
 

Innovative research nudging upland 
agriculture toward sustainability 
 
 
Water buffalo and wiry farmers muscle plows through flooded rice paddies. 
Houses of rough planks and thatch cluster along a road that skirts the valley, 
tracing the line along which flat, intensively cultivated bottomland abruptly 
yields to steep hillsides displaying a patchwork of forest and upland fields. 
This scene in the northern Vietnamese province of Bac Kan, on the outskirts 
of Ba Be National Park, appears to exist outside of time, a classic image of 
tranquil, eternal Asia. 
 
Appearances deceive. In recent decades, the way of life in rural Bac Kan has 
been buffeted by abrupt social transformations and squeezed by rapid 
population growth. Unable to grow enough food in their fertile but narrow 
valleys, farmers have increasingly resorted to tilling the surrounding 
hillsides. Runaway deforestation and the resulting soil erosion and loss of 
biodiversity now threaten to erase any hope that the people of Bac Kan will 
ever succeed in lifting themselves out poverty. 
 
Since the 1960s, the Green Revolution has brought unprecedented 
improvements in rice yields, allowing most Asian countries to attain self-
sufficiency in this essential grain, even as their populations exploded. 
However, almost all of the gains achieved by the Philippines-based 
International Rice Research Institute (IRRI) and its partners have come in 
the irrigated lowlands, which produce 75 percent of world’s rice. Today, 
agricultural scientists are focusing more of their attention on fragile upland 
ecosystems. They aim to alleviate the grinding poverty that persists in these 
difficult environments and reverse the tide of environmental destruction that 
endangers the world’s last vestiges of pristine wilderness, such as Vietnam’s 
Ba Be National Park. 
 
The Mountain Agrarian Systems program (shortened to its French acronym, 
SAM) brings together the Vietnam Agricultural Science Institute (VASI), 
the French Institut de Recherche pour le Developpement (IRD), Centre de 
Coopération Internationale en Recherche Agronomique pour le 
Développement (CIRAD) and IRRI. The project’s aim is to help farmers 
progress from shifting, slash-and-burn agriculture toward sustainable, 
intensive systems that can improve their food security and livelihoods while 
preserving alpine forests.  
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As this urgent need spans the highlands of Asia, Africa and Latin America, 
the SAM project is developing research methodologies that are broadly 
applicable to a range of local situations (Box 1). At the same time, in 
partnership with other national and international research and development 
organizations, SAM is assembling a basket of solutions specific to Bac Kan 
Province, where lowland rice paddies provide only two-thirds of residents’ 
basic caloric needs. 
 
 
Box 1: The Samba method 
 
Ecosystems won’t wait to be saved. Change often outpaces the efforts of scientists to 
improve upland agriculture, and many square kilometers of forest have disappeared 
while researchers studied how to preserve them. This is one key reason the 
Mountain Agrarian Systems program developed the Samba method. 

The method is a board game in which several farmer-players try to improve their 
livelihoods within the game by making the same sort of farm-management choices 
they face in real life. These include what to plant where, when to clear a new field, 
and whether or not to buy or sell a buffalo. Individual players draw cards defining 
their virtual farm household’s initial conditions: how much paddy land their families 
own, how many mouths they have to feed, and how much labor they can muster. 
Facilitator/researchers leave the rules, especially social ones, for the farmers 
themselves to work out in the course of play. As in real life, there is no single 
winner. Families fare well or badly largely depending on their strategy, how 
effectively they cooperate, and how vulnerable they are to such “chance” 
(facilitator-decided) factors as bad weather or livestock epidemics. 

It takes a day to run the game to seven or eight cycles, or “years.” Researches spend 
the next three days interviewing participants to learn more about the strategies they 
adopted, meanwhile programming a computer model of how the game progressed. 
On the fifth day, researchers present the model to farmers for validation and to spur 
further discussion. 

“The process is both a research tool and a training method,” explains Dr. Castella. 
“It overcomes the problem of confidence between researchers and stakeholders. We 
and the farmers share a common experience — the game — which allows us to 
discuss and compare strategies and determine how closely the game resembles real 
life.” 

The Samba method also allows farmers to experiment with strategies, and to see the 
cumulative environmental impact of their decisions, without facing real-world 
consequences. 

“The overexploitation of natural resources is commonly studied as biophysical 
phenomena, but the underlying causes and consequences are largely socioeconomic 
and institutional/political in nature,” Dr. Castella observes. “A problem in integrated 
natural resource management is that research tends to be site specific. The challenge 
remains to make it capable of benefiting lots of farmers across large areas within 
reasonable time frames. The Samba method helps, because it’s much faster than 
conducting anthropological surveys, and it can be used in different situations.” 
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“A farm family’s first priority is their own food security, which means 
growing enough rice to feed themselves from one harvest to the next,” 
explains Dr. Jean-Christophe Castella, a specialist in agricultural production 
systems who works with the SAM project. “They’ll try to get rice 
sufficiency from the lowlands — which here in the mountains means the 
valley bottom. If their needs aren’t covered, and they have labor available, 
they’ll crop the uplands.” 
 
The catch is that upland fields don’t last. After a few harvests of maize or 
upland rice (a dry-field crop like wheat), the soil is typically capable of 
supporting only the root crop cassava, then nothing. “Cassava is derided as a 
soil killer, because it takes up the last remaining nutrients from the soil, and 
then nothing can follow it,” says Dr. Castella, adding that farmers must then 
clear new fields. “But cassava grows in infertile soil and is a good risk 
reducer, because you can harvest it in two years to feed the pigs, if the maize 
fails.” The paddy rice shortages occur in May and September, just before the 
rice harvests. To fill the gaps, farmers rely on upland rice, maize, sweet 
potatoes, livestock, off-farm employment, and gathering such forest 
resources as wood, bamboo, game animals, insects, and plants used for food 
and traditional medicine.  
 
“Agricultural researchers tend to think that upland rice and lowland rice are 
completely different systems, but here we see them side by side,” observes 
Dr. Castella. “And what happens in the lowland fields affects what happens 
in the uplands. When we understand the history of how the farming system 
developed, we can better see how we can make it sustainable.” 
 
Historically, people of the Tày ethnic group occupied the valley bottoms and 
grew rainfed lowland rice. Tribal Dao people lived on the hillsides, where 
they practiced shifting agriculture and grew upland rice. In this subsistence 
economy, the Tày and Dao had little contact with each other or the outside 
world.  
 
In 1960, the Vietnamese government collectivized agriculture in the area and 
banned cultivation on the slopes. The Dao moved to the lowlands, where 
they lived together with the Tày and newly arrived Kinh (mainstream 
Vietnamese) migrants. By late in the 1970s, lowland fields could no longer 
feed the growing population, so farmers began illegally clearing upland 
patches. Decollectivization brought two rounds of lowland reallocations, in 
1982 based on how many mouths families had to feed, and in 1986 
according to how much labor they could muster. Then in 1991 the Tày 
reclaimed the ancestral lands they had contributed to the cooperatives, 
forcing other farmers back into the now-degraded uplands. 
 
By this time, most accessible uplands even marginally suitable for 
agriculture had been exploited. As fallow periods shortened to two or three 
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years, instead of the two decades or more that was typical before 1960, 
declining fertility and soil erosion became serious problems. Despite the 
ruggedness of the terrain, forest cover shrank from 80% in 1985 to 50% in 
1998. 
 
“The old slash-and-burn system has become unsustainable due to population 
pressure,” says Dr. Castella, adding that the government’s decision in 1993 
to distribute forested uplands to individual households further rendered 
shifting cultivation unworkable. “The idea is to go from a shifting system to 
an intensive one. This will allow farmers to produce more food on less land. 
But to do this, we need to boost the fertility of existing farmland and reduce 
erosion. Our strategy is to combine increased productivity in the valley 
bottom with stabilization of hillside agriculture through eco-agriculture.” 
Among the techniques being explored are direct seeding through permanent 
plant cover (Box 2) and improved fallow management.  
 
 
Box 2: Principles of direct seeding on permanent plant cover (SCV) 
 
Scientists the world over have studied various soil-conservation practices such as 
low or zero tillage, cover crops and direct seeding. However, CIRAD and its 
partners have developed cropping systems based on direct seeding with permanent 
plant cover that mimic a forest ecosystem while increasing crop yields. In these 
systems, the soil is never tilled but permanently kept covered by a dead or living 
mulch. The mulch comes from plants that are used as “biological pumps” in 
intercropping or relay-cropping systems. These plants have strong and deep root 
systems and can recycle nutrients from deep soil levels for subsequent use by the 
main crops. They also have a high and quick rate of biomass production and are able 
to grow in adverse conditions such as during the dry season, on compacted soil, or 
under high weed pressure. 

Farmers can kill the plant cover by cutting it or applying herbicide, or else keep it 
alive but controlled by applying low doses of specific herbicides. The biomass is not 
turned into the soil but is rather kept on the soil surface, which slows its 
decomposition. Farmers sow seeds directly into the mulch, after simply opening a 
hole or a furrow. 

 
 
“The permanent plant cover prevents erosion, helps soil absorb water, 
reduces evaporation and buffers soil temperature,” explains André 
Chabanne, an agronomist from CIRAD who works with the SAM program. 
“It creates a favorable environment for biological activity to develop, 
provides nutrients to crops and controls weeds. Cover plants with strong root 
systems and intense biological activity also help improve the soil structure, 
increase soil organic matter content, retrieve nutrients that have leached deep 
into the soil - especially nitrate - and, in the dry season, tap water stored deep 
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in the soil for biomass production. As a consequence, the main crops achieve 
higher yields through more efficient use of water and nutrients.” 
 
Emerging eco-agriculture techniques offer solutions for such major 
environmental challenges as the following: 
− Conserving soil resources and restoring soil fertility, 
− Sequestering carbon to reduce the greenhouse effect, 
− Reducing water consumption in agriculture and production of rainfed 

crops in marginal dry areas, 
− Reducing fertilizer and pesticide use to stem pollution and improve food 

quality and safety, 
− Buffering water flows to reduce flood risk, 
− Encouraging farmers to move away from shifting cultivation toward 

intensive agriculture to control deforestation. 
 
A major advantage of the cropping systems based on eco-agriculture, apart 
from technical and environmental benefits, is that they are attractive to 
farmers from economic and social perspectives, as they permit lower labor 
inputs and reduce drudgery. As farmers intensify production on relatively 
accessible fields, they can optimize their work schedule more easily. Larger 
farms enjoy reduced fuel consumption and fertilizer and pesticide inputs, as 
well as lower investments in equipment such as tractors and plows. As a 
consequence, these systems, while respecting the environment, provide a 
better return on investments in land, capital and labor than do conventional 
systems. 
 
From a social perspective, soil conservation is fundamental to farmers’ 
welfare, because a farmer who has lost his soil is doomed. The systems we 
are developing are adaptable to various eco-agricultural conditions, farming 
systems and input levels, and this makes them useful to a broad range of 
farmers, including the poorest. Furthermore, direct seeding on plant cover is 
the first credibly practical avenue by which disadvantaged farmers can work 
toward organic agriculture and thereby add value to their products on the 
world market in accordance with consumers’ requirements. 
 
Since 1999, the SAM project has worked to enrich local cropping systems 
with seeding-through-ground-cover techniques (SCV) that are already used 
in Brazil and Madagascar. Farmers trained in SCV cropping systems 
constitute and manage plant cover made up of mulch, either imported or 
produced on the spot through crop association or rotation. Researchers are 
adapting these techniques to a wide range of situations.  
 
One strategy being studied by the VASI-CIRAD component of SAM Project 
— slow-burn trenches — mimics in existing fields the fertility-enhancing 
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because animals can walk and you have to carry fruit. For sustainability, 
though, fruit is the ultimate goal. But you can’t get there all at once. You 
have to go through securing food needs first.” 
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