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Push-pull strategy
A case report of successful sustainable

agriculture in Sub-Saharan Africa 
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This journey was possible thanks to World 
Friends, a medical NGO that working in 

Nairobi taking care of people who otherwise
could not afford any healthcare service



More than 60% people living in 
squatter areas, called ‘slums’

684 km²

Over 4 milion inhabitants

The slum

No electricity and water service

Extremely poor hygenic conditions

The two sides of NairobiNairobi



From 2001 striving to 
provide Nairobi slum 

people a free healthcare
service possibility

Thanks to private 
donations in 2008 a 

new hospital in Nairobi 
started.

World Friends NGO

Special care of children with disabilty

www.world-friends.it



Kenya



A couple of data introducing Kenya

Population: 

- Population below $1 per day (WHO, 2005) : 43.3 % 

- Population underfed (WHO, 2014-2016): 21.2 % 

Agroeconomy (FAO, 2005):

- Total (World Population Clock, Jan 2016): 47.9 milion

- Population involved in agriculture: 75 %

- Crop production sold: 26 %

- Income from crop production (GDP): 39.8 %

- Small-holders farm size: 0.04 - 8-3 ha

FAO

FAO 2014



Agriculture

FAO

KNBS



Agriculture

KNBS

KNBS (2013)



But let’s now start with Push-pull...



Push-pull ‘patients’

Zea mais

Sowing in East Africa:

Sorghum bicolor

Often intercropped
(edible pulses generally) 

Twice a year, 
In correspondence with:

- Long rain season (Mar - Jun)

- Short rain season (Oct- Dec)

World Bank data



Majour threats

Climate changes

Parasitic weed

Stemborer damage



Stemborers

Native species

Alien species
(from India, first finding in 

Africa in the 1930s)

Lepidoptera, Noctuidae family

Lepidoptera, Crambidae family

Polyphagus: 
both species are attracted
by and feed on  Poaceae, 
Cyperaceae, Typhaceae

10 – 80 % yield losses
(Khan et al., 2007)

Estimated additional harvesting
enough for 27 milion people

preventing stemborers damage
(ICIPE 2015)

Busseola fusca

Chilo partellus



Moths life cycle

At this latitude generations follow
each other almost continuously

throughout the year

10 - 80 eggs laid in a row
between the stem and 

the leaf-sheath

About 200 eggs laid in 
batches on leaf surface

1.5 months life cycle

2 months life cycle
Chilo partellus

Busseola fusca

Farmer’s guide



Traditional stemborers
management

Detection and prevention:

Whithering and feeding marks detection

Cleaning from and destruction of crop leftovers

Early removal of maize stubbles hosting pupae

Combating:

Chemical control through pesticides
Negative environmental implications

Partial/low effectiveness, non-specificity

Mostly too expensive for small-holder farmers

BUT



Striga weeds

Striga spp. Lamiales, Orobanchaceae

Striga hermonthica

23 species in Africa, of which S. asiatica and, 
especially, S. hermonthica are the most important

Obligate root parasite of cereals.

Huge seed bank in the soil:

High prolific, individual production of 
thousands tiny dust-like seeds that can 

remain viable for 15-20 years

It threatens food security of 100 
milion Africans, endangering not
only maize and sorghum, but also
rice, millet and sugar cane crops

(ICIPE, 2015)



30 – 100 % yield losses
(Khan et al., 2008)

100 nm

Siu.edu

S. hermonthica
seedling connected
via haustoria to its

maize host root

Striga parasitism

Inhibition of normal
host growth

Competition for nutrients

Impairment of the photosynthesis

Phytotoxyc effect



What was supposed to 
be a maize field…



Traditional approach
against Striga

Prevention is hardly a viable path because Striga is
widespread and seed bank in the soil is large and 
persistent

Imapazyr herbicide coupled with imapazyr-resistent
mutant maize (IR maize)

Negative environmental implications

Mostly too expensive for small-holder farmers

Remediation is largely practice through maual labour:

Three quarters of the small-holder farms in Sub-
Saharan Africa are hand-weeded

Women do 90 % of the weeding in Kenya, Tanzania 
and Uganda, which takes up 50 – 70 percent of total
labour time

FAO (2015)



Climate changes

Rainfall are becoming more 
and more unpredictable and 

thus sowing season uncertain

Too risky to sow all fields at once at the most
appropriate time 

Nearly two months from 
emergency
(VT stage)

Same area, 
same period

Projections for SSA countries suggest that, 
with respect to 1960-2002 period, year

mean temperatures will be higher for the:

̴̴̴̴̴̴̴̴̴ 40% of the years by 2025
̴̴̴̴̴̴̴̴̴ 90% of the years by 2050 

̴̴̴̴̴̴̴̴̴ 100% of the years by 2075

(Khan et al. 2014)

Few weeks from emergency
(V2-V3 stage)



So… many challenges were to be faced!

How was this possible?

Let’s start from the beginning…



Mbita

Lake Victoria

International Centre of Insects
Physiology and Ecology

Thomas Odhiambo research
campus of ICIPE

Tanzania



Mbita

Lake Victoria

International Centre of Insects
Physiology and Ecology

Thomas Odhiambo research campus of ICIPE

“Our mission is to help to alleviate poverty, ensure food
security and improve the overall health status of peoples of the
tropics by developing and extending management tools and
strategies for harmful and useful arthropods, while preserving
the natural resource base through research and capacity
building.”



Push-pull born

Prof. John A. Pickett

Prof. Zeyaur R. Khan

Once upon a time…
…in the far 1993, a team lead by
Zeyaur Khan, an agricultural
entomologist of ICIPE, in
collaboration with a researchers
team of Rothamsted Research
(UK) headed by professor John
Pickett, a chemist specialized in
insects pheromones, decided to
try to respond to rural and small-
holder farmers needs.

Their jointly effort was focused on
maize and sorghum pest control.
From this perspective they
reasoned to find a way to turn
away from crops the two most
dangerous stemborer moths, B.
fusca and C. partellus.



The pull…

Polyphagus stemborers as, B. fusca
and C. partellus, are attracted by a 
broad range of suitable host plants

Napier grass, Poaceae
Sudan grass, Poaceae

More than 400 plants were taken into
exam trying to find an attacractive or 

trap plant for stemborers

Sorghum x drummondii
Pennisetum purpureum

Among them 30 species seemed
suitable for the purpose. 

But the final say to the farmers!

Secreting a sticky trapping gum

Largely used livestock fodder

PerennialSuitable as livestock fodder

Both attracting
female moths for 

deposition by 
releasing volatile 

chemicals

Parasitoid attraction
(Cotesia sesamiae)

80% larva 
mortality
(Khan et 
al., 2014)



…and the push

Melinis minutiflora Desmodium uncinatum

Silver-leaf desmodium, FabaceaeMolasses grass, Poaceae

Looking for something
producing semiochemicals

avoided by the moths… 

(80% reduction in stemborer infestation)

Forage value

(75% reduction in stemborer damage)

Highly energetic fodder (high protein content)

Nitrogen fixation, fertilisation of degradated soils

Why not in 
beans?

Traditional
forage

intercrop

Leguminous
benefits



Serendipity!

Parasitic striga, as
ubiquitous in that area, 

weed was present in 
push-pull experimental

fields too

After adoption of 
desmodium as ‘push

plant’, comparing their
control/push-pull fields

researchers found
something they didn’t

expect…

surprisinglywhere
desmodium was present
striga was almost
completely absent! Sorghum experimental fields



Higher [N] effect?

Experiment on desmodium effect

Striga doesn’t seem really
affected by N concetration.

While the only visible effect is on 
maize growth, increased in both
cases following [N] rising (from 

right to left in the image)

Maize + Striga + Desmodium sowed pots
on the background

Maize + Striga sowed pots
on the foreground

added [N]

[N]add 60 kg/ha [N]add 30 kg/ha [N]add 0 kg/ha



Canopy cover suffocating
striga by competition for 

photosynthesis/resources?

Experiment on desmodium effect

Drip experiment

Striga growth inhibited even without
Desmodium physically present in the pots.

It must be something in root exudates… 



Striga suicide

Phytochemicals exuded in the rhizosphere by desmodium
induce the so-called ‘suicidal germination’ of striga

Some of them (isoflavones) are responsible for striga 
seed induced germination

While others interefer with the susbequent
radicle development thus inhibiting striga growth

Due to this allelopathic effect striga seed bank in the 
soil is drastically reduced



Chemical compounds

Stemborer-repellent compounds emitted from 
desmodium/molasses, some of which also attractive for parasitoid

Volatile compounds released by trap plant positevely
stimulating moth oviposition

Allelopathic root exudates released by desmodium in the 
soil promoting striga ‘suicidal germination’

Inhibiting
striga growth

promoting
striga growth



Push-pull field

Push-pull experimental field at Thomas Odhiambo research campus  

The technology to be very effective in experimental plots… it was
now time to test it out in the field



1997 Baraza1997 Baraza
Push-pull team invited farmers who had field in the proximity of Mbita (Suba district) at

ICIPE centre to show the technology for a baraza (swahili word for public meeting)

With an estimate adoption rate of 30%/year

Khan et al., 2014

Push-pull 
adoption68’000 farmers switched to push-pull (Khan et al., 2014)

At the beginning it was not easy to convince farmers
to leave traditional methods to try the new one. 
But many had their fields really devasted by the 

pests, and thus some of them accepted the 
challenge

But largely push-pull spreading was also promoted by farmers
who were positively impressed by its relevant impact 

Since then many other meetings and field
demonstration had been organised, farmer field school

were put in place and farmer teachers were trained



Push-pull continues to grow…

But push-pull story didn’t stop here…
research went further, and still is progressing! 

The technology presented at the first baraza was a great success, a big goal was achieved
with an extremely significant positive impact on small-holder farmers everyday life!

Striga spp. D. intortumD. uncinatum



Napier Stunt Disease

Severe stunting and 
yellowing 

With the aid of farmers
hundreds of local varieties of 

Napier grass were run through

Maiestas banda
Its impact was heavy on 

rural farming: by 2008 milk
productionin western Kenya 

was reduced by 65%

In nineties a novel stunting disease
started to affect Napier in East Africa 

Profuse growth of shrivelled, 
unhealthy new plant shoots

In 2002 ICIPE’s
researchers recognised

it as a phytoplasm
(16Sr XI) disease.

Then they focused on 
its transmission

20 common sap-sucking
species were analysed as
possible disease vector

Among them two varieties susceptible
to vector but enough resistant to the 

disease were finally found

ICIPE’s NSD lab

Hemiptera, Cicadellidae



Moth lab

At ICIPE’s campus there’s also a 
whole compund completely

dedicated to borers. 

Principally larva feeding behaviour, 
alimentary preferences and 
aversions are investigated. 

Here moths are continously
breeded and all life stages are 
disposable for any experiment or 
any purpose

Shelves are plenty of ‘growth pots’ 
where larva fed on specifically

composed diets



The need for seed

With Push-pull increasing
adoption the demand for 

desmodium seeds rose too

Desmodium seeds were
imported by KSC (Kenya Seed

Company) from Australia. 
For this reason supply was

limited and prices high

To respond this challenge in 2003 ICIPE in 
collaboration with KALRO (Kenya Agriculture and 
Livestock Research Organisation) and launched a 

farmer-based seed multiplication project

Farmers were trained how to collect and 
properly store the seeds saving them for 

the following season and for selling

Desmodium
vegetative 

propagation

From 2004 kenyan seed
companies started to contract

some of the farmers involved in 
seed production. By 2011 1500 
of them were under contract

So now desmodium
seed production is an 
important additional

source of income

Silver-leaf desmodium



Climate smart Push-pull

Meeting farmer reports and needs against climate change

In many areas, rain was scarce or 
scattered and often Napier grass

and silver-leaf desmodium severely
suffered drought leading to a 

decrease in efficiency of push-pull 
in those conditions

For this reason ICIPE’s push-pull team got back to 
search for new climate-smart species to intercrop…

…and finally they found them!



Drought-tolerant trap plant

Finally they found a cultivar 
obtained by three generations of 

hybridization between Brachiaria
ruziziensis and B. decumbens cv 

Basilisk (Poaceae) at CIAT

Cotesia flavipes

Trichogramma bournieri

Cotesia sesamiae

ICIPE’s researchers tested over 500 putative trap plants
Attractive for borers
but at the same time 

capable to recruit their
parasitoid wasps

Able to tolerate long droughts: even three months
without water at 30°C (Khan, 2013 - unpub. data)

Preferred to maize and sorghum for oviposition

And also preferred by farmers as animal fodder
since it is more unlikely to withers

Brachiaria cv Mulato II

Trichogrammatidae, 
egg parasitoid

Braconidae, 
larva 

parasitoid



Drought-tolerant repellent plant

Desmodium intortum

43 successions of 17 Desmodium species investigated

Green-leaf desmodium, Fabaceae

Able to withstand drought conditions and 
less subsceptible to wilt

Similar capability of repelling stemborers
and inhibiting striga

(same chemical compounds)

Even better efficiency in nitrogen fixation

As silver-leaf, highly energetic fodder



Climate smart diffusion

In 2012 Climate smart push-
pull was introduced

Since then its growth
and spreading has been

increasingly risen



Push-pull effectiveness

Stemborer-damaged plant/crop
(mean %)

Striga emerging/plot
(mean number)

Grain yields
(mean t/ha)

Typical production increase:
Maize from >1 t/ha to at least 3.5 t/ha
Sorghum from >1 t/ha to at least 2.5 t/ha

Even more than with chemical control! Sorghum Maize

Climate-smart push-pull
Khan et al., 2014

One stone to kill many birds!



Additional push-pull benefits

Livestock foraging

Soil improvement

Organic manure

Farmer groups
formation



Beyond boundaries ICIPE 2015

Partnershisps and exchanges with 
local agricultural organisation and 

research centres has started

Push-pull technology has reached
also Ethiopia, Uganda, Tanzania and 

recently Somaliland



Communication

http://youtu.be/kBkawz0nq4Q

http://push-pull.net



Farmer handbook

On pests



Farmer handbook

On field preparation



Farmer handbook

Seed harvesting and 
storing



Farmer handbook Hints and unfailing FAQs!



From farmers’ perspective

As my friend Aloice Ndiege, ICIPE technician, told me «Ok, now you got how it works. And there’s
plenty of material where you can read about to deepen into the study, if you want to.

But, if you really want to understand it, you have to see it. You have to talk to the farmers. 
Come to see it!»

And so the journey across the farm lands started…   .



Mary Onyango

Kamsama

With her husband part of group
of farmers, Umbrella A, counting

22 women and 8 men. 
The group born around push-pull

She started in 2009 with classical
push-pull, the she switched to 

climate-smart in 2012, when this
was avilable

30-centimetres suspended
little stable to easely

retrieve manure

Before adoption:

Her only dairy goat, with low energetic forage
supply, produced 1 litre of milk per day

Her 21x21 metres highly pest-infested field
used to produce 4 kg of maize per season

After adoption:

5 litres of milk per day

1 bag (90kg) per harvesting

Highly energetic manure is
utilised to fertilise her

field, thus completing the 
cycle



Colette

Before push-pull adoption:

Shortage of forage for their few bulls

Her 21x21 metres highly pest-infested field
used to produce 4 kg of maize per season

After push-pull adoption:

Now bulls are properly fed!

Her 21x21 metres highly pest-infested field
used to produce 180 kg of maize per season

Ogongo

Joined push-pull 
after seeing its
results on her

husband and her
brother-in-law fields

They solved
most of drought-

related
problems after

switching to 
climate-smart



Samuel

Godjope area, ‘Buffalos’ mountain’

He came into push-pull on a farmer
meeting in 1999 and then in 2000 decided
to experiment it on a little 10x10 m trial 

maize field

Results were so impressive he 
adopted it following year on a 30x30 

m field. Then extended it to 30x60 
m the subsequent season

He also has some poultry, few dairy goats, a 
cow and a calve feeding on green-leaf

desmodium and Brachiaria harvesting and uses
to save a part of storing it for the harsh season. 

And extras are sold at the local market

His maize crop now is really efficient, 
where there was nothing to do before

and all his efforts were in vain.

He has a system too to 
collect his animal

droppings and 
produce fertilising

compost

He was also able to vegetatively
propagate desmodium and 

Brachiaria from iniatial plants splits
thus avoiding new investments for 

seeds acquisition



School… from push-pull!    

With some of the income from maize and fodder surplus sold Samuel 
built besides his fields a little school academy for primary education. 
Here more than 200 orphanes are provided a chance of an education

Samuel is now a farmer teacher and is
actively collaborating in spreading the 
push-pull. He also promotes reviving

traditional farming techniques trying to 
refine them with the new findings too.

Samuel also uses to host farmers interested in push-pull 
learning in  his house and show them how to deal with it
in his old little 10x10 push-pull trial plot, converted now

to teaching field



JohnsonBack to Kamsama

He joined push-pull in 2000 and he’s now one
of the elder and most experienced push-pull 

farmers of the Wapa farmer group. 
He’s a farmer teacher too and the passion he 
shows passion when he talk about push-pull 

is amazing

He’s life really improve after push-pull 
adoption as his family and his livestock

were no more under food shortage
conditions:

“It is also important that I got some good 
benefits like availability of fodder for my 
cows at home and this led to more milk 

production. The diet of the family 
improved as there was an extra income to 

diversify the meals presented on the 
table. There appeared to be more stability 

and joy in the family.”
Wapa farmer group



Rispa

Before push-pull adoption:

Few kilos yield from the fields
(both 21x30 metres)

After push-pull adoption:

Subsequent increase to 180 and 270 kg from 
D.intortum+Napier and D. intortum+Brachiaria
respectively fields

60-90 kg for the first year of adoption from 
their fields

Suba district

Farmer teacher in a 30-members farmer
group. With two of them, she was one of 

the farmers atthe very first Baraza in 1997

Since harvesting was extremely difficult, 
mainly due to striga abundance, in 1998 

they decide to try push-pull

Thanks to push-pull she was able to 
pay for the school fees of her son, 

who obtained a Certificate in 
General Agriculture and is now
helping them with their fields



Mary ‘Chelsea Flower’

Before push-pull adoption:

No harvesting at all

Ogongo

Teacher and leader of a 27-
farmer youth group

She partecipated to 1997 Baraza. Bacause her field was completely
infested by striga and she was harvesting literally nothing

Since her field was totally plenty of striga she had to wait
for the second year of desmodium intercrop to see some 
results. But by the third one results started to be great as

striga seed bank present in the soil heavily decreased

She was invited as Push-pull witness
at 2005 Chelsea Flower Show

She turned to climate-smart due to NSD

Now she’s planning 
to buy a dairy cow 
with extra money
and fodder from 

push-pull

After push-pull adoption:

Her 21x30 metres isextremely healthy and 
produces three bags of maize (270kg)



FARMERS 
LIFESTYLE

SELLING GROUPS

FOOD SECURITY

CROP 
HARVESTING

LIVESTOCK 
HEALTH

SOIL FERTILITY

MANURE 
QUALITY

INCOME

FARMERS GROUP

MILK, EGGS, MEAT

EFFORTS

FREE TIME

FODDER KNOWLEDGE 
SHARING



Aknowledgemets and notoriety

L’Espresso, 10 Dec 2015

Donation to Mama Sarah 
Obama Foundation 

(MSOF)

Winner of the 2010 
Innovation and Creativity in 

Entomology prize of ESA 

International attention started risining…

From UN…

…to non-
specialized

weekly!

Prized at 3ʳᵈ Global Science 
Conference on Climate-Smart 

Agriculture (Monpellier, 
2015)



An exemple, an inspiration .

Urgent international effort with a clear sense of
long-term challenges and possibilities is necessary
and to do this a change of perspective in agriculture
and environment management is crucial

World population projections estimate 9 billion poeple by the year 2050, 
most of which in developing countries

For this reason reserchs like push-pull have to be encouraged and 
taken as an exemple of the path to undertake

What, although extremely brilliant, might resemble to some extent like a lucky fairy tale and an isolated
case, is instead the result of continuous efforts to understand complex and multiple organism interactions
with an ambitious goal kept in mind: contribute to reduce alimentary insecurity and extreme poverty while
respecting and preservating the environment biotic and abiotic compounds in order to ensure at the same

time sustainability. 

A multidisciplinary approach taking into account the huge amount of
variables to meet growing population demand whilst also maintaining and
enhancing the diversity of species genetic resources, that is vital to facilitate
environmental resilience, conservation and productivity, is thus required.

The complexity of agricultural systems

The Royal Society, 2009
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Thanks

Special thanks to all ICIPE staff, in particular to Professor 
Khan and Aloice Ndiege for being so willing and passionate 

to show me this brilliant project

Thanks also to World Friends NGO (Nairobi)
that made the journey possible

Thanks to Maurice Mwanga and 
all other friend I’ve met!

And of course thanks to Prof Lara Maistrello (Dept. Life Sciences, UNIMORE) 
and Reggio Emilia University for the invitation!



Thank you!



http://push-pull.net

Infos



Push-pull idea spreading…


