
i

The Quiet Revolution:
 Push–Pull Technology and the African Farmer

Gatsby Occasional Paper

© The Gatsby Charitable Foundation
April 2005



ii

Acknowledgements

The Gatsby Charitable Foundation gratefully acknowledges the support of the numerous individuals who
contributed time and materials to this publication. From the International Centre of Insect Physiology and
Ecology (ICIPE): Dr Zeyaur Khan, Professor Ahmed Hassanali, Dr Annalee Mengech, Mr George Genga,
Mr Dickens Nyagol, Mr Naphtali Dibogo, Mr Philip Akelo and Ms Esther Njuguna. From the Kenya
Agricultural Research Institute (KARI): Dr Romano Kiome, Mr Charles Nkonge, Dr Francis Muyekho,
Mr Charles Lusweti and Mr Japheth Wanyama. From Western Seed Company Ltd: Mr Saleem Esmail.
From Rothamsted Research: Professors John Pickett and Lester Wadhams. In addition, our thanks go to
Dr Hans Herren and Professor Richard Flavell who pursued the basic concept with enthusiasm.

Susan Parrott of Green Ink conducted the field research and literature review, wrote the text,
supplied the photographs and, together with other members of the Green Ink team, completed the edit,
layout and proofreading. The publication was printed in India by Pragati Offset Pvt. Ltd.

Last, but not least, we thank all the farmers who cheerfully related their ‘push–pull’ experiences.

Dedication

This paper is dedicated to the late Professor Thomas Odhiambo, founder Director of ICIPE. His vision of
science in Africa has been an inspiration to many and he is responsible for the initial idea that led to the
development of the habitat management technology.



iii

Contents

 Page

Foreword v

1. Push and pull: plants versus pests 1

2. Uptake and impact: knowledge is the key 7

3. Challenges and constraints: from seeds to policy 17

4. Across the spectrum: learning from experience 23



iv



v

Foreword

The Trustees of the Gatsby Charitable Foundation have been supporting agricultural research and
development in Africa for the past 20 years. Gatsby’s mission is to increase the physical yields of small
farms and the nutritional and market value of subsistence crops in ways that are both valuable to low-
income households and environmentally sustainable. Gatsby aims to achieve this by supporting projects
along a spectrum, from applied research at institute level, through the dissemination of improved varieties
and cropping systems, to adaptive on-farm activities and multiplication of improved planting material1.
Gatsby also helps small-scale enterprise through provision of micro-finance and business development
support2.

The habitat management or ‘push–pull’ project illustrates how action across the spectrum can lead
to the development of a technology that markedly improves the lives of subsistence farmers. This project’s
success owes much to the very high quality of research and the vision, tenacity and determination of the
principal scientists. The close working relationship that evolved between the various partners was another
contributing factor.

Push–pull is just the kind of technology needed to support a ‘uniquely African green revolution’,
as called for at the meeting of African Heads of State in July 2004. The participants agreed that efforts to
increase agricultural productivity in Africa must be based on technologies that are more environmentally
friendly and people-centred than those that fuelled the original Asian green revolution. Habitat
management fits well with this concept and is worthy of support by all who wish to see Africa’s declining
yields and rising poverty levels reversed.

We believe the experiences gained during this project will be of interest to others involved in
agricultural development in Africa and we hope the lessons learned will encourage further innovations in
this challenging field.

Michael Pattison CBE
Director
The Gatsby Charitable Foundation
London, April 2005

1 A review of all Gatsby-funded projects in Africa can be found in the Gatsby Occasional Paper: Raising Yields,
Creating Partnerships: Gatsby’s On-Farm Work in Africa.

2 See Building from the Base: The Work of the African Gatsby Trusts for more.
Both publications are available on the Gatsby website (www.gatsby.org.uk).
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1. Push and pull: plants versus pests

Obinga inspects his healthy maize
crop. Inset: two years ago all his
fields looked like this: the maize
was devastated by dual enemies -
the stemborer Chilo partellus and
the parasitic weed Striga
hermonthica.

The Obinga family are subsistence farmers who eke
out a living on the Kenyan shore of Lake Victoria.
It is not an easy life; their farm is small and rainfall
is often unreliable. Yet the Obingas are better off
than many of their neighbours: fields of tall, strong
maize plants promise ample food for the next six
months; three crossbred dairy cows enjoy a
plentiful supply of fodder brought to their stalls;
the children drink milk every day; and sales of
milk, maize and fodder grass bring in vital cash to
spend on daily necessities and to invest in farm and
household improvements.

Only two years ago, the scene was
dramatically different. Years of cereal cropping
without inputs had reduced soil fertility and the
maize plants were being attacked by insect pests
and parasitic weeds. The family’s thin zebu cows
produced little milk, and herding them along the
roadside to find forage was a full-time job for the
children. Meanwhile, Mrs Obinga was constantly
engaged in the backbreaking, seemingly fruitless
task of weeding the fields. The granary was empty,
the family frequently went hungry, and there was
no maize left over to sell. That meant no money to
invest in fertilizer or other inputs to improve the
situation. The family seemed trapped in a
downward spiral of declining yields and deepening
poverty and hunger.

How were the family’s fortunes turned
around in such a short time? The answer lies in a
novel approach to crop management that exploits
the natural relationships between plants and
insects. When scientists investigated the ecology of
a widespread cereal pest, they discovered that
introducing a carefully selected mix of forage plants
into maize fields had a dramatic effect on cereal
yields and total farm output. The so-called ‘push–
pull’ technology that emerged from their research
(see box on next page) makes use of natural plant
chemicals that drive insect pests away from the crop

and attract them to other host plants, which
withstand attack better than maize. Along the way,
the scientists discovered intriguing new properties
in the forage legume, desmodium. Besides being
nutritious for dairy cows, it repels insect pests of
maize and substantially reduces damage from striga,
a destructive parasitic weed. In short, the push–pull
system can improve food security and farm income
in an environmentally friendly way, making it an
ideal ingredient in the long-term struggle to reduce
hunger and poverty in Africa.



2 The quiet revolution

What is push–pull?

The technique known today as ‘push–pull’ (or stimulo-
deterrent diversion) was first documented as a potential pest
control strategy in 1987 in cotton and 1990 in onion. How-
ever, neither of these studies exploited natural enemies, using
instead an added chemical deterrent or toxin to repel or kill
the pest. In contrast, the push–pull system described here
uses no manufactured deterrents or toxins. Instead, it exploits
natural insect–plant and insect–insect relationships.

“Push–pull is not something scientists have invented,”
says Ahmed Hassanali, Head of the Behavioural and
Chemical Ecology Department at the International Centre of
Insect Physiology and Ecology (ICIPE). “We have discov-
ered several cases of integrated use of the forces of attraction
and avoidance by different arthropods in their search for
suitable hosts, feeding areas or egg-laying sites.”

Insect behaviourists and chemical ecologists tend to agree
that promising integrated pest management (IPM) tactics
based on plant chemicals frequently fail because they are
too narrowly based. They often target a single chemical and
a single phase in the life cycle of a single pest species. The
ICIPE–Rothamsted approach makes use of a wider range
of behaviour-affecting chemicals produced by both plants
and insects. It introduces nature’s built-in checks and

balances into a man-made
environment – such as a
maize field – by manipu-
lating the habitat, relying
on a carefully selected
combination of companion
crops planted around and
among the maize plants.

  Farmers using push–
pull for pest control not only
reap three harvests (maize,
Napier grass and
desmodium); when they
plant a desmodium
intercrop they also dramati-
cally reduce the devastat-
ing effects of the parasitic
weed Striga hermonthica.
(See www.push-pull.net)

Maize                   Maize                Maize
Napier grass                      Desmodium        Desmodium                 Napier grass

‘Pull’
chemicals from Napier
border rows attract
moths to lay eggs

‘Push’
chemicals from
desmodium intercrop
repel moths

This publication describes the development
of the push–pull technology and its dissemination
to farmers in eastern Africa1. We illustrate –
through the eyes of some of the participating
farmers – the benefits the project has brought,
together with the obstacles that impede more
widespread impact and the strategies that could
help overcome these hurdles. Finally, we examine
why the project has been successful.

Starting with stemborers
The story begins in 1994, when the Gatsby
Charitable Foundation funded researchers at the
Kenya-based International Centre of Insect
Physiology and Ecology (ICIPE) and Rothamsted
Research in the UK to investigate the ecology of
stemborers. These are the larval stages of various
species of moth and the major insect pest of maize
and sorghum in eastern and southern Africa.

1 The full title of the project is ‘Habitat management strategies for control of stemborers and striga weed in cereal-based
farming systems in eastern Africa’. Project funding to date amounts to US$5.98 million, 65% of which was funded by
the Gatsby Charitable Foundation.

Maize field with border rows of Napier grass
and an intercrop of Desmodium uncinatum.
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Stemborers naturally feed on wild grasses,
but when maize and sorghum became cultivated
crops across vast areas of Africa, the insects began
to feed on them as well. Lack of defence
mechanisms in maize and sorghum allowed insect
populations to flourish and become a problem of
economic importance. In maize – Africa’s most
important food crop – losses to stemborers average
20–40% but can reach 80%. As a control method,
pesticides are expensive and harm the environment.
Since they cannot reach insects inside the maize
stem, they are often ineffective. Moreover, they kill
the stemborer’s natural enemies. Preventing crop
losses from stemborers could increase maize
harvests by enough to feed an additional 27 million
people in the region.

“It used to be thought that native grasses
caused the stemborer problem and that getting rid
of them would remove the stemborers too,” says
Zeyaur Khan, entomologist at ICIPE and leader of
the project. But, in fact, the reverse is the case; the
borers simply transfer to the maize. No one had
studied the relationship between the grasses and the
borers in depth, so, prompted by Professor Thomas
Odhiambo, then Director of ICIPE, Khan
launched a survey.

Multiple interactions
The initial objective was to study the multiple
interactions among cultivated crops, wild host
plants, different stemborer species and their natural
enemies. This information would then be used to
develop an integrated pest management (IPM)
approach to controlling the insects. The scientists
studied 400 wild grasses and grouped them
according to their efficacy in attracting female
moths to lay eggs and their ability to support larval
development. “We already knew that some wild
grasses act as ‘trap plants’, enticing egg-laying
females but depriving the larvae of a suitable
environment,” says Khan. This is often because the
grasses also attract the borers’ natural enemies.
Other grasses simply act as reservoirs for the pests
and increase their populations. The survey results
indicated that around 30 grass species were suitable
hosts for stemborers, but only a few of them
attracted both moths and their enemies. “These
grasses were the ones with potential to be exploited
as trap crops to draw the borers away from the
maize and reduce their populations,” adds Khan.

The findings were encouraging, but the
team knew that farmers with small amounts of land
would be unlikely to plant a wild grass simply to
attract pests. So farmers were consulted to find out
which grasses were most useful as cattle fodder.
Researchers at the Kenya Agricultural Research
Institute (KARI) helped identify suitable farmers to
consult.

The pull...
Two trap crop grasses appeared particularly
promising: Napier grass (Pennisetum purpureum)
and Sudan grass (Sorghum sudanense). Grasses
planted among the maize plants provide too much
competition, but researchers found that when they
were planted in border rows around a maize field,
the stemborers were enticed to lay their eggs on the
grass rather than the maize. The grasses were
providing a ‘pull’. These grasses also have effective
defence mechanisms to protect themselves against
stemborer attack. Sudan grass is an attractive
habitat for the parasitic wasp Cotesia sesamiae; these
tiny insects inject their eggs into the stemborer
larvae and, when the eggs hatch, the wasp larvae eat
the stemborers. Napier grass has a particularly
ingenious way of defending itself: when the larvae
bore into the stem, the grass secretes a sticky gum,
physically trapping the borer and preventing most
larvae from completing their life cycle. Both grasses
attract additional stemborer predators such as ants,
earwigs, spiders and cockroaches, which are found
in significantly larger numbers in push–pull plots
than in control plots.

The large stems of maize plants provide an ideal habitat
for stemborers. Species of greatest economic
importance include Busseola fusca (native to Africa and
inhabiting higher altitudes) and Chilo partellus
(introduced from Asia in the 1930s and found at low and
mid-altitudes).
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In 1997, the scientists began on-farm trials
to evaluate the benefits of Napier grass, which has
the added value of being a perennial and is already
grown widely for livestock fodder. Researchers and
farmers worked together to identify which varieties
provide both a good habitat for the stemborer and
good forage. ‘Bana’ was an obvious choice, since it
has smooth, broad leaves (an improvement on
some local varieties that have rough leaves and
sometimes make cows cough) and is highly
attractive to stemborers. Besides increasing their
maize yields, the farmers planting Napier border
rows benefited from a ready supply of grass to feed
their livestock or sell to other farmers.

...and the push
Khan describes how he came across the repellent
effects of another fodder crop, molasses grass
(Melinis minutiflora), while visiting KARI’s Kitale
research station. This discovery was to become the
‘push’ component of the system. “Molasses grass
has a very strong, sweet smell, which caught my
attention. Quite by chance the KARI researchers
had planted a plot of molasses grass next to one of
maize. There was little stemborer damage on the
maize closest to the molasses grass, but the other
side of the plot was heavily infested.”

Khan decided to investigate further. Trials
confirmed that, indeed, molasses grass has a strong
repellent effect on stemborer moths, even when

only one row is planted in every ten of maize. Even
more intriguing was the discovery that, like Sudan
grass, molasses grass attracts the parasitic wasp,
Cotesia sesamiae. This puzzled the scientists, who
could not initially understand why the parasite
would be drawn to a location where it was unlikely
to find its host.

Meanwhile, at Rothamsted Research, John
Pickett (Head of the Biological Chemistry
Division) and his team were helping to piece the
puzzle together by investigating the nature of the
plant chemicals (known as semiochemicals) that
attract or repel stemborer moths. The most relevant
compounds have been identified by a combination
of insect electrophysiology and mass spectrometry
and tested on the insects using bioassays. “We have
discovered six host plant volatiles that attract
female stemborer moths to lay their eggs,” says
Pickett.

The next step was to investigate the volatiles
produced by the intercrop plants – the ‘push’
chemicals – and to find out why molasses grass
repels stemborers but attracts their natural enemies.

Obinga is multiplying his stocks of Napier grass by
taking cuttings from the rhizomes. He keeps a ‘bulking
plot’ especially for this purpose.

Molasses grass planted around a zero grazing unit.
Farmers like Lillian Wang’ombe have discovered that
the grass not only repels stemborers, but also reduces
the number of ticks attacking their cattle.
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A sleeping enemy

Western Kenya is the ‘maize basket’ of the country. In some
locations, two maize crops can be grown in a year. But in many
areas, as the Obinga family discovered, the parasitic weed Striga
hermonthica is taking over. The seeds are so tiny that Obinga
could have unwittingly brought them into his field and sowed them
along with the maize. Stimulated by chemicals released by the
roots of the crop plants, the seeds germinate, but instead of grow-
ing roots and drawing nourishment from the soil, they parasitise
the maize, weakening or even killing it.

Each mature plant produces around 50 000 seeds, which
remain viable in the soil for up to 20 years, awaiting a suitable
host. Recommended control methods for this ‘sleeping enemy’
include heavy application of nitrogen fertilizer, crop rotation,
chemical germination stimulants, herbicide application, hoeing
and hand-pulling, and the use of resistant or tolerant crop varieties.
These have met with scant enthusiasm from farmers who have
little cash or time to spare. Increased cropping frequency and
deteriorating soil fertility favour the growth of striga and the survival
of its seeds. Yield losses range from 30 to 100% and, in some
cases, infestation has reached such a high level that farmers
have no choice but to abandon the land.

A nonatriene compound emerged as a key stimulus.
“The nonatriene is what we call a ‘feeding stress’
chemical,” explains Pickett. “It is normally
produced by molasses grass, but maize plants
produce it when they come under attack from the
stemborer.”

It appears that, at low concentrations of the
chemical, additional pests arrive, attracted to a
plant that is already weakened by pest attack; but at
high concentrations the pests are repelled, taking it
as a sign that the plant is already fully exploited. At
high or low concentrations, parasitoids are attracted
to find their prey. “Molasses grass has evolved an
ingenious defence strategy, since its release of
volatile chemicals mimics that of damaged plants,”
adds Pickett. The use of chemicals by plants to
protect themselves from attack in this way was an
important discovery and was reported in the
leading international journal Nature (14 August
1997). This work, which has led the scientists to
develop a general hypothesis regarding the role of
plant semiochemicals in determining insect
recognition of host plants, could lead to a major
new line of defence in IPM strategies in many
different cropping systems.

Discovering desmodium
Molasses grass is accepted by farmers as a ‘push’
intercrop since it provides fodder for cattle. But
Khan and his colleagues were keen to find

alternatives that might add a further dimension to
the habitat management system. The team focused
their attention on legumes, since these not only
provide nutritious food and forage but also improve
soil fertility because they ‘fix’ part of their nitrogen
requirements from the atmosphere. Cowpea (Vigna
unguiculata) and silverleaf desmodium (Desmodium
uncinatum) looked promising candidates. Cowpea
had long been grown for grain and fodder in parts
of West Africa, while desmodium originated in
South America and had been introduced into
Kenya in the early 1950s.

During this phase of the work, the Suba
District Agricultural Officer visited the ICIPE team
at their Mbita Point research station on the shores
of Lake Victoria. Deeply concerned about the
devastating effects of the parasitic ‘witchweed’ Striga
hermonthica on local maize harvests (see box), he
asked whether there was anything ICIPE researchers
could do. Since the team were primarily
entomologists and fully occupied by their stemborer
research, they declined his request, without
knowing they were on the verge of an important
discovery that would address his concerns.

Khan and his colleagues tested desmodium
as a ‘push’ intercrop with maize on-station at Mbita
Point. “All our experimental plots are infested with
striga,” he says. “So imagine our amazement when
we found that maize plots with a desmodium
intercrop not only had little stemborer damage but

The parasitic witchweed
Striga hermonthica



6 The quiet revolution

How does desmodium suppress striga?

Most legumes act as false hosts of striga in that they stimulate germination but do not support growth of the
weed. However, field trials showed that when legumes were intercropped with maize, far less striga was seen
with desmodium than with other legumes such as cowpea, soybean and sun hemp. In addition, desmodium
progressively reduced the number of striga seeds in the soil. Experiments revealed that the desmodium roots
were releasing chemicals that undermined the growth of the weed, a so-called allelopathic effect.

Work to identify the chemicals responsible has been funded by Gatsby, the Rockefeller Foundation and
the Biotechnology and Biological Sciences Research Council (BBSRC) of the UK. The research team have
discovered three new isoflavanone compounds (uncinanone A, B and C) and a previously known isoflavanone
(genistein). They now know that desmodium not only stimulates germination of striga seeds but also inhibits
post-germination growth of the parasite’s radicle – the part that attaches to the host plant. This is known as
‘suicidal germination’ and explains why desmodium can actually reduce the number of striga seeds in the soil.

The research work is time consuming. Hassanali at ICIPE reckons it will take another five or six years to
isolate and characterise all the compounds produced by desmodium roots and to understand their roles in post-
germination inhibition of striga.
Nevertheless, the range of
potential applications is broad
and encouraging. Witchweeds
threaten the staple food of more
than 100 million Africans. Of the
23 species prevalent in Africa,
Striga hermonthica is the most
significant, parasitising a range
of crops including maize,
sorghum, millet, rice and
sugarcane.

Investigating the effect of
desmodium on striga. Plants
on the right have little striga
infestation since they have
been exposed to root exudate
from desmodium, but those on
the left (controls supplied with
water only) are heavily
parasitised.

also became virtually free of striga after only two
seasons.” In fact, eliminating the striga had an even
greater effect on increasing maize yields than
controlling the stemborers. This indeed brought a
new dimension to the push–pull technology and
posed the question ‘how?’ (see box).

The effects of desmodium on striga,
combined with the potential of push–pull to
increase yields of food and fodder, were hugely
exciting, but the team was justifiably cautious.
Although farmers were already familiar with
intercrops, the idea of using them to affect insect
behaviour was new and the farmers would need
to grasp the idea and understand how it worked.
This understanding would allow them to adapt the
approach to their own needs and to changing
conditions in the future. In short, the
dissemination strategy should be based on
knowledge and education.

After just two seasons, Joseph Litunya’s maize field is
free of striga and he has plenty of desmodium forage to
feed to his crossbred dairy cow.


