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3.1 Context

The prevalence of hunger and malnutrition is 

disproportionately higher in the mountains in Asia 

than in the plains and lowlands. For example, in Pakistan, 

food insecurity in mountain provinces is higher than the 

national average. Specifically, in Balochistan Province, 

approximately two-thirds of the population are food 

insecure and the prevalence of stunted, wasted and 

underweight children (aged below 5 years) is 

82 percent, 13 percent and 37 percent, respectively, 

which is significantly higher than national averages in 

Pakistan (Adhikari, Hussain and Rasul, 2017). 

In Viet Nam, the average level of undernutrition in the 

northern mountainous province of Lao Cai is 40 percent, 

almost twice the national average, and this can be 

attributed to local diets where rice makes up the 

majority of each meal (Rudert, 2015). In the Himalaya 

Mountains, micronutrient deficiency is widespread, with 

the communities there considered particularly 

susceptible to iodine-deficiency. Naturally occurring, 

water-soluble iodine is often leached from the soil by 

glacier action and water drainage (Andersson et al., eds.).

The main reason for the high prevalence of hunger and 

malnutrition in the mountains is because mountain 

agriculture and food systems have not received the 

necessary attention and investment to ensure they can 

provide sufficient, nutritious and safe food with the 

necessary nutrients to meet the needs of mountain 

populations. Currently, mountain agriculture relies on 

a narrow range of food crops such as rice, wheat and 

maize (Schmidt et al., 2010.), and this increasing trend 

has led to a decline in the cultivation and consumption 

of other crops including more traditional crops that are 

nutritious and climate-resilient. This trend has resulted 

in low production diversity and dietary diversity and, 

consequently, a greater prevalence of malnutrition in 

the mountains (Padulosi, et al., eds. 2012). For instance, 

consumption statistics show that the intake of 

neglected and underutilized species (NUS) crops in both 

Nepal and Pakistan is very small compared to staples. 

In Pakistan, rice and wheat contribute 53 percent of the 

per capita per day calorie intake and NUS crops while 

traditional crops such as millets, barley and sorghum, 

contribute only 0.22 percent. In Balochistan and Khyber 

Pakhtunkhwa, wheat and rice contribute 59 percent and 

51 percent of the daily calorie intake, respectively, 

while NUS crops such as sorghum, barley and millets 

(collectively) contribute only 0.23 percent and 

1.63 percent in Balochistan and Khyber Pakhtunkhwa, 

respectively (Hussain, 2009). In Nepal, rice, wheat and 

maize contribute nearly 62 percent of the daily 

calorie intake whereas NUS crops such as millets, barley, 

buckwheat, black gram and horse gram contribute only 

3.84 percent to annual per capita food consumption 

(Adhikari, Hussain and Rasul, 2017).

Agriculture, the main source of livelihood for most of 

Asia’s mountain populations, is the main contributor 

of mountain food security and nutrition. So how we 

transform, reorient and enable mountain agriculture to 

provide sufficient, nutritious and safe food for mountain 

populations will be essential for achieving Zero Hunger. 

Currently, mountain agriculture faces challenges such 

as fragility, inaccessibility, and marginality. In light of 

increasing malnutrition problems and climate 

uncertainty, which has triggered the demand for 

nutrition-sensitive and climate-smart agriculture in 

mountain areas, it is important invest much more in 

mountain agriculture systems to identify foods that can 

be produced in the mountains to concurrently meet 

nutritional needs. Such foods need to be mountain 
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adaptable, improve livelihoods, and empower the 

cultural identity of mountain people. Future Smart 

Foods (FSF), namely NUS that are nutrient-dense, 

climate-resilient, economically viable and locally 

available or adaptable, offer a desirable solution for 

sustainable mountain agriculture. Compared with staple 

food crops, FSFs characteristically require low inputs for 

high outputs (macronutrients and micronutrients), are 

highly nutritious, and well-adapted to the marginal and 

extreme climate conditions with little external input, 

so offering sustainable food production (FAO, FSF, 2018). 

FSFs have the potential to contribute to the eradication 

of hunger and malnutrition, and serve as a buffer in 

the context of ongoing climate change and they play 

a major role in agricultural diversification strategies by 

replacing crops that fail under climate change scenarios.

3.2  Future Smart Food: Concept 

and main features

3.2.1 The FSF concept

FSF is a term used for NUS that are nutrient-dense, 

climate-resilient, economically viable, and locally 

available or adaptable (FAO, 2018). NUS are key elements 

of the agrobiodiversity that is essential for sustainable 

agriculture. Globally, of the 300 000 to 500 000 plant 

species, 30 000 have been identified as edible plant 

species; of these, more than 7 000 crop species have 

been either cultivated, domesticated, or collected from 

the wild as food throughout the history of humanity 

(Garn and Leonard, 1989). However, no more than 

150 crop species are cultivated commercially, with 

103 of these providing up to 90 percent of the calories 

in the human diet. Three main crops, namely rice, maize 

and wheat, provide 60 percent of the world’s food 

energy intake (FAO, 1995). This means that tens of 

thousands of edible plant species remain relatively 

“underutilized”, with respect to their ability to contribute 

to the world’s increasing food requirements (Chivenge 

and Mabhaudhi, 2015; FAO, 2018).

NUS offer tremendous opportunities for fighting poverty, 

hunger and malnutrition, as well as huge potential for 

achieving nutrient-dense, climate-resilient and 

sustainable agriculture. NUS have high nutritional 

value and can be an essential source of micronutrients, 

protein, energy and fibre, which may contribute to food 

and nutrition security. As well as their superior nutritional 

qualities, many NUS crops can be grown on marginal 

land, are easily intercropped or rotated with staple 

crops and can easily fit with integrated crop production 

systems. Because many NUS have the unique ability 

to tolerate various stresses, they can make production 

systems not only more diverse but more sustainable and 

climate-resilient. (FAO, FSF, 2018)

3.2.2 FSF: Main features

It should be highlighted that not all NUS meet the 

conditions of being nutrient-dense and/or 

climate-resilient to foster food and nutrition security. 

Only those NUS that meet these four criteria qualify as 

Future Smart Food. The main features of Future Smart 

Food are four-dimensional being:

1 nutrient-dense (enhance nutrition);

2 climate-resilient (e.g., require low inputs, promote 

climate change resiliency, environmentally friendly 

by reducing runoff and erosion);

3 potentially economically viable (e.g., generate 

income and reduce female drudgery); and

4 locally available or adaptable (FAO, 2018).

3.2.3 FSF initiative

What is the significance of FSF for sustainable agriculture 

and food systems, including mountain agriculture and 

food systems? To date, agriculture and food systems 

have relied on staple crop production, which has led to 

two significant gaps: a) production gap – FAO 

projections suggest that by 2050, agricultural 

production must increase by 50 percent globally to 

meet food demand. However, increased production of 

staple crops, which dominate current agricultural 

systems, are unlikely to meet this increasing demand, 

as irrigated wheat, rice and maize systems appear to 

be near 80 percent of their yield potential, and 

b) the nutrition gap – the current high levels of 

malnutrition reflect unbalanced diets with low nutrition 

diversity, which is reflected in the low production 

diversity, as staple foods fail to provide the necessary 

nutrients for healthy diets (FAO, 2018). In contrast, NUS 

may be the key to agricultural diversification and play a 

significant role in narrowing and closing production and 

nutritional gaps. In addition, the adaptation of targeted 

NUS to harsh environments and low input agriculture 

will reduce the current pressure on natural resources.

To support countries to identify and prioritize NUS and 

integrate them into agricultural and food systems, the 

FAO Regional Office for Asia and Pacific (RAP) launched 

a FSF Initiative in 2016, in collaboration with a wide 

range of national and international partners. A regional 

priority-setting exercise on scoping and prioritizing was 

conducted by countries to identify and prioritize NUS 
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Table 3.1 Future Smart Food examples

Future Smart Food Image Nutritional and climate-resilient traits Country

Lentil  Second-highest ratio of protein per calorie of 
any legume, after soybeans

 Huge potential to be grown as a winter crop in 
warm temperate and subtropical zones

Bhutan, India

Buckwheat  Rich in iron and zinc – deficiencies of which are 
a major cause of hidden hunger

 Cultivated from alpine regions to the subtropical 
regions

Bhutan

Moringa  Significant source of vitamins, manganese, iron 
and protein 

 Rich in calcium, potassium, vitamin A, vitamin C 
and protein

 Powerful anti-inflammatory and antioxidant 
properties 

 Popular vegetable with medicinal value Fast 
growing and drought resistant

Bhutan, Cambodia, 
India, Lao PDR, 
Myanmar, Nepal, 
Viet Nam

Mung bean  High in protein, resistant starch and dietary fibre
 Short growing cycle, increased adaptability, 

drought tolerant

Bangladesh, Nepal 
and Viet Nam

Taro  Rich in carbohydrates and high levels of calcium 
and vitamin A

 Cultivatable in a wide range of areas; 
multipurpose vegetable with high market value

Bangladesh, 
Cambodia, India, 
Lao PDR, Nepal 
and Viet Nam

 Quinoa  Rich in fibre, antioxidants, protein, iron and zinc
 Climate resilient; adapts well to various altitudes

Bhutan, Lao DPR 
and Nepal

Foxtail millet  Helps to control blood sugar levels and reduces 
the risk of heart attack

 Climate-resilient crop; grows in a wide range of 
agro-climatic conditions

 Suitable for cultivation in marginal soils of 
char land

Bangladesh and 
India

© Shutterstock
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based on the four criteria to qualify as FSF. Consequently, 

39 FSFs were selected and prioritized by eight countries. 

The integration and promotion of FSFs offer a promising 

future for transforming the current agricultural system 

to be more sustainable, nutrition-sensitive and 

climate-resilient (FAO, 2018) Table 3.1 lists some 

examples of prioritized FSFs that can be grown in 

the mountains.

3.3 Future Smart Food: comparative 

advantages for mountain agriculture 

development achieving Zero Hunger

3.3.1  Nutrition dense – mountain hunger 

and malnutrition

One of the outstanding features of FSF is that they 

are nutritious, and often higher in macronutrients 

(e.g. protein and fats) and micronutrients (e.g. vitamins, 

minerals) than staple foods for mountain populations, 

deficiencies of which lead to stunting, wasting and 

being underweight. This section provides some 

examples of FSFs that are suitable to grow in the 

mountains and demonstrate their remarkable 

nutritional qualities.

Pulses have been prioritized as FSFs by many countries 

in Asia, including Cambodia, India, Myanmar, Nepal 

and Viet Nam. Pulses are rich in protein, nutrients and 

dietary fibres that are important for a healthy diet and 

can help to reduce the risk of developing several chronic 

non-communicable diseases. Pulses include chickpea, 

cowpea, lupine, field pea, common bean, lentil, mung 

bean, pigeon pea, faba beans and others. For example, 

chickpea in comparison with white polished rice 

contains three times more protein, four times more 

dietary fibre, four times more iron, and 70 times more 

folate, though the energy level is similar in both crops. 

Similarly, lupine contains five times more protein, eight 

times more dietary fibre, four times more iron, and 

44 times more folate than rice. These FSFs are well 

adaptable to the agroecosystems of mountains.

Cowpea (Vigna unguiculata) is an FSF prioritized by 

Viet Nam and Cambodia, among others. It contains 

25 percent protein and several vitamins and minerals: 

cowpea has significant potential to contribute to 

food and nutrition security by providing vitamins and 

minerals when consumed as a leafy vegetable, and 

protein when consumed as a grain legume (Modi and 

Mafongoya, 2015). It is not only a protein-rich legume 

that complements in amino acids and other nutrients 

staple cereal and starchy tuber crops, but it also provides 

fodder for livestock, soil improvement benefits through 

nitrogen fixation, and household benefits in the form of 

cash and income diversity. It thrives in arid and semi-arid 

tropics covering Africa, Asia, Europe, the United States, 

and Central and South America (CGIAR,2019).

Taro (Colocasia esculenta (L.) Schott) is an FSF prioritized 

by Nepal, Bangladesh, Cambodia and Viet Nam, among 

others. It is a rich source of carbohydrate, vitamins A 

and C, and protein. Leaves and corms of taro are edible 

and also serve as a leafy vegetable supplying mineral 

nutrients to the traditional diets of smallholder farmers. 

Taro features in several agroforestry systems as it is 

shade tolerant, making it ideal for mixed cropping 

systems, which typically feature trees (Modi and 

Mafongoya, 2015).

Millets, prioritized as a FSF by most South Asian 

countries including Bangladesh, Bhutan and India, 

are often referred to as a “high-energy” cereals as their 

protein and vitamin A contents are higher than maize, 

and their oil content is higher than maize grains. Millets 

contain vitamin A – a major deficiency in staple diets – 

which makes it a suitable crop for combating nutritional 

challenges in mountain communities (Modi and 

Mafongoya, 2015). Table 3.2 illustrates the difference 

between the nutritional value of selected millets and 

staple crops. For instance, pearl millet has higher 

micronutrient (such as calcium, iron, zinc, riboflavin 

and folic acid) contents than rice or maize, and higher 

micronutrient (excluding calcium) contents than wheat. 

(Adhikari, Hussain and Rasul, 2017)

FSFs, by definition, also include wild food species such 

as indigenous fruit trees, indigenous leafy vegetables, 

and wild plant and animal species which are nutritious 

(Biodiversity International, 2017). For instance, 

mushrooms are low in calories, fat and sodium, high in 

protein and fibre, and contain many important vitamins 

and minerals. Most mushrooms usually contain around 

20–30 percent protein by dry weight, along with 

vitamin D, niacin and vitamin B, and high levels of 

selenium, potassium, phosphorous, zinc and 

magnesium. Selenium is an antioxidant that helps to 

neutralize free radicals preventing cell damage and 

reducing the risk of cancer and other diseases. Potassium 

is an extremely important mineral that regulates blood 

pressure and keeps cells functioning properly. A large 

portobello mushroom is said to have more potassium 

than a banana. (Mushroom Appreciation, 2019)
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Table 3.2 Comparison of nutritional value between selected millets and staple crops

Nutrient

Selected millets (100 g) Staple food (100 g)

Pearl 
Millet Sorghum

Finger 
Millet

Foxtail 
Millet

Proso 
Millet

Barnyard 
Millet

Kodo 
Millet

Rice 
(Milled) Maize

Wheat 
Flour

Energy (kcal) 361.00 349.00 328.00 331.00 341.00 397.00 309.00 345.00 342.00 346.00

Protein (g) 11.60 10.40 7.30 12.30 7.70 6.20 8.30 6.80 11.10 12.10

Fat (g) 5.00 1.90 1.30 4.30 4.70 2.20 1.40 0.40 3.60 1.70

Calcium (mg) 42.00 25.00 344.00 31.00 17.00 20.00 27.00 10.00 10.00 48.00

Iron (mg) 8.00 4.10 3.90 2.80 9.30 5.00 0.50 3.20 2.30 4.90

Zinc (mg) 3.10 1.60 2.30 2.40 3.70 3.00 0.70 1.40 2.80 2.20

Thiamine (mg) 0.33 0.37 0.42 0.59 0.21 0.33 0.33 0.06 0.42 0.49

Riboflavin (mg) 0.25 0.13 0.19 0.11 0.01 0.10 0.09 0.06 0.10 0.17

Folic acid (mg) 45.50 20.00 18.30 15.00 9.00 – 23.10 8.00 20.00 36.60

Fibre (g) 1.20 1.60 3.60 8.00 7.60 9.80 9.00 0.20 2.70 1.20

Source: National Instutute of Nutrition, India

3.3.2  Climate-resilient – mountain 

adaptability

FSFs can help agriculture production to adapt to climate 

change by enhancing the diversification and resilience 

of agroecosystems to withstand the impacts of climate 

change implications (e.g. drought, cold, global warming 

and the increased frequency and intensity of extreme 

weather events). Unlike rice and wheat that require 

many inputs in terms of fertilizer and irrigated water, 

FSF are adapted to low-input agriculture and can grow 

in upland or marginal lands where staple crops can 

hardly grow.

With regard to drought resistance, FSFs such as pulses 

and millets can be well integrated into farming systems. 

During the dry season, most highlands are left fallow 

after harvesting the main crops. However, FSFs that are 

drought-tolerant can grow on residual moisture after 

harvesting crops grown in the rainy season or under drip 

irrigation, combined with integrated farming practices 

such as intercropping and relaying cropping, which can 

utilize fallow land for planting forages, as well as the 

main crops and other high-value crops. For instance, 

India has actively integrated pulses into rice fallow on 

a large scale. The selection of crops and varieties with 

early maturity, different root architecture (i.e. longer and 

finer roots, more root tips, greater branching angle, and 

lower shoot:root ratios) and in situ moisture conservation 

practices (e.g. ridging, mulching) may help to minimize 

irrigation requirements during dry periods (Chapagain 

and Raizada, 2017).

Mungbean (Vigna radiata var. radiata) is an FSF 

prioritized by Nepal and a relatively important 

short-season legume crop in Asia. Mungbean is a good 

source of dietary protein with high contents of folate 

and iron compared with many other legume crops 

(Keatinge, et al., 2011). As a short-duration legume, 

mungbean fits well into the fallow period between 

rice–rice, rice–wheat, rice–potato–wheat, maize–wheat, 

cotton, and other cash crop cropping systems. Planting 

mungbean improves soil fertility and provides additional 

nitrogen to subsequent crops. The yield of rice following 

a mungbean intercrop can increase by up to 8 percent 

through the nitrogen fixed by mungbean in the soil and 

reduced pest and disease pressure compared to cereal 

mono-cropping (Ebert, 2014).

Millets which include different genesisare known for 

their drought tolerance and grow well in dry zones as 

rainfed crops under harsh climates and marginal 

conditions of soil fertility and moisture. Millets can grow 

on a wide variety of soils ranging from clay loams to 

deep sands, but the best soil for cultivation is deep and 

well-drained soils. This makes it suitable for cultivation 

by smallholder farmers in semi-arid areas where deep 

sands and sandy loam soils dominate. In addition, 

millets are easy to cultivate and can be grown in arid 

and semi-arid regions where water is a limiting factor for 

crop growth (Modi and Mafongoya, 2015). Commonly 

grown millets are sorghum (Sorghum bicolor), pearl millet 

(Pennisetum glaucum), finger millet (Eleusine coracana), 

barnyard millet (Echinochloa crus-galli), foxtail millet 
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(Setaria italica), kodo millet (Paspalum scrobiculatum), 

proso millet (Panicum miliaceum) and little millet 

(Panicum sumatrense), (Bose, 2018). For instance, minor 

millets which include six grain crops namely finger 

millet, foxtail millet, kodo millet, proso millet, barnyard 

millet and little millet (Panicum sumatrense), have a 

short biological cycle and efficient root systems that 

offer a comparative advantage where water is scarce 

and rainfall is low (Padulosi et al., 2009). In addition, 

minor millets offer modest yields from marginal/poor 

soils with low inputs, which has made them important 

in mountain and hill agriculture (Padulosi et al., 2011). 

Minor millets are used particularly in South Asia where 

their drought-resistant traits coupled with an excellent 

nutritious profile offer major opportunities for the 

development of areas increasingly affected by water 

shortages, such as those in the marginal hills of Tamil 

Nadu or Karnataka States of India (Bala Ravi 2004; 

Padulosi et al., 2009).

Moringa (Moringa oleifera) is an FSF prioritized by 

Bhutan, Myanmar, Nepal and other countries in Asia. 

It is drought resistant with high nutrient density and 

famous as the “wonder tree”. Moringa is a fast-growing 

tree that adapts well to hot, semi-arid regions in the 

tropics with as little as 500 mm annual rainfall 

(Yang, 2006), and can adapt to altitudes above 2 000 m. 

It also tolerates occasional wet or waterlogged 

conditions for short durations, but prolonged flooding 

leads to a significant loss of plants (Ebert, 2014). 

It is rich in many essential micronutrients and vitamins 

as well as antioxidants and bioavailable iron. It excelled 

among 120 species of traditional Asian vegetables tested 

for their micronutrient and phytochemical contents, 

antioxidant activity (AOA), and traditional knowledge 

of medicinal uses (Yang, et al., 2006). Moreover, it is easy 

to grow, has excellent processing properties, and good 

palatability (Padulosi et al., 2011). Boiled fresh moringa 

leaves and dried powder in water enhanced the 

aqueous AOA and increased bioavailable iron by 3.5 and 

3 times, respectively (Yang et al., 2006).

Quinoa (Chenopodium quinoa) was first farmed by the 

Incas in the mountains of Bolivia, Chile and Peru. It has 

high nutritional value that not only survives but thrives 

in marginal areas due to its high adaptability. It is a 

high-altitude plant, growing at 3 600 m above sea level 

and higher, where oxygen is thin, water is scarce, and the 

soil is more saline. Recently, experimental cultivation of 

quinoa in saline and marginal soils of Pakistan has shown 

that this crop can produce respectable yields in stressful 

conditions (Padulosi, et al., 2015).

Buckwheat (Fagopyrum esculentum) is an FSF prioritized 

by Nepal and Viet Nam, among others. It is commonly 

grown in the Himalayan region, as it grows fast and 

suppresses weeds. It also boasts great resistance to cold 

weather conditions. Barley (Hordeum vulgare) is another 

good example of a FSF as it tolerates water stress and 

extremely cold conditions. With its short growing period, 

barley is often cultivated in the high altitudes and cold 

climate of the Tibetan Plateau, China and the Gatlang 

area of the Rasuwa district, Nepal (Adhikari, Hussain and 

Rasul, 2017). Barley is also easily cultivated in arid and 

semi-arid areas of temperate regions with only 250 mm 

of rain only.

3.3.3   Economically viable – mountain 

livelihood

FSFs provide income opportunities for the mountain 

poor. They can contribute to the improvement of 

livelihoods in mountain populations based on their 

higher nutritional and health value as well as the fact 

that many are off-season crops. Being organic, such 

crops are also seen as safer or healther. This is in 

addition to their adaptation to low input agriculture 

which will reduce the pressure on natural resource 

degradation. Several studies and projects have 

highlighted the consistent contribution of NUS to 

generating income in both domestic and international 

markets (Asaha et al., 2000; Mwangi and Kimathi 2006; 

Chadha and Oluoch 2007; Joordan et al., 2007; 

Rojas et al., 2009). In India, for example, adding value to 

little millet enhanced farmer incomes three-fold and 

generated employment in villages, particularly for 

women, which enhanced women’s social status and 

self-esteem (Vijayalakshmi et al., 2010).

Many previous indigenous NUS are globally well-known 

crops, such as oil palm and kiwi, which have the 

potential to contribute to food security and nutrition, 

dietary and production diversity, health improvement 

and income generation. Both of these crops became 

commercially of economic importance globally. Quinoa 

is another good example of a FSF that is becoming 

globally known with high economic benefits for 

mountain people. Quinoa has attracted increasing 

attention from the world, particularly after the 

International Year of Quinoa in 2013, which resulted in 

increasing global demand for the product. For instance, 

Bolivia has emerged as a bright spot in its region, 

posting an average annual growth rate of 5 percent for 

quinoa from 2005 to 2014, with a outstanding 

6.8 percent in 2013. Farmers who had once struggled to 
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make ends meet are now earning substantial revenue 

from quinoa cultivation. Similarly, Peru has become one 

of the world’s leading producers of quinoa. Peruvian 

quinoa exports have increased almost ten-fold since 

2010, growing from USD 15 million in 2010 to 

USD 143 million in 2015 (Bellemare, et al., 2016). 

Improvements in living conditions have subsequently 

improved livelihoods and education for mountain 

people in the Andes.

Some FSFs have high medical importance. For instance, 

drumstick has excellent medicinal properties – the 

leaves have a stabilizing effect on blood pressure and 

control glucose levels, and are useful for treating night 

blindness as they are a rich source of vitamin A. 

Drumstick is also used to treat anxiety, diarrhea and 

inflammation of the colon, skin infections and scurvy. 

The leaves contain an ethanol derivative that can offer 

relief to individuals suffering from gastrointestinal 

disorders (Dandin, 2014). Many other wild plants show 

strong medicinal value, such as the rare White Garcinia 

fruit, found in forests in southern India, which is highly 

valued in Ayurvedic medicine to treat severe gastric 

reflux. In the Pamir Mountains, safflower, purslane, black 

cumin, sea buckthorn and wild rose, among others, are 

used to treat common ailments (Kennedy, et al., 2017). 

The traditional medicinal value of plants can be further 

translated into high market value as a strategy to 

alleviate poverty. In China, traditional Chinese medicine 

is a system science guided by Chinese medicinal 

theories and relies heavily on the availability of 

high-quality medicinal plants. The health and medicinal 

value of a specific plant, often grown in the mountains, 

varies significantly according to where it is grown, 

climatic conditions, soil type, use of fertilizers or 

pesticides, and when and how it is harvested and 

processed. Traditional medicinal plants with special 

origins are recognized as Dao Di Yao Cai, which have 

a high reputation in traditional Chinese medicine. 

For instance, Lei Gong Mountain – located in the 

Guizhou province of China at an altitude of 480–2 179 m 

and average temperature of 14–15°C – is a plant hub 

for traditional Chinese medicinal that produces 

1 305 species of medicinal plants from 206 families 

and 669 genera, including endangered and precious 

Chinese traditional medicinal plants, such as 

Du Zhong/Eucommia ulmoides (Eucommiae cortex), 

Tian Ma/Tall Gastrodiae (Gastrodieae rhizoma) and 

Hou Pu (Magnolia of ficinalis) (Qi, 2014). Traditional 

Chinese medicines, processed using these traditional 

medicinal plants in Lei Gong Mountain, are well-known 

in the traditional Chinese medicine market.

FSFs growing in the mountains, with minimal fertilizer 

or pesticides and often considered organic, have higher 

market value as niche products. For instance, in India’s 

Central Himalayan Region, women farmers are 

knowledgeable about many traditional agricultural 

practices that use no chemical inputs. Organized by 

agricultural microenterprises, 2 800 women farmers 

have increased supply and capitalized on the growing 

demand for organic products. Eighteen different types of 

traditional crops are marketed in Indian cities, including 

buckwheat, horse gram and foxtail millet. Recognizing 

its high quality, a Japanese company is purchasing 

foxtail millet in bulk for the preparation of baby foods 

(Khalid and Kaushik, n.d).

3.3.4  Locally available or adaptable – 

mountain traditional knowledge

Expounders of FSFs recognize that they can help to 

preserve traditional mountain knowledge and the 

cultural identities of indigenous mountain people. 

Being locally available or adaptable is an important 

feature of FSFs that can contribute to sustainable 

mountain agriculture development. Thanks to the 

indigenous people who acquired the capacity to 

conserve and manage natural and agricultural 

ecosystems, many traditional food systems have healthy 

elements based on local crop species having high 

nutritional values and are well adapted to climate 

change implications. Consequently, many FSF species 

and varieties have excellent desirable traits to both 

survive and thrive in difficult conditions, especially 

mountain areas.

Traditional farmers have domesticated, improved and 

conserved thousands of crop species and varieties over 

hundreds of years. They recognize that crop success is 

subject to variability and the unpredictability of weather 

conditions and occurrence of diseases and insect pests. 

This precious traditional knowledge is acquired through 

frequent interactions with the local environment, driven 

by the need to pursue subsistence strategies for food 

and economic provision, and is often transmitted within 

communities. Abundant evidence shows that 

indigenous people have, over the years, acquired 

traditional knowledge in the selection of traditional crop 

varieties and new varieties/landraces that could adapt 

more easily to climate change. For instance, there is a 

dependence on finger millet in Northern India; as the 

rainfall has declined to 300 mm in recent years across the 

region, the finger millet varieties grown and conserved 

by farmers have shown excellent drought resistance 
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and have therefore remained unchanged. This suggests 

that these varieties have sufficient adaptability to enable 

farmers to cope with periods of significant rainfall 

shortages (Modi and Mafongoya, 2015).

As mountain traditional knowledge associated with FSFs 

is often undocumented or hidden due to the isolation 

of mountainous areas and language barriers, there is 

a need to proactively tap into this knowledge to 

understand the various traits of local FSF species and 

varieties. This means they can be improved and further 

adapted to local farming systems in mountains. 

Meanwhile, building knowledge about traditional FSF 

crops should encourage local landrace conservation 

and production, local seed fairs, community seed banks, 

and community-based conservation and adaptation in 

mountains regions (Modi and Mafongoya, 2015).

Moreover, it is recognized that traditional food systems 

in mountain areas are very much intertwined with the 

cultural identity of the indigenous people. They 

understand the local ecosystems and have built up 

a store of knowledge that has passed from generation 

to generation. It is this knowledge that will help protect 

and conserve mountain ecosystems so that these 

traditional food systems can empower mountain 

indigenous people and help improve their livelihoods.

3.4  Harnessing the potential of 

Future Smart Foods for mountain 

agriculture development

From a food system perspective, transformation of 

mountain agriculture and food systems to become more 

diversified, nutrition-sensitive, climate-resilient, 

economically viable and locally adaptable is needed. 

FSFs can play a significant role in transforming these 

systems if they are mainstreamed.

To tap into the opportunities that FSFs offer for 

achieving Zero Hunger and poverty reduction in 

mountain areas, focus is needed on the identification 

and prioritization of NUS that can be potentially 

become FSFs with local mountain specialty in terms of 

production, post-harvest and processing, marketing and 

consumption, and links to markets (Figure 3.1). Overall, 

the emphasis should be on building capacity for 

mountain FSF products at each development stage of 

the food system, i.e. prioritization, production, 

post-harvest and processing, marketing and 

consumption, and connecting all stages of the food 

system to minimize transaction costs.

To harness the potential of FSFs in mountain regions, 

it is important to establish an enabling environment 

that promotes diversified, nutrition-sensitive, 

climate-resilient, economically viable mountain 

agriculture and food systems through the identification, 

production, processing, marketing and consumption of 

FSFs with mountain specialties, linked to urban food 

systems. Government leadership is needed when it 

comes to building an enabling environment for 

mountain FSFs for mountain agriculture development. 

To unlock the hidden potential of FSFs and support 

the development of mountain agriculture, the role of 

the government is indispensable. Policies for mountain 

farmers need to be embedded in an overall policy of 

regional mountain development, covering all stages of 

FSF development. A holistic food systems approach for 

mountain FSF is as follows:

1 Prioritization: identify and prioritize NUS to be 

potentially FSFs with mountain specialty.

2 Production: increase production of targeted 

mountain FSFs in mountain farming systems 

adaptable to various agro-ecological zones.

3 Processing: improve the efficiency of post-harvest 

and processing of FSFs mountain specialty product.

4 Marketing: promote the distribution and marketing 

of FSFs as mountain specialty product..

5 Consumption: Increase the demand for FSFs 

as mountain specialty product among consumers 

by increasing awareness and knowledge on their 

multi-dimensional benefits including 

nutritional value. 

Prioritize FSFs with mountain specialty

Identify FSFs with mountain specialty by following 

the established four-dimensional criteria to ensure 

sustainability: 1) nutrient dense, 2) climate-resilient, 

3) economically viable and 4) locally available or 

adaptable. By doing so, mountain communities could 

produce sufficient, nutritious and safe FSFs for 

Figure 3.1 Development stages of food systems for Future Smart Food

Identification 
and prioritization

Production
Post-harvest 

and processing 
Marketing Consumption 
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themselves and gain the economic benefits of 

marketing surplus agricultural produce and services, 

while promoting conservation and the sustainable 

use of biodiversity, and ensuring environmental 

sustainability.

Increase production of FSFs with mountain specialty

To increase production of FSFs as mountain specialty 

product, it is important to conduct research and 

development on FSFs, especially the development 

of improved varieties of FSFs. The improved varieties 

need to be integrated into various mountain farming 

systems and adapted to local agro-ecological zones in 

the mountain areas. Meanwhile, it is important to build 

the capacity of smallholder farmers in the mountains to 

grow FSFs so that they have surplus FSFs for household 

consumption and extra to sell to markets. Part of 

improving capacities is to improve production 

efficiencies by optimizing the use of resources while 

maximizing the output. This can sustain production and 

potentially make FSFs more affordable to consumers.

Processing FSFs with mountain specialty

Processing FSFs as mountain specialty products is the 

transformation of agricultural products into food, or 

of one form of food into other forms. Food processing 

includes many forms of processing foods, from grinding 

grain, to make raw flour to home cooking, to making 

jams and pickles to complex industrial methods used 

to make convenience foods for direct consumption. 

It includes post-harvest, processing, packaging and 

labeling to make the FSFs more convenient, accessible 

and informative with nutritional panels as special 

mountain products. These activities result in 

value-added produce that can reduce food losses 

along the value chain, and enhance smallholder 

farmers’ income. 

Marketing: upgrade market chains

The process of introducing new products to the market 

connects production, processing, distribution, marketing 

and consumption. Good marketing should cover 

advertising, promotion, public relations and connection 

to market channels. Due to the physical isolation and 

limited resources of mountain communities, who are 

severely affected by low levels of education, there is 

limited knowledge and information on how to market 

products. Policy makers, especially local governments, 

should play a proactive role in the coordination of 

stakeholders to help indigenous people to develop 

market-oriented strategies for the sustainable 

development of FSFs, including market expansion of 

FSFs through fair trade and mountain product 

promotion. Advanced technical means could be used, 

including e-commerce, to overcome the barriers of 

geographical isolation for the promotion of FSF 

mountain products.

Increase demand for FSFs with mountain specialty

Increasing the demand for FSFs could be the driver for 

transforming agriculture and food systems, which will 

benefit consumers, smallholder farmers and other value 

chain actors. The demand for FSFs can be increased by 

increasing consumer and smallholder farmer awareness 

about the multi-dimensional benefits of consuming 

FSFs. This requires more information on the nutrients of 

FSFs, the preparation of FSF crops, and techniques to 

access the population through processing and other 

value additions. Establishing trusted brands and 

changing consumer perception towards FSFs is vital at 

all stages of the process to bring FSF mountain products 

to markets. Current research findings and knowledge on 

FSF needs to be disseminated through various media, 

local agencies, newsletters and advertisements to 

promote the consumption of FSFs.

3.5 Conclusion

In an increasingly globalized and interdependent world, 

eradicating hunger and malnutrition remains a priority 

of the sustainable development goals. Recognizing the 

multifaceted challenges that mountain agriculture is 

facing given the fragility, inaccessibility and marginality 

of mountain regions, the contribution of mountain 

agriculture for Zero Hunger lies in its capacity to produce 

sufficient, nutritious and safe food from mountain areas. 

Harnessing the potential of mountain land that is 

suitable for agriculture production and which can 

sustainably produce sufficient, nutritious and safe food 

from mountains for Zero Hunger is key. FSFs offer huge 

potential for mountain agriculture development to 

achieve Zero Hunger. The main multi-dimensional 

benefits that FSFs with mountain specialty are: 

(1) nutrient dense, rich in macronutrients and 

micronutrients, relative to the staple food crops of 

mountain populations; (2) climate resilient for climate 

change adaptability in the mountains, to enhance 

diversification and resilience of agroecosystems and 

the ability to grow on marginal land withstanding the 

impact of climate change scenarios (e.g. drought, cold, 

increased frequency and intensity of extreme weather 

events); (3) economically viable, providing income 

opportunities for mountain populations and 

contributing to mountain livelihood improvement based 

on their higher nutritional and health value, higher level 
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of safety being organic, or as off-season products; 

(4) locally available or adaptable, and therefore 

recognizing mountain traditional knowledge and the 

cultural identity of indigenous mountain people.

Many FSF species and varieties have excellent traits to 

both survive and thrive under difficult conditions, 

especially in mountain areas. From a food system 

perspective, transforming mountain agriculture and food 

systems to be more diversified, nutrition-sensitive, 

climate-resilient, economically viable and 

locally-adaptable system is the key to harnessing the 

potential of FSFs, particularly if they can be 

mainstreamed. To tap into the opportunities that FSFs 

offer for mountain agriculture achieving Zero Hunger, 

focus should be given to identifying and prioritizing 

FSFs with local mountain specialties in terms of 

production, post-harvest and processing, marketing 

and consumption that are linked to urban food systems. 

Government leadership will be indispensable to 

achieving this end.
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