Private Sector
Civil Society
Producers
Civil Society

33

3

36

33

3

36

Producers

0

15

15

Producers
Civil Society

35

1

36

Producers
Civil Society

36

1

37

Producers
Civil Society

39

1

40

Produces

0

15

15

Producers

8

7

15

Producers
Civil Society

14

21

35

Producers
Civil Society

15

20

35

Producers

15

0

15

Producers
Civil Society
Producers

0

15

15

10

25

35
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Operation; Use and
management of Hermetic bag
and moisture meter (5/21/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/21/17)
Awareness building on Gender
Issues (5/21/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/22/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/22/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/23/17)
BAU-STR dryer Installation and
Operation; Use and
management of Hermetic bag
and moisture meter (5/23/17)
BAU-STR dryer Installation and
Operation (5/30/17)
Awareness building on Gender
issues of post-harvest
technologies (8/15/17)
Hands on training given to ToT
participants with the theory and
practical, so that they can give
training to the farmers and
others in their respective areas
(8/19/17)
Sharing workshop of PHLIL
Bangladesh findings of year 3
(8/20/17)

Civil Society
Producers
Civil Society

38

3

41

Producers

0

15

15

Producers
Civil Society

34

1

35

Producers
Civil Society

9

26

35

Producers
Government
Civil Society

34

1

35

Producers
Government
Civil Society

34

1

35

Producers
Private Sector
Civil Society
Producers

48

0

48

7

8

15

Producers
Government
Private Sector
Civil Society

27

6

33

Producers
Government
Private Sector
Civil Society

63

10

73

Total trainees:
Ethiopia

PICS and GrainPro Superbags
training
(10/2/2016)
PICS and GrainPro Superbags
training (farmer day –
demonstration)
(10/5/2016)

Producers
Government
Private Sector
Civil Society
Producers
Government
Private Sector
Civil Society
19

1,639

231

34

265

--

--

420

Integrated post-harvest loss
management workshop
(05/26-27/2017)
Promising post-harvest loss
mitigation technologies and best
practices for postharvest
protection
(09/2-3/2017)
EMMP and pesticide use
training

Producers
Government
Private Sector
Civil Society
Producers
Government
Civil Society

39

11

50

49

7

56

--

33

2

35

Total trainees:
Ghana

Annual PHL mitigation training

Producers
Government
Private Sector

38

10

826
61

(13 - disaggregates
unavailable)

Total trainees:
Guatemala

Train farmer leaders and
SHARE extension staff on best
post-harvest practices for the
upcoming harvest and to
receive feedback to develop the
Post-harvest Loss Prevention
Manual. (11/17/16)
Training women from the
Chiantla and Todos los Santos
communities on WEIA and
how they impact their daily
house and farming activities.
(2/16/17)
Train the trainer session
utilizing the first draft of the
postharvest loss prevention
manual. Also, obtain feedback
from the participants on the
usage of the manual. (8/30/17)
Developed a focus group
training to determine the
feasibility of the different
storage technologies from the
equal gender and economical
point of view.

61

Producers
Government
Civil Society

26

4

30

Producers

0

47

47

Producers
Civil Society

32

0

32

Producers
Government
Private Sector
Civil Sector

40

21

61

20

Total trainees:

170

All PH LIL FY2017 Trainees:

2,696

b.

Long term Training

Support for graduate education is an important part of PHLIL’s mission to build capacity for the next
generation of post-harvest experts. Graduate students are also essential in performing PHLIL’s activities,
including lab and on-farm research and assisting in PHLIL trainings. In FY2017 in Bangladesh, PHLIL
directly funded eight graduate students at Bangladesh Agricultural University. The students are working on
master’s or doctoral degrees in our three key areas of drying, storage or mycotoxin analysis. In addition, one
PhD student in agricultural and applied economics at the University of Illinois at Urbana-Champaign is
working on PHLIL research, but direct funding for his academic program is from other sources. In Ethiopia
in FY2017, there were seven graduate students directly funded by USAID through PHLIL – three at Mekelle
University, three at Bahir Dar University and one at Kansas State University. Two additional master’s
students are engaged in PHLIL-related research at Bahir Dar University. In Ghana, two graduate students
from Kwame Nkrumah University of Science and Technology (KNUST) and one graduate student from
Oklahoma State University were funded in FY2017 and engaged in PHLIL research and activities. Three
additional students at KNUST, two PhD and one bachelor’s, are engaged in PHLIL research, but are not
receiving USAID funds. For the Guatemala team, one graduate student at the University of NebraskaLincoln was funded jointly by USAID and USDA in FY2017 to engage in PHLIL research and training. This
student is continuing PHLIL research in a PhD program at UNL (utilizing non-USAID funds), and an
additional PhD student at UNL and a master’s student at Kansas State University comprised the Guatemala
research team, but were externally funded.

c.

Institutional Development

Bangladesh
Partner: Bangladesh Agricultural University (BAU).
Description: Two courses - agricultural process engineering in the BSc in Agricultural Engineering program
and advanced agricultural process engineering in the MS in Farm Power and Machinery program, have been
modified based on the research findings and experiments of PHLIL Bangladesh. The changes in the two
courses have been placed before the engagement advisory committee and suggestions were incorporated. The
modified courses have been submitted to the board of studies of the department of Farm Power and
Machinery, BAU for approval through the university’s academic council.
Ethiopia
Partners: Mekelle University and Bahir Dar University.
Description: A graduate level post-harvest curriculum has been developed at both universities to offer
courses targeted specifically at post-harvest management and challenges.
Ghana
Partner: Kwame Nkrumah University of Science and Technology (KNUST).
Description: A platform was established at KNUST for the in-country assembly and distribution of the PHL
moisture meters. KNUST is providing this critical incubation step, with support from PHLIL, until production
can move from the university to a small enterprise. This exercise helps prime KNUST to further incubate future
technology seed initiatives.
Guatemala
Partners: Universidad del Valle
Description: Technical assistance and mentoring of undergraduate student graduation project on topics
related to mycotoxins and food safety is continuing to increase capacity building, ensuring awareness among
the next generation of professionals in food science and related topics.
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VII. Technology Transfer and Scaling Partnerships
Bangladesh
Technologies Transferred and Scaling: BAU-STR Dryer
Description: BAU-STR dryer consists of inner bin, outer bin, hot air pipe, blower and stove (chula).
It is made of two perforated concentric cylinders with grains inside the annular space. The outer bin is made
of two types of wire (8 to 12 mesh and 1 inch). The diameter is adjustable to hold desired volume of paddy
sample, with one inch pipe (8/10 nos.) and one inch flat bar ring were used to fix the adjustable shape of outer
bin. Air is passed from the closed-end inner cylinder to dry the grains inside the annular space. An axial flow
blower sucks the hot air from the stove, through steel pipe and forced through perforated bins. A diesel
generator has been added to one version of the BAU-STR dryer, to run the blower without relying on the
national electrical grid. The BAU-STR dryer has been extensively validated in the lab and the field, and is well
suited and ready for drying freshly harvested paddy.
Steps Taken and Partnerships Made: A BAU-STR dryer has been purchased by one farmer, Md.
Humayun Kabir of Atiti village in Comilla. The BAU-STR dryer is being assembled almost entirely at local
and regional engineering workshops in Bangladesh. The exception to this is the blower, which currently must
be imported from Vietnam. Training on fabrication, operation and maintenance of the BAU-STR dryer were
provided to ACI Motors Ltd, Bhai Bhai Engg. Workshop, M/S Uttaran Engg. Works and M/S Kamal
Machine Tools. Currently, ACI Motors Ltd is importing the blower for the dryers. About 100 blowers are
being imported from Vietnam through ACI Motors Ltd., based in part on inquiries for purchase, indicating a
nascent market demand for the BAU-STR dryer.
Next Steps: Ongoing design efforts focus on development of a locally-produced blower. A
competition among local manufacturers is being planned. Further collaborative research will be conducted for
improving the dryer for drying parboiled paddy, as requested by women in the communities engaged in
training, demonstration and use of the dryer. Custom hire service entrepreneurship will form the basis of one
business model, providing drying services to farmers.

Ethiopia
Technologies Ready to Scale: Solar Bubble Dryer
Description: The Solar Bubble Dryer is an off-the-shelf technology currently sold by GrainPro. It
dries grain in a tunnel, protected from the elements. A solar energy-powered fan improves air flow through
drying grains. The spacious and sunny environment in Ethiopia, and presence of farmer cooperatives with
sizable harvests, lends itself to the effectiveness of the Solar Bubble Dryer with targeted value chain actors.
Steps Taken and Partnerships Made: University-level experiments have been conducted by
graduate students at Mekelle and Bahir Dar universities. This research has shown improved drying capabilities
to open sun drying of grain. Cost and size of the dryer mean that effective uptake will likely take the form of
cooperatives and aggregators.
Next Steps: On-farm trials will occur in 2018, and partnerships down the pathway to impact are being
forged for targeted uptake.
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Ghana
Technologies Ready to Scale: Solar Biomass Hybrid Dryer
Description: The Solar Biomass Hybrid Dryer (SBHD) uses a combination of solar and direct heat to dry and
disinfest maize. The PHLIL team has developed both a 5 MT standing model and a 1 MT mobile model. The
design is essentially a greenhouse, with translucent sides and roofing to allow for solar heat to dry the maize or
other commodities inside. When solar heat is not sufficient, the dryer also has an attached furnace that can
provide heat using biomass. Fans ensure sufficient airflow, with maize placed in thin layers and shelves in order
to facilitate drying.
Steps Taken and Partnerships Made: PHLIL has partnered with AMPLIFIES to establish a revolving
financing system. AMPLIFIES provided funding for a 5 MT SBHD to be built at an area poultry producer. As
the producer pays back the dryer cost, those funds will in turn go to another producer to build a dryer on their
farm. GIC has also ordered 1 MT mobile dryers.
Next Steps: Slight modifications are continuing to improve airflow in the dryer.

Technologies Transferred and Ready to Scale: PHL moisture meter
Description: These meters were assembled at KNUST in Ghana, by a team of four recent KNUST
graduates. These four are planning to form a small business to further assemble and distribute these meters.
Steps Taken and Partnerships Made: Fifty PHL moisture meters will be distributed to two program
partners in November 2017, the Ghana Grains Council and the USDA AMPLIFIES program. PHL moisture
meters were also given to the Soybean Innovation Lab for their use in their Ghana-based activities.
Next Steps: In November, a ceremony will be held at KNUST to celebrate the transition to local
production. The team will work with the young entrepreneurs to transfer assembly to a private enterprise.

Technologies Transferred and Ready to Scale: ZeroFly bags
Description: ZeroFly bags are a hermetic storage bag similar to PICS bags. These bags also have a
pesticide-infused outer lining for enhanced pest protection.
Steps Taken and Partnerships Made: Partnering with PHLIL to provide the research basis to
validate the technology, Vestergaarad Frandsen, the maker of ZeroFly bags, has developed and piloted an
updated hermetic design for the bags.
Next Steps: Vestergaard Frandsen is considering piloting a $0.50 version of the ZeroFly bag, in
anticipation that this lower price point will increase adoption.

Guatemala
Technologies Ready to Scale: Post-Harvest Loss Prevention Manual
Description: A train-the-trainer manual and suite of materials was developed for post-harvest loss
prevention training. The suite of materials includes a facilitator’s guide and accompanying presentation slides
(will also be available in printed slides form for use without a computer); a farmer’s guide, which includes
mostly pictures and little text; and cards and posters with key messages.
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Steps Taken and Partnerships Made: The first draft was developed and shared with the trainers
who will utilize it (SHARE personnel and other collaborating extension staff). A second draft is being
developed based on the feedback received from the farmers and extension staff. A partnership was developed
with the USAID-funded Buena Milpa project, which is managed by CIMMYT and Asocuch, a local NGO in
Huehuetenango. Their personnel were trained on post-harvest loss prevention practices and will receive all
the manual materials.
Next Steps: Develop a train the trainer workshop utilizing the second draft of the postharvest loss
prevention manual. Teach the extension staff and farmers that have leadership roles in their community on
how to use it and equip them with it. Also, develop non-electronic training tools so the trainer can teach the
farmers when computers are not available.

Technologies Transferred: Design of Optimized Metal Silo Mechanical and Physical Phase 2
Description: Developed an optimized design of a 0.5 MT and 1 MT metal silo to be used by
farmers. It allows for easier dispersal out of the bottom spout and the inclusion of a scoop, affording women
using the silo better access to maize without having to tip the silo.
Steps Taken and Partnerships Made: The metal silos are being piloted with several farmers in the
Huehuetenango region. The design was shared with local entrepreneurs so they can use it as a model to
fabricate lower cost metal silos in Huehuetenango for sale to local farmers.
Next Steps: Cost is a continuing issue even at this local price, so our in-country partner SHARE is
assessing the possibility and viability of providing a microcredit option for these farmers to purchase the silos.
An economic feasibility study was conducted by a related USDA-funded project and determined that a metal
silo could reasonably be paid back in three years.

VIII. Environmental Management and Mitigation Plan (EMMP)
Most research activities do not have a significant effect on the environment as they fall outside the 11 classes
of action identified in Part 216.2 (d) (1). However, the projects in Ethiopia and Ghana, which include the use
of pesticides on commodities and in warehouses, must comply with procedures set forth in Part 216.3. Dr.
Bhadriraju developed an Environmental Mitigation and Monitoring Program (EMMP) for the Lab that has
been updated and approved. Dr. Andreia Bianchini developed a standard operating procedure (SOP) for
decontaminating and disposing of materials used during mycotoxin analysis, and a set of general lab safety
guidelines to follow when conducting mycotoxin analyses. An EMMP checklist was developed specific to the
PHLIL for use by designated individuals in each country to be completed at least quarterly that enables regular
reporting and documentation of compliance with the EMMP. These documents are available through the
Piestar Reporting Hub and the PHLIL public website.

IX.

Open Data Management Plan

The Management Entity (ME) makes information and data publicly accessible on the Innovation Lab’s website,
according to our Data Management Plan (DMP). The ME has communicated with the country PIs regarding
depositing data in the USAID Data Development Library (DDL). The ME will monitor and track data upload
as the program moves to year 5. See Appendix B for the approved Data Management Plan.
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X.

Project Management Activities
•
•
•

•
•
•
•

•
•
•

•
•
•

Continued implementation of the PHLIL Management Entity Strategic Plan (set by Dr. Harvey in
May 2016), with progress on all fronts.
Whole of program budget review conducted to enable sustainable operation, including in light of the
reduced funding allocation for Year 4.
Staffing of the Management Entity has been stable, with no turnover, and additions including:
o Ms. Dena Bunnel started as the new program coordinator in October 2016.
o In February and March 2017, a student assistant and a staff assistant were hired in February
and March, 2017; they work part-time to assist with administrative tasks in the program.
Addition of two Mission Buy-Ins: mycotoxin projects in Honduras and Nepal. Dr. Harvey, PHLIL
Director, serves as PI for Nepal.
A new External Advisory Council was assembled in early 2017, aligned with the transition from the
research to engagement phases of the program.
Communications about the program were successfully picked up by several publications, including
Nature Magazine, the Milling Journal (two issues), Seek (Research Magazine for Kansas State
University) and World Grain.
PHLIL ME members met with senior staffers in Senator Roberts and Senator Moran’s offices, as
well as with Congressman Marshall and his staffers. A letter of support for the program’s activities
was received from Congressman Marshall, stating that “your leadership with the PHLIL is essential
for improving food security for Kansans, Americans and the International Community.”
Dr. Harvey presented at a meeting at Mars Inc. Headquarters in MacLean, VA, on integrating
approaches to moving the needle on mycotoxins. Three of the top five priorities identified by a vote
by participants at the end were areas he significantly contributed to articulating the case for.
Dr. Harvey co-led, and PHLIL co-sponsored, a high-level meeting on aflatoxin research at the
Banbury Center, Cold Spring Harbor, New York. Other organizers/sponsors included University of
California, Davis; Cornell University; and Mars Inc.
Dr. Harvey presented about the program and contributed to other meetings, including:
o Open Philanthropy Project, a look at investing in orphan crops (University of California
Berkeley, January
o IL annual meeting in Dakar, Senegal, February
The ME enlisted Humanitas Global to conduct a broad assessment of PHLIL activities and their
alignment with country and regional priorities in the focus countries.
A comprehensive review of the Piestar reporting system was conducted. Changes will take places for
Year 5 reporting that will streamline information from PIs and in-country staff and provide for more
robust information sharing.
John Deere was informed of the project’s research findings on the calibration of their moisture
meters for developing country conditions. Romer Labs was informed about our experience with their
mycotoxin testing kits, and feedback given on potential adaptation for target country conditions. This
represents direct feedback to our US-based private sector partners that can be used for product
improvement and market expansion.

Relevant publications
1. Matthew J Sasiewicz, Titilao DO Falade, Murithi Mutuma, Samuel K Mutiga, Jagger Harvey, Glen
Fox, Tom C Pearon, James W Muthomi and Rebecca J Nelson (2017) Multi-spectral kernel sorting to
reduce aflatoxins and fumonisins in Kenyan maize. Food Control 78:203-214.
2. Fabian S Manoza, Arnold A Mushongi, Jagger Harvey, James Wainaina, Immaculate Wanjuki, Robert
Ngeno, Ross Darnell, Benoit GJ Gnonlonfin and Said Massomo (2017) Potential of using host plant
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resistance, nitrogen and phosphorous fertilizers for reduction of Aspergillus flavus colonization and
aflatoxin accumulation in maize in Tanzania. Crop Protection 93:98-105.

XI.

Other Topics

Additional Engagement:
Scientific Animations Without Borders will create a total of four new animations regarding key PHL issues.
These include animations on (1) the PHL moisture meter, (2) DICE (drying, inspect, clean and examination),
a post-harvest management practice tool, (3) mycotoxins, and (4) the BAU STR dryer. We have actively
pursued since January 2017 the development of scripts and storyboards for all four animations. The PHL
moisture meter animation will be completed early FY2018. Next we expect to complete the DICE animation
and finally, in 2018, we expect to complete the mycotoxin and BAU-STR dyer animations. Into 2018, we
expect to be testing these animations with partner groups and to be actively testing and promoting an Appbased deployment and scaling strategy.

XII. Issues and How They Are Being Addressed
•

•

•
•
•

Budget uncertainty and delays continue to create significant challenges to program planning and
management, with challenges spanning the breadth of the program. For example, our Ghana team
has training taking place in early January. The ME and the Ghana team are working together to find
creative budgeting solutions to ensure that the training goes forward successfully, as scheduled, and
without putting an undue burden on our in-country partners in particular.
Communication with the Ethiopia team has been a challenge and has led to organizational issues.
Part of this is caused by inconsistent internet for the in-country team. We have taken actions to
mitigate this challenge by holding regular calls with all team members (now instituted for all core
countries), facilitating more direct interaction between key in-country team members and the ME.
Due to reduced Year 4 funds from USAID, the Ethiopia team received less funding than expected.
The partner universities compensated by investing their own resources to support ongoing program
activities.
Ghana: US-based principal investigators had to be heavily involved in sorting and analyzing data, and
also in writing manuscripts. Funds to support associated travel came from the Management Entity as
well as the in-country partner organizations.
For Guatemala, the difficulty and cost of translation for technical and progress reports is a challenge
as it can be costly and time consuming. However, not having the reports in English makes it difficult
to effectively showcase the work being done by the in-country team. To strike a compromise on this
issue, we have made a strategic decision to translate only high priority reports. The addition of a parttime staff assistant in the management entity who is a Spanish speaker has also helped with
communication challenges.
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XIII. Future Directions
•

•

Year five sees a continued shift to focus on engagement. A critical part of this is strategic
partnerships down the pathway to impact, to enable scale-up with positive gender outcomes, SME
creation and empowerment, the engagement of youth, and contributions to help inform and develop
an enabling policy environment. Any remaining research is associated with graduate students
finalizing their work towards graduation.
PHLIL is anxiously waiting further information on possibilities for five-year program renewal.
Internal discussions are focused on the next horizon of post-harvest loss researchable issues that the
program can tackle in a second phase.

27

Appendix A: Success Stories
Success story
Youth’s Hand in Scaling:

PHL Moisture Meter – Ghana Assembly

Ing. Joseph Akowuah, senior lecturer at the Kwame Nkrumah University of Science and Technology, demonstrates how
to use the PHL moisture meter at an event to launch the locally produced moisture meters.
Reducing post-harvest loss and promoting youth entrepreneurship were both featured at a recent Feed the
Future event at the Kwame Nkrumah University of Science and Technology (KNUST) in Kumasi, Ghana.
On November 16, 2017, the U.S. Government’s Feed the Future Innovation Lab for the Reduction of PostHarvest Loss, funded by the United States Agency for International Development, and KNUST held a
ceremony to launch the Ghana-based production of a low-cost moisture testing meter used to reduce postharvest losses (PHL) in maize in central and northern Ghana. Through this partnership the PHL moisture
meter was developed to provide a low-cost tool to measure moisture content of grains. Both practical and
inexpensive, the PHL moisture meter has great potential to reduce post-harvest loss of grain in Ghana and
improve food security and livelihoods.
The PHL moisture meter was designed by Dr. Paul Armstrong, an agricultural engineer at the United States
Department of Agriculture – Agricultural Research Service (USDA-ARS) Center for Grain and Animal
Health Research in Manhattan, Kansas. Over the last year, Dr. Armstrong collaborated closely with Ing.
Joseph Akowuah, a senior lecturer at KNUST, to establish an assembly lab at the university in Kumasi,
Ghana. Mr. Akowuah enlisted four engineering graduates from KNUST to operate the lab, and they have
successfully assembled the first 50 PHL moisture meters. These young entrepreneurs were involved in every
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aspect of the meter assembly, from soldering the components to establishing workflow protocol, and
developing the user manual.
“The moisture meters will allow maize producers to store their grain more safely and with less loss during
storage,” said Dr. George Opit, the principal investigator for the innovation lab’s Ghana program and
associate professor of entomology at Oklahoma State University, “Their production in Ghana will greatly
improve our ability to get them into the hands of users more efficiently and at a lower cost.”

Members of PHLIL and the PHL moisture meter assembly team present at the launch
ceremony. (R-L: Kwabena Adu-Gyamfi, Anne-Marie Esaaba Abeasi, Dr. Enoch Osekre,
Isaac Senu Sesi, John Doe, Zakaria Ayatul-Lahi, Joseph Akowiah, Dr. George Opit.)
The event on Nov. 16 marked that accomplishment and celebrated the success of the young KNUST
graduates who comprised the assembly team. Leaders from the Ministry of Food and Agriculture (MoFA),
KNUST, the Post-Harvest Loss Innovation Lab, and the USDA-funded Assisting Management in the Poultry
and Layer Industries by Feed Improvement and Efficiency Strategies (AMPLIFIES) Ghana project, which
also supported the development of the meters, spoke at the event. Following the ceremony, a demonstration
was held on how to use the PHL moisture meter.
Mr. J. Manu, the Ashanti Regional Director of Food and Agriculture, announced in his remarks that his office
would seek to purchase 270 of the PHL moisture meters, 10 for each of 27 districts in the region. He further
added support for aligning the meters with the Ghanaian Government’s “Planting for Food and Jobs”
Initiative throughout the country.
The Ghana Grains Council and the AMPLIFIES Ghana project became the first customers after the PHL
moisture meter was given Pattern Approval by the Ghana Standards Authority. PHLIL wishes to engage a
local entrepreneur to start a small business assembling PHL moisture meters for distribution across Ghana.
Scaling up affordable and practical post-harvest loss mitigation technologies is one of the key goals of
PHLIL.
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The PHL moisture meter assembly team demonstrates the meter to an on-looking crowd at the launch ceremony at KNUST.

Meet the Assembly Team:
Isaac Senu Sesi is an entrepreneur, front end web developer and embedded systems
engineer. He graduated from KNUST in 2016 with a bachelor’s degree in
electrical/electronics engineering. Isaac oversees the production of the moisture meters.
He is the co-founder of two business start-ups in Ghana: Invent Electronics; a
hardware start-up and Wires and Bytes; a software development start-up. See Isaac’s
feature in Medium here.
Zakaria Ayatul-Lahi is an embedded systems engineer who graduated from KNUST
in 2013 with a bachelor’s degree in computer engineering. He is the main person
involved in the soldering of the circuit components to the circuit board and assembled
the sensor probe of the PHL moisture meter.

Anne-Marie Esaaba Abeasi is an entrepreneur, human resource person and financial
manager. In 2016 she graduated from KNUST with a bachelor’s degree in electrical
engineering and was the manager in charge of designing a sustainable workflow for
assembly, designing a user manual for the assembly, procurement and record keeping of
inventory required for successful assembly and keeping record of financial expenditure
on the project.
John Doe is a 2016 graduate of KNUST with a bachelor of science in agricultural
engineering and was the main individual involved with the screwing together of the
various parts of the meter to derive the finished product and also did a quality control
test in the lab with the batteries after assembly.
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Success story
The next generation of change makers
Two key objectives of the Post-Harvest Loss Innovation Lab are to build the capacity of in-country
educational institutions and to help prepare the next generation of researchers and change makers in our
focus countries. With the first graduate students beginning PHLIL-sponsored graduate programs in 2014,
2017 saw a number of graduate students complete their programs and move to the next phase of their careers
as entomologists, agricultural engineers and grain scientists.
Two of these recent graduates are
James Danso and Naomi Manu.
Both completed master’s
programs in crop protection,
focusing on entomology, at the
Kwame Nkrumah University of
Science and Technology
(KNUST) in Kumasi, Ghana in
2017.
Both have had one manuscript
each accepted to the Journal for
Stored Product Protection, and
they expect to submit two more
articles each to peer-reviewed
publications, in addition to their
master’s theses. This is an unusual
feat for a master’s student and
especially at a non-US or
James Danso leads a session on insect identification at the PHLIL Ghana PHL
European institution. It is a
mitigation training in 2017.
testament to the high quality and
unique nature of the research
conducted by the students as part of the Post-Harvest Loss Innovation Lab.
These two students had the opportunity to be advised by US-based professors, namely Dr. George Opit, a
professor of entomology at Oklahoma State University and the PI for PHLIL Ghana, and Dr. George Mbata,
professor of biology (focus on entomology) at Fort Valley State University. This unique model allows
students to gain a high-quality education with top notch advising at their home university, and it improves the
capacity of the institution through support of US-based faculty.
The education and research experience that Ms. Manu gained through her master’s program has prepared her
to take the next step in her education. She will begin a PhD in entomology at Kansas State University in
January 2017. (Ms. Manu graces our cover in this report.) Mr. Danso is using his master’s degree to continue
to work in agricultural development in Ghana. After graduating, he took a position with IITA in Ghana.
Ms. Manu and Mr. Danso are not the only students that have developed their skills and gained degrees
through research with the Post-Harvest Loss Innovation Lab. One student engaged in PHLIL research at the
University of Nebraska – Lincoln competed his M.S. in food science and is now pursuing a PhD there as
well. Two additional master’s students at Oklahoma State University and Kansas State University will
complete M.S. degrees in fall 2017. As PHLIL enters its fifth year in 2018, seven PhD students will complete
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degree programs based on research from Ethiopia – three at Mekelle University, three at Bahir Dar University
and one at Kansas State University. At Bangladesh Agricultural University, three PhD students will complete
their doctoral degrees using PHLIL research. One M.S. student will graduate in December 2017, following
three students who received M.S. degrees in December 2016 and one in June 2017.
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Success story
Empowering women farmers in Bangladesh through improved seed storage

Khodeza, lead farmer in her village in Mymensingh district, Bangladesh, smiles with other farmers in her village as they talk
about their success in storing rice seed using hermetic bags.
In many rural households in Bangladesh, women drive post-harvest activities in rice production, but they
have little say over economic decision-making. However, an exception lies in a household in the Phulpur subdistrict of Mymensingh in northern Bangladesh. Khodeza is a lead farmer for a pilot training program on rice
drying and storage in her village and, by the accounts of her neighbors, calls the shots in her household. With
support and training from the Post-Harvest Loss Innovation Lab (PHLIL), Khodeza is leading her family and
community in reducing post-harvest loss and improving economic well-being.
Through the project, Khodeza’s community was selected as one of 20 pilot villages to introduce Bangladeshi
farmers to an innovation package meant to reduce post-harvest losses in rice both immediately after harvest
and for longer-term storage of rice paddy and seed. Researchers from Bangladesh Agricultural University
(BAU), PHLIL in-country lead, have provided training on proper moisture measurement and the use of
hermetic bags for safe storage, as well as on the use of a small-scale mechanical dryer.
In general, the seed sector in Bangladesh makes poor quality seed available to farmers, with low germination
rates and off-type or mislabeled varieties. In the 20 villages where hermetic bags have been distributed and
training provided, women farmers, who commonly oversee storage processes, are using the hermetic bags for
seed storage and seeing results beyond expectations. Ninety-five percent of farmers who received hermetic
bags produced their own seed using the bags for storage. Before being receiving the bags, farmers were
dependent on lower-quality seed from the local market, Khodeza says, but now they are self-sufficient and
can even sell the excess seed. Germination rates of this saved seed have reached 93-96 percent, which allowed
a further 20 percent of those who saved their seed to sell seed to neighbors. In this first experience, they sold
below market price, but now that they have proven that the saved seed is high quality, these women are
hopeful to sell at market price in the future.
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To date, 773 farmers, 333 of them women, have received training on hermetic seed storage, and this year an
additional 30 villages were added to the training program. The success of hermetic bags has these farmers
clamoring for more, especially as farmers often grow up to four different varieties of rice, each needing a
hermetic bag for seed storage. However, in the current market these bags have to be imported, increasing the
price out of reach for many small farmers. Currently farmers must pay around 300 Bangladeshi Taka (about
$3.75 USD) per bag. So, BAU has teamed up with ACI Ltd., one of the largest agribusiness and marketing
companies in Bangladesh, to start producing bags locally in the hopes of bringing prices down to around 50
Taka. ACI has secured the necessary equipment to manufacture the bags and has agreed to do a first run of
the bags for free with BAU agreeing to test the bags at their research facilities and through their pilot training
programs. The first run of bags is expected later this year.
The effectiveness of hermetic storage has already been shown and demand exists. Making these bags available
locally at a price farmers can afford will improve the livelihoods of farmers in many important ways. Farmers
will lose less during storage, have a safer food supply protected from pests, molds and fungi, save on seed
costs and even gain additional income through seed sales. It also creates economic opportunities for small
businesses who can market these bags. All of these benefits are ones Khodeza wants for her community.
Being a lead farmer is important to her, she says, and she values serving her village by training other farmers
and disseminating information on better post-harvest practices.

A female farmer displays the results of a germination test of her saved rice seed stored in hermetic bags as a researcher from
Bangladesh Agricultural University captures the results on his cellphone camera.
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Appendix B: Data Management Plan
Data Management Plan

Project Name: Feed the Future Innovation Lab for the Reduction of Post-Harvest Loss
Last Revised: 12/17/2016

Subaward or Activity, Institution
and Contact Person Responsible for
Data
Indicate which project/sub-award,
institution, and principal investigator has
prime responsibility for the data and can
respond to needs for clarification.

Bangladesh - University of Illinois, Dr
Prasanta Kalita (pkalita@illinois.edu)

Bangladesh - University of Illinois, Dr
Prasanta Kalita

Bangladesh - University of Illinois, Dr
Prasanta Kalita

Ethiopia - Kansas State University, Dr
Bhadriraju Subramanyam
(sbhadrir@ksu.edu)

Ethiopia - Kansas State University, Dr
Bhadriraju Subramanyam

Ethiopia - Kansas State University, Dr
Bhadriraju Subramanyam

Dataset Type

Description

Data Privacy & Use Restrictions

Describe any privacy concerns or restrictions on
making the data public: e.g. dataset subject to IRB
Indicate type of dataset to be generated.
Provide relevant details to describe the dataset: What
compliance constraints; contains Personally
Please use options listed below. If none of
information was collected, where, and when? Format as
Identifiable Information (PII); intellectual
the options fit your data set, put NEW and
What/Where/When.
property/trade secrets; etc. See ADS 579.3.2.3 a-f for
briefly describe.
use restrictions.

Need to apprise key stakeholders, with national
partners who helped produce the data
empowered as subject matter experts in country.
DDL submission "when data are ready to be
submitted to a peer-reviewed journal for
publication, or no later than five calendar days
prior to the conclusion of the award, whichever
occurs earlier." Researchers' right to first
publication.

Pre-submission data processing for PII

Final Data Deliverable

Estimated Publication Date & Embargo
Request

To ensure that data quality & data privacy
concerns are addressed before making it
publicly available, describe any data-processing
steps (cleaning, anonymization, dithering to
higher geospatial scale, etc.) that the project
will perform on the raw dataset.

What will the final submitted dataset consist
of? Provide relevant details as appropriate,
e.g. file format in addition to machine
readable, non-proprietary, file size, number
of entries, accompanying metadata, etc..

Insect identity confirmed, moisture measure
measurements to be conducted with a
confirmed, calibrated moisture meter;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins. Code the location such that
all data can be associated across categories,
the site can be assigned to the appropriate
part of a district, but without sufficient
resolution of coordinates to associate specific
people or businesses with the datapoints.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
codes across categories and locations, data
Q3 2017
for each category, list of locations.
Standard file size for Excel data
spreadsheet (kB's).

Indicate an expected date (Quarter/Year) for
publication or delivery of intellectual work
which data supports. Indicate requested
embargo period for the data (Months). See
ADS 579.3.3.3.

Data Repository

Responsible Party for Data
Submission

Target Submission Date

In what public repository will the dataset be
placed? (e.g. GenBank, USAID's Development
Data Library (DDL), etc.) Please provide link
to proposed data repository.

(List only if different from Column A)
Who is responsible for ensuring
When will data be submitted to the
data are submitted by the project to final location? (Quarter/Year)
the final data repository?

USAID Development Data Library (DDL)
(https://www.usaid.gov/data), journal
publications

Same as POC

Q3 2017

Excel spreadsheet with aforementioned
information. Including: codebook of sample
Sample coding, standard curves and analysis
codes and locations, data for each category
will be checked; validation of kits for
(mycotoxin, standard curve), list of
Q4 2017
matrices analyzed will be confirmed;
locations, level of mycotoxin and analysis
significant differences to be determined.
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q4 2017

Aggregate dataset(s): Crop phenotypic
data from on-station field trials; Crop
phenotypic information from farmermanaged field trials; Pest/pathogen
phenotypic data

Excel spreadsheet containing information on sample
location (station or farm location), date (collection
date, analysis date and location, included as
aggregate dataset Q1 2017); as well as insect species
and quantity, moisture levels for each sample and
subsample.

Crop phenotypic data from on station
field trials.

Need to apprise key stakeholders of mycotoxin
Mycotoxin level information, including trial location
data as it relates to postharvest management
(station), date(s) (experiment date, analysis date and
strategies (technologies and practices) before
location; by Q3 2017), sample/subsample ID, and
making them public. Researchers' right to first
sampling/analysis method.
publication.

Farmer survey data.

Mycotoxin level information, including sampling
point (coded), date(s) (collection date, analysis date
and location; Q4 2017), associated postharvest
practices (drying, storage type) sample/subsample
ID, and sampling/analysis method.

Need to apprise key stakeholders of mycotoxin
data before making them public. This will enable a
proactive communications strategy to be
deployed, with national partners who helped
produce the data empowered as subject matter
experts in country. Researchers' right to first
publication.

Sample coding, standard curves and analysis
will be checked; validation of kits for
matrices analyzed will be confirmed;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins.

Excel spreadsheet with aforementioned
information.Including: codebook of sample
codes and locations, data for each category
(mycotoxin, standard curve), list of
Q1 2018
locations, level of mycotoxin and analysis
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q1 2018

Aggregate dataset(s): Crop phenotypic
data from on-station field trials; Crop
phenotypic information from farmermanaged field trials; Pest/pathogen
phenotypic data

Excel spreadsheet containing information on sample
location (station or farm location), date (collection
date, analysis date and location, included as
aggregate dataset Q1 2017); as well as insect species
and quantity, moisture levels for each sample and
subsample.

Need to apprise key stakeholders, with national
partners who helped produce the data
empowered as subject matter experts in country.
DDL submission "when data are ready to be
submitted to a peer-reviewed journal for
publication, or no later than five calendar days
prior to the conclusion of the award, whichever
occurs earlier." Researchers' right to first
publication.

Insect identity confirmed, moisture measure
measurements to be conducted with a
confirmed, calibrated moisture meter;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins. Code the location such that
all data can be associated across categories,
the site can be assigned to the appropriate
part of a district, but without sufficient
resolution of coordinates to associate specific
people or businesses with the datapoints.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
codes across categories and locations, data
Q3 2017
for each category, list of locations.
Standard file size for Excel data
spreadsheet (kB's).

USAID Development Data Library (DDL)
(https://www.usaid.gov/data), journal
publications

Same as POC

Q3 2017

Crop phenotypic data from on station
field trials.

Need to apprise key stakeholders of mycotoxin
Mycotoxin level information, including trial location
data as it relates to postharvest management
(station), date(s) (experiment date, analysis date and
strategies (technologies and practices) before
location; by Q3 2017), sample/subsample ID, and
making them public. Researchers' right to first
sampling/analysis method.
publication.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
Sample coding, standard curves and analysis
codes and locations, data for each category
will be checked; validation of kits for
(mycotoxin, standard curve), list of
Q4 2017
matrices analyzed will be confirmed;
locations, level of mycotoxin and analysis
significant differences to be determined.
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q4 2017

Farmer survey data.

Mycotoxin level information, including sampling
point (coded), date(s) (collection date, analysis date
and location; Q4 2017), associated postharvest
practices (drying, storage type) sample/subsample
ID, and sampling/analysis method.

Sample coding, standard curves and analysis
will be checked; validation of kits for
matrices analyzed will be confirmed;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins.

Excel spreadsheet with aforementioned
information.Including: codebook of sample
codes and locations, data for each category
(mycotoxin, standard curve), list of
Q1 2018
locations, level of mycotoxin and analysis
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q1 2018

Insect identity confirmed, moisture measure
measurements to be conducted with a
confirmed, calibrated moisture meter;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins. Code the location such that
all data can be associated across categories,
the site can be assigned to the appropriate
part of a district, but without sufficient
resolution of coordinates to associate specific
people or businesses with the datapoints.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
codes across categories and locations, data
Q3 2017
for each category, list of locations.
Standard file size for Excel data
spreadsheet (kB's).

USAID Development Data Library (DDL)
(https://www.usaid.gov/data), journal
publications

Same as POC

Q3 2017

Aggregate dataset(s): Crop phenotypic
data from on-station field trials; Crop
Ghana - Oklahoma State University, Dr
phenotypic information from farmerGeorge Opit (george.opit@okstate.edu)
managed field trials; Pest/pathogen
phenotypic data

Need to apprise key stakeholders of mycotoxin
data before making them public. This will enable a
proactive communications strategy to be
deployed, with national partners who helped
produce the data empowered as subject matter
experts in country. Researchers' right to first
publication.

Need to apprise key stakeholders, with national
partners who helped produce the data
Excel spreadsheet containing information on sample
empowered as subject matter experts in country.
location (station or farm location), date (collection
DDL submission "when data are ready to be
date, analysis date and location, included as
submitted to a peer-reviewed journal for
aggregate dataset Q1 2017); as well as insect species
publication, or no later than five calendar days
and quantity, moisture levels for each sample and
prior to the conclusion of the award, whichever
subsample.
occurs earlier." Researchers' right to first
publication.
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Crop phenotypic data from on station
field trials.

Need to apprise key stakeholders of mycotoxin
Mycotoxin level information, including trial location
data as it relates to postharvest management
(station), date(s) (experiment date, analysis date and
strategies (technologies and practices) before
location; by Q3 2017), sample/subsample ID, and
making them public. Researchers' right to first
sampling/analysis method.
publication.

Farmer survey data.

Mycotoxin level information, including sampling
point (coded), date(s) (collection date, analysis date
and location; Q4 2017), associated postharvest
practices (drying, storage type) sample/subsample
ID, and sampling/analysis method.

Need to apprise key stakeholders of mycotoxin
data before making them public. This will enable a
proactive communications strategy to be
deployed, with national partners who helped
produce the data empowered as subject matter
experts in country. Researchers' right to first
publication.

Aggregate dataset(s): Crop phenotypic
data from on-station field trials; Crop
Guatemala - Kansas State University, Dr
phenotypic information from farmerCarlos Campabadal (campa@ksu.edu)
managed field trials; Pest/pathogen
phenotypic data

Excel spreadsheet containing information on sample
location (station or farm location), date (collection
date, analysis date and location, included as
aggregate dataset Q1 2017); as well as insect species
and quantity, moisture levels for each sample and
subsample.

Need to apprise key stakeholders, with national
partners who helped produce the data
empowered as subject matter experts in country.
DDL submission "when data are ready to be
submitted to a peer-reviewed journal for
publication, or no later than five calendar days
prior to the conclusion of the award, whichever
occurs earlier." Researchers' right to first
publication.

Guatemala - University of Nebraska,
Lincoln, Dr Andreia Bianchini Huebner
(abianchini2@unl.edu)

Crop phenotypic data from on station
field trials.

Need to apprise key stakeholders of mycotoxin
Mycotoxin level information, including trial location
data as it relates to postharvest management
(station), date(s) (experiment date, analysis date and
strategies (technologies and practices) before
location; by Q3 2017), sample/subsample ID, and
making them public. Researchers' right to first
sampling/analysis method.
publication.

Guatemala - University of Nebraska,
Lincoln, Dr Andreia Bianchini Huebner
(abianchini2@unl.edu)

Farmer survey data.

Mycotoxin level information, including sampling
point (coded), date(s) (collection date, analysis date
and location; Q4 2017), associated postharvest
practices (drying, storage type) sample/subsample
ID, and sampling/analysis method.

Kansas State University, Dr Brian
Lindshield (blindsh@ksu.edu)

Dietary data before and after
postharvest storage intervention
distribution

Recall and survey data to assess: 1) Prevalence of
children receiving a minimum acceptable diet. 2)
Women's Dietary Diversity: Mean number of food
Dataset subject to IRB compliance contraints.
groups consumed by woment of reproductive age. 3) Researchers' right to first publication.
Prevalence of households with moderate or severe
hunger.

Kansas State University, Dr Brian
Lindshield

Economic data before and after
postharvest storage intervention
distribution

Survery and market data to assess: 1) Prevalence of
Poverty: Percent of people living on less than
$1.15/day. 2) Depth of Poverty: The mean percent
shortfall relative to the $1.25 poverty line. 3) Value
of incremental sales (collected at farm-level)
attributed to Feed the Future implementation.

Dataset subject to IRB compliance contraints.
Researchers' right to first publication.

San Diego State University, Dr Cheryl
O'Brien (cobrien@mail.sdsu.edu)

Women's Empowerment before and
after postharvest storage intervention
distribution

Survey data to assess: Women's Empowerment in
Agriculture Index

Dataset subject to IRB compliance contraints.
Researchers' right to first publication.

Ghana - Oklahoma State University, Dr
George Opit

Ghana - Oklahoma State University, Dr
George Opit

Need to apprise key stakeholders of mycotoxin
data before making them public. This will enable a
proactive communications strategy to be
deployed, with national partners who helped
produce the data empowered as subject matter
experts in country. Researchers' right to first
publication.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
Sample coding, standard curves and analysis
codes and locations, data for each category
will be checked; validation of kits for
(mycotoxin, standard curve), list of
Q4 2017
matrices analyzed will be confirmed;
locations, level of mycotoxin and analysis
significant differences to be determined.
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q4 2017

Sample coding, standard curves and analysis
will be checked; validation of kits for
matrices analyzed will be confirmed;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins.

Excel spreadsheet with aforementioned
information.Including: codebook of sample
codes and locations, data for each category
Q1 2018
(mycotoxin, standard curve), list of
locations, level of mycotoxin and analysis
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q1 2018

Insect identity confirmed, moisture measure
measurements to be conducted with a
confirmed, calibrated moisture meter;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins. Code the location such that
all data can be associated across categories,
the site can be assigned to the appropriate
part of a district, but without sufficient
resolution of coordinates to associate specific
people or businesses with the datapoints.

Excel spreadsheet with aforementioned
information. Including: codebook of sample
codes across categories and locations, data
Q3 2017
for each category, list of locations.
Standard file size for Excel data
spreadsheet (kB's).

USAID Development Data Library (DDL)
(https://www.usaid.gov/data), journal
publications

Same as POC

Q3 2017

Excel spreadsheet with aforementioned
information. Including: codebook of sample
Sample coding, standard curves and analysis
codes and locations, data for each category
will be checked; validation of kits for
(mycotoxin, standard curve), list of
Q4 2017
matrices analyzed will be confirmed;
locations, level of mycotoxin and analysis
significant differences to be determined.
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q4 2017

Excel spreadsheet with aforementioned
information.Including: codebook of sample
codes and locations, data for each category
(mycotoxin, standard curve), list of
Q1 2018
locations, level of mycotoxin and analysis
method. Standard file size for Excel data
spreadsheet (kB's).

DDL, journal publications

Same as POC

by Q1 2018

Anticipate the data to be submitted in a
number of excel files. Including: codebook, Collection of baseline data in 2017, followed
DDL, journal publications
Excel files. Standard file size for Excel data by second collection in 2018.
spreadsheets (kB's each).

Same as POC

Q4 2017 and Q1 2019

Anticipate the data to be submitted in a
number of excel files. Including: codebook, Collection of baseline data in 2017, followed
DDL, journal publications
Excel files. Standard file size for Excel data by second collection in 2018.
spreadsheets (kB's each).

Same as POC

Q4 2017 and Q1 2019

Anticipate the data to be submitted in a
number of excel files. Including: codebook, Collection of baseline data in 2017, followed
DDL, journal publications
Excel files. Standard file size for Excel data by second collection in 2018.
spreadsheets (kB's each).

Same as POC

Q4 2017 and Q1 2019

Sample coding, standard curves and analysis
will be checked; validation of kits for
matrices analyzed will be confirmed;
significant differences to be determined
considering non-normal distributions typical
for mycotoxins.
Personally identifiable information will be
removed to anonymize the dataset, with
coding for survey information to enable
linking data categories and identification of
household within a reasonable geographic
area for linkage of agroecological and other
necessary information.
Personally identifiable information will be
removed to anonymize the dataset, with
coding for survey information to enable
linking data categories and identification of
household within a reasonable geographic
area for linkage of agroecological and other
necessary information.
Personally identifiable information will be
removed to anonymize the dataset, with
coding for survey information to enable
linking data categories and identification of
household within a reasonable geographic
area for linkage of agroecological and other
necessary information.
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