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Farmer Field School Trials of 2:4:2 Maize/Legume Intercropping
Tim Motis, Biriori Dieudonne, and Robert Morikawa

(/resources/bd00f7a1-7c21-4e07-86a7-f6d8189e2c13)Farmers often struggle to maintain the productive capacity of their soils, especially
where they lack enough land for a fallow (rest) period between crops. Leguminous green manure/cover crops (GMCCs) can help; in
association with rhizobial bacteria, legumes convert nitrogen from the air into a form that plants can use. Many tropical legumes have deep,
extensive root systems that can take up nutrients which leach past the root zones of other crops. Thus, even on poor soil, they can produce an
abundance of nutrient-rich, plant-based mulch. When left on the ﬁeld, this mulch builds soil organic matter and fertility. Legumes also help
suppress weeds and, depending on the species, produce beans and foliage for human and/or animal consumption. While these beneﬁts are
well-recognized, the beneﬁt of GMCCs to small-scale farmers depends on how well they are integrated into smallholder cropping systems (see
BPN 7 (http://edn.link/caefgc) for information on legume selection and planting strategies).
In EDN 133 (https://www.echocommunity.org/resources/91b29d3d-2236-43ec-b0c2-15ccbc63dcb8) we described a cereal/legume
intercropping strategy in which two rows of a cereal crop are alternated with four rows of a legume. This “2:4:2” planting sequence is an
outcome of research done by the International Institute of Tropical Agriculture (IITA) and national partners, with cowpea as the legume and
maize or sorghum as the cereal crop (Ajeigbe et al. 2010). The planting conﬁguration minimizes competition for light. It is best suited to areas
where the return from the legume justiﬁes devoting less land area to a cereal crop. Research at ECHO in Florida showed that the system has
potential for integrating other legumes besides cowpea into maize, including those with taller canopies than cowpea, such as jack bean
(Canavalia ensiformis).
After reading about the 2:4:2 strategy in EDN 133, and visiting the Florida research plots, Plant With Purpose (plantwithpurpose.org
(https://plantwithpurpose.org/)) expressed interest in working with ECHO on a protocol that farmers in Democratic Republic of Congo (DRC)
could use to test the 2:4:2 system. Tim Motis and Stacy Reader corresponded with Plant With Purpose partners in the DRC, together developing
a way for farmers to compare the 2:4:2 approach to traditionally-grown maize using a Farmer Field School (FFS) model. Their experience is
shared here, both to provide an update on the performance of 2:4:2 outside Florida, and to present one way in which farmers conduct their
own research.
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About the Farmer Field School Approach
Technologies such as the 2:4:2 planting sequence have been shown to have multiple beneﬁts for farmers. One challenge of community
development is to effectively share information about a new practice, and then create a forum where farmers can develop a deep
understanding of the practice and adapt it to their local context.
FFS is a participatory approach where everyone involved is simultaneously both a learner and a teacher. Traditional agricultural training models
involve experts sharing knowledge with farmers, so that information ﬂows in one direction only. By contrast, FFS seeks to put farmers and
instructors on an equal footing, so that everyone can share knowledge and information ﬂows in many directions. FFS also introduces the ideas
of simple ﬁeld trials, formal ﬁeld observations, and practical innovation. FFS emphasizes local testing on real farms, rather than in a specialized
centre with specialized equipment and conditions. This kind of research is relatively low cost, and can be managed by community leaders and
facilitators with some basic training.
A typical FFS involves a group of 20 to 30 farmers who meet regularly. Group members decide how often they will meet; usually they meet
weekly or monthly depending on the nature of the trial. One farmer volunteers a small plot of land on his or her farm as the trial area. All farmers
in the group work together to plan, establish, maintain, and harvest the trial, typically with the guidance and training of a facilitator or
technician. The plot is typically divided in two, with one section for the treatment being tested (for example, a green manure crop) and the other
section serving as the control. The control should be familiar to all participants, and gives a frame of reference to which results of the new
treatment can be compared. A semi-structured observation process, also known as the agroecosystem analysis (AESA) can help guide farmers’
regular observations.

Methodology
The Kakumba watershed is located in South Kivu,
eastern Congo, in Uvira territory (Figure 1). It is part
of the larger Congo River watershed and empties
into Lake Tanganyika. Approximately 20,000 people
live in the area, most of them depending on
agriculture as their principle source of income.
2:4:2 maize/legume intercropping was new to the
community, so prior to meeting with farmers, Plant
With Purpose and ECHO developed a step-by-step
process that FFS facilitators could easily
communicate to farmers, and that farmers could
then replicate. To minimize communication barriers,
the research plan contained hand-drawn
illustrations (Figure 2) with instructions translated
Figure 1. Maps showing the location of the Kakumba watershed in DRC. Source: Open Street (Creative
into Swahili. The protocol called for locally-available
Commons Licence)
seeds (of the cereal and GMCC crops) and fertility
inputs, to minimize cost to farmers. A known,
appropriately-sized (had to be small considering the small plot size) volume-based unit of measurement called the kigoz (Figure 3) was
identiﬁed, to be used for quantifying grain production. One kigoz of maize or cowpea grain weighs approximately 0.67 kg. This meant that
participating farmers did not need to purchase and calibrate scales or transport their harvest to a central location to be weighed. A
questionnaire was developed to guide and record farmers’ observations. We minimized labor requirements by limiting data collection to farmer
observations and grain yield.

Figure 2. Hand-drawn illustrations of ground preparation (weeding [A] and compost application [B]),
seeding (C), and harvesting (D). Source: Robert Morikawa

In FFS trials, farmers normally meet
with a Plant With Purpose facilitator
or technician, together discussing
various options and deciding what
they want to test. Farmers groups in
Kakumba are regularly running FFS
on a variety of topics such as soil
conservation, improved crop
varieties, and soil fertility practices.
Because the 2:4:2 trial design was
already well-deﬁned, discussion
this time focused more on which
groups were interested, who would
volunteer a plot of land, and what
the control planting of maize would
look like. The farmers decided that
the legume would be cowpea,
commonly known as ngore in the
Uvira region. They chose cowpea
even though it appears to be
subject to some pest damage, is not
widely planted, and seed is
currently expensive. However, since
the experimental plots were small,
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seeds for the trial did not cost a lot. In the future,
farmers could multiply their own seed if they want to
try the system themselves; also, if cowpea becomes
more popular and is planted more widely, the cost of
seed will decrease. Farmer groups, facilitators and
technicians worked together to set up the trials.
Six separate FFS groups each established a trial
(Figure 4). Each trial site measured 12.6 m x 7.5 m,
with each site divided into two 6.3 X 7.5 m plots. One
plot was randomly assigned to the control treatment
and the other to the 2:4:2 treatment. The control
treatment consisted of traditionally grown maize,
with seeds sown at an approximate spacing of 50
cm X 80 cm, and with no fertility input applied; only
in recent years have farmers in the Kakumba
watershed begun to use compost to grow maize.
The 2:4:2 plot contained a mixture of maize and
cowpea--four rows of cowpea alternated with two
rows of maize, with rows spaced 70 cm apart. In-row
spacing was 40 cm for cowpea and 30 cm for maize.
Maize seeds were sown into shallow furrows (dug
with hoes), to a depth of about 15 cm. Prior to
seeding the maize, a handful of compost was placed
every 20 cm within furrows and lightly covered.*

Figure 3. A typical kigoz measuring can. Source: Biriori Dieudonne

Figure 4. Measuring (left) and hoeing (right) activities to establish a 2:4:2 trial. Source: Biriori
Dieudonne
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*NOTE: The 2:4:2 approach, as outlined by IITA, makes use of fertility inputs, especially for the maize. DRC farmers did not have NPK fertilizers, so
they used compost instead; a high rate was used to compensate for no NPK fertilizer being used, but farmers could certainly experiment with lower
rates. The purpose of the trial was to simply compare two cropping systems; a more rigorous design could have included treatments to determine the
contribution of manure and cowpea to the maize.

Cowpea rows received no fertility inputs. Seeding was done at the beginning of the rainy season, during the months of November-December
2017. Crops were rainfed; no irrigation was used.
Farmers in the FFS groups met
twice a week to record planting
and harvesting dates, as well as
observations related to pests,
disease, soil, crop growth, grain
yield, and the overall performance
of each treatment (Figure 5). At the
end of the season, each group
recorded the volume (number of
kigozes) of maize and cowpea
grain that were harvested. The
number of kigozes per plot were
converted to kilograms (kg), and
ﬁnal yields were expressed as kg
per hectare (ha) of a 2:4:2 or
traditional growing system. At the
end of the trial, farmers held focus
group discussions (summarized
below), to share their reactions to
the 2:4:2 system.

Figure 5. Farmers observing maize and cowpea plants at a 2:4:2 trial site. Source: Biriori Dieudonne

Grain Yields
Cowpea grain yield
Grain yields for each FFS group are summarized in Table 1. Cowpea grain production ranged from 213 to 638 kg/ha. Yields at one Kalonge site
(managed by the Umoja Wetu group) and at one Gomba site (managed by the Uamusho group) exceeded the 100 to 500 kg/ha average for
tropical parts of Africa (Madamba et al. 2006); the average for all six sites, 406 kg/ha, was on the high side of that range. A 2:4:2 cowpea crop is
capable of producing 800 or more kg/ha of grain (Ajeigbe et al. 2010) when fertilized and protected from insects, so these trial results seem
promising considering that there was no additional fertility or pest-control management.
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Table 1. Grain yield produced by maize alone or maize and cowpea in a 2:4:2 (two rows of maize alternating with 4 rows of cowpea)
planting sequence.
Farmer Field School

Cowpea and maize grain with the 2:4:2 system

Group name

Site

Muungano

Gomba

319

851*

1170

425

Umoja Wetu

Kalonge

638

851*

1489

709

Ushirika

Kalonge

425

851*

1276

425

Maarifa

Katongo

319

425

744

709

Mupango wa Mungu

Kigongo

213

425

638

709

Uamusho

Gomba

532

1276

1808

709

408

780

1188

614

Average

Cowpea (kg/ha)

Maize (kg/ha)

Cowpea + Maize (kg/ha)

Sole Maize (kg/ha)

*Similarity of these numbers is due to the same number of kigoz (local unit of volume) reported for each site; farmers were not asked to
report fractions of a kigoz.

In many parts of Africa, cowpea is grown under cereal or cassava crops. With the 2:4:2 approach, farmers can still grow these crops at the
same time, but without competition for light. Within a 2:4:2 system, 67% of the crop rows are occupied by legume plants. With their low
nutrient requirements, farmers are able to use most (if not all) of their fertility inputs to beneﬁt the maize crop. That said, if a ﬁeld is low in
nutrients and organic matter to begin with, legume growth may be optimized with modest amounts of organic or inorganic fertilizer. Legumes
do need some phosphorus in order for biological nitrogen ﬁxation to occur (Ssali and Keya 1983; Zahran 1999). They also need sufﬁcient
levels of other plant-essential nutrients. Fortunately, as mentioned earlier, many tropical legumes have deep root systems able to take up
nutrients from soil layers that may not be accessible to roots of the cereal crop. Leaving legume biomass on the soil returns those nutrients to
the soil surface, thus helping to maintain crop-accessible nutrient levels.
Using seed of improved varieties is another way to optimize legume productivity. Depending on your location, seeds may be available through
research centers like the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT (http://www.icrisat.org/from-grass-to-greattropical-legumes-project-transforms-agricultural-extension-in-northern-nigeria/)). Depending on the length of the rainy season, use of earlymaturing varieties may allow for two cowpea crops in a single growing season (Ajeigbe et al. 2010).

Maize yield
Maize production at four of the six sites was higher with 2:4:2 than when maize alone was planted. Ajeigbe et al. (2010) also reported higher
ﬁrst-year grain yield in Nigeria with 2:4:2 maize (978 to 2533 kg/ha) than with traditionally-grown cereals (489 to 1611 kg/ha in multi-crop
systems such as maize + sorghum, with or without cowpea). That study used more inputs than ours did (for details, a link to their online report
is available here (http://www.academicjournals.org/article/article1381143218_Ajeigbe%20et%20al.pdf ) and in the references section).
The Nigeria and DRC trials show that it is possible to produce as much or more maize with the 2:4:2 system as with traditional practices. This is
important in light of how much less land there is for maize in a 2:4:2 system than in a traditional cropping system. With spacings used in the
DRC trial, a farmer would plant 11,111 maize plants per ha of 2:4:2, compared with 25,000 plants per ha of traditionally cropped maize. Maize
in the 2:4:2 plots received more fertility inputs than maize in traditional plots; traditionally grown maize production would likely have been
higher if those maize plants had received the same level of inputs as the 2:4:2 plants. However, in low-resource settings, farmers are unlikely to
generate enough manure or compost, or to afford enough NPK fertilizer, to treat an entire ﬁeld.

Total grain yield
Total 2:4:2 grain yield (maize + cowpea) exceeded that of traditionally-grown maize in ﬁve of the six sites (Table 1). Averaged over all six sites, the
2:4:2 system produced nearly twice as much grain as the traditional method, clearly showing the beneﬁt of cowpea as a second source of grain
in the 2:4:2 system. However, the quantity of grain produced by a legume is only one piece of the picture; the suitability of a 2:4:2 system in any
given area also depends on the economic value of the grain. In the Kakumba Watershed, a kigoz of cowpea was more valuable (1500 FC) than
maize (1000 FC), making 2:4:2 with cowpea an attractive option. Economic returns from cowpea grain would probably decline if a large
number of farmers start growing cowpea at the same time, which could be a reason for future FFS trials to evaluate other legumes such as
pigeon pea.
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Farmers’ Reaction
Farmers’ reactions to the FFS trials were positive. When the 165 participating farmers were asked about the 2:4:2 system, 88% said they were
interested in trying it on their own farms. Farmers were primarily interested in the 2:4:2 system for increased yields, and for improved soil quality.
One disadvantage noted by farmers was the extra labor required to prepare ﬁelds at pre-planned spacing. Farmers also observed some pest
damage to leaves during their early development. Despite these challenges, all 6 FFS groups are starting a second season of the 2:4:2 trials on
the same plots of land, and 4 new groups are starting ﬁrst season trials.
The farmers’ discussion, analysis, and action demonstrate the way FFS allows farmers to research and learn within the local context. In fact, 40%
percent of farmers involved in the FFS groups would like to experiment with other legumes besides cowpea, indicating that the FFS model is
helping to stimulate farmer-led research within the community.

Conclusion
Research that beneﬁts small-scale farmers can be done in a variety of ways. Rigorous studies with multiple replicated/randomized treatments
can best be done at project sites or research stations; these are also good locations for pilot studies. In this case, an initial ECHO trial in Florida
helped us craft a 2:4:2 protocol that could then be tested by farmers. Research that beneﬁts farmers is much more likely to occur when farmers
are able to participate in the process. Plant With Purpose staff shared the following when asked about starting a FFS:
In our experience, FFS has worked best where there is already a well organized and motivated group within the community. It works well
when integrated into a teaching curriculum which offers ideas and technologies that are well suited to the local context, and that meet
recognized needs of farmers. FFS and trial design principles should be clearly explained and principles kept as simple as possible.
Catalyzing farmer-led research is challenging, and requires a process that creates as few barriers as possible for farmer participation.
This includes using training materials and strategies that work with people who typically cannot read or write, or who have limited
education. It is also important that trainers be able to use a participatory style of instruction rather than a top-down style. As much as
possible, farmers should be encouraged to participate, and they should be viewed as experts as well as learners.
We hope this article inspires you to ﬁnd ways to involve farmers in conducting research that improves their livelihoods.
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