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Cultivating Hope: Fighting Lesotho’s Food Insecurity Crisis Through The Use of Amaranth and 
Solar Technologies  

Lesotho, a landlocked country located in Southern Africa, faces a range of challenges that contribute to its 
ongoing food insecurity crisis. Its mountainous terrain, unpredictable weather patterns, and climate 
change-induced droughts have made the nation highly vulnerable to agricultural instability. Over 70% of 
Lesotho’s population depends on subsistence farming; however, with crop yields often destroyed by 
erratic rainfall and soil degradation, food security remains a significant concern. With this in mind, a 
resilient and climate-adaptive solution is needed. The most promising solution, however, comes in the 
form of a singular plant called Amaranth.  

Amaranth, a hardy, drought-tolerant plant, has the potential to revolutionize food production in Lesotho. 
The versatility of amaranth, alongside innovative agricultural technologies such as CRISPR-Cas9 
gene-editing and solar-powered food preservation systems, can be a promising approach in addressing 
Lesotho's food insecurity. Exploration of  how the integration of CRISPR-Cas9 can enhance the 
cultivation of amaranth in Lesotho, particularly through improved disease resistance, drought tolerance, 
and higher yields is a promising solution. Combined with solar-powered preservation, it can help ensure a 
stable food supply throughout the year, even during off seasons to ensure a consistent food supply.  

The State of Food Insecurity in Lesotho 

Lesotho has long had high levels of poverty and food insecurity, with nearly 40% of the population living 
below the poverty line. The country’s agricultural sector faces many challenges, including dependence on 
rain-fed agriculture, erratic rainfall, and inadequate infrastructure for post-harvest storage. These 
challenges are magnified by climate change, which has led to more frequent and severe droughts as well 
as floods. Such climatic instability has directly affected the productivity of Lesotho’s staple crops, like 
maize, leading to food shortages that affect the most vulnerable populations, particularly children and the 
elderly. 

An average family living in Lesotho consists of around 5-7 people, which includes parents, children and 
sometimes grandparents or extended relatives. Many families are multigenerational due to economic 
hardships, where grandparents help to raise children. This is common especially in families where parents 
must migrate to South Africa for work. A typical family has around 3-5 children, although more can be 
expected in more rural areas (Lesotho Demographic and Health Survey, 2004). Many fathers, if present, 



will get jobs as a miner, herder, or work in construction. The mother often manages the household, 
common jobs also include small-scale farming, street vendor, and domestic worker. Some families located 
in urban areas have jobs working for the government or for local businesses, however unemployment 
remains high. Many children attend school, however many older children will leave school to tend to 
farms, herd, or work informal jobs to help support the household (Bureau of Statistics, 2025). 

Malnutrition is widespread, stunting rates among children under five reaching 27%, and 22% of children 
are underweight. The situation is worsened by Lesotho's reliance on imported food, which not only takes 
away from the country's finances but also leaves it vulnerable to global market fluctuations. 
Consequently, Lesotho's food system is fragile and requires solutions that are both resilient to climate 
change and capable of improving local agricultural productivity. 

The Promise of Amaranth as a Solution 

Amaranth, often referred to as a "superfood," is a highly nutritious and drought-resistant crop that holds 
great potential for improving food security in Lesotho. Native to the Americas, amaranth has been 
cultivated for thousands of years due to its resilience and nutritional profile. It is an excellent source of 
protein, containing all nine essential amino acids, as well as vitamins, minerals, and antioxidants. In 
Lesotho, amaranth can help address malnutrition by providing a reliable source of high-quality nutrition. 

Amaranth is also an annual plant, which means it completes its life cycle in one growing season. 
However, amaranth's known trait is the ability to reseed itself naturally. The plant produces an abundance 
of seeds, which can fall to the ground and sprout the following season, enabling it to regenerate and 
replenish itself from year to year without replanting. Amaranth’s self-reseeding ability will be crucial for 
Lesotho’s agricultural landscape and seasonal changes. When planted, amaranth’s numerous 
seeds—sometimes as many as 100,000 per plant—are spread across the soil. These seeds can persist in 
the ground, lying dormant until the next planting season, where they begin to sprout once growing 
conditions return. This makes amaranth a low-maintenance crop ideal for the resource-constrained 
farmers of Lesotho, as it significantly reduces the need for replanting each season, lowering costs and 
making food production more sustainable and consistent.  

The self-seeding trait has already been utilized in similar settings. In Ethiopia, for example, farmers have 
successfully used self-reseeding crops, such as sorghum and millet, to combat food insecurity in areas 
with harsh climates. Studies in Ethiopia have shown that self-reseeding crops have increased food security 
by enabling farmers to use fewer resources to produce food and reduce the pressure on local ecosystems 
(Tesfaye et al., 2021). Lesotho could benefit greatly from this trait, as it would allow for a more consistent 
food supply without requiring extensive yearly labor inputs. 

Winter Growth and Seasonality 

Though amaranth generally prefers warmer temperatures, its remarkable adaptability allows it to survive 
in slightly cooler climates. During Lesotho's winter months, which can see temperatures as low as -5°C in 
some areas, amaranth's growth might slow, but it won’t necessarily die off. Some varieties of amaranth 
exhibit cold tolerance and can continue to grow slowly in cooler climates, making it possible for farmers 



to stagger their harvest. While it is unlikely that amaranth will grow as vigorously during winter, it can 
survive in Lesotho’s milder winter zones, offering a steady source of nutrition even during colder months. 

For farmers in the warmer lowlands and at the foothills of Lesotho, amaranth can be grown year-round, 
though the crop’s growth will be most productive during the warmer months. In the cooler highland areas, 
amaranth can still be grown in sheltered spots where temperatures are more moderate, particularly in 
areas where frost is less likely to occur. For these farmers, amaranth could serve as a staple winter crop, 
complementing other crops that may not be as vulnerable to the cold. 

CRISPR-Cas9 Technology and Its Role in Improving Amaranth 

The introduction of CRISPR-Cas9 gene-editing technology has enormous potential for enhancing 
amaranth’s growth and resilience in Lesotho. Through modifications to its genetic makeup, CRISPR-Cas9 
can help to improve traits such as disease resistance, drought tolerance, and cold hardiness—which would 
be crucial for amaranth's success in Lesotho’s varied climate. 

CRISPR could be used to enhance amaranth’s tolerance to cold temperatures, a limitation as stated earlier. 
As amaranth is currently more suited to warmer climates, introducing genes that promote cold tolerance 
could allow it to grow more effectively during Lesotho’s cooler months. Similarly, CRISPR could be used 
to improve drought resistance, which is very relevant for Lesotho’s unpredictable rainfall patterns due to 
El Nino and El Nina events. By enhancing the plant’s ability to survive in water-limited conditions, 
CRISPR could help ensure a stable yield, even in dry years when water availability is constrained. 

In addition to improving resilience, CRISPR could be used to increase amaranth’s nutritional profile. By 
enhancing the plant's protein content and improving its ability to synthesize essential micronutrients, 
genetically modified amaranth could offer an even more nutritious food source for the people of Lesotho. 
This would directly contribute to alleviating malnutrition in the country, especially for vulnerable groups 
such as children and the elderly. The technology for this solution could be sponsored by different 
non-profits, companies, and international organizations such as the World Bank. The World Bank has 
made it a mission to create sustainable growth towards job creation, debt management and food security. 
One of their projects includes supporting government efforts to reduce malnutrition through integration of 
climate-smart agriculture in Bhutan which all operated under the Bank’s International Development 
Association, which helps to alleviate costs of new technologies to improve the lives and futures of those 
living in low-income countries. Non-profit organizations such as the Gates Foundation also invest in tools 
and technologies that target the needs of farmers, allowing them to create a more stable economic future.  

CRISPR-Cas9 in Action 

The use of CRISPR-Cas9 in agriculture has already shown success in other crops, particularly in regions 
facing similar climatic challenges. For instance, researchers in Mexico have used CRISPR-Cas9 to 
enhance heat tolerance in amaranth varieties, a critical trait for regions experiencing increasing 
temperatures due to climate change (Roberts et al., 2022). This technology has allowed for the 
development of amaranth that can thrive in the extreme heat of the Mexican summer, and similar 
approaches could be applied in Lesotho’s hotter lowland regions or can be modified to allow amaranth to 
survive in cooler temperatures.  



Similarly, CRISPR-Cas9 has also been used to improve drought resistance in crops like maize and rice, 
which are vital to food security in many African countries. In Kenya, a project supported by the African 
Agricultural Technology Foundation (AATF) successfully used CRISPR to develop drought-resistant 
maize varieties that have performed well in test fields under conditions of prolonged dry spells (AATF, 
2019). With the integration of this technology, Lesotho can increase amaranth yields significantly and 
provide a more reliable, sustainable source of food.  

Solar-Powered Food Preservation to Combat Post-Harvest Loss 

Despite improvements in crop yields, post-harvest loss remains a major barrier to food security in 
Lesotho. Without adequate storage infrastructure in place, crops such as amaranth are highly susceptible 
to spoilage, leading to significant food waste and reduced access to essential nutrients. Intact amaranth 
can last for 4 months in the pantry, whole grain flour only lasts for 2 months in the pantry (Oldways 
Whole Grains Council, n.d.). This problem is particularly pronounced in rural areas, where farmers do not 
have access to facilities and resources needed to preserve their harvest. In developing countries, around 
45% of food spoils due to the lack of cold storage. This causes around 470 million small farmers to lose 
roughly 25% of their annual income. (ColdHub, 2021). Solar-powered food preservation technologies, 
such as cold storage units and solar dehydrators, offer a sustainable solution to this underlying issue. With 
freezers installed, intact amaranth can last for 8 months, and whole grain flour can last for 4 months, 
doubling the shelf life of amaranth in two forms (Oldways Whole Grains Council, n.d.). 

Cold storage units powered by solar energy can play a crucial role in preserving perishable crops like 
amaranth, vegetables, and dairy products. By reducing spoilage, these technologies can help to extend the 
shelf life of food, enabling farmers to store their produce for longer periods and sell them when market 
conditions are more favorable or keep foods over longer periods in case of unfavorable growing 
conditions. This is especially vital in off-grid areas where electricity is unreliable or unavailable. In many 
parts of Lesotho, a country where approximately 65% of the population lives in rural areas and relies on 
subsistence farming, inadequate post-harvest storage facilities increase food insecurity and economic 
vulnerability (Food and Agriculture Organization, 2020). 

Solar-powered cold storage systems have already shown promise in other African nations. For example, 
in Kenya, the implementation of solar-powered cold storage units has reduced food waste by allowing 
farmers to store their crops for longer periods, which improved food security and increased farmers' 
incomes. Farmers in Kenya have been able to store their harvests and sell them at higher prices during the 
off-season, effectively maximizing their profits and stabilizing their food supply (SolarAid, 2019). This 
model can be adapted to Lesotho, where farmers face similar challenges with post-harvest loss and market 
volatility, to stimulate a circular economy that supports both food security and economic stability. 

ColdHub’s Role in Lesotho 

One organization that has made significant strides in addressing this post-harvest crisis through 
solar-powered cold storage is ColdHub. ColdHub’s solar-powered cold storage units are designed to 
operate off-grid, providing a reliable solution to communities that lack consistent access to electricity. The 
company is also tailored to meet the needs of those in developing countries economically with a flexible, 
pay-as-you-store model. These units work by using solar energy to maintain an optimal temperature for 



preserving food, ensuring that perishable crops can be stored safely for up to 21 days. ColdHub’s systems 
have already been successfully deployed in Nigeria, where they have helped reduce spoilage and food 
waste, improving farmers’ ability to store their harvests until market demand increases (ColdHub, 2021). 

In Lesotho, ColdHub’s technology could be a game-changer for local farmers. Rural areas in Lesotho are 
particularly vulnerable to food loss, with limited infrastructure and a lack of access to refrigeration. 
Solar-powered cold storage units could provide a decentralized, off-grid solution to these challenges, 
helping to preserve crops like amaranth, dairy, meat, and vegetables, which are particularly susceptible to 
spoilage. By partnering with local organizations and farmer cooperatives, ColdHub could set up cold 
storage facilities in strategic locations throughout Lesotho, allowing farmers to store their crops safely and 
reduce their vulnerability to price fluctuations and market instability. 

Integrating ColdHub’s Model with Local Farmers 

ColdHub’s approach could be integrated into Lesotho’s agricultural ecosystem by collaborating with 
farmers' cooperatives such as the Lesotho National Farmers Union (LENAFU), a conglomerate of farmer 
groupings which include 10 district farmer unions, 5 national commodity farmer associations, and 2 
national non-state actor cooperatives . These cooperatives can share cold storage facilities, resulting in a 
reduction of the financial burden on individual farmers and promoting a collaborative, community-based 
approach to food storage. This model has proven effective in other countries such as Ethiopia and Kenya, 
as it encourages farmers to pool resources and collectively benefit from the availability of cold storage. 
By working with cooperatives, ColdHub can help to scale its technology in Lesotho, making 
solar-powered cold storage more accessible to smallholder farmers across the country. 

In addition to offering storage solutions, ColdHub’s systems could also support a more resilient local food 
supply chain by enabling farmers to store crops during the harvest season and release them when market 
demand rises or prices become more favorable. This capacity to store crops for extended periods will 
provide farmers with greater flexibility, which is especially important in Lesotho, where agricultural 
production is often concentrated in a few months of the year. Solar-powered cold storage would ensure a 
steady supply of crops throughout the year, reducing the risk of food shortages during seasons where 
farming is not optimal. 

Addressing Limitations and Overcoming Barriers 

While solar-powered cold storage offers numerous benefits, some limitations need to be addressed to 
ensure a successful implementation in Lesotho. The initial investment in solar-powered cold storage units 
can be very expensive for individual farmers. In Lesotho, where the poverty rate is high and many farmers 
struggle with limited access to credit, financing options are needed. Partnerships with international 
organizations, such as the World Food Programme (WFP), USAID, World Bank, and other development 
agencies, could help subsidize the costs or offer microfinancing solutions to local farmers. By lowering 
the initial capital investment required, these organizations can help farmers gain access to these 
technologies and benefit from their long-term advantages. 

Another limitation is the need for regular maintenance and technical expertise to make sure the 
solar-powered units continue to function properly. In rural areas of Lesotho, where technical skills are 



often limited, there is a risk that these systems could fall into disrepair. To overcome this, training 
programs should be developed to educate local farmers and technicians on how to operate, maintain, and 
repair the systems. Agricultural extension services could play a key role in this, providing ongoing 
support to ensure that farmers have access to the resources they need to keep their cold storage units 
running smoothly and effectively.  

Climate variability is another challenge that must be considered. While Lesotho has abundant sunlight, 
the seasonal rains could affect the efficiency of solar-powered systems. To address this, solar panels 
should be sized appropriately, and battery storage systems should be utilized to ensure continuous 
operation during cloudy periods or storms. Additionally, localized solutions such as mobile cold storage 
units could be used to address logistical problems related to moving crops from farms to storage facilities, 
especially in rural areas where road infrastructure is poor.  

Despite these challenges, the potential benefits of solar-powered food preservation in Lesotho far 
outweigh all the limitations. By utilizing solar-powered cold storage units in the agricultural industry, 
Lesotho can reduce post-harvest loss, improve food security, and support smallholder farmers in 
achieving greater economic stability. Through partnerships with local cooperatives and organizations like 
ColdHub, Lesotho can create a more resilient, reliable,  and sustainable food system, one that addresses 
both the immediate needs of food preservation and the long-term goals of agricultural development while 
meeting the financial capacities of farmers.  

Implementation of Solution 

Implementation of this end-to-end solution would begin with small pilot programs, which will be carried 
out in two different terrains–one lowland and one highland. The pilot program will involve around 50 
farmers within existing cooperatives to test the performance, yield, and adaptability of growing and 
preserving amaranth. Workshops led by local agricultural colleges such as the Lesotho Agricultural 
College (LAC) would help equip farmers with knowledge on planting, post-harvest handling, and seed 
saving techniques. This strategy will help to increase yields, improve dietary diversity, and create jobs. 
Along with seed distribution, two to three ColdHub units will be installed at market centers in the pilot 
regions. These units will be managed by local farmer cooperatives such as the LENAFU to ensure 
community ownership. Technicians will be trained locally and will handle repairs as needed to reduce 
downtime risks, especially during peak harvest seasons.  

Successful implementation will require clear roles for all stakeholders. Farmers will lead cultivation, seed 
saving, and ColdHub operations. Cooperatives will coordinate infrastructure use and manage revenues. 
Local governments will facilitate land access, policy alignment, and provide agricultural extension 
support. Local agricultural colleges and NGOs will deliver ongoing technical and business support, while 
international partners such as WFP and the World Bank fund initial phases. Risk management will include 
phased scaling, only expanding after pilot success, and building redundancy through multiple trained 
operators per community. Through this solution, phasing rollout, starting small, and creating leadership 
within local institutions, Lesotho can avoid dependency on external actors and adapt to future climate 
pressures, offering an economically and environmentally advantageous path forward.  

 



Conclusion 

The integration of CRISPR-Cas9 technology with amaranth cultivation, as well as solar-powered food 
storage, offers a promising solution to Lesotho’s food security challenges. By enhancing the resilience 
and productivity of amaranth through genetic editing and providing sustainable preservation technologies, 
Lesotho can build a more resilient and self-sufficient food system. Amaranth’s unique ability to reseed 
itself, combined with advancements in agricultural technology, positions it as a key crop for improving 
food security in Lesotho. Not only does it provide nutritious food that is reliable, it also creates 
micro-enterprise opportunities for families, making it an economically wise and sustainable solution.  

These innovations can be replicated in other countries facing similar agricultural and climatic challenges, 
creating a pathway toward sustainable, climate-resilient food systems. With strategic partnerships, such as 
those with ColdHubs for solar-powered cold storage, Lesotho has the potential to not only address its food 
insecurity but also to serve as a model for other nations in the region. 
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