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LOCATION: KENYA

| 0. Biological Pest Control:*
Push-Pull in East Africa

A highly successful, ecologically based pest- and weed-management system was implemented in
resource-poor smallholder maize systems in Kenya between 1999 and 2004. Combining researcher- and
farmer-managed trials in ten districts, a single “push-pull” strategy significantly reduced reliance on
pesticides, helped control pests for more than 1,500 participating farmers and increased maize yields by

an average of 17 to 25 percent.’

CHALLENGE:

Maize and sorghum are the primary staple crops for
millions of the poorest people in eastern and southern
Africa, Stem borers, the parasitic Striga weied, and

low soil fertility are the main constraints to grain
production in Kenya and other parts of sub-Saharan
Africit? Seventeen species of stem borers have been
found to infest maize throughout Africa, significantly

limiting yield potential. Though impact varies by region,

crop cultivar and farming practices, stem borer losses in
eastern Africa average 20 to 40 percent, reaching as high
as B0 percent in some areas, Srriga’s impact on yield can
be even greater, with 30 to 100-percent losses recorded
in many areas, Striga losses are often exacerbated by low
soil fertility, a problem prevalent m East Africa, When
the two pests occur together, farmers frequently lose
their entire grain crop. '

Chemical pesticides have proven largely ineffective’
in controlling stem borers; they are also prohibitively
expensive and potentially harmful to human health,
soil, water quality and biodiversity. In addition, these
inorganic compounds kill the stem borer’s natural

enemies.” Traditional practices—burning unharvested
hiomass or wild host species—are not reconmended
because they also impact beneficaal insects.

Economic losses from stem borers and Striga weeds
amount to about $7 billion annually, primarily affecting
resource-poor and subsistence farmers. Research
suggests that preventing stem borer and Striga weed
crop lusses and improving soil fertility in eastern Africa
could increase cereal harvests to feed an estimated 27
million people.”

Kenya currently ranks 128 out of 169 countries on

the Human Development Index’. Agriculture is an
important economic activity, employing approximately
75 percent of Kenya's labor force. lts contribution to
GDP is currently estimated at 21.4 percent.” Due to
extreme climate variability, Kenya endures repeated
environmental disasters—both droughts and floods—
that result in periodic rationing of electricity and water,
reduced agricultural output, low rates of economic
growth and widespread food insecurity for millions

of people. In 2010 Kenya faced significant staple crop
deficits at 40 percent of normal production; the price



of mitize rose to 70 to 80 percent above the long-term
average, creating fimancial hardship and food insecurity
in many communities. In some areas, reported acute
malnutrition rates are more than 20 percent. Food
msecurity remains especially high ameng valnerable
groupsin marginal agricultural districts!

RESPONSE:

Researchers from the Rothamsted Research Station
(L) and the International Center of Insect Physiology
and Feology (1CIPE) have worked in East Africa for
the last 13 vears.onan effective ecologically based
pest-managenent solution for stem borers and Striga:
Their research produced the successtul “push-pull”
intercropping technology, which manages pests,
incredses animal forage and énhances soil quajil.y

and fertility,” From initial experimental trials to
on-firm experimentation and, finally, 1o widespread
implementation, the push-pull selective intercropping
strivtegy has yielded consistently positive resuls, !

The push-pull system manages pests through a stimulo-

deterrent chemical ecology strategy that encourages
hiological control by natural enemies and reduces
stem borer reproductive success, Through selective
intercropping with important fodder species and

wild grass refatives, maize fields are énvironmentally
modifed: Stem borers are simultaneously repelled—or

fishied
are-attracted to—or pulled—toward “decoy” plants,

from the system by one or more plants and

protecting the crop from infestation. Intercropping
maize with additional plants knewn to both repel stem
borers and attract natural enemics (parasitoids) " can
further decrease stem borer densities by appreciably
enhancing parastism rates,

Anextensive selection process has identified multiple
plant speties for Kenyan push-pull systems, Attractant
plants such as Napier grass (Penniserum purpureun)
ind Sudan grass (Serghum indgare) are highly effective

teap crops serving to “puil” stem borers away from

the maiie crop. Molasses grass { Melinis minutiflora)
successfully repels (1Le, "pushes”) stem borers away from
the maize crop while significantly enhancing parasitism
rates by parasitoid wasps, thus increasing pest mortality
and reducing crop losses, '

Researchers have used similar ecological strategies to
develop biological, non-chemical practices to control
the invasive Strign weed in the same smallholder maize
systems, Twor leguminous plants, Dessodiiem uncitation
and Desmodiun intortton, produce root exudates thay
work together to limit Striga’s reproductive suceess,

Desmodinm is 4 perennial legume that exerts its
allelopathic' effect on Sreiga even when maize is out 6f
season. When intercropped with Napier grass; the twor
plants control two of Africa’s mast detrimental maize
pests and alsa prevent soil erosion, fix nitrogen, enhance
soil organic matter, conserve soil moisture wnd increase
quantity and diversity of beneficial arthropods. The push-
pull intercrppping svstems serve as models for creating
more productive and ecologically sustainable subsistence
maize systerns for eastern and southern Africa.!”

RESULTS:*

. tn 1997, push-pull polycultures showed significantly
higher rates of biological control (via enhanced
parasitism " in several multi-vear comparative

experimental trials. In the study, maize monoculiutes
showed parasitism rates'of 4.8 percent and 0,5 percent
for € parteflis, and B, fusce, respectively. The push-pull
syseems had parasitism rates of 6,17 percent and 18,9
percent for G, partellus, and B fusca arvae, respectively. !
Tr 1999, Oon-farm miaize tridls in Kenya's Tow-vielding
Subsa district vielded only 1.8 t/ha in control plots
compared to 4 Uha in push-pull plots.

. In the same year, trials on maize crops in Kenya's

high-yielding Trans-Nuzoia district vielded 4 o 3
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t/ha in control plots compared to 6 to 7 t/ha in
push-pull plots.

[n 20001, the push-pull system helped control pests
for more than 1,500 participating farmers and
increase maize yields by an average of 17 percent
in Trans-Nzoia and 25 percent in the Suba district,

Im o sinmilar 2000-2003 study in seven Kenyan
districts and three Ugandan districts; habitat
management strategies based on the push-pull
systen helped maore than 1,500 participating
farmers increase maize yields by an average of 20
percent in areas with only stem borers; vields were
incteased by more than 50 percent in areas with
both stem borers and Striga weed infestations,

The push-pull and Srﬁgn{s.' uppression elimination
tactics have contributed to increased livestock
production of both milk and meat by providing
more fodder and different crop residues, especially
on small farms. In the Suba district, for example,
where more than 250 farmers have adopted push-
pull systems; the number of improved dairy cattle
has increased from four in 1997 to 350 in 2002,

A recent study by the University of Haifa in
Israel, on the impact of push-pull technology on
soil quality showed the abundance and diversity
of beneficial soil arthropods were significantly
higher in push-pull plots compared o maize
monocultures.

The habitat management strategies are a
promising method for gender empowerment,
providing women with income through the sale of
farm grain surpluses, fodder and Desmodium seed.

A seven-year (1998-2004) agronomic and cost-
benefit study in six western Kenyan districts
showed that push-pull technology consistently
delivered significantly higher maize-grain yields
when compared to maize—bean intercrops and
maize moneculture systems, The push-pull system
yields ranged from a low of 1.9 t/ha in Suba
district to-a high of 6.3 t/ha in the Kisii district. In
comparisan, yields in the maize-bean intercrap
ranged from a low of 0.9 t'ha in Suba district to

a high of 3.9 t/ha in Trans-Nzoia districts. Maize
monoculiures were low yielding—between 1.0 1/
ha in Suba and Busia districts to 3.9 vha in Trans-
Nzoia districts, Higher yields are recorded in
push-pull systems despite a reduction in the area
of land allocated to maize due to the imercropping
of selected grasses and legumes.”!

In the same seven-year study, a cost-benefit
analysis showed that with the exception of one
district, the push-pull systems outperformed hean
and maize monoculture systems economically in
the first vear™ despite higher initial variable and
labor costs.™ In calculating total labor and non-
labaor costs, total variable costs and total revenues
for each farm and cropping system, the toral gross
benetits in US $/ha were significantly higher for
farms using push-pull systems than for farms
using maize-bean intercrop and maize mono-crop

systens in all vears and in all districts studied.™

Push-pull systems have been widely adopted
within the communities where farmer-managed
trials were carried out, particularly in the Trans-
Nzoia and Suba districts.

Asof 2011, mare than 46,000 smallholder farmers
in Fast Aftica have adopted the push-pull systems.



Their maize :I.'Il;']{'l:.- have increased from an Average Crop p'l!'lg systems. Ona jﬂrg{-r scale, I_'I[j!“_‘jph:ﬁ ol F\"_{,h_
of 1.0 t/ha te 3.5 t/ha without the use of chemical pull can be applied 1o low-input and organic agriculture
insecticides and with minimal external inputs. systems world-wide.

Push-pull is one of the most successful examples of
conservation biological control,® and the research
methodology and findings hold great promise for
milze-growing regions throughout eastern and
southern Africa. In addition to enhancing vields, the
strategy increased small livestock production, conserved
soll resources, controlled important weeds, enhanced
functional bindiversity and increased incomes and
women's empowerment,”™ Push-pull is an appropriate
technology for poor farmers in East Africa because it
is based on locally available renewable inputs and can

thus be casily integrated into traditional poly-colture

ADOPTION OF PUSH-PULL TECHNOLOGY IN EAST AFRICA, 1999-201 |

FARMERS

HLMEIER OF FARMERS PRACTICING PUSH-PULL TRCHMOILOGSY

Source: ICIPE, hrtp:/fwww, push-pull. net/adoption.shtiml
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COLLABORATING PARTNERS:

International Centre of Insect Physiology and Ecology
(ICIPE); Rothamsted Research Station, Hertfordshire,
United Kingdom; Kenya Agricultural Research Institute;
Ministry of Agriculture, Kenya; Gatsby Charitable
Foundation, UK; and Biotechnology and Biological
Sciences Research Council of the UK
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