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[bookmark: _36jh0f5kz7mr]1. Introduction
Consider a farmer in Madagascar who has come through cyclones and dry spells and finally brought in a rice harvest. Then it starts to disappear, eaten by rats and weevils or spoiled by damp. When money runs short, he sells part of the rice he had set aside for his family, and months later he buys it back at a much higher price. Subsistence farming, which means growing food mainly to feed your own family, is a major livelihood in Madagascar, so this story repeats in village after village. This paper proposes the Post-Harvest Integrity Network (PHIN) as a way to break that cycle.
[bookmark: _8ddzxrwswsn7]2. Background
[bookmark: _npkhhc4526pj]The country.
Madagascar, the world's fourth-largest island, lies off the southeastern coast of Africa and had about 32.7 million people in 2025. About 68% of the population lived in rural areas and about 32% in urban areas (World Bank, 2024a; World Bank, 2024b). The country is currently under a transitional government led by Colonel Michael Randrianirina. The authorities have said that elections are to be held in 2027 (Al Jazeera, 2026). Madagascar is a Least Developed Country. About 1.8 million people face high acute food insecurity, at IPC Phase 3 or worse (IPC, 2026).
[bookmark: _un6vk1vu9wbq]Land and climate.
The island has a humid east, cool central highlands and a dry southwest, so cyclones, droughts and floods are common. Madagascar has about 41 million hectares of agricultural land, but only around 3 million hectares are cultivated annually (World Bank, 2022). Rice, cassava, maize and sweet potatoes are major food crops. Vanilla and cloves are important cash crops, while nickel and cobalt bring in export income. The average agricultural holding is small; national figures reported by the World Bank put average household land area at about 1.4 hectares, with a median of 1 hectare (World Bank, 2017). For comparison, the average US farm was 463 acres, or about 187 hectares, in the 2022 Census of Agriculture (USDA, 2024).
[bookmark: _vg5iuz9lafma]A typical family.
The average household has about 4.5 members (UNICEF, 2018). About 83.2% of Madagascar's households are farming households, according to the 2018 general population census (African Business, 2024). Most families combine farming with casual labour or small trade. In 2022, 79.9% of rural people lived below the national poverty line, and 90% of households relying on subsistence, low-productivity agriculture were poor (World Bank, 2024b).
Rice is eaten at most meals, with a small side of cassava leaves or greens, and cassava, maize or sweet potatoes when rice runs out. Chronic malnutrition is also severe: 39.8% of children are stunted (World Bank, 2024b). Families mostly eat what they grow and buy the rest at the local market. Seven in ten cook on firewood (United Nations Madagascar, 2024).
Schooling is uneven: only 56% of children complete primary school, while only 13% reach upper secondary school (UNICEF, 2022). Health centres can be far away in rural areas; UNICEF has documented communities where people travel several kilometres, or even hours on foot, to reach basic health services (UNICEF, 2022a). Only about 42.5% of the population had access to electricity in 2024, while 19% used the internet in 2024 (World Bank, 2025). Roads are also a major barrier: poor road conditions isolate rural communities and make access to markets, schools and hospitals harder (World Bank, 2023). Basic sanitation remains very limited; UNICEF's MICS data show that four out of five people do not have access to basic sanitation services, while just over half of households have a mobile phone (UNICEF, 2018).
The whole family shares the rice work: preparing fields, planting, harvesting, drying and storing. It often fails at the last stage. Small drying surfaces let grain spoil, woven sacks let in weevils and rats, and poor roads make it hard to reach markets in time. With almost no savings, one spoiled harvest means hunger straight away.
[bookmark: _pgtc3gh57ha3]3. Challenge and Impact
Three problems matter most after harvest: grain lost to pests and handling, storage that poor families cannot afford, and grain sealed away while still too damp. First, here is how serious hunger already is. The Integrated Food Security Phase Classification (IPC) is a global scale that rates food insecurity from Phase 1 (minimal) to Phase 5 (catastrophe). Its 2026 projection places about 1.8 million Malagasy people in Phase 3 or worse, and nearly 71,000 in Phase 4, the emergency level (IPC, 2026).
The African Postharvest Losses Information System (APHLIS) estimates that 11.4% of Madagascar's rice was lost after harvest in 2021. The biggest losses come at harvest and field drying (4.4%), threshing and shelling (3.1%) and winnowing (2.5%). Each stage is measured on what is left from the stage before, so the figures do not add up in a straight line (APHLIS, n.d.). In eastern regions, rodents alone have been estimated to destroy a substantial share of rice, making rodent control an important part of the problem (Constant et al., 2020). Unlike cyclones, many of these losses are preventable.
[bookmark: _6acfoior81s4]3.1 Storage cost and access
Hermetic bags are airtight, so insects cannot survive or breed inside them. The triple-layer bags that became widely used in Africa grew out of the PICS programme, whose development and scale-up began before the technology spread widely across smallholder farming systems (Purdue University, n.d.). A hermetic bag can still cost about five times as much as an ordinary polypropylene bag, which creates a major affordability barrier. The 1% figure reported in the 2026 World Grain article applies specifically to smallholder rice farmers in Uganda, not to Madagascar (World Grain, 2026). This distinction matters. It would be misleading to use that number as a Madagascar adoption rate. Cost is one barrier and access is another.
[bookmark: _ew62hz7ozzvw]3.2 Moisture and aflatoxin
Hermetic bags do nothing about water already inside the grain. In one study, groundnuts sealed above the safe moisture level saw aflatoxin rise from about 12 to about 2,445 micrograms per kilogram in six months (Swathi et al., 2023). Aflatoxin is a serious food-safety risk as well as a loss problem. Groundnut, not rice, was the crop tested. For rice, a trial in Cambodia found that paddy sealed at 14% moisture kept better than paddy sealed at 16%, which gave less milled rice (Sorn et al., 2017). Poor roads, few processing facilities and limited training and money make all of this worse.
[bookmark: _wg8nf81gu8ci]3.3 Impact
Post-harvest loss rarely causes starvation directly. It works quietly, by taking calories from households that have almost none to spare. APHLIS estimates that the rice lost after harvest in a year could have met the yearly energy needs of roughly 1.5 to 2.3 million people, depending on the year (APHLIS, n.d.). That is close to the 1.8 million people now in IPC Phase 3 or worse. In short, grain is lost to pests and handling, poor families cannot afford proper storage, and damp grain can turn unsafe. Any solution has to deal with all three.
[bookmark: _jl14eyrny1g4]4. Exploring Solutions
Now that the problems are clear, here is what has already been tried. I chose five approaches from research on Madagascar and similar countries. I asked three questions of each: does it protect grain after harvest, can a poor household afford it, and has it worked in practice?
[bookmark: _xwz7pslrn5ql]4.1 Climate-adapted rice varieties
Climate-adapted rice varieties raise harvest potential under difficult conditions (Raboin et al., 2014) but do nothing to protect grain in storage.
[bookmark: _mnnxtkca79lh]4.2 The System of Rice Intensification (SRI)
The System of Rice Intensification (SRI) is a set of farming practices developed in Madagascar in the 1980s: planting single young seedlings with wider spacing, keeping fields moist instead of continuously flooded, weeding often and adding organic matter. It can raise yields substantially, although results vary by setting (Stoop et al., 2002). It spreads slowly because it can require more labour at the start (Moser & Barrett, 2006), which the poorest families cannot always spare. It also does not protect grain after harvest.
[bookmark: _nht1dfdqz4ti]4.3 Insurance through African Risk Capacity (ARC)
African Risk Capacity (ARC) provides sovereign parametric insurance and disaster-risk financing. Madagascar has participated in ARC drought and tropical-cyclone insurance and became the first country in Africa to take out ARC's new sovereign flood insurance in 2026 (African Risk Capacity, 2022, 2026). This helps governments and national response systems absorb climate shocks, but it is not a household grain-storage solution.
[bookmark: _j9g5vjm3imm1]4.4 Individual hermetic bags
Individual hermetic bags reduce insect damage and storage losses. A meta-analysis found that hermetic and conventional storage technologies differ substantially in their ability to protect stored grain, while a Nigerian study found that PICS adopters had better food security and lower poverty incidence than non-adopters (Adomi et al., 2023; Ngoma et al., 2024). Cost keeps adoption difficult for some smallholders, as shown in Section 3.1.
[bookmark: _84xa66g0ms5g]4.5 Farmer cooperatives
Farmer cooperatives can pool resources for transport, processing and market access. Evidence from Madagascar also points to the problem of fragmented farming and the limited number of strong cooperatives (African Business, 2024). Malagasy farmers have also used village granaries and credit arrangements, which Section 5 builds on.
Each of these helps, but none makes protective storage both affordable and safe. PHIN is designed to close that gap.
[bookmark: _fdo725rrfcxo]5. Recommendation
[bookmark: _4sot31ta7nvd]5.1 Overview and where PHIN comes from
PHIN is a storage hub shared by a village or a cluster of villages, built for subsistence farmers below the poverty line. It is not an entirely new invention. It adapts the PICS approach to hermetic storage, Madagascar's own village granaries, greniers communs villageois (GCVs), and one additional idea: a mandatory moisture check before grain is sealed. GCVs are a warehouse-credit system. Farmers store paddy after harvest, keep ownership of it and borrow against it (Raveloson, 2004). The first phase of PHIN has two pillars.
[image: ]
Figure 1. PHIN framework. Diagram designed by the author.
[bookmark: _u2m9koedbbv5]5.2 The model behind PHIN: PICS and 4P principles
PICS stands for Purdue Improved Crop Storage. Purdue entomologist Larry Murdock led work that produced a low-cost triple-bagging method for storing cowpeas. In 2007 the Bill & Melinda Gates Foundation began funding a scale-up across ten countries in West and Central Africa (Purdue University, n.d.). By 2020, more than 23 million PICS bags had been sold in over 34 countries, and training had reached an estimated 7 million farmers in 68,000 communities (PICS Network, n.d.). There is evidence it helps: cowpea farmers in northwestern Nigeria who used PICS bags had higher food security and lower poverty incidence than those who did not (Adomi et al., 2023).
TAAT, Technologies for African Agricultural Transformation, is an African Development Bank programme launched in 2018 to spread proven farm technologies across Africa (African Development Bank, n.d.). PICS is included in TAAT's current technology catalogue as a validated post-harvest technology for controlling pests and losses. The broader 4P idea means a public-private-producer partnership in which government, businesses and small-scale producers work together and share responsibilities and benefits (FAO, 2021). Rather than claiming an unverified TAAT-specific '30%' result, PHIN uses the partnership principle as a model for how storage could be financed, promoted and maintained locally (TAAT, 2026).
I chose this model because it can work through local shops, demonstrations and producer groups instead of relying only on handouts, and because it was built for smallholders. It has two limits. The evidence is mostly from crops such as cowpea and maize, and each family still has to buy and manage its own bags. PHIN changes that.
[bookmark: _rp1qjx64xlxb]
[bookmark: _ntljo7v3m204]5.3 Pillar One: Shared hermetic storage
Instead of each household paying several times the price of an ordinary sack, the community shares the cost of one facility, and each family keeps private ownership of its own grain. PHIN adapts the PICS approach to Madagascar by sizing storage for rice and maize, training young people and women as 'PHIN Champions' and using village microfinance so families can afford their share. Stored grain can also back small loans, as in the GCVs, so families are not forced to sell cheap right after harvest.
[bookmark: _xq1y66ryjhqa]
[bookmark: _gzmydhnmxqa9]5.4 Pillar Two: Mandatory moisture verification
Before any grain goes into storage, it must pass a moisture check, with about 14% as the target for rice (Sorn et al., 2017). Grain above the limit goes to shared drying racks and floors first, and enters storage only once it passes. Most hermetic-bag programmes are focused on pest and moisture control inside the sealed bag; PHIN makes the pre-storage check an explicit rule because the evidence in Section 3.2 shows why the starting moisture level matters. Together, the two pillars close the cost gap that keeps hermetic storage out of reach, and the moisture gap that can make it unsafe instead of protective.

5.5 Where cooperatives fit
PHIN is narrower than a cooperative. A cooperative can sell, transport and process. PHIN protects grain between harvest and sale. It would not replace cooperatives. Village associations, or existing cooperatives where they exist, would run each hub and link it to buyers and transport. Madagascar's farming sector remains fragmented, with relatively few strong cooperatives, so the hub would provide a practical reason for producer groups to work together (African Business, 2024). PHIN also builds on GCVs instead of competing with them. A study of GCV credit in Ambatondrazaka found that farmers' low education levels limited its use (Raveloson, 2004). That is why PHIN puts training and local Champions at its centre.
[bookmark: _5e6ehmbaryx3]
[bookmark: _hrr7p4252bon]5.6 Getting started and what could go wrong
A pilot could begin in Alaotra-Mangoro, one of the important rice-producing regions, where farmers have already used GCV-style stored-grain credit (Raveloson, 2004). Start-up costs could be shared by donors, village microfinance and member fees. The first pilot should be deliberately small: one or two community hubs, enough to test management and moisture-control procedures before expansion. The main risks are moisture meters that drift out of calibration, rats puncturing bags, and weak management. PHIN answers these with trained Champions, a rodent-proof storeroom and village-chosen managers.
[bookmark: _u8qbbe5s9wbv]
[bookmark: _uh5nbx5nxdf3]5.7 Phase two: additional services
Once storage and the moisture check work, PHIN can add training on harvesting, drying, storage and food safety, with women and young farmers included. It can also link to better roads and transport, and track losses by crop and stage so policymakers can see where investment matters most.
[bookmark: _y1c59vac9c8]
[bookmark: _r2vjg1yzqm0t]6. Conclusion
Malagasy smallholders do not lose their harvest because they cannot grow food. They lose it because they cannot protect it afterwards, and climate shocks squeeze the harvest window even tighter. Go back to the farmer from the start of this paper. With PHIN, his rice would be checked, dried if needed and sealed in storage he could afford, so he would not have to sell in desperation and buy back later. Both parts are needed together: affordable hermetic storage and moisture-controlled storing. If communities adopt a model like PHIN, it could help reduce preventable grain losses while strengthening food security for households already living close to the edge.
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