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9.1 Introduction

Developing adaptable and productive agricultural systems that are resilient in the 
face of the risks and shocks associated with long-term climate variability is essen-
tial to maintaining food production into the future (Pretty et al., 2011; Khan et al., 
2014), but resilience is not enough. Climate-smart agricultural systems also need 
to protect and enhance natural resources and ecosystem services in ways that 
mitigate future climate change effects (Tittonel and Giller, 2012). The International 
Centre of Insect Physiology and Ecology (ICIPE, or icipe) and partners developed 
a conservation agricultural technology, push–pull (www.push-pull.net), which 
responds to these needs in mixed farming systems practised in Africa (Midega 
et al., 2015a). The push–pull technology fits Conservation Agriculture (CA) 
principles of minimum soil disturbance in its minimum soil tillage agronomic 
management, continuous soil cover with a perennial cover crop and plant 
residue, as well as a diversified cereal–legume–fodder intercropping strategy.

9.1.1 Africa’s challenge of low productivity and poverty

Africa faces particular problems in feeding its population and remains the 
only continent in which per capita food production has been on the decline over 
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the past decades (World Bank, 2008). In Africa, agriculture still accounts for 
over 65% of full-time employment, 25–30% of gross domestic product (GDP) 
and over half of total export earnings (IFPRI, 2004; World Bank, 2008). It 
underpins the livelihoods of over two-thirds of Africa’s poor, as smallholder 
agriculture remains the main source of household nutrition and incomes. 
Although some improvements have been made in African agriculture, high 
population growth and pressure on land and resources have reduced the per 
capita availability of domestically grown food (Pretty et al., 2011). As a result, 
hunger and poverty remain widespread because of low agricultural product-
ivity, with estimates indicating that about 265 million people in sub-Saharan 
Africa (SSA) face hunger (FAO, 2004).

Land degradation, pests and weeds hamper efficient production of 
 cereals, particularly maize and sorghum, the main staple and cash crops for 
millions of smallholder farmers in SSA. Low and declining yields are affecting 
food security, nutrition and incomes, trapping farmers in poverty and poor 
health. The resource-constrained smallholder farmers living in the arid and 
semi-arid regions who practise mixed crop–livestock systems are particu-
larly badly affected (FAO, 2004; Khan et al., 2014). Indeed, projections indi-
cate that, unless drastic steps are taken, SSA will have more than 500 million 
food-insecure people by 2020 (USDA, 2010).

In addition to widespread poverty (with more than 60% of the SSA 
population living on less than $40 per month), population pressure on land is 
high. Landholdings commonly amount to just 1 ha or less. Soils are severely 
degraded and have low organic matter as a result of continuous monocrop-
ping (Sanchez, 2002; Oswald, 2005; Rodenburg et al., 2005). Many fields are 
heavily infested with parasitic striga weeds, while insect pests – principally 
stem borers – devastate cereal crops, commonly causing over half the harvest 
to be lost (Kfir et al., 2002). In addition, farmers are now facing unpredictable 
rainfall and rising temperatures. Food insecurity is common, with a critical 
shortage of cereals in almost 70% of rural households. These constraints are 
expected to increase during the next few decades as agriculture intensifies 
to meet the extra food demand from a growing population and as a result of 
climate change (Fischer et al., 2005).

9.1.2 The compounding effects of climate change

Climate change is anticipated to have far-reaching effects on the sus-
tainable development of SSA and global efforts to achieve the Millennium 
Development Goals (MDGs) and post-MDG targets (IPCC, 2007; Khan et al., 
2014). Studies have predicted the effects of climate change on Africa’s major 
cereal-growing regions by calculating the percentage overlap between 
historical growing-season temperatures (for 1960/2002) and the values 
projected for 2025, 2050 and 2075 (IPCC, 2007). The results indicate that tem-
peratures will overlap, on average, by 58% with the historical observations 
by 2025, 14% by 2050 and 3% by 2075. This suggests that, within two decades, 
growing- season average temperatures will be warmer than those of 1960/2002 
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for 4 years in 10 for the majority of Africa’s maize growing areas by 2025, 
growing to nearly 9 years in 10 by 2050 and nearly 10 years out of 10 in 
2075 (Burke et al., 2009).

Furthermore, climate predictions indicate that rainfall will become progres-
sively more unpredictable, with a decline in yearly totals and an increasing 
incidence of floods and droughts. Together with the rising temperatures, 
this will lead to worsening land degradation and insect pest and weed pres-
sure, with crop failure occurring more often, exacerbating food insecurity. To 
adapt to these adverse conditions, resource-constrained smallholder farmers 
will need to change their systems to incorporate cereal crops with greater 
drought resistance (e.g. sorghum and millet) and replace cattle with small 
ruminants for dairy production (Pretty et al., 2011; Khan et al., 2014).

9.1.3 Holistic agricultural intensification

From the foregoing, there is an urgent need for a significant, and sustain-
able, increase in grain yields and animal production. The need for sustain-
ability requires ecologically sound ways of managing weeds and pests, with 
a strong focus on maintaining soil, crop and water resources. Therefore the 
solution lies in sustainable agricultural intensification that maximizes soil 
quality and crop productivity, adopting a systems approach (social, eco-
nomic and environmental) to agricultural development, and making specific 
recommendations based on integrated analyses of specific agroecologies, 
locations and cultural preferences (IAASTD, 2009; Pinstrup-Andersen, 2010). 
Sustainable agricultural intensification is defined as producing more output 
from the same area of land while reducing the negative environmental 
impacts and at the same time increasing contributions to natural capital and 
the flow of environmental services (Royal Society, 2009; Conway and Waage, 
2010; Godfray et al., 2010).

Sustainable agriculture in this context will require a more holistic approach, 
reflecting the multifunctionality of agriculture, promoting value chain ap-
proaches, improving market access and developing the rural non-farm sector. 
Integration of a variety of packages of resource-conserving technologies and 
practices – conservation agriculture, integrated pest management (IPM), in-
tegrated soil fertility management (ISFM), agroforestry, aquaculture, water 
harvesting and livestock integration – is likely to increase productivity sig-
nificantly and sustainably (Pretty et al., 2006).

9.2 Push–Pull: A Broad-based Conservation Agriculture (CA) Solution

The push–pull technological innovation, developed by the International 
Centre of Insect Physiology and Ecology (ICIPE) (http://www.icipe.org) 
with Rothamsted Research (www.rothamsted.bbsrc.ac.uk) in the UK and 
partners in East Africa, addresses smallholder agricultural constraints, food 
insecurity, environmental degradation and loss of biodiversity. ICIPE and 
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partners recognized that addressing the interrelated problems of soil degrad-
ation, high temperatures and water stress, and reduced yields due to biotic 
constraints, notably insect pests and weeds, through improved management 
strategies would significantly increase farm productivity, resulting in better 
nutrition and alleviating poverty for millions of farmers in SSA.

Push–pull is an innovation that holistically combines multifunctional 
resource-conserving IPM and ISFM approaches while making efficient use of 
natural resources to increase farm productivity by addressing most aspects of 
smallholders’ constraints (Cook et al., 2007; Hassanali et al., 2008). Developed 
for systems based on minimum or no tillage, it provides continuous soil 
cover with a perennial cover crop and plant residue, as well as a diversi-
fied cereal–legume–fodder intercropping practice. The perennial intercrop 
provides live mulching, thus improving above-ground and below-ground 
arthropod abundance, agrobiodiveristy and the food web of natural enemies 
of stem borers (Khan, 2002; Khan et al., 2006c; Midega et al., 2008 2015a). The 
technology effectively controls the major insect pests of cereals in SSA, i.e. 
lepidopteran stem borers, and the devastating parasitic striga weeds, both 
of which can cause total yield loss to cereals. Furthermore, it improves soil 
health and conserves soil moisture. The technology involves the use of inter-
crops and trap crops in a mixed cropping system (Khan et al., 2006a). These 
companion plants release behaviour-modifying stimuli (plant chemicals) to 
manipulate the distribution and abundance of stem borers and beneficial in-
sects for management of the pests (Fig. 9.1). The system relies on an in-depth 
understanding of chemical ecology, agrobiodiversity, plant–plant and in-
sect–plant interactions (http://www.push-pull.net/publications.shtml) and 
is well suited to African socio-economic conditions.

Fig. 9.1. How the push–pull technology works. Aerial responses are mediated by volatile 
organic compounds. In the rhizosphere, chemicals secreted by desmodium roots inhibit 
attachment of germinated striga to maize roots and cause rapid depletion of striga 
seeds in the soil.
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The main cereal crop is planted with a repellent intercrop such as desmo-
dium (push) and an attractive trap plant such as Napier grass (pull) planted 
as a border crop around this intercrop. Gravid stem borer females are repelled 
from the main crop and are simultaneously attracted to the trap crop (Cook 
et al., 2007). The companion plants are valuable themselves as high-quality 
animal fodder, thereby facilitating livestock production.

The Napier grass trap crop produces significantly higher levels of vola-
tile cues (stimuli), used by gravid stem borer females to locate host plants, 
than maize or sorghum (Birkett et al., 2006). There is also an increase of 
approximately 100-fold in the total amounts of these compounds produced 
in the first hour of nightfall (scotophase) by Napier grass (Chamberlain et al., 
2006), the period at which stem borer moths seek host plants for ovipos-
ition (Päts, 1991), causing the differential oviposition preference. However, 
about 80% of the stem borer larvae do not survive (Khan et al., 2006b) as 
Napier grass tissues produce sticky sap in response to feeding by the 
larvae, which traps them, causing their mortality. The intercrop legumes in 
the Desmodium genus (silverleaf, D. uncinatum and greenleaf, D. intortum), 
on the other hand, produce repellent volatile chemicals that push away the 
stem borer moths. These include (E)-ocimene and (E)-4,8-dimethyl-1,3,7-
nonatriene, semiochemicals that are produced during damage to plants by 
herbivorous insects and are responsible for the repellence of desmodium to 
stem borers (Khan et al., 2000). Desmodium also effectively controls striga 
weed, resulting in significant yield increases in maize from 1 t/ha to 3.5 t/ha 
per cropping season (Khan et al., 2006c, 2008a).

In the elucidation of the mechanisms of striga suppression by D. uncina-
tum, in addition to benefits derived from increased availability of nitrogen and 
soil shading, an allelopathic effect of the root exudates of the legume, produced 
independently of the presence of striga, was found to be responsible for the 
dramatic reduction of striga weeds in an intercrop of desmodium with maize. 
Blends of secondary metabolites found in the root exudates of D. uncinatum 
have striga seed germination stimulatory and post-germination inhibitory iso-
flavones that directly interfere with striga parasitism (Tsanuo et al., 2003). This 
combination thus provides a novel means of in situ reduction of the striga seed 
bank in the soil through efficient suicidal germination even in the proximity 
of graminaceous host plants. Other Desmodium spp. have also been evaluated 
and have similar effects on stem borers and striga (Khan et al., 2006c) and are 
currently being used as intercrops in maize, sorghum and millets.

Extensive research and development (R&D) efforts revealed that not only 
were stem borers and striga effectively controlled by the technology under 
farmers’ conditions, but farmers also reported additional benefits such as in-
creased soil fertility, up to threefold increases in grain yields, and improved 
availability of animal fodder resulting in increased milk production (Khan 
et al., 2008a,b; Midega et al., 2014). All these gave significantly higher eco-
nomic returns to the farmer, with cost–benefit analyses showing significantly 
higher returns to both land and labour than conventional farmers’ practices.

The CA framework provides a set of principles in terms of yield improve-
ments while conserving and enhancing the resource base (Lin et al., 2011), 
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including the principles of continuous minimum mechanical soil disturbance, 
permanent soil cover with plant residue and cover crops, and diversifying 
crop rotations, sequences and combinations, adapted to local socio-economic 
and environmental conditions, which contribute to maintaining biodiversity 
above and in the soil and help to avoid build-up of pest populations within 
the spectrum of soil inhabitants (FAO, 2008). In application of these CA prin-
ciples, push–pull has been proven to have a positive contribution to cereal 
and livestock productivity through natural control of biotic constraints to 
cereal production, and soil health improvement. The technology has been 
shown to provide multiple benefits and other ecosystem services such as 
reduced soil erosion and improved water resources, lower production costs, 
and climate change adaptability and mitigation.

The technology thus has significant complementary and synergistic effects 
to CA-based agricultural systems. The push–pull technology fits in the CA pro-
duction framework as it enables sustainable cereal crop and livestock produc-
tion intensification through ecosystem or agroecological approaches based on 
natural biological processes (Khan et al., 2014). This includes minimum tillage, 
as both desmodium intercrop and border crop are permanent, thus offering 
reduced tillage, the natural mulching effect of desmodium and improvement 
of soil biota and agrobiodiversity (Midega, 2015b). The technology controls 
insect pests using natural behavioural manipulation, not inorganic pesticides, 
and manages parasitic striga weeds through allelopathy.

Desmodium also fixes atmospheric nitrogen (110 kg N/ha) (Whitney, 
1966), adds organic matter to the soil, conserves soil moisture and enhances 
soil biodiversity, thereby improving soil health and fertility. Additionally, it 
provides ground cover and, together with the surrounding Napier grass, pro-
tects the soil against erosion. It therefore improves agroecosystem sustain-
ability and resilience, with great potential to mitigate the effects of climate 
change. The reliance on locally adapted companion plants and reduction of 
dependence on inorganic fertilizer reduces its carbon footprint, while enhan-
cing both environmental and economic sustainability of the system.

Both desmodium and Napier grass provide valuable year-round quality 
animal forage whilst the sale of desmodium seeds generates additional in-
come for the farmers. So far, on-farm uptake by over 130,000 farmers in eastern 
Africa has confirmed that the technology is very effective and has significant 
impacts on food security, human and animal health, soil fertility, the conser-
vation of agrobiodiversity, provision of agroecosystem services, empower-
ment of women and income generation for resource-poor farmers (Fig. 9.2).

A number of studies have demonstrated that push–pull is more prof-
itable than farmers’ own practices and some of the practices designed 
to improve soil fertility. Significantly higher benefit–cost ratio was realized 
with push–pull compared with maize monocrop and/or use of pesticides, 
posting a positive return on investment of over 2.2 compared with 0.8 
obtained with the maize monocrop, and slightly less than 1.8 for pesticide 
use (Khan et al., 2001). Additionally, push–pull with no additional fertilizer 
had the best gross returns, while less profit was recorded with the use of fer-
tilizer, implying it was economically propitious for poor smallholders who 
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could not afford external inputs to invest in push–pull. In a more detailed 
economic analysis utilizing data of over seven cropping seasons, returns to 
investment for the basic factors of production under push–pull were sig-
nificantly higher compared with those from maize–bean intercropping and 
maize monocrop systems (Khan et al., 2008c). Positive total revenues ranged 
from $351/ha in low potential areas to $957/ha in the high potential areas, 
with general increases in subsequent years. The returns to labour that were 
recovered within the first year of establishment of push–pull ranged from 
$0.5/man-day in the low potential areas to $5.2/man-day in the higher 
potential areas, whereas in the maize monocrop this was negligible or even 
negative. Furthermore, the net present value (NPV) from push–pull was posi-
tive and consistent over several years. A more recent study (De Groote et al., 
2010), which used discounted partial budget and marginal analysis, corrob-
orated these findings and concluded that push–pull earned the highest rev-
enue compared with other soil fertility management technologies, including 
green manure rotation.

9.3 Climate-smart Technological Innovation

The new ‘climate-smart’ adaptation of the technology has unrivalled poten-
tial to equip farmers with the resilience and adaptability they need to deal 
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with the additional problems associated with climate change (Khan et al., 
2014). With rising uncertainties in the region’s rainfed agriculture due to the 
continent’s vulnerability to climate change, there was a demand and urgent 
need to adapt the conventional push–pull to withstand increasingly hotter and 
drier conditions. The trap and intercrops used in conventional push–pull were 
rainfall and temperature limited, as the initial system was developed under 
average rainfall (800–1200 mm) and moderate temperatures (15–30C°). In 
order to ensure that push–pull continues to affect food security positively in 
Africa over the longer term, new drought-tolerant trap (Brachiaria cv. Mulato) 
and intercrop (drought-tolerant species of desmodium, e.g. D. intortum) plants 
have been selected from research undertaken with funding from the European 
Union. The new companion plants also have the appropriate chemistry 
in terms of stem borer attractancy for the trap component, and stem borer 
repellence and striga suppression, and ability to improve soil fertility and soil 
moisture retention, for the intercrop component (Khan et al., 2014). Both trap 
and repellent plants provide high-quality livestock fodder over long periods of 
drought. In addition, they provide other ecosystem services such as biodiver-
sity improvement and conservation, and organic matter improvement.

9.3.1 Identification of drought- and temperature-tolerant trap and repellent plants

ICIPE, Rothamsted Research and national partners in Ethiopia, Kenya and 
Tanzania identified and selected new drought- and temperature-tolerant 
trap and intercrop plants suitable for drier agroecologies. From a total of 400 
grasses previously identified under different agroecologies in those coun-
tries, an initial 21 candidate drought-tolerant trap plants were selected. 
Brachiaria cv. Mulato was chosen as the trap plant for the climate-adapted 
push–pull, given also its ability to attract stem borers, farmers’ preference for 
it as livestock fodder, and the commercial availability of its seed that would 
allow faster dissemination and uptake. Additionally, it allowed minimal sur-
vival of stem borer larvae, a suitable characteristic of a trap plant that would 
support populations of natural enemies within season and when the cereal 
crop is not in season.

Desmodium spp. were identified that are drought tolerant and emit vol-
atiles that repel stem borers, fix nitrogen to improve soil fertility, produce 
high biomass but have low growth habit to cover the soil and improve soil 
health. Forty-three accessions of 17 Desmodium spp. initially collected from 
dry and hot areas in Africa and other arid environments were obtained from 
germplasm repositories1 and from field survey samplings. Greenleaf desmo-
dium (D. intortum) was observed to be more drought tolerant compared with 
silverleaf desmodium (D. uncinatum) and was chosen as the intercrop spe-
cies for immediate integration into a climate-adapted push–pull. Greenleaf 
desmodium was chosen given its known ability to control striga and stem 
borers (Khan et al., 2006c) coupled with commercial availability of its seed 
that would enable its wider testing by farmers within the project target areas. 
The work to isolate and purify all the active compounds in the desmodium 
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root exudates and fully elucidate their effects on striga suppression is ongoing 
at ICIPE and Rothamsted Research. Similarly, the full mechanism of stem 
borer control by the new companion plants is currently being elucidated 
with the aim of providing both sustainability and quality assurance as more 
companion plants are selected for new agroecologies.

9.3.2 Field implementation of climate-smart push–pull technology

Currently over 53,000 smallholder farmers in drier parts of Kenya, Tanzania, 
Uganda and Ethiopia have taken up the climate-smart push–pull and have 
reported effective control of stem borers and striga weed resulting in signifi-
cant increases in grain yields of both maize and sorghum (Midega et al., 2015b). 
In both maize and sorghum trials the yield increase was more than threefold 
compared with the corresponding control plots (Fig. 9.3).

The new companion plants also ensure availability of high-quality fodder 
at the farms. This improves the productivity of livestock, while surplus 
fodder is preserved as hay. Validation of gross return from the climate-smart 
push–pull showed $1075.8/ha and $1289/ha gross benefits and a marginal 
rate of return (MRR) of 109% and 143% for sorghum and maize, respectively, 
implying that the net increase in benefits of climate-smart push–pull out-
weighed the net increase in costs compared with farmers’ practices (Murage 
et al., 2015). Additionally, over 80% of the interviewed farmers (350) reported 
effective control of striga and stem borers, improvement in soil fertility 
and improved grain yields. Other benefits mentioned included increases in 
fodder and milk production.

Climate-smart push–pull thus opens up significant opportunities for 
smallholder growth in drier areas and represents a platform technology around 
which new income generation and human nutritional components, such as 
livestock keeping, can be added. It therefore affords the smallholder farmers 
in these areas an opportunity to enter into cash economy. The technology can 
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also be tailored to specific farmer needs. Smallholder farmers in SSA typ-
ically practise multiple cropping, where cereals are intercropped with food 
legumes. The technology has been adapted to these farming systems by 
incorporating edible beans, planted either in the same hole with maize or be-
tween maize plants within a row. This has increased the technology’s appeal 
to the farmers, as it guarantees an additional protein source in the diet (Khan 
et al., 2009), resulting in higher technology adoption rates in the region.

9.4 Maintaining Push–Pull’s Multiple Benefits

The new trap plants and intercrops have met the expectations of farmers and 
scientists, giving effective control of stem borer and striga weed. As a result, 
yields of maize and sorghum have increased significantly, with up to a fivefold 
increase over control plots (Midega et al., 2015b) (Fig. 9.3). The new companion 
plants have also provided ample good-quality livestock fodder, producing 
enough to allow farmers to make hay for the dry season, and the better-fed 
dairy animals have produced more milk. In all, the system gives significantly 
higher economic returns to the farmer.

On-farm uptake of conventional and climate-adapted push–pull by over 
130,000 farmers in eastern Africa has confirmed that push–pull has significant 
impacts on food security, human and animal health, soil fertility, income gen-
eration, empowerment of women, conservation of agrobiodiversity and pro-
vision of agroecosystem services. Climate-smart push–pull will spread these 
benefits wider, conferring the benefits to additional crops and agroecologies.

9.4.1 Food security, diet and health

Dealing with striga and stem borer means a healthier, more productive cereal 
crop. Farmers who have adopted climate-smart push–pull reported steady 
increases in the amount of grain they harvested. On-farm research has 
confirmed yield increases, with the climate-smart push–pull routinely pro-
ducing more than double the amount harvested from an equivalent area of 
monocrop maize across fields in eastern Africa (Midega et al., 2015b). The 
practising farmers report that their health and that of their families has 
improved since adopting the technology, because it has resulted in an im-
proved diet, particularly through drinking more milk. Dietary diversity has 
also increased. Due to increased income from the sale of push–pull products 
and by-products, many farmers report that they are in a better position to 
purchase foods that they are not able to produce for themselves.

9.4.2 Protecting the soil

The technology contributes to the CA principle of conserving and enhancing 
the resource base, with continuous minimum mechanical soil disturbance, 
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continuous soil cover, addition of organic matter, prevention of loss of top 
soil through soil erosion, improved water conservation and other ecosystem 
services. Practising farmers describe improvements in soil fertility after 
adopting the technology. Protected from erosion by the trailing low-growing 
stems and leaves of the desmodium intercrop, this soil is one of the keys to 
the increased grain yields that farmers experience. The majority of adopters 
incorporate the technology into an integrated crop–livestock production 
system. This close association with livestock means that farmyard manure 
can be added to the soil, increasing the fertility benefits already gained from 
the fixation of nitrogen by the desmodium intercrop. Most of the farmers 
thus notice an improvement in their soil within a very short time of adopting 
the technology.

9.4.3 Providing nutritious fodder

Livestock fulfil many purposes in the livelihood systems of farming house-
holds. They provide milk, meat, manure and draught power. Their outputs 
become goods for sale and exchange and the animals themselves represent a 
form of savings. Keeping animals well fed and healthy is often pivotal in main-
taining soil fertility, paying school fees and eating a nutritious, balanced diet.

These farmers use their fodder crops to feed goats, sheep, cattle, pigs, 
poultry and even rabbits. Many farmers report positive changes in the health 
and productivity of their animals, particularly due to the nutritional qualities 
of desmodium. Because it is rich in protein, desmodium fodder often has a 
positive effect on milk yields, frequently doubling or even tripling them.

9.4.4 Generating income

There are a number of ways that the technology generates cash income, in-
cluding the sale of cereals, milk and fodder. Increased income is often spent 
on school fees or home improvements, or invested in diversifying livelihood 
enterprises. There are also many examples of income being invested in the 
community and upholding social safety nets to protect the vulnerable.

9.4.5 Gender equity

Once established, the technology reduces the drudgery of digging and 
weeding, a task performed most often by women, freeing up their time and 
labour for more productive tasks like selling milk or starting a poultry 
enterprise (Fig. 9.4). Diversified farm income means that there is more 
money available to buy medicines, household goods and other essentials. 
Stall-feeding dairy cattle also frees the women and children from the task of 
herding cattle to graze.
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9.4.6 More stable and resilient agroecosystems

As far as possible, climate-resilient agroecosystems maintain the functions 
and services provided by natural systems. This means integrating instead 
of segregating, closing water and nutrient cycles, increasing biological and 
genetic diversity and regenerating instead of degrading bio-resources. Push–
pull technology contributes to stable and climate-resilient agroecosystems by 
providing farmers with a tool for on-farm diversification that is in line with 
these underlying principles.

Producing a good grain harvest is increasingly becoming a question of 
gambling with the weather as climatic patterns become more unpredictable. 
Farmers have for many years habitually diversified the crops they plant as 
an insurance strategy against climate uncertainty. Push–pull reinforces this 
strategy, because it can equally usefully be applied to maize, sorghum, millet 
and rice. Furthermore, having both conventional and climate-smart variants 
widens the range of planting material that farmers can use to tailor their 
cereal cropping practices to local climatic conditions.

9.5 Partnerships in Implementation

The push–pull development programme has brought together a wide range 
of contributors from disciplines as diverse as chemical ecology, organic chem-
istry, socio-economics and weed science to develop a systemic approach to 
solving the problems of stem borer and striga that works for farmers.

While push–pull is in many ways an elegantly simple technology, it is 
based on a set of complex ecological and chemical relationships between 
plants, insects and soil. Scientists at ICIPE have found that it works best in 
practice when farmers understand clearly why it works and what each com-
ponent in the system contributes to its overall success. This means that dis-
seminating push–pull has been a knowledge-intensive process, with a strong 
emphasis placed on building farmers’ capacities.
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Fig. 9.4. Perception of 600 female farmers in East Africa on impact of climate-smart 
push–pull technology on labour dynamics.
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As well as being fully trained in all aspects of push–pull, farmers have 
been involved at every stage of the research and dissemination over the past 
15 years. The result is a cohort of farmers who understand basic agroecol-
ogy, supported by a vibrant network of farmer-leaders and farmer-teachers 
who have become experienced peer educators. Most of them have visited 
the push–pull garden at ICIPE’s Mbita Point research station and many have 
taken part in technology development trials.

The district-based ICIPE field workers usually work with farmer groups 
set up for mutual support and self-help and these have become a well es-
tablished medium for delivering agricultural extension and other develop-
ment interventions. In some places, push–pull triggers the formation of new 
farmers’ groups, while in others existing groups incorporate push–pull into 
their own portfolio of activities.

One hallmark of the successful spread of push–pull has been ICIPE’s 
capacity to identify and work in harmony with the groups and organizations 
it meets in the field. Exploiting synergies with other active research and de-
velopment organizations has created new channels for sharing knowledge. 
Particularly important is ICIPE’s partnership with Heifer Project International 
(HPI) and Send a Cow, non-governmental organizations (NGOs) whose live-
stock-focused work has proved to be a good fit with push–pull. A  strong 
informal partnership was cemented when the NGOs formally became imple-
menting partners for climate-smart push–pull in East Africa.

9.6 Developing Sustainable Adaptable Practices for the Future

One of push–pull’s strengths is the way the programme has been managed as 
a learning process. Because farmer participation is built into the processes of 
research and dissemination, contextual changes encountered in the field can be 
communicated, discussed and responded to. Achieving this level of reflexivity 
to contextual change is a vital aspect of the climate-smart qualities of push–pull 
and is thanks in no small part to the flexible approaches of the many donor or-
ganizations that have funded its development and spread. Both the technology 
and its model for dissemination represent a substantial resource for the future.

The development of climate-smart push–pull has made it possible for the 
technology to be implemented in new areas with less rainfall and to increase 
the potential number of farmers who might find it a useful and profitable add-
ition to their livelihood strategies. Work has begun to extend climate-smart 
push–pull in Tanzania, Uganda and Ethiopia and trials are being carried out 
in Nigeria, Zambia and Malawi. Push–pull technology is expanding to a 
broader range of agroecosystems and farming practices in Africa.

There is still great need for adaptive agricultural practices that can cope 
with increasingly variable climatic conditions and still produce food for 
people and livestock. Similarly there is need for development pathways that 
respect ecological limits and restore ecosystem health. Experiences with push–
pull offer important lessons about developing and implementing the kind of 
climate- smart technologies that are needed to meet these challenging goals.

(c) CAB International 2017.  For the personal use of Chapter 9 authors.



164 Z.R. Khan et al.

Note

1 Desert Legumes Program (DELEP) at the University of Arizona, USA; ILRI forage plants gene 
bank in Ethiopia; and the US Department of Agriculture (USDA) Agricultural Research Service 
(ARS) Plant Genetic Resources Conservation Unit (PGRCU).

References

Birkett, M.A., Chamberlain, K., Khan, Z.R., Pickett, J.A., Toshova, T., Wadhams, L.J. and Woodcock, 
C.M. (2006) Electrophysiological responses of the lepidopterous stemborers Chilo partellus 
and Busseola fusca to volatiles from wild and cultivated host plants. Journal of Chemical 
Ecology 32, 2475–2487.

Burke, M.B., Lobell, D.B. and Guarino, L. (2009) Shifts in African crop climates by 2050, and the 
implications for crop improvement and genetic resources conservation. Global Environmental 
Change 19, 317–325.

Chamberlain, K., Khan, Z.R., Pickett, J.A., Toshova, T. and Wadhams, L.J. (2006) Diel periodicity 
in the production of green leaf volatiles by wild and cultivated host plants of stemborer 
moths, Chilo partellus and Busseola fusca. Journal of Chemical Ecology 32, 565–577.

Conway, G.R. and Waage, J. (2010) Science and Innovation for Development. UK Collaborative 
on Development Sciences (UKCDS), London.

Cook, S.M., Khan, Z.R. and Pickett, J.A. (2007) The use of ‘push–pull’ strategies in integrated pest 
management. Annual Review of Entomology 52, 375–400.

De Groote, H., Vanlauwe, B., Rutto, E., Odhiambo, G.D., Kanampiu, F. and Khan, Z.R. (2010) 
Economic analysis of different options in integrated pest and soil fertility management in 
maize systems of western Kenya. Agricultural Economics 41, 471–482.

Fischer, G., Shah, M., Tubiello, F. and van Velthuizen, H. (2005) Socioeconomic and climate 
change impacts on agriculture: an integrated assessment, 1990–2080. Philosophical 
Transactions of the Royal Society of London. Series B, Biological Sciences 360, 2067–2083.

Food and Agriculture Organization (2004) Status of Food and Agriculture. FAO, Rome, Italy.
Food and Agriculture Organization (2008) Investing in Sustainable Intensification – The Role of 

Conservation Agriculture. FAO, Rome.
Godfray, C., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F., et al. (2010) Food 

security: the challenge of feeding 9 billion people. Science 327, 812–818.
Hassanali, A., Herren, H., Khan, Z.R., Pickett, J.A. and Woodcock, C.M. (2008) Integrated pest 

management: the push–pull approach for controlling insect pests and weeds of cereals, 
and its potential for other agricultural systems including animal husbandry. Philosophical 
Transactions of the Royal Society of London. Series B, Biological Sciences 363, 611–621.

IAASTD (2009) Agriculture at a Crossroads, International Assessment of Agricultural Knowledge, 
Science and Technology for Development. Island Press, Washington, DC.

IFPRI (2004) Ending Hunger in Africa: Prospects for the Small Farmer, Policy Brief. International 
Food Policy Research Institute, Washington, DC.

IPCC (2007) Climate change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change.

Kfir, R., Overholt, W.A., Khan, Z.R. and Polaszek, A. (2002) Biology and management of econom-
ically important lepidopteran cereal stemborers in Africa. Annual Review of Entomology 47, 
701–731.

Khan, Z.R. (2002) Cover crops. In: Pimental, D. (ed.) Encyclopedia of Pest Management. Marcel 
Dekker Inc., New York.

(c) CAB International 2017.  For the personal use of Chapter 9 authors.



Climate-smart Push–Pull 165

Khan, Z.R., Pickett, J.A., Van den Berg, J., Wadhams, L.J. and Woodcock, C.M. (2000) Exploiting 
chemical ecology and species diversity: stemborer and striga control for maize and sorghum 
in Africa. Pest Management Science 56, 957–962.

Khan, Z.R., Pickett, J.A., Wadhams, L.J. and Muyekho, F. (2001) Habitat management strategies 
for the control of cereal stemborers and striga in maize in Kenya. Insect Science and Its 
Application 21, 375–380.

Khan, Z.R., Hassanali, A. and Pickett, J.A. (2006a) Managing polycropping to enhance soil system 
productivity: a case study from Africa. In: Uphoff, N., Ball, A.S., Palm, C., Fernandes, E., 
Pretty, J., Herren, H., et al. (eds) Biological Approaches to Sustainable Soil Systems. CRC 
Press, Taylor and Francis, Boca Raton, Florida, pp. 575–586.

Khan, Z.R., Midega, C.A.O., Hutter, N.J., Wilkins, R.M. and Wadhams, L.J. (2006b) Assessment 
of the potential of Napier grass (Pennisetum purpureum) varieties as trap plants for manage-
ment of Chilo partellus. Entomologia Experimentalis et Applicata 119, 15–22.

Khan, Z.R., Pickett, J.A., Wadhams, L.J., Hassanali, A. and Midega, C.A.O. (2006c) Combined control 
of striga and stemborers by maize–Desmodium spp. intercrops. Crop Protection 25, 989–995.

Khan, Z.R., Midega, C.A.O., Amudavi, D.M., Hassanali, A. and Pickett, J.A. (2008a) On-farm 
evaluation of the ‘push–pull’ technology for the control of stemborers and striga weed on 
maize in western Kenya. Field Crops Research 106, 224–233.

Khan, Z.R., Amudavi, D.M., Midega, C.A.O., Wanyama, J.M. and Pickett, J.A. (2008b) Farmers’ 
perceptions of a ‘push–pull’ technology for control of cereal stemborers and striga weed in 
western Kenya. Crop Protection 27, 976–987.

Khan, Z.R., Midega, C.A.O., Njuguna, E.M., Amudavi, D.M., Wanyama, J.M. and Pickett, J.A. 
(2008c) Economic performance of ‘push–pull’ technology for stemborer and striga weed 
control in smallholder farming systems. Crop Protection 27, 1084–1097.

Khan, Z.R., Midega, C.A.O., Wanyama, J.M., Amudavi, D.M., Hassanali, A., Pittchar, J. and 
Pickett, J.A. (2009) Integration of edible beans (Phaseolus vulgaris L.) into the push–pull tech-
nology developed for stemborer and striga control in maize-based cropping systems. Crop 
Protection 28, 997–1006.

Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murage, A.W., Birkett, M.A., Bruce, T.J.A. and Pickett, 
J.A. (2014) Achieving food security for one million sub-Saharan African poor through push–
pull innovation by 2020. Philosophical Transactions of the Royal Society of London. Series B, 
Biological Sciences 369, 20120284.

Lin, S.J., Friedrich, T., Hansmann, B. and Kassam, A. (2011) A Framework for International 
Standard for Conservation Agriculture: Towards Stewardship for Sustainable Production. 
Australian Centre of International Agricultural Research, Canberra, Australia.

Midega, C.A.O., Khan, Z.R., van den Berg, J., Ogol, C., Dippenaar-Schoeman, A.S., Pickett, J.A. and 
Wadhams, L.J. (2008) Response of ground-dwelling arthropods to a ‘push–pull’ habitat man-
agement system: spiders as an indicator group. Journal of Applied Entomology 132, 248–254.

Midega, C.A.O., Salifu, D., Bruce, T.J.A., Pittchar, J., Pickett, J.A. and Khan, Z.R. (2014) Cumulative 
effects and economic benefits of intercropping maize with food legumes on Striga hermonth-
ica infestation. Field Crops Research 155, 144–152.

Midega, C.A.O., Bruce, T.J., Pickett, J.A. and Khan, Z.R. (2015a) Ecological management of cereal 
stemborers in African smallholder agriculture through behavioural manipulation. Ecological 
Entomology 40, Suppl. S.1, 70–81.

Midega, C.A.O., Bruce, T.J, Pickett, J.A., Pittchar, J.O., Murage, A. and Khan, Z.R. (2015b) Climate-
adapted companion cropping increases agricultural productivity in East Africa. Field Crops 
Research 180 (2015) 118–125.

Murage, A.W., Midega, C.A.O., Pittchar, J.O., Pickett, J.A. and Khan, Z.R. (2015) Determinants of 
adoption of climate-smart push–pull technology for enhanced food security through integrated 
pest management in eastern Africa. Food Security 7, 709–724.

(c) CAB International 2017.  For the personal use of Chapter 9 authors.



166 Z.R. Khan et al.

Oswald, A. (2005) Striga control technologies and their dissemination. Crop Protection 24, 333–342.
Päts, P. (1991) Activity of Chilo partellus (Lepidoptera: Pyralidae): eclosion, mating and oviposition 

time. Bulletin of Entomological Research 81, 93–96.
Pinstrup-Andersen, P. (ed.) (2010) The African Food System and Its Interaction with Human 

Health and Nutrition. Cornell University Press, New York.
Pretty, J., Noble, A.D., Bossio, D., Dickson, J., Hine, R.E., Penning de Vries, F.W.T. and Morrison, 

J.I.L. (2006) Resource-conserving agriculture increases yields in developing countries. 
Environmental Science and Technology 40, 1114–19.

Pretty, J., Toulmin, C. and Williams, S. (2011) Sustainable intensification in African agriculture. 
International Journal of Agricultural Sustainability 9, 5–24.

Rodenburg, J., Bastiaans, L., Weltzien, E. and Hess, D.E. (2005) How can selection for striga resist-
ance and tolerance in sorghum be improved? Field Crops Research 93, 34–50.

Royal Society (2009) Reaping the Benefits: Science and the Sustainable Intensification of Global 
Agriculture. Royal Society, London.

Sanchez, P. (2002) Soil fertility and hunger in Africa. Science 295, 2019–2020.
Tittonel, P. and Giller, K. (2012) When yield gaps are poverty traps: the paradigm of ecological 

intensification in African smallholder agriculture. Field Crops Research 143, 76–90.
Tsanuo, M.K., Hassanali, A., Hooper, A.M., Khan, Z.R., Kaberia, F., Pickett, J.A. and Wadhams, L. 

(2003) Isoflavanones from the allelopathic aqueous root exudates of Desmodium uncinatum. 
Phytochemistry 64, 265–273.

USDA (2010) Food Security Assessment 2010–2020 Report. Washington DC, USA: USDA Economic 
Research Service.

Whitney, A.S. (1966) Nitrogen fixation by three tropical forage legumes and the utilization of 
legume-fixed nitrogen by their associated grasses. Herbage Abstracts 38, 143.

World Bank (2008) World Development Report 2008: Agriculture for Development. The World 
Bank, Washington, DC.

(c) CAB International 2017.  For the personal use of Chapter 9 authors.




