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BETTER ENVIRONMENTS, BETTER LIVES Since the mid-1980s, CIP has steadily strengthened the coverage of

environmental issues in its research. By focusing on areas directly related to our core mandate, building

on accumulated expertise and developing solid partnerships, we have managed to do so without

overextending or venturing outside its areas of comparative advantage. In this section we provide three

examples of CIP’s work to ensure that agricultural research goes beyond improved crops to provide

better, more secure habitats.

In the high Andes, home to CIP’s mandate crops, support to new institutional approaches is triggering

sustainable development. Center scientists are also developing powerful tools to study fragile highland

production systems, thereby contributing to a wider and more informed vision of the many factors that

impinge on development in these areas. In Vietnam, densely populated Hanoi is home to another

emerging global concern: the environmental and human health issues associated with urban agriculture.

CIP is contributing to the creation of viable options through research on recycling wastes from tuber

processing and pig production. Research in a valley in Peru is highlighting a theme so new that the

international research community has barely begun thinking about it: the implications of global warming

for integrated pest management. CIP scientists are contributing information and analyses that will shed

light on the complex interactions involved.

In all of these efforts, partnership holds the key to improving people’s lives while protecting their

environments.
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HEADING FOR

THE SUMMIT:
PROSPECTS

BRIGHTEN FOR

THE WORLD’S
MOUNTAIN

ECOSYSTEMS

THANKS TO NEW

WAYS OF WORKING

TOGETHER, PEOPLE IN

THE ANDES ARE ON

THEIR WAY TO

ENVIRONMENTAL AND

ECONOMIC RECOVERY

AFTER CENTURIES

OF DECLINE

MADE IN THE ANDES

"We’ve come a long way in a short time," says

Roberto Valdivia. To prove the point, he shows

his latest, full-color sales catalog featuring

attractive young men and women wearing a

North American fashion icon — alpaca sweaters.

The catalog is tangible evidence that poor rural

people can compete in international markets.

Valdivia is a director of the Centro de

Investigación en Recursos Naturales y Medio

Ambiente (CIRNMA), an NGO based at Puno on

the shores of Lake Titicaca in southern Peru. The

idea of CIRNMA arose from an earlier research

project, the Proyecto de Investigación en

Sistemas Agropecuarios Andinos (PISA), which

explored opportunities for rural households to

raise their incomes while protecting the natural

resource base.

One of those opportunities involved

improving production of fiber from alpaca, a

camelid traditionally kept in large herds that

graze the region’s natural pastures. The project

had attempted to introduce more productive

pastures and animals, but these improvements

hadn’t caught on. "People weren’t being offered

a premium for quality," explains Roberto Quiroz,

leader of CIP’s Department of Production

Systems and Natural Resource Management
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Small businesses make life better for farmers, weavers and
herders, providing new markets for their quinoa and wool.

Research. "Animals grow the same amount of

hair whether they are hungry or well fed. So it

always seemed better for producers to raise two

thin alpaca per hectare than one fat one.

However, the quality of the hair of badly

nourished alpaca is very poor." Until they could

realize the benefits of getting higher quality from

improved pasture land or grazing fewer animals,

the herders wouldn’t be convinced of the need

for change. The PISA team identified two ways

out of this predicament: adding value to the

alpaca fiber by processing it; and marketing alpaca

meat alongside the fiber. CIRNMA was formed in

1992 to pursue these objectives.

Alpaca fiber is light, soft and warm, making it

a pleasure to wear and an ideal protector against

winter weather. Since it absorbs atmospheric

moisture and is not very resilient, however, it is

best combined with sheep’s wool to give a more

practical and durable garment. CIRNMA’s first

challenge was to develop the knowhow and

install the equipment to make this higher-value

mixed wool and alpaca product. Once this was

done the aim was to break into the emerging

international market for alpaca sweaters. The

organization would guarantee quality and

supplies while strengthening producers’

bargaining power.
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Ten years later, CIRNMA has become a

flourishing small business. The main alpaca fiber

producers are women who work in their own

homes in around 40 local communities. Wool is

knitted into sweaters at a new central processing

plant near Puno, from which CIRNMA markets its

products to both domestic and export outlets. "The

export market is growing rapidly, especially for

mixed wool and alpaca sweaters," says Valdivia.

"This is great, because people keep mixed flocks,

so we are adding value to both species." Now up

to 7,000 sweaters are sold annually to buyers from

North America and Europe.

WIDENING THE VIEW

CIRNMA has also gone in for the traditional

Andean crop, quinoa. This nutritious grain’s

protein content boasts high amounts of lysine, an

amino acid in which most other cereals are low.

Quinoa makes good flour and a tasty flake that

can be eaten as a breakfast cereal. There is an

expanding market for organically grown quinoa

among health-conscious consumers in Europe.

But breaking into this market required radically

different production and processing methods

then those used traditionally.

CIRNMA began by obtaining improved

varieties of quinoa from the national agricultural

research institute. By using the new seed in

combination with organic manure and more

effective weeding, the organization’s researchers

were able to double average yields, to about

1200 kilos per hectare. The surplus is crucial to

subsistence farmers who seek to enter the

market. Following introduction of the improved

production package through participatory

research, nearly 900 farmers are now doubling

their yields. After harvest, the grain is taken to

the processing plant, where it is carefully sieved

to remove impurities, and then washed to rid it

of saponin, an anti-nutritional compound that can

give it an off-taste. The quinoa is then either

milled and flaked for export, or sold whole on

the local market.

What will this entrepreneurial NGO take on

next? Valdivia is keen to expand into meat,

demand for which is growing rapidly as incomes

rise. He has already begun processing and

marketing beef, taking advantage of increased

supplies following the introduction of simple

innovations to improve calf survival and weight-

gain in herds raised around Lake Titicaca. Now

he plans to turn his attention to meat from

sheep. In the longer term, alpaca meat is also

an attractive option, since it contains less

cholesterol than other red meat and so could be

Continued on page 31
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QUINOA: MORE IS BETTER

Quinoa has been an important food crop in the Andes for thousands of years. Now, this relatively

unknown millet-size grain is attracting interest elsewhere in the world. And with due reason. Quinoa

is not only rich in high-quality protein, vitamins and minerals, but also grows well in extreme

conditions of drought, frost and soil salinity.

"Quinoa was prohibited by the Spanish conquistadores due to its significant religious value among

the Incas," explains Sven Jacobsen, plant breeder and quinoa expert. "However, it was maintained by

indigenous Andean populations until today, when the main drawback for its consumption is its image

as a poor man’s crop."

This perception has started to change thanks to interest from the outside world and to recent

research. The United Nations Food and Agriculture Organization (FAO) has selected quinoa as one of

the crops that will play an important role in ensuring food security in the 21st century. Since 1996, CIP

has worked to improve quinoa, develop new uses and products, and increase its market demand.

The beneficiaries of this research are many. Small-scale Andean farmers have received improved

seed and advice on optimizing agronomic practices. Micro-enterprises are benefiting from new

varieties. And consumers have more and better quality foods to choose from. Collaboration has also

enriched national research institutions’ capacity, which could translate into further benefits in the

long term.

The new quinoa-based food products include milk, bread, soft drinks, sprouts, protein concentrates

and colorants. Research has also helped identify plants with especially high resistance to salt, drought

and frost. (See page 85.) The availability of hardier quinoa varieties is expected to enhance nutrition

and food security and to increase farmers’ incomes. But, because current supplies are unable to satisfy

the increasing demand for this grain from national and international markets, researchers are working

to increase production and productivity. Over the past five years, quinoa production in the Andean

region has grown by 50 percent.

Much work still remains to be done if this crop’s full potential — as highlighted by FAO — is to be

realized. In Ecuador, the World Food Programme (WFP) will contribute to promoting the crop by

including quinoa in school breakfast programs, replacing imported commodities. To meet WFP’s

demand, the quinoa-producing area in Ecuador will need to be more than doubled. CIP and its

partners in Ecuador are establishing a program (ECUAQUINUA) to help achieve this goal.
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a healthy alternative to beef. The only drawback

is the slow gestation of alpacas, a problem that

needs to be addressed.

The benefits from CIRNMA’s two most

successful enterprises to date — wool and quinoa

— flow directly to poor rural people who have

few other options for earning income. The

impact on their livelihoods is substantial: a

woman trained to produce sweaters on the

plant’s new machinery can add up to US$400

yearly to family farm income, nearly doubling it;

for families involved in both enterprises, the

gain is even greater.

REPLICATING SUCCESS

CIRNMA’s success shows what can be achieved by

linking poor producers to expanding global

markets. (See related story page 55.) It also shows

how new ways of working can enhance impact.

"When this research around Puno began in

the late 1980s," says Quiroz, "CIP was deeply

involved in all activities and had two professional

scientists living in the area. Today, we support

CIRNMA’s research from Lima, mainly by

telephone and e-mail."

To help replicate institutional innovations of

this kind, CIP and its partners founded the

Consortium for Sustainable Development of the

Andean Ecoregion (CONDESAN) in 1992.

CONDESAN is an umbrella association of public-

and private-sector partners who work together

on the full range of issues affecting rural

livelihoods and environments in the Andes. The

idea is to integrate research with development

in just the way that CIRNMA does, but on a

larger scale.

"Our aim is cooperative thinking for mountain

ecosystems," says Elias Mujica, CONDESAN’s

deputy coordinator. "Projects such as PISA

showed us that component research is necessary

for development, but is not enough by itself." A

more holistic approach, linking production with

processing, is vital.

The holistic approach applies in other ways

too. "Focusing on agriculture alone will not bring

sustainable development in the Andes," says

Hugo Li Pun, CIP’s Deputy Director General for

Finance and Administration. "We have to include

other sectors. This means not just the obvious

'next-door' sectors such as forestry and fisheries

but also those further afield, such as ecotourism

and mining. Links with ecotourism are particularly

important because this sector increases the

demand for products such as handicrafts and

processed foods." A broad alliance such as

CONDESAN can solve previously intractable

Continued on page 34



32

IN
T

E
R

N
A

T
IO

N
A

L
 P

O
T

A
T

O
 C

E
N

T
E

R
  

  
  

 A
N

N
U

A
L

 R
E

P
O

R
T

 2
0

0
1

SPREADING SUCCESS

Several CONDESAN projects have successfully replicated the Puno

experience by linking producers with more lucrative markets. For

example, in Colombia’s Rio Ovejas watershed, maize farmers who

have switched to growing avocado for a fruit company stand to

increase their incomes fivefold.

Meanwhile, researchers continue to find new uses for the

Andes’ lesser known crops, helping to conserve the region’s rich

genetic heritage. In Cochabamba, Bolivia, demand for olluco, a

vitamin-rich tuber with poor storage qualities, has risen following

the development of a method for drying olluco that allows the

crop to be marketed year-round.

Interventions geared to raise farmers’ incomes while protecting

the environment have also proven highly successful. These include

the construction of terraces together with the development of

seed enterprises and tree nurseries in Cajamarca, Peru, and the

introduction of saltbush as a forage species on land degraded by

salinization near La Paz, Bolivia.

A new university campus in La Miel, Colombia, a community

organization in La Paz, and a multi-institutional water forum in

Cochabamba testify to the high success rates of institution

building. Another institutional innovation, the mesa de

concertación or round table, has proved effective in defusing

contentious issues such as the sharing of water resources. This

approach was first developed in Cajamarca, Peru, and is now

spreading to other areas.

InfoAndina, the information arm of CONDESAN, has enabled

thousands of people to join the region’s debate on development

issues. Electronic conferences, using low-cost e-mail, are especially

popular, with 13 events held in the past 5 years. Traveling

workshops are raising awareness of the opportunities afforded by

the Internet against a background of rising connectivity in the

region. "These initiatives are allowing the voices of poor,

previously marginalized people to be heard for the first time," said

InfoAndina’s coordinator, Ana Maria Ponce. Since 1997, InfoAndina

has acted as the Andean node of the global Mountain Forum,

further broadening the circle of participants.
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Alpacas, like
llamas and vicuñas,
are camelids native

to the Andes

Alpacas, like
llamas and vicuñas,
are camelids native

to the Andes
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problems by tapping expertise across sectoral

boundaries. One of the consortium’s most valuable

roles is to help resolve conflicts over the sharing

of natural resources. This work is conducted using

an integrated watershed approach in which

stakeholders are encouraged to think about the

effects of their actions on others.

CONDESAN is also a vehicle for tackling the

difficult challenge of extending the benefits of

research on a larger scale. This is perhaps the

biggest barrier to impact in diverse mountain

ecosystems, where every valley has different

problems needing different solutions. There is

scope for technology transfer, but usually not

over large contiguous areas. Appropriate analytical

tools and communication links are needed to

spot opportunities for transfer, pinpoint needs for

adaptation and encourage it all to happen. With

CIP’s support, many of these tools have been put

in place and are enabling the consortium’s

partners to enhance and accelerate progress

through better and more inclusive decision-

making.

The key to impact in all CONDESAN’s work

is to unleash the creative energies of local

people, enabling them to find their own

solutions to the problems they recognize as

priorities. Participation and empowerment have

become clichés in the development lexicon,

but the consortium’s experience has shown just

how important they are.

CONDESAN’s impact is still limited. "We can’t

reverse the degradation of five centuries in just

10 years," says Mujica. But the consortium’s many

achievements, and the diverse sectors they span,

testify to its effectiveness in marshalling

resources to get things done — and get them

done well. CONDESAN is now widely recognized

as a highly effective model for integrated rural

research and development — one that could

prove useful elsewhere in the developing world.

GOING GLOBAL

The 1992 Earth Summit in Rio de Janeiro brought

world leaders together to sign Agenda 21, an

impressive declaration that committed them to

better stewardship of the world’s natural resources.

Chapter 13 of the declaration, on mountain

development, highlighted the fragility of mountain

ecosystems and the poverty of the people who

live in them. In 2001, as the world prepared for a

second summit and the United Nations made

plans to commemorate the International Year of

Mountains 2002, it was normal to ask: "What has

been achieved in the meantime?" The short

answer is "not nearly enough".
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in Chapter 13: knowledge about mountain

ecosystems and their development; and

integrated watershed development and

alternative livelihood opportunities. In pursuit

of the first theme, the GMP has concentrated

initially on developing or adapting tools and

methods, especially geographical information

systems (GIS), and on training local professionals

in their use. Already, over 200 people have

received short-term training; a further 20 are

completing degree studies.

With regard to the second theme, the

program has selected nine "model" watersheds

in the Andes and the Himalayas and produced a

series of CD-ROMs describing each watershed

and the options for its development. These

CD-ROMs are proving popular with practitioners

worldwide.

Despite these promising beginnings, the

Global Mountain Program needs strengthening if

it is to prove equal to its task. That’s why CIP is

proposing that the program become one of the

new Challenge Programs being established by

the CGIAR. This status would better reflect the

vital contribution of mountain ecosystems to lives

and livelihoods worldwide — and should, as a

result, attract greater financial support.

Far too many mountain dwellers still face a

deteriorating natural resource base accompanied

by shrinking opportunities to earn a living. Yet

there are exceptions — pockets of the Andes and

other mountain regions where people have

begun changing their lives for the better. A drive

is needed to share these positive experiences far

more widely.

A global dialog on sustainable mountain

development is already under way. In 1997, the

CGIAR responded to the needs set out in

Chapter 13 of Agenda 21 by launching the

Global Mountain Program (GMP), with CIP as its

convener. The program links the partners in the

Andes with similar multi-institutional approaches

in the Hindu Kush region of Asia and the

highlands of East Africa. Efforts in these two

areas are coordinated by the International

Center for Integrated Mountain Development

(ICIMOD) and the African Highlands Initiative

(AHI), respectively. The Mountain Forum, an

electronic network that promotes the exchange

of information among its 2500 individual and

150 institutional members, complements the

GMP.

The Global Mountain Program has launched

activities around the two main themes outlined
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HEALTHY COMPETITION

"Somos todos ganadores, we are all winners," was the verdict of one of the farmers

participating in a novel project of the Peruvian Ministry of Agriculture in collaboration

with the Global Mountain Program.

Launched in 1997, the project works in three mountainous areas of Peru where

development stopped when Sendero Luminoso, the country’s notorious guerrilla

movement, became active in the 1980s. "The key issue we addressed is how to engage

people, how to persuade them to change their minds about the way they manage

resources," says project member Roberto Quiroz. To do so, the researchers hit upon two

novel approaches.

The first was to engage communities in a competition for a cash prize. The project’s

leaders asked groups of seven to ten communities in several small watersheds to draw

maps of their community, showing how it was in the past, how it is today, and how they

would like it to be in the future. They then asked the communities to devise a plan for

reaching the desired future state, offering US$1,000 for the best plan.

Second, each community was asked to name an individual known for his or her skills

in a particular aspect of natural resource management. The project then funded that

individual to train others in the community.

"The results have been astounding," says Quiroz. Innovations have mushroomed,

covering a plethora of activities from collecting the seeds of threatened plant species,

through promoting irrigation and reforesting eroded slopes, to introducing improved

stoves and running cooking contests. The spirit of competition is catching on, with

everyone trying to outdo his or her neighbor and villages spying on one another for

good ideas.

The project is so successful that it will be doubled in size to include around 800

communities over a seven-year period. In addition, the Global Mountain Program is hoping

to transfer the project design to the Hindu Kush.
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WASTE NOT,
WANT NOT:
RECYCLING

WASTEWATER

HELPS POOR

URBAN

HOUSEHOLDS

RAISE INCOMES

STARCH PROCESSORS IN

HANOI CAN CLEAN UP

THEIR ACT WITHOUT

HARMING THEIR

LIVELIHOODS, AFFIRM

RESEARCHERS WORKING

IN SIUPA, THE

CGIAR'S SYSTEMWIDE

INITIATIVE ON URBAN

AND PERI-URBAN

AGRICULTURE

THERE’S MORE TO THE MUCK THAN MEETS THE EYE

It’s an ugly sight that gives off an even uglier

smell: a drainage ditch full of a foul blackish

liquid with lumps of solid waste runs through the

middle of the village. At intervals along its banks,

households add their effluent to swell the flow.

At the lower end of the village, the current slows

as the ditch turns a corner and runs into a pond

covered by an evil-looking brown crust. Here

some of the contaminants in the water settle

before the sluggish stream flows on, banked by

fields, until it reaches the next village.

The noxious cocktail carried by the ditch is a

classic example of what economists call "negative

externalities". Behind the euphemism lies a form

of pollution that is a serious health hazard and a

source of considerable resentment. "It’s a running

sore between communities and neighbors that

can erupt at any time," says CIP anthropologist

and SIUPA Coordinator Gordon Prain.

What’s in the cocktail? The wastewater is

generated largely by an important source of

employment and incomes in Greater Hanoi:

processing of starch from cassava or canna. The

starch is destined for a variety of products,

including noodles, maltose and medicines.

Starch processing is a complex multi-tiered

industry through which thousands of poor peri-
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urban households supplement their meager farm

earnings. They supply crude starch to wealthier

enterprises that refine it or turn it into finished

starch-based products. The industry has also

spawned a multitude of support services, such

as the manufacture of starch-making equipment,

the supply of enzymes needed to break down

starch into maltose, and transport and fuel

supply.

Large amounts of water are used to process

starch, producing a runoff that carries a high

proportion of suspended solids. CIP surveys in

three villages found that a single season’s

processing generated some 1.45 million cubic

meters of wastewater containing physio-chemical

and microbiological contaminants in addition to

nutrients such as nitrogen and phosphorus. But

these processing by-products are not the effluent’s

only ingredients. Most of the households engaged

in processing also raise pigs, the source of a slurry

that is rich in nitrogen but also contains the

bacterium Escherichia coli and a high count of

worm eggs, both dangerous to human health.

Human excrement and household wastes make

the mixture even more potent. To make matters

worse, most processing is carried out in the dry

season, so the effluent is little diluted with

rainwater.

Starch making also produces solid wastes.

Those from cassava — peel, fibrous residue and

low-quality "black" starch — are fed to pigs, but

canna residues, which do not have a high feed

value, tend to be unceremoniously dumped into

streams or ponds where they add to the

pollution of wastewater, or, worse still, on

roadsides outside people’s homes.

Continued on page 40

BENEFITS OF

STARCH PROCESSING

A COMPARISON OF AVERAGE

INCOMES IN PROCESSING VERSUS

NON-PROCESSING VILLAGES

SHOWS THAT PROCESSING

ALLOWS FAMILIES TO DOUBLE

THEIR INCOMES PROCESSOR     NON-PROCESSOR

VND000/HOUSEHOLD/YEAR

(US$1 = 14,500 VND)

CROPS STARCH PIG OTHER TOTAL

30,000

25,000

20,000

15,000

10,000

5,000

0
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NEW CHOICES, NEW RISKS

Migrant urban producers face conditions utterly

different to those they may have known in the

countryside from which they came. "Their overriding

need is to make money fast," Prain notes. "In large

part this reflects the struggle to get a foot on the

ladder out of poverty in the new, highly competitive

environment of the city, where nothing comes for

free. But it also reflects the insecure land tenure and

other risks they face." The land cultivated by peri-urban

growers may be owned by speculators, who could

drive them off it at any time; or it may be derelict

land where soil and water resources have been

poisoned by industry; or land left empty by other

migrants because it is too close to a river and

therefore subject to flash floods. Growers are often

forced to cultivate roadsides, where passersby may

steal the crop just as it reaches maturity.

The commodities produced, and the management

practices used, reflect these risks. The poorest, who

face the most insecure conditions, choose crops that

demand a low initial investment and that reach

maturity quickly. One example is Chinese spinach,

which can be harvested within 25 days of sowing.

Because goats breed rapidly and can graze urban

rubbish dumps and very poor pastures, they are the

poorest’s preferred livestock species. In contrast, more

settled and secure households, where animals can be

locked in at night, tend to graduate to sheep or

crossbred cows. They may also invest a little in their

enterprises, as the starch processors of Hanoi do.

Management practices often show great ingenuity

in adversity, while also incurring high risks. For

instance, a frequent sight in some cities is the blocking

or diversion of sewerage pipes or channels in order to

irrigate vegetables — a practice that endangers the

health of both producers and consumers.

Runoff from
starch processing
can pose serious
health hazards

Runoff from
starch processing
can pose serious
health hazards
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Working with Do Duc Ngai, of Vietnam’s

Institute of Ecology and Biological Resources and

CIP scientist Dai Peters, Prain began investigating

the effluent problem in 2000. Ngai and Peters

selected four neighboring villages in Greater

Hanoi — Cat Que, Duong Lieu, Minh Khai and Son

Duong — three of which are centers for starch

processing while the fourth, which lies further

downstream, was the main recipient of the

industry’s negative externalities.

The project began by conducting a survey on

attitudes to starch processing. "Everyone, even in

the processing villages, said that the solid waste

looked and smelled bad," says Peters. "Virtually all

the non-processors thought that it also harmed

their health. And even 84 percent of the

processors admitted as much." Most people in

the processing villages had had solid waste

dumped outside their houses, causing arguments

with neighbors. As regards the liquid waste,

residents in the downstream, non-processing

village frequently complained about the pollution

and nasty smells arriving via the drainage ditch,

which sometimes overflowed, flooding their

homes. "They are clamoring for a solution," says

Peters.

"But whatever the problems created by starch

processing, we must not forget the importance

of this activity to poor households," Peters

continues. "Processing more than doubles their

incomes." The extra cash earned directly from the

starch, plus the value added to pig production

using the by-products as feed, more than offsets

the reduction in income caused by diverting

labor away from crop production and other

activities. "Interventions aimed at cleaning up the

environment for the benefit of the public at large

must do so without prejudicing the economic

interests of the individual processor," says Peters.

TURNING A PROBLEM INTO AN OPPORTUNITY

The project’s main activity has thus been to look

for ways of cleaning the wastewater and using it

productively. The best potential use appeared to

be as nutrient-rich irrigation water for dry-season

crops. If the nitrogen and other nutrients in the

water could replace some or all of the purchased

chemical fertilizers and manure that farmers

apply to these crops, the costs of production

would fall, boosting profitability.

The challenge was to achieve this without

increasing the risks to human health. "This

involves a subtle tradeoff," notes Prain.

"Processes that clean the water will also reduce

its nutrient content. The safer the water, the

less it will raise crop yields."
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To investigate the tradeoffs, Ngai and Peters

conducted two sets of experiments. The first was

carried out using potted plants in the garden of a

village school. Concentrations form 0 to 100

percent of wastewater were applied to the

potted plants to determine how well the crops

would perform and what would happen to the

soil. In the second experiment, the researchers

tested the effects of the timing and frequency of

wastewater applications in farmers’ fields. They

were interested in seeing whether it was better

to apply the wastewater to young plants during

the first part of the growing season or to more

mature plants later in the season, and whether

weekly or fortnightly applications were better.

A further important aim was to find out the

effect of settling on the quality and nutritive

value of the water. To gauge this, the water was

passed from one field to another over successive

weeks. In the pot trial, the results were uniform

across all the crops tested: the plants irrigated

with 80-100 percent wastewater had the highest

yields. The soil’s organic matter content

increased, suggesting that these yields could be

sustained or raised still further over time. Soil

salinity also increased, but not to a degree that

would threaten crop productivity, at least in the

short term.

The results of the field trial showed that in

terms of plant growth, wastewater was most

Marketing canna roots and making starch and noodles are urban occupations in Hanoi, where captured wastewater can
help farmers to grow better crops.
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effective when it was applied once a week

during the early part of the growing season. This

trial also shed light on best — and safest —

practices in use of wastewater for growing

human food crops. Researchers found that the

window of opportunity comes after one week of

settling, when the amount of E. coli bacteria and

worm eggs is greatly reduced, but a sufficiently

high nutrient content remains to make a

difference in yields. After two weeks of settling,

the microbiological contaminants have all but

disappeared but the wastewater has also lost

much of its nutritive edge over ordinary

irrigation water.

Two crops used mainly to feed pigs, kangkung

(Ipomea aquatica) and water taro (Colocasia

esculenta), responded particularly well to the

trials. In the case of kangkung, yields rose to an

astounding 130 tons per hectare — more than

four times the yield achieved without

wastewater. Water taro showed similar, though

less spectacular, gains. These yield increases

could lower the cost of feeding pigs, which

seem to be immune to E. coli. But they also

suggest another promising way forward: the

safest and most productive use of wastewater

could be achieved by passing it through a bed of

kangkung or water taro for a week, on its way to

a rice plot. "This way you clean the water in a

way that adds no risk to human health, while

providing the rice with water that is still fairly

rich in nutrients," says Peters.

Research on the best irrigation practices

for different crops continues. But whatever its

outcome, only a certain proportion of village

wastewater can be recycled in this way. The rest
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still needs to be cleaned before it passes on

to other villages further downstream. The best

opportunity for doing this occurs at the

downstream end of the processing villages,

where ponds or tanks slow the flow of the

current. A "water accounting" exercise conducted

by the International Water Management Institute,

another partner in this project, found that some

natural cleaning takes place as the water moves

through these areas. This process could be

improved by expanding the ponds or, more

easily, by raising the level of the outflow at the

bottom end of the pond, thus slowing the rate of

flow still further. The next task will be to design

and discuss interventions of this kind with

villagers, and then to introduce them for testing.

FILLING THE GAP

Problems of the kind researchers are investigating

in Hanoi had received only sporadic attention

from the Future Harvest research centers until

the birth of the Systemwide Initiative on Urban

and Peri-urban Agriculture in 1999.

"SIUPA is timely," says Prain, who coordinates

the initiative. "The past 30 years have seen an

explosion in urban populations and urban

poverty. Peri-urban agriculture provides one of

the few opportunities open to new migrants to

cities for earning cash income," (see page 39).

An estimated 800 million people already earn

their living in this way, a number that will

continue to rise rapidly through the first half of

the twenty-first century.

SIUPA began its work by holding two

stakeholder meetings, one in Asia and the other

in Sub-Saharan Africa. The Asian meeting selected

Hanoi, where CIP and other international research

centers already had activities, as the pilot city. In

Africa, Yaounde, Kampala and Nairobi all

emerged as possible candidates, with Yaounde

becoming the first to implement activities, under

the leadership of the International Institute of

Tropical Agriculture. In both regions, SIUPA

conducts its work through partnerships involving

national and municipal research and development

groups, alongside international centers and

organizations.

Peri-urban agriculture raises critical health

and environmental issues that must be tackled

if we are to meet the challenges posed by the

broadening agenda of natural resources

research. "It’s a far cry from yield trials on new

potato varieties," says Prain. "But the stronger

partnerships made possible by SIUPA will enable

us to make the most of our resources to tackle

these issues."
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AWARD FOR PARTNERSHIP

The Sweetpotato Homegarden and Enterprise

Development Project in Baguio City, Philippines,

was granted the 2001 Pagasa Award for outstanding

interagency collaboration in agricultural research and

development. The public service award is given

annually by the Philippines’ National Civil Service

Commission.

Led by the Northern Philippines Rootcrops Research

and Training Center, the award-winning research

project supports the development of sweetpotato-

based homegardens and snackfood enterprises among

poor urban and peri-urban households. Beginning as a

small urban homegardens project in 1991, it has

evolved to include a wide range of partners from

health, education and nutrition agencies in supporting

the national food security program.

The project is one of the participatory research

efforts of Users’ Perspectives With Agricultural

Research and Development (UPWARD), a network

developed by CIP and national research program

partners in 1990, UPWARD is based in Los Baños,

Philippines, and currently supports activities in

several countries in South, Southeast and East Asia.
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INSECTS FEEL

THE HEAT:
PEST

MANAGEMENT

EXPERTISE

CONTRIBUTES TO

RESEARCH ON

GLOBAL CLIMATE

CHANGE

FINDINGS FROM PERU

SUGGEST THAT GLOBAL

WARMING IS ALREADY

AFFECTING THE

DISTRIBUTION OF CROP

INSECT PESTS. CIP AND

ITS PARTNERS ARE

ANALYZING THE

IMPLICATIONS

THE HEAT IS ON

Global warming is with us, say scientists. Records

show that average temperatures worldwide rose

by 0.6oC between 1900 and 1990. The latest

models predict a further rise of between 1.4 and

5.8oC by the year 2100. Along with hotter

climates, we will have to contend with rising sea

levels and more extreme weather events.

These trends have momentous implications for

agriculture. There will be a dual shift in crop and

livestock production: away from the equator to

more temperate latitudes; and into the hills to

escape heat or floods. Farmers will face new

threats to their livelihoods and, as always when

disasters strike, the poor will be hardest hit.

The international community is just beginning

to come to grips with the challenges posed by

global warming. The CGIAR system’s first

response was to form the Intercenter Working

Group on Climate Change to coordinate

activities and identify priority areas for future

research. Recently the group proposed the

theme "Beating the Heat: Climate Change and

Rural Prosperity" as one of the system’s new

Challenge Programs. This proposal is being

considered for implementation because of its

high priority on the international research

agenda.
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CIP is contributing with its expertise in

integrated pest management (IPM). Predictions in

this field, as in all others affected by global

warming, are fraught with uncertainty, but

scientists agree that the current balance of insect

populations is almost certain to be upset. For

THE CAÑETE VALLEY LABORATORY

Around 150 kilometers south of Lima, Cañete

Valley is one of the powerhouses of Peruvian

agriculture. For two-thirds of its length, the river

that gives its name to the valley tumbles through

steep gorges, carving its way through the

Farmers in Cañete Valley have learned that managing pest populations is a constantly evolving science. IPM is helping them to keep on top of changes

instance, some insects react strongly to relatively

small changes in temperature and rainfall. Their

altered distribution could be one of the first

indicators that global warming is taking hold.

"Expect the unexpected," says CIP entomologist

Aziz Lagnaoui. "Climate change will favor

invaders over native species. Some insect pests

will become more important while others will

decline, but the net effect will be to increase

the pressure of pests on crop yields and

therefore on farmers’ incomes." Lagnaoui’s ideas

may have seemed mere speculation until

dramatic evidence emerged from a valley in

southern Peru.

western flanks of the Andes. But as it approaches

the Pacific Ocean the current slows and deepens,

entering a broader plain. Here, on the flat valley

floor, farmers grow cotton, potato, sweetpotato

and other crops in an intensive production

system. Much of the harvest is destined for urban

markets, especially Lima, or for export.

Cañete farmers face the usual array of insect

pests that typically plague such systems, including

the ubiquitous whitefly (Bemisia tabaci and

related species). When whiteflies are few in

number, their feeding on crops does little

damage. But if sprayed, they soon develop

resistance and multiply, especially in systems
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where cropping is year-round. At high population

densities, whiteflies can devastate whole crop

stands, giving them a characteristic "silver-leaf" or

burned appearance. Whiteflies are also vectors of

some serious viral diseases, particularly mosaic

and mottle viruses.

Biotype B was detected during routine surveys

by Peru’s national entomology service, whose

scientists alerted Lagnaoui and his colleagues at

CIP. The two institutions decided to make the

valley the subject of a more detailed study,

which would form part of the Whitefly IPM

Project of the CGIAR Systemwide Program on

Integrated Pest Management. Working with

Pamela Anderson, an entomologist based at the

Centro Internacional de Agricultura Tropical (CIAT)

in Cali, Colombia, Lagnaoui and Peruvian

colleagues carried out extensive fieldwork in

Cañete Valley.

What they found was cause for serious

concern. The presence of B. tabaci biotype B was

bad enough, but it was not wholly unexpected

because this insect has been found elsewhere in

Latin America. Research revealed, however, that

another whitefly, B. afer, had also arrived. This

species, which is even more aggressive than

biotype B of B. tabaci, is normally restricted to

the hotter, drier climates of Africa and had never

been reported before in the Americas.

"B. afer is now widespread in the valley and

is causing serious damage to crops there," says

Lagnaoui. "On sweetpotato it is even out-

competing biotype B of B. tabaci." Particularly

worrying is the fact that farmers are increasing

Continued on page 49

and to safeguard their crops, their environment and their profits.

The Bemisia genus is highly diverse, with

many different biotypes and species occurring

around the world. Until recently, only biotype A

of B. tabaci — which is common throughout the

tropics and usually causes only moderate yield

loss — was found in Cañete Valley. In 2001,

however, a more aggressive whitefly, biotype B,

was identified. According to farmers, it arrived

during an El Niño year when the climate in this

part of Peru was hotter and drier than usual. But

instead of disappearing when the weather

reverted to normal, the pest apparently adapted

to its new environment, where it is now inflicting

severe damage on yields and farmers’ incomes.
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CLIMATE CHANGE AND INSECTS: SOME KEY QUESTIONS

The complex interactions between global climate change and crop insect pests

raise some major questions:

•  How will changes in temperature and rainfall affect pest populations and

distributions? Pests vulnerable to high temperatures may decline in numbers

or move to higher latitudes or altitudes. There could be population explosions

in species that respond to higher rainfall or drought by increasing their

feeding and/or breeding behavior. New biotypes and species could evolve.

•  How will the increased atmospheric carbon associated with global warming

affect plants and insects? It could stimulate plant growth, increasing the

amount of feed available, although this effect may be offset by drought stress.

More carbon could reduce the nutritive value of plants, causing some insect

species to decline but others to multiply as they step up their feeding

behavior.

•  How will relationships between insect pests and their natural enemies change?

Some natural control mechanisms could "decouple" as the populations of pests

and predators react differently to changes in rainfall and temperature.

•  How will crop resistance or tolerance to insects be affected? Some cultivars

could prove more vulnerable to pests as a result of stress caused by higher

temperatures or other climate changes.

•  How will changes in the pressures from insect pests interact with those from

diseases and weeds? The host plants available to insect pests could vary if

warming favors some weeds over others. Changes in the populations of insect

vectors of plant viral diseases may alter disease incidence. Climate could also

induce changes in the incidence of fungal diseases.
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ELECTROPHORETIC PATTERNS

IN WHITEFLY SAMPLES

FROM CAÑETE VALLEY

A: 600, 550, 350 bp
B: 950, 800, 600 bp

A: 1,000, 500 bp
B: 550, 450, 350 bp

H9

H16 A B M

A B M

their pesticide applications to control the

newcomers. The result could be rising levels of

resistance, eventually leading to crashes in yields

and incomes, as has been the case elsewhere in

the developing world.

While Lagnaoui and his colleagues collect

data on pest distributions, other CIP scientists

are analyzing climate data for the valley to find

out how its weather has changed over the past

50 years. The aim is to match the data on pest

populations with information on changes in

temperature and rainfall. If patterns are detected,

the analysis will be broadened to cover other

valleys on the Pacific Seaboard, with a view to

obtaining a more comprehensive picture.

"At the moment, we are caught in the typical

predicament of scientists who make discoveries

of this kind," notes Lagnaoui. "Report too early,

and you court accusations of inadequate science

coupled with sensationalism in order to attract

funding; report too late, and farmers, politicians

and the public ask, why didn’t you warn us?"

Early confirmation of similar findings in other

locations will ease that dilemma.

TRACKING PEST MOVEMENTS

There is good reason to suspect that the new

pests have spread beyond Cañete Valley. An

insect similar to the whitefly, the leafminer

(Liriomyza huidobrensis), has, in less than ten

years, risen from comparative insignificance as a

minor pest on a few vegetables to the status of

a serious international problem. Population

explosions have been reported globally, with the

most serious outbreaks occurring in the

intensive production systems of Asia and Latin

NEW BIOTECHNOLOGY TOOLS,

SUCH AS RAPDS (RANDOMLY

AMPLIFIED POLYMORPHIC DNA),

HELP TO EVIDENCE DIFFERENCES

BETWEEN BIOTYPES OF THE

B. TABACI SPECIES

Continued on page 51

PRIMERS USED

 BIOTYPE B.

BIOTYPE A

BIOTYPE B
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HONING THE TOOLS

Researchers will need to explore and

perfect the use of all the tools they

can muster to help us manage the

IPM challenges related to climate

change.

Satellite imagery, for instance,

can be useful for tracking pest

movements — at least in theory.

Heavy pest densities reduce

photosynthesis and crop growth,

leading to higher reflectance in the

red band of the light spectrum. But

such reflectance could be caused by

other factors, especially drought or

the overgrazing of pastures.

That’s why it’s vital to combine

satellite imagery with climatic data.

"Only when high reflectance

coincides with high rainfall can we

postulate that pests are involved,"

says Lagnaoui. "And even then, we

have to rule out human factors, such

as a farmer’s decision to harvest

early, graze the area with livestock

or simply leave the land fallow."

Ground truthing to find out

exactly how the land has been used

is needed to back up satellite

imagery. And it may not be possible

to do this until after the pests have

moved on, leaving scientists none

the wiser as to their identity. These

complications mean that the science

of using satellite imagery to

understand pest distributions is only

gradually becoming exact.
Close-up of
a whitefly
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America. In Cañete Valley, the pest has long

been reported on peas and beans but has

recently begun to feed on other crops as well.

More polyphagus tastes on the part of a pest

are commonly the prelude to a steep rise in its

numbers.

In these cases of rising population levels, it is

difficult to single out the causes. Climate is one

of a complex set of inter-related factors that

could be causing the changes. Other are

associated, for instance, with intensification of

production. In leafminers as in whiteflies,

pesticides seem to have been a large part of

the problem, fostering resistant strains and

killing off the pests' natural enemies. In Cañete

Valley, resistance appears to have developed in

leafminers when the pest was restricted to peas

and beans. The spread to other crops probably

has occurred since the most recent

El Niño event raised temperatures in the valley.

Modern science is contributing to the analysis

by providing tools that can help us to understand

just how pests spread. At the request of Lagnaoui

and his colleagues, for instance, a scientist in the

USA is conducting detailed DNA analysis of

different biotypes of leafminer, with a view to

tracking their movements worldwide over the

past decade. The tools of molecular biology will

provide a clearer answer than human eyes can,

because the different species of leafminer, like

those of whitefly, are difficult to distinguish by

appearance alone. "So far, the analysis suggests

that the most widespread biotypes are Latin

American in origin," says Lagnaoui.

MANAGING CHANGE

In the face of global climate change, IPM

strategies and technologies may need a radical

overhaul.

Increasingly, plant breeders will need to

combine pest resistance with tolerance to factors

such as heat and drought when they develop

new varieties. The search for such tolerance has

made good progress in a few dryland cereals,

such as pearl millet, sorghum and durum wheat,

but has been less successful — or hardly

attempted at all — in most other crops. Flexible

global arrangements will be needed to facilitate

the speedy exchange of germplasm with the

necessary resistance characteristics.

The shift away from chemical pesticides

towards bio-insecticides will doubtless continue

as an IPM strategy. Some bio-insecticides,

however, are highly susceptible to rises in

temperature and ultra-violet radiation. For

example, the half-life of commercial preparations
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based on the granulosis virus — widely applied

as a dust to stored potatoes to destroy the

potato tuber moth and other pests — falls by

60 percent when temperatures rise from 25oC

to 30oC. Storage temperatures in North Africa

frequently reach 31oC and stand to go higher as

global warming takes hold. Already, these

preparations can rarely be applied in the field

under tropical conditions, because — unless they

are mixed with a UV-protectant — they become

ineffective within a few hours.

"We must be alert and ready to respond

quickly to changing conditions," says Lagnaoui.

That implies a need to improve capabilities for

detection of early signs of changes in pest

pressure, strengthen links between all relevant

partners and increase investment in farmer field

schools and other participatory approaches that

can help educate farmers to keep a close watch

on their crops and deal effectively with

problems as they arise. And these farm-level

approaches will need to be linked to stronger

public-sector advisory services at regional and

national levels.

In short, the international community has its

work cut out if it is to meet the challenges of

global warming. CIP’s IPM experts are poised and

ready to help.


