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1 Introduction

The post-1960 divergence in agricultural productivity between sub-Saharan Africa and other

regions in the developing world is largely attributable to the failure of the former region

to adopt improved, green revolution cereal varieties (Evenson & Gollin, 2003). In many

ways, Kenya is an exception to this pattern as some 85% of Kenyan farmers had adopted

hybrid maize varieties by 1980. However, this average pattern hides important regional

heterogeneity within Kenya. The moist, mid-altitude agro-ecological zone in western Kenya–

a smallish agro-ecological niche home to 12% of Kenyan maize farmers–has a hybrid uptake

rate that is only a third of the national average.

A possible explanation for this divergent pattern is that the hybrid maize varieties that

have traditionally been made available in this region are not well-adapted to the local agro-

ecology of this zone. Using a standard economic model of farmer variety choice and a

stylized representation of the property of adapted versus non-adapted improved varieties, we

show that when only the latter varieties are available, we would expect a bi-modal pattern of

improved seed use, with poorer farmers using only local seeds and better off farmers jumping

into the market using both seeds and non-trivial amounts of complementary fertilizer. The

model also shows that the introduction of an improved variety that is well adapted to the

local agro-ecology could break this pattern and offer benefits to less well-off farmers as well

as to those better off farmers that can adopt the seeds and apply fertilizer.

If this explanation is correct, it introduces the question as to why well-adapted improved

varieties have not been available in areas like Kenya’s moist, mid-altitude zone. Using a

simple model of seed variety innovation, we show that absent public-partnerships in the seed

sector, and absent buoyant access to capital for locally-based seed companies, this situation

of low adoption, and its correlates of low productivity and high poverty rates, are likely to

persist.

To test the empirical veracity of this theoretically-grounded story, we take advantage

of a unique setting to explore the expansion of a local seed company (Western Seed) that



both enjoyed strong partnership with the International Center for Improvement of Maize and

Wheat (CIMMYT) as well as an infusion of social investor capital brokered by the Acumen

Fund. This confluence of factors allowed creation of a randomized controlled trial (RCT) to

study the impact of locally adapted, improved maize varieties. Very much in line with the

expectations of the theoretical model, we find that the introduction of these varieties offered

substantial yield gains to moist, mid-altitude maize farmers. Those farmers who had never

used fertilizer nor improved maize seeds experienced a 30% yield gains when adopting the

seeds (and still not employing fertilizers). The subset of farmers who historically had used

improved seeds in combination with fertilizer experienced an even larger 90% yield gain.

Finally, outside of the moist, mid-altitude zone, we find that the new seed varieties provided

by Western Seed performed no differently than already available improved varieties.

Stepping back from Kenya, sub-Saharan Africa is known to be comprised of a wide-

variety of different agro-ecologies. While we cannot in this paper pin down the extent to

which the broader sub-Saharan African pattern of low use of green revolution technologies

can be attributed to niche agro-ecologies for which locally adapted improved varieties do

not exist1, our results do point to a hybrid seed sector model that potentially offers benefits

across the wealth spectrum of African cereals farmers.

The remainder of this paper is structured as follows. Section 2 models both the demand

for and supply of improved seed varieties in a small agro-ecological niche. Section 3 introduces

the western Kenya study area and lays out the design for the RCT made possible by the

capacity expansion of the Western Seed Company. Section 4 presents average treatment

effects across the moist, mid-altitude zone as well as other zones included in our study.

Finally, Section 5 undertakes the key heterogeneity analysis that identifies the key results

summarized above for different farmer types.
1For example, Carter, Laajaj and Yang (2019) find that information constraints limit adoption of green

revolution technologies in Mozambique’s central maize growing regions.
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2 Economics of Technological Change in Small Agro-climatic

Niches

This section considers the economic forces that shape demand and supply for three stylized

seed varieties that are potentially available to farm households in a small agroclimatic niche,

such as the midaltitude zone of Kenya that is the focus of this study. The first is a local

variety whose yields are relatively unresponsiveness to inputs of fertilizer. The second is an

improved, fertilizer-responsive modern variety developed for a different agroclimatic zone,

but transferred into the niche zone without further breeding to adapt it to local conditions.

We will refer to this variety as the exotic (non-locally adapted), improved variety. The third

type is an improved modern variety that builds on quality foundation seed and has been

adaptively bred for the local agroclimatic conditions.

We assume that all three varieties respond linearly to increases in fertilizer application,

f , over a broad range such that we can write per-hectare yields as a function of seed type

and fertilizer:

yv(f v) = (αv0 + αv1f
v) ∀f < f o,

where the variety indicator v takes on the value of ` for local, e for exotic modern vari-

ety without local adaptive breeding and a for locally adapted modern variety, f v is the

per-hectare intensity of fertilizer applied to variety v, and f o is the agronomically optimal

fertilizer rate.2 Assigning a numeraire price of one to maize, the income net of seed and
2The assumed linear response of production to fertilizer reflects the usual agronomic recommendation

that there is an optimum of fertilizer per-unit area (say, 100 kg of nitrogen per-hectare), and that farmers
unable to fertilize their entire plot at that optimum rate should concentrate the fertilizer on a subsection
of their plot rather than spreading the fertilizer out at a diluted rate over their entire plot. Note that this
practice will imply that the marginal returns to fertlizer are constant and equal to β0v up until the point
that the farmer applies more than the optimum amount of fertilizer on her entire plot.
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fertilizer costs for a farmer who devotes Hv hectares of land to variety v will thus be:

(1) Y v = Hv ((αv0 − sv) + (αv1 − pf ) f v)

where sv is the per-hectare cost of seed for variety type v, and pf is the price of fertilizer.

Using this notation, we can characterize the three stylized seed technologies as follows:

• Local Variety

The per-hectare cost of local seeds, s`, is low (as grain from the previous harvest can

be saved and planted) and fertilizer is not profitable to use with them (pf > α`1).

• Exotic, Non-locally Adapted, Improved Variety

The cost of exotic seeds is non-negligible (se > s`), and while fertilizer-responsive

(αe1 > pf ), this variety generates less income than local varieties when fertilizer use is

zero ((αe0 − se) <
(
α`0 − s`

)
).

• Locally Adapted Improved Variety

Also costly (sa > s`), this variety outperforms local varieties without fertilizer ((αa0 − sa) >(
α`0 − s`

)
), and is more fertilizer-responsive in the local agro-ecology than the exotic

variety (αa1 > αe1).

Using these assumptions, figure 1 graphs the net income per-hectare for each of these three

stylized varieties. As can be seen, fertilizer use is not profitable for the local variety and it

is not worth employing the exotic improved unless the farmer applies at least f̃ e units of

fertilizer. The locally adapted improved variety outperforms the other varieties irrespective

of the level of fertilizer use. To keep matters simple, we will assume the locally adapted

variety costs no more than the improved exotic hybrid (sa ≤ se).

While our ultimate goal in this paper is to empirically test the efficacy of adaptive

breeding using data from our randomized controlled trial of the impacts of a locally adapted

modern variety, we first build on our stylized representation of alternative seed technologies
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Figure 1: Income under Different Seed Varieties

to explore the demand and supply of improved technologies in small agroclimatic niches.

2.1 Demand for Improved Seeds under Liquidity Constraints

This sub-section explores the demand for improved seed varieties by small-scale farming

households. Two constraints impinge on their demand. First, the farm household is assumed

to lack access to credit markets and hence must self-finance input purchases using prior

earnings, or what we will call cash-on-hand, z1. Input purchases thus compete directly with

current consumption needs.

Second, improved seed varieties are packaged in bags of no less than two kilograms in

Kenya (and elsewhere), which is enough to sow one-fifth of an acre. While seed bags can

in principal be broken open and sub-divided, we assume that the well-known problem of

counterfeit seeds makes farmers unwilling to buy less than a single bag of seed.3 This
3In our study area, Western Seed and other companies faced such significant problems of counterfeit

seeds (unscrupulous individuals would collect used seed bags and refill them with local seeds) that they

5



limitation creates a minimum farm area that can be devoted to a seed variety, which we

denote Hv, with H` = 0 and He,Ha > 0.

We assume that the farming input choices of a household with H̄ units of land and z1

units of cash-on-hand, are guided by the following two-period model:

Max
Hv∗,fv

u(c1) + βu(c2)(2)

subject to :

c1 ≤ z1 −
∑
v=`,e,a

Hv
(
sv + pff v

)
c2 ≤

∑
v=`,t,a

Hv (αv0 + αv1f
v)

∑
v=`,e,a

Hv ≤ H̄

Hv = max
[
0,
(
H̃v − Hv

)] H̃v(
H̃v − Hv

)


Hv∗, f v ≥ 0

where u(�) is a concave utility and β < 1 is the per-period discount factor. The modestly

convoluted fourth constraint restricts the actual cultivated area in variety v to be no less Hv.

As written in problem (2), the household chooses the notional area, H̃v, that it would devote

to variety v if there were no seed bag size limit. The fourth constraint then transforms this

notional area to an effectively cultivated area of 0 if H̃v < Hv. Otherwise, Hv = H̃v.4 Denote

the optimum area that will be planted to variety v as Hv∗(z1, H̄).

For purposes of our analysis here, we are only interested in characterizing when the farm

household would begin using improved seed technologies, that is, when it would jump from

planting no area to improved varieties to planting at least Hv of those varieties. Given the

began enclosing tickets that could be used to certify the seeds’ authenticity through an SMS-based message
system.

4In principal, this seed bag integer problem should continue, but as our analysis only concerns the adoption
decision, we will ignore that aspect of the problem.
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binary nature of this decision, we need only to compare optimized household well-being when

the household only plants the local variety, V `(z1, H̄|He, Ha = 0), with the stream of utility

available when planting Hv. We first consider the case when only the exotic improved variety

is available, and then consider the implications of introducing a locally adapted improved

variety.

2.1.1 Choice of Local versus Exotic Improved Varieties

To analyze the farm household’s decision to adopt the exotic improved variety, we evaluate

optimal behavior per maximization problem (2) conditional on the household devoting the

minimum possible area to the improved exotic variety, He.5 The first order condition for

optimal fertilizer choice under this conditional problem is:

r̃(f e, z1)pf ≥ αe1

where r̃(f, z1) =
u′1(c̃1)

βu′2(c̃2)
is a measure of the shadow price of liquidity, c̃1 = z1-He (se + pff

e)−(
H̄ − He

)
s` and c̃2 = He(αe0 + αe1f

e)+
(
H̄ − He

)
α`0. Note that first period consumption is

cash-on-hand less spending on inputs for the exotic variety and the seed costs of local variety

(recall that under our technology assumptions, fertilizer cannot be profitably applied to the

local variety such that f ` = 0 under optimal choice).

Note that r̃(f e, z1) is increasing in fertilizer investment and decreasing in cash-on-hand.

An interior solution with f e > 0 would equate the marginal returns to fertilizer to its full cost,

marked up by the shadow price of liquidity. For a sufficiently poor household with low z1, the

full cost of fertilizer will always exceed its return even when evaluated at f e = 0. Conditional

on adopting the improved variety, the best such a household could do would be to apply no

fertilizer. However, under the technology assumptions above, we know that the household

will generate less spendable income employing the exotic variety any time it chooses f e < f̃ e.
5In what follows, we all assume that it the farm household always finds it optimal to fully cultivate its

available land. While this assumption coujld be relaxed, it would add complexity without additional insight
for the problem at hand.
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As can be more formally demonstrated, for these sufficiently poor households, optimized

utility conditional on minimal adoption of the improved exotic variety, V e(z1, H̄|He = He),

will be strictly less than the non-adoption alternative, V `(z1, H̄|He, Ha = 0). Note that a

more realistic model that included risk considerations would only serve to strengthen this

result.6

More generally, defining the difference between these two value functions as:

∆e` = V e − V `

we can show that ∂∆e`

∂z1
> 0 and that there is a critical cash on hand level, z̃e where ∆e`

becomes positive and adoption of the improved exotic variety will begin with fertilizer levels

no less than f̃ e (see Appendix).

Letting φ(z1) and Φ(z1) denote the pdf and cdf for the distribution of initial cash-on-

hand in the small agroclimatic niche, figure 2 illustrates the implications of this model for

the demand for improved exotic seeds. Only farm households with initial cash in excess

of z̃ef would demand the improved exotic seed variety and optimally apply a non-trivial

amount of fertilizer to them. In short, when only the exotic improved and local varieties

are available, we would expect to see bifurcation, with 1−Φ(z̃ef ) fraction of the population

adopting (and applying fertilizer) to the improved varieties, and the complementary fraction

(Φ(z̃ef )) employing only traditional, fertilizer unresponsive varieties. The magnitude of these

fractions of course depends on the actual distribution of cash-on-hand and the magnitude of

the key technology parameters.
6In a model with risk, fertilizer applied to the exotic variety would increase expected yields as well as

variance in yields. Assuming households are risk averse, they would apply even less fertilizer under risk than
they would in our simplifed model with certain yields. This would increase the benefits from planting the
local variety without fertilizer over the exotic variety with low fertilizer use relative to the case without risk.

8



Figure 2: Demand for Improved Seed Varieties
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2.1.2 Demand for Locally Adapted Improved Varieties

We now consider how farm household variety choice changes once a locally adopted improved

seed variety is introduced which has the characteristics outlined above. Given our techno-

logical and other assumptions, no farm household would ever adopt the exotic variety rather

than the adapted variety. There will again appear a critical cash-on-hand value, z̃a, at which

the farm household will find it optimal to adopt the minimum acreage to the locally adapted

improved variety. In contrast to the exotic variety, initial adoption will occur without any use

of fertilizer. There will appear a second critical level, z̃af < z̃ef at which the farm household

will adopt the improved variety and apply a positive amount of fertilizer (see Appendix).

The implications of this analysis are again illustrated in figure 2. With the introduction of

the locally adapted improved variety, the farming population now falls into three sub-groups:

1. Φ(z̃a) of the population will continue to cultivate only local varieties;

2. Φ(z̃af )−Φ(z̃a) of the population will cultivate the locally adapted improved varieties,

not use fertilizers, but will enjoy higher yields than a counterfactual group that had

access to only exotic varieties and chose neither use them nor employ fertilizer; and,

3. 1−Φ(z̃af ) of the population will deploy the new varieties and apply fertilizer. Note that

this group would be predicted to have distinctly higher yields than a counterfactual

group that only had access to exotic varieties and utilized them in conjunction with

fertilizer.

All of these implications of course depend critically on the underlying technological assump-

tions about the relative productivity of adapted varieties. After examining the circumstances

under which the seed sector will supply locally adapted varieties, we will return to use our

Western Kenya experiment to see if in fact local adaptive breeding can provide benefits to

population sub-groups 2 and 3 as hypothesized here.
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2.2 Supply of Improved Seed Varieties: Innovation and Public-

Private Partnerships

The prior sub-section indicates that a modern variety successfully adapted to local conditions

can offer benefits to less well-off households, who do not adopt exotic modern varieties at all,

as well as better-off households that do at least partially adopt exotic varieties and employ

positive amounts of complementary fertilizer. In this section, we put forward a stylized

model concerning the innovation and supply of improved, locally adapted seed varieties.7

A key factor in the model is how the firm obtains parent lines for local adaptive breeding.

If parent lines are owned and maintained by the firm itself, then the firm pays no royalties

for using the parent varieties. Given the high cost of developing and maintaining parent

breeding lines, this option is only available to large, multi-national firms. Smaller firms can

access parent material by purchasing use rights from other private sector firms at a royalty

cost of ρ per-kilogram of adapted seed produced. In addition, firms may have the option to

use without royalty parent seed produced by the public sector.8 When public sector breeders

make parent lines freely available, smaller firms can avoid paying royalty costs for parent

material.

Given access to parent seed lines, firms incur a non-trivial fixed cost to breed seed vari-

eties for the local agro-ecology. These costs are related to not only acquiring farm land on

which to experiment, but also to acquiring the knowledge about local conditions that limit

crop performance. We assume that local firms, which typically emerge from farms already

producing in the local area, have a fixed cost advantage over multi-national or other non-

local firms who need to both acquire land and learn about the particularities of local farm

production. Specifically we assume that F ` < F n, where the first term measures the fixed
7Innovate here means develop locally adapted modern variety. Our distinction between innovation and

supply of seed varieties is analogous to the innovation and product markets in the conceptual model of
Spielman et al. (2014).

8The public sector has long filled this role, which has, for example, contributed to regional differences
in the development and adoption of hybrid maize in the United States (Griliches, 1960; Kantor & Whalley,
2019). In developing countries, public sector investments are supplemented by investments by international
organizations through the CGIAR networks, in particular CIMMYT for maize.
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costs of adaptive breeding for the local term and the second the fixed costs for the non-local

firm.

Given this notation, we can write the short-term returns to innovation for three types of

seed companies:

π`(q) = q (pa − c− ρ)− F `

π`p(q) = q (pa − c)− F `

πn(q) = q (pa − c)− F n

where q is the quantity of adapted seed sold, pa is its market price, and c are the per-kilogram

production or seed multiplication costs once the variety mix is established. The term π`(q)

measures returns for a local firms that must pay royalties for parent seed, π`p(q) are returns

for a local company with a public partnership that allows it to freely access quality parent

seed, and πn(q) are returns for the non-local, multinational firm. Figure 3 graphs these

different functions.

2.2.1 Economics of Investing in Locally Adapted Improved Seed Varieties

To analyze whether a firm chooses to innovate, we evaluate the firm’s optimal seed sales

conditional on it choosing to innovate. We assume that the marginal variable profits from

seed sales are positive for all firm types:9

pa > c+ x+ ρ > c+ x

Under this assumption, firm profits increase with seed sales conditional on the firm choosing

to innovate.

Given the fixed cost structure of local adaptive breeding, we can define for each type of
9Firms will of course not invest in adapting local varieties if this condition is not met.
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Figure 3: Firm profits as a function of sales.

firm a critical seed sales volume (q̃) where revenues just cover the fixed and variable costs of

production:

q̃` ≡ F `

pa − c− ρ
, q̃`p ≡ F `

pa − c
, q̃n ≡ F n

pa − c
.

For theses sales volumes, firms would recover their fixed costs of innovation, but earn zero

profits. Since firm profits increase with seed sales conditional on the firm choosing to inno-

vate, the firm will not innovate for markets smaller than the critical market size.

Setting aside competition from other seed companies, there are two other constraints

that limit market size for a firm considering investing in adaptive breeding. The first is the

size of the agroclimatic zone for which breeding will be undertaken. Letting N denote the

number of farmers in the agroclimatic zone and assuming that each farmer has H̄ units of
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land, then using the notation developed in section 2.1 above, we can define the effective

market demand for adapted improved seeds as the sum of seed demand across all households

in the zone given the distribution of wealth or cash-on-hand:

qmax =
saN

(∫ z̃af
z̃a

Hv∗(z1)φ(z1)dz1 +
∫∞
z̃af

Hv∗(z1)φ(z1)dz1

)
pa

where all the terms are as defined above. As shown above, farm households with cash-on-

hand below z̃a will not use any of the improved seeds, and hence this group is excluded from

the integral terms. Note that this expression highlights two features that shape potential

market demand: size of the agroclimatic zone (N) and the distribution of wealth. In practice,

we might expect these two objects to be correlated. A too-small zone may not be offered

improved adapted varieties and hence more households may be locked into a low productivity,

low income trap that keeps many farm households below the critical cash-on-hand levels

needed for adoption.

A second constraint that may limit firm’s economic ability to invest in adaptive seed

breeding is the firm’s own capital constraint. Using the simple notation of our model, we

can express this constraint for a local firm without a public partner as:

q(c+ ρ) + F ` ≤ K̄`

where K̄ is the capital that the firm can leverage for investment. This expression, and its

analogue for the other firm types, defines a maximum amount of seed production that the

firm can afford to finance, q`K ≡ K̄−F `

c+ρ
. While all firms potentially face capital constraints,

capital constraints are most likely bind for local firms (Langyintuo et al. , 2010).

Returning to figure 3, we can now explore the basic intuition from this model. If qmax <

q̃n, the multinational firm will not find it profit maximizing to invest in adaptive breeding

for the local agroclimatic zone. Similarly, even if qmax > q̃`, the local firm without a public
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partner will not invest if q`K < q̃`. In markets with only these two types of firms, there

could be a range of small (niche) agro-ecologies that are simply not supplied with any locally

adapted improved seed, resulting in the kind of bifurcated adoption behavior described in

section 2.1 above. As we will see in the next section, this appears to have been the case for

the relatively small moist midaltitude region of Kenya for decades prior to the mid-2000s.

2.2.2 Supply of Seed Technologies and Public-Private Partnerships

As the prior discussion makes clear, neither capital-constrained local seed companies, nor

large multinational actors may find it economic to invest in the adaptive breeding to fine

tune improved seed varieties for niche agroclimatic zones. However, as displayed in figure

3, a well-financed local company with access to publicly provided foundation seed may find

it economically possible to innovate for those niche zones. As described in the introduction

above, Kenya’s Western Seed Company not only had a partnership with a public source of

quality parent line seed, it also received a major infusion of capital that allowed it to rapidly

expand its seed multiplication capacity. As the next sections now explore, the expansion

of this seed company gave us the opportunity to explore whether the seed system in Kenya

was indeed leaving money on the table by failing to realize profitable innovation of locally

adapted improved maize seeds.

3 Empirical Context and Experimental Design

The previous section demonstrated that adapted varieties could benefit both poor and

wealthy farmers, but that small, poor regions may lack such varieties without local in-

novaters and public support to these firms. In this section we map the latter result into our

empirical context in Kenya and our experimental design. This experimental design allows

us to empirically test the effect of adaptive breeding on smallholder farmers.
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3.1 Empirical Context

While Kenya is considered to be a success story in terms of adoption of hybrid maize in

sub-Saharan Africa, adoption varies across the country’s agroclimatic zones. The three most

important maize-growing regions in Kenya are:

• Highland Tropic Zone

• Moist Transitional Zone

• Moist Midaltitude Zone

In the moist transitional zone of western Kenya, the initial period of hybrid maize adoption

from 1964 to 1973 saw the percentage of farmers adopting increase from under twenty percent

to over eighty percent (Gerhart, 1975). Yet in the moist midaltitude zone of western Kenya,

less than twenty percent of farmers adopted hybrid maize in 1973 (Gerhart, 1975). Figure

4 shows these differences in adoption persist to this day, with adoption of improved maize

varieties in the small, moist midaltitude zone of western Kenya lagging behind other regions

of the country.

Our stylized model suggests regional differences in adoption may be due to differences

in innovation of maize hybrids for these zones. Indeed initial public-sector research and

development of hybrid maize targeted the highland tropic zones, with these hybrid varieties

being quickly adopted by farmers in the neighboring transitional zone (Gerhart, 1975). In

essence hybrid maize development in Kenya exemplifies the model from Byerlee & Traxler

(2001) of public-sector investment in agricultural research and development. In this model, a

budget-constrained country with both small and large agroclimatic zones adopts a two-part

strategy with intensive research effort devoted to develop varieties adapted for in the large

zone and exotic technologies transferred to the smaller zone (Byerlee & Traxler, 2001).

The gap in hybrid maize adoption across regions of Kenya was the focus of an in-depth

study to chart a path for future maize research by CIMMYT (Hassan, 1998). The study’s

recommendation was to invest in research to develop varieties of maize that would mature
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Figure 4: Persistently low adoption of improved maize in moist midaltitude Kenya.

during the short growing seasons in the moist midaltitude zone of western Kenya. These

varieties could then be parent lines for developing hybrid varieties suited for the zone. Hassan

(1998) essentially concluded that returns to public-sector investment in the large zone had

declined to sufficiently low levels such that it was optimal to invest in developing technologies

for the smaller zone.

Public investment in research and development, as well as reforms to seed markets,

spurred private investment in innovation and product markets. In innovation markets, the

shift in public-sector research by CIMMYT laid the groundwork for the private sector to

develop maize hybrids for the moist midaltitude zone of western Kenya. In particular, a

private Kenya company, Western Seed Company, is a leader in varietal research and devel-

opment for the low potential zones of western Kenya. Figure 5 shows that between 1000 and

1500 meters above sea level – the moist midaltitude zone – many of the varieties with the

greatest yields come from Western Seed Company.

Figure 6 shows that over time the geographic footprint of Western Seed Company maize
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Figure 5: In the midaltitude zone of 1000-1500 meters above sea level, yields
are greatest for Western Seed Company (WSC) maize varieties. Commercial rec-
ommendations for hybrid varieties from company websites among varieties registered by
KEPHIS in 2009 KEPHIS (2018). Source: Authors.

hybrids expanded from the moist transitional zone into the moist midaltitude zone near

Lake Victoria. To increase the reach of the impacts of Western Seed Company seeds on

the livelihoods of smallholder farmers, the social impact investment firm Acumen funded an

expansion of areas served by the company. Through this investment, Acumen also aimed to

catalyze investment in Kenya’s seed sector more generally to add dynamism in the sector.

3.2 Randomized Control Trial with Western Seed Company

In partnership with Western Seed Company and Acumen, we identified study sites in two

areas where Western Seed Company was expanding its footprint in 2013. Specifically Western

Seed Company selected potential demonstration plot sites in the (former) Central, Western

and Nyanza Provinces; for simplicity, we refer to the Western and Nyanza sites as “western

sites” and the Central sites as “central”. Furthermore, the western region includes two distinct
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2004 2010

Figure 6: Western Seed Company expanded from the transitional zone to the
midaltitude zone prior to the study period. Administrative units (sublocations) where
at least one person used WSC (blue) and nobody used WSC (orange). Source: Produced by
authors from TAMPA2 and TAPRA data TAMPA2 (2004); TAPRA (2010).

agroclimatic zones defined by Hassan (1998): the “midaltitude” zone below 1500 meters above

sea level, and the higher-elevation “transitional” zone above 1500 meters above sea level.

Figure 7 shows the potential demonstration sites identified by Western Seed that we

sampled for the study. We matched each potential site to another potential site with similar

proximity and climatic characteristics to make strata pairs of sites. From each pair, the

research team randomly selected one site to receive initial information and access to Western

Seed hybrids, with the other site assigned to control group status. The information element

of the treatment consisted of both establishing a demonstration plot in the community where

farmers could observe the performance of the Western Seed varieties, which Western Seed

does in all communities where it begins promoting its seeds, as well as a small sample

packet provided to farmers to try on their own farm. Sample packets had just 250 grams of

seeds – enough to plant one-fortieth of an acre – so we expected this information to affect

farmers’ information about the yield of the seeds on farm but not to significantly affect their

maize production in that year. In the following season the access element of the treatment

involved Western Seed maize hybrids being stocked and marketed by agro-input dealers

in these communities through Western Seed’s standard business arrangements with input

19



Figure 7: Study sample in western Kenya. Black circles indicate sites in the moist
midaltitude zone of western Kenya, white circles indicate sites in the moist transitional zone
of western Kenya, and grey circles indicate sites in the moist transitional zone of central
Kenya.

dealers.

We expected a farmer’s adoption of Western Seed Company varieties to depend on their

ability to purchase fertilizer, and that fertilizer purchases would be constrained for many

farmers lacking liquidity. To test these hypotheses, we implemented a fertilizer intervention

in 2014 that gave fifty kilograms of high-quality fertilizer to randomly selected farmers in

both treatment and control sites in the western study area. For a given site, our research

team implemented a public lottery to randomly select farmers in our sample that would

receive the fertilizer intervention. The motivation behind this ancillary intervention was to

see if impacts of Western Seed Company varieties might be greater for farmers with fertilizer.

Since use of fertilizer primarily was low in western Kenya, we did not implement the fertilizer

intervention in the central study area.

Figure 8 illustrates the full randomization design. In the western study area, assignment

to the treatments randomly divided a total of 1200 farm households into four equally-sized

20



groups:

1. A Control group;

2. A Seed Only treatment group that received Western Seed information and free 250

gram trial seed packets in 2013 and an option to have WSC delivered to their home in

2015;

3. A Fertilizer Only group that received fertilizer in 2014 but received no seed treatment;

4. A Seed and Fertilizer group that received each of the treatments received by groups 2

and 3.

In the central study area, 600 households were divided evenly between groups 1 and 2 only.

We use the random variation in access to Western Seed varieties to identify the causal effect

of Western Seed hybrids on maize yields of smallholder farmers in Kenya.

We estimate the effect of Western Seed hybrids using three rounds of household survey

data from 1800 agricultural households. Figure 9 illlustrates the timeline of the study.

Our main outcomes of interest are from 2015 and were collected during the endline survey.

By 2015 farmers would have been familiar with Western Seed maize hybrids from their

experiences during the first two years of the study.

For each zone – midaltitude, transitional, and central – we summarize baseline character-

istics of households that reported planting maize in each year of the study. We summarize

baseline characteristics in levels for ease of interpretation.

Table 1 summarizes characteristics of households in the midaltitude zone by treatment

assignment; we restrict our sample to only those households observed in all three rounds of

data collection. Prior to Western Seed’s expansion, on average households planted hybrids in

only two of the previous ten seasons and used fertilizer at similarly low rates. Unsurprisingly

maize yields also are low, at 235 kilograms per acre. Material well-being of households is also

low across several measures. Average annual income per capita is 23,372 Kenyan shillings
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(approximately 234 USD) and a separate asset-based index indicates that on average a

household has almost a one-third probability of living below 1.25 USD per person per day.

Food insecurity is common among households in the sample, with almost two-thirds of

households being food insecure at some point during the year.

Table 2 summarizes characteristics of households in the transitional zone. Households use

hybrids and fertilizers at much higher rates than in the midaltitude zone, with an average

use in six out of ten seasons. Unsurprisingly average maize yields are more than double those

in the midaltitude zone, at just over 590 kilograms per acre. While average income and food

security are greater than in the midaltitude zone, many households live with poverty and

food insecurity. Average income per capita is 353 USD per year, and sixty-two percent of

households are food insecure at some point during the year.

Table 3 summarizes characteristics of households in central. Households use hybrids and

fertilizers frequently, with an average use in eight to nine out of ten seasons. Average maize

yields are 431 kilograms per acre, greater than average yields in the midaltitude zone and

less than average yields in the transitional zone. Material well-being is greater than the

midaltitude and transitional zones on a number of measures. Average income per capita

is over 527 USD, with the the average household having only a one-eighth probability of

living below 1.25 USD per day. Forty-three percent of households experience food insecurity.

While these measures are considerably better than those in the midaltitude and transitional

zones, material well-being in central is still low relative to global standards.

Tables 1-3 also estimate how baseline characteristics differ by treatment status in each

zone. In general baseline differences between treatment groups are not large in magnitude

relative to average baseline levels in the control group. Balance on observables gives us

confidence that omitting these variables from our estimation will not bias our treatment

effect estimates. However baseline variables that are strongly correlated with the dependent

variable with modest imbalance across treatment groups may bias our treatment effect esti-

mates. Since this is most likely to be true for baseline levels of the dependent variable, we
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Table 1: Balance at baseline, Midaltitude (N=589)

Summary Stats Estimates from OLS
(1) (2) (3) (4) (5)

Pooled Control Seed Fert Seed*Fert
Hybrid seasons (0-10) 2.17 2.13 0.18 -0.07 0.02

(3.26) (3.36) (0.48) (0.30) (0.49)
Fertilizer seasons (0-10) 2.40 2.95 -0.29 -0.44 -0.66

(3.77) (4.10) (0.60) (0.38) (0.50)
Dry maize yield (kg/ac) 234.36 197.24 66.74** 0.52 1.70

(287.31) (223.64) (32.84) (22.59) (45.89)
Acres (maize) 1.32 1.41 -0.30*** 0.00 0.17

(1.02) (1.00) (0.11) (0.12) (0.15)
Acres (total) 1.65 1.75 -0.38*** 0.12 0.10

(1.37) (1.28) (0.12) (0.14) (0.17)
Income per capita (100 ksh) 227.68 201.20 28.87 46.30 -44.56

(320.17) (305.72) (38.81) (45.13) (61.74)
Poverty (0-1) 0.32 0.32 -0.01 -0.00 0.02

(0.22) (0.23) (0.02) (0.02) (0.03)
Dietary diversity (0-12) 6.43 6.25 0.35 0.09 -0.11

(1.77) (1.86) (0.22) (0.19) (0.23)
Food insecure (0/1) 0.66 0.70 -0.05 -0.03 -0.02

(0.48) (0.46) (0.05) (0.06) (0.08)
Pooled and Control report means (standard deviations). Seed, Fert, and Seed*Fert
report point estimates obtained by OLS with pair indicators as controls (standard
errors clustered by village). Significance: * = 10%, ** = 5%, *** = 1%

estimate analysis of covariance (ANCOVA) specifications that control for baseline levels of

dependent variables. Finally, balance on baseline measures of household characteristics gives

us confidence that we also have balance on unobservable household characteristics.
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Table 2: Balance at baseline, Transitional (N=428)

Summary Stats Estimates from OLS
(1) (2) (3) (4) (5)

Pooled Control Seed Fert Seed*Fert
Hybrid seasons (0-10) 6.26 6.71 -0.37 -1.02** 0.97*

(3.14) (2.91) (0.46) (0.40) (0.51)
Fertilizer seasons (0-10) 6.48 6.74 -0.43 -0.68 1.13

(3.41) (3.27) (0.52) (0.59) (0.84)
Dry maize yield (kg/ac) 553.07 621.90 -74.93 -31.38 -43.10

(508.37) (515.97) (74.39) (55.56) (70.43)
Acres (maize) 1.32 1.34 -0.21 0.07 0.21

(1.35) (1.67) (0.17) (0.16) (0.20)
Acres (total) 1.92 1.93 -0.12 -0.01 0.23

(1.68) (1.94) (0.23) (0.22) (0.27)
Income per capita (100 ksh) 351.04 324.74 20.46 -38.77 150.80***

(463.09) (388.78) (63.94) (35.07) (51.84)
Poverty (0-1) 0.32 0.35 -0.03 -0.01 -0.02

(0.25) (0.25) (0.03) (0.03) (0.04)
Dietary diversity (0-12) 7.03 6.90 0.18 0.04 0.09

(1.30) (1.21) (0.15) (0.22) (0.31)
Food insecure (0/1) 0.63 0.69 -0.10* -0.04 0.03

(0.48) (0.46) (0.06) (0.06) (0.10)
Pooled and Control report means (standard deviations). Seed, Fert, and Seed*Fert
report point estimates obtained by OLS with pair indicators as controls (standard
errors clustered by village). Significance: * = 10%, ** = 5%, *** = 1%
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Table 3: Balance at baseline, Central (N=508)

Summary Stats OLS
(1) (2) (3)

Pooled Control Seed
Hybrid seasons (0-10) 7.78 7.82 -0.06

(3.55) (3.49) (0.36)
Fertilizer seasons (0-10) 8.65 8.64 0.02

(2.91) (2.94) (0.35)
Dry maize yield (kg/ac) 428.46 432.64 -5.14

(489.72) (515.44) (39.63)
Acres (maize) 0.76 0.74 0.04

(0.70) (0.70) (0.08)
Acres (total) 1.29 1.27 0.04

(1.14) (1.08) (0.14)
Income per capita (100 ksh) 507.28 424.16 167.74**

(738.67) (552.79) (70.15)
Poverty (0-1) 0.13 0.13 -0.01

(0.17) (0.18) (0.01)
Dietary diversity (0-12) 7.63 7.63 -0.01

(1.45) (1.40) (0.15)
Food insecure (0/1) 0.44 0.46 -0.03

(0.50) (0.50) (0.05)
Pooled and Control report means (standard deviations). Seed reports
point estimates obtained by OLS with pair indicators as
controls (standard errors clustered by village).
Significance: * = 10%, ** = 5%, *** = 1%
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4 Treatment Effects by Agroclimatic Zones

This section empirically tests the effect of adaptive breeding using data from our randomized

controlled trial of the impacts of a locally adapted modern variety. We estimate the effects

of Western Seed Company hybrids separately for each agroclimatic zone to account for

differences in socioeconomic status and maize seed markets across zones.

Within each zone, we estimate effects on two outcomes. First, we estimate effects on use

of Western Seed maize hybrids and fertilizer. Second, we estimate effects on yields for maize.

4.1 Use of Western Seed Maize Hybrids and Fertilizer on Maize

We present treatment effect estimates on input use in two ways. First, we exploit the

structure of our data as a balanced panel to study adoption and disadoption of Western Seed

maize hybrids by households in the treatment group during the study period. Table 4 shows

adoption and disadoption of Western Seed hybrids during the study period by households

in the seed treatment groups. Since Western Seed Company maize hybrids are new to these

communities, we study adoption on the extensive margin as measured by an indicator based

on farmer self-reporting. Adoption in 2014 was lower than anticipated due to a number of

factors, including the former parastatal Kenya Seed subsidizing its seeds and Western Seed

facing challenges in expanding their seed promotion to new regions like central Kenya. These

challenges in 2014 motivated the seed delivery program in 2015. Adoption in 2015 was five

to six percentage points greater than adoption in 2014 for each of three agroclimatic zones.

The seed delivery program supported continued adoption by some households that adopted

Western Seed hybrids in 2014 and also encouraged adoption by some households that did

not adopt in 2014. The different intensity of treatment in 2014 and 2015 of course could lead

different types of households to adopt Western Seed hybrids in those years. We re-visit this

question of selection in section 5.

Second, we estimate the effect of randomized treatments on use of Western Seed Company
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Table 4: Percent of Households Adopting Western Seed in Seed Treatment Groups

A. Midaltitude
No 2015 Yes 2015 Total

No 2014 74.48 10.00 84.48
Yes 2014 5.17 10.34 15.52
Total 79.66 20.34 100.00

B. Transitional
No 2015 Yes 2015 Total

No 2014 58.69 16.90 75.59
Yes 2014 10.80 13.62 24.41
Total 69.48 30.52 100.00

C. Central
No 2015 Yes 2015 Total

No 2014 86.82 8.14 94.96
Yes 2014 3.10 1.94 5.04
Total 89.92 10.08 100.00

maize hybrids and fertilizer on maize in the wave 3 endline survey using a post estimator.10

For the midaltitude and transitional zones of western Kenya, we estimate the regression

function

(3) Outcomeit = δ · Seeds + β · Ferti + γ · Seeds · Ferti + µpt + Errorivt

where Seeds indicates whether site s was randomly assigned to the seed treatment, Ferti

indicates whether household i was randomly assigned to the fertilizer treatment, µpt is a pair-

round effect to account for stratification of the seed treatment (following Bruhn & McKenzie

2009), and Errorivt is clustered by village.
10Households assigned to the seed treatment received Western Seed maize hybrids at baseline as part of

the treatment. Therefore we do not estimate an ANCOVA specification that would include baseline use of
Western Seed as a bad control.
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For central Kenya, we estimate the regression function

(4) Outcomeit = δ · Seeds + µpt + Errorivt

Table 5 shows estimated treatment effects on use of Western Seed maize hybrids from (3)

and (4). The seed treatment has large effects on Western Seed adoption in the midaltitude

zone, increasing adoption by thirteen percentage points in the wave 2 midline survey and

twenty percentage points in the wave 3 endline survey. These are large effects considering

that hybrid use is uncommon for households in this zone. The seed treatment effect is

smaller but still large in the transitional zone, at six to thirteen percentage points, despite

the control group adopting at relatively high rates of nineteen to twenty percent. The seed

treatment effect increases adoption in central by four to ten percentage points, yet this effect

is still large considering households frequently use other hybrids in this zone. Although we

expected the fertilizer treatment to increase adoption of Western Seed hybrids, we do not

find a large effect of the interaction of seed and fertilizer treatments on adoption; we return to

this finding in section 5. Not surprisingly we do not find any effect of the fertilizer treatment

on use of Western Seed maize hybrids.

Table 6 shows estimated treatment effects on use of fertilizer on maize from (3) and (4).

Since fertilizer is more commonly used in the study areas, we study the intensive margin of

fertilizer use as measured by kilograms per acre. To reduce the influence of outliers on our

estimates, we transform fertilizer use by the inverse hyperbolic sine transformation; these

estimates are approximately percentage effects of the treatment on fertilizer use. Although

yield gains from hybrid varieties can increase dramatically with fertilizer applications in the

right growing conditions, we do not find a large increase in fertilizer use due to the seed

treatment. We do however observe a large increase in use of fertilizer on maize due to

the fertilizer treatment. The largest effects of the fertilizer intervention were in the wave

29



2 midline year when the fertilizer was provided to farmers, with small effects persisting in

the wave 3 endline year. In the midaltitude zone, average fertilizer use in the midline year

for the fertilizer treatment group is more than double that of households not receiving the

fertilizer treatment. In the endline year, the the fertilizer treatment increases fertilizer use

twenty-seven percent. In the transitional zone, average fertilizer use in the midline year for

households receiving the fertilizer treatment is sixty-six percent greater than that of house-

holds not receiving the fertilizer treatment. In the endline year, fertilizer use increases about

thirty-five percent for households assigned to both seed and fertilizer treatments relative to

other households. Surprisingly the fertilizer treatment alone has no effect on fertilizer use in

the transitional zone in the endline year.

Overall the estimated treatment effects on input use are consistent with our expectations,

and aid our interpretation of core estimates of treatment effects on maize yields. Seed

treatment alone increased use of Western Seed maize hybrids but not use of fertilizer, meaning

that yield effects of the seed treatment only can be attributed to changes in Western Seed

use without changes in fertilizer use. The fertilizer treatment did not increase Western Seed

use but did increase fertilizer use, meaning that yield effects of the fertilizer treatment only

can be attributed to changes in fertilizer use without changes in Western Seed use. The

interaction of seed treatment and fertilizer treatment did not increase input use much more

than either of the treatments alone, with the lone exception being endline fertilizer use in

the transitional zone.

4.2 Maize Yields

We use the random variation in access to Western Seed varieties to identify the causal effect

of Western Seed maize hybrids on maize yields of smallholder farmers in Kenya. We present

these core results in two robust ways. Both approaches reveal the same impact pattern for

each of the three agroclimatic zones: large impacts in the midaltitude zone, but little to no

impact in the moist transitional zones of western and central Kenya.
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Table 5: Effects on use of Western Seed maize hybrids (0/1)

Midaltitude Transitional Central
(1) (2) (3) (4) (5) (6)

Midline Endline Midline Endline Midline Endline
Treatment (0/1)
Seed 0.13*** 0.20*** 0.06 0.13* 0.04*** 0.10***

(0.04) (0.03) (0.06) (0.08) (0.02) (0.02)
Fertilizer -0.00 -0.00 -0.05 -0.06

(0.01) (0.02) (0.04) (0.05)
Seed*Fertilizer 0.03 -0.03 0.05 0.01

(0.04) (0.05) (0.05) (0.07)
Control mean 0.01 0.02 0.19 0.20 0.01 0.00
Observations 589 589 428 428 508 508
R-squared 0.09 0.13 0.07 0.06 0.04 0.08
F-statistic 5.01 6.90 10.29 3.00 2.53 3.23
Results obtained by ordinary least squares estimation.
All specifications include pair indicator variables as controls.
Standard errors clustered at the village-level in parentheses.
* = 10% significance, ** = 5%, *** = 1%

Table 6: Effects on use of fertilizer on maize (IHST of kg/ac)

Midaltitude Transitional Central
(1) (2) (3) (4) (5) (6)

Midline Endline Midline Endline Midline Endline
Treatment (0/1)
Seed 0.05 0.01 0.12 0.12 -0.23 -0.27

(0.30) (0.30) (0.23) (0.25) (0.19) (0.23)
Fertilizer 1.77*** 0.27 0.66** -0.01

(0.25) (0.20) (0.25) (0.25)
Seed*Fertilizer -0.22 -0.15 -0.16 0.24

(0.38) (0.33) (0.31) (0.30)
Control mean 1.67 1.64 3.71 3.78 4.03 4.49
Observations 589 589 428 428 508 508
R-squared 0.42 0.34 0.06 0.08 0.06 0.06
F-statistic 63.71 54.71 4.86 5.56 2.81 2.21
Results obtained by ordinary least squares estimation.
All specifications include pair indicator variables as controls.
Standard errors clustered at the village-level in parentheses.
* = 10% significance, ** = 5%, *** = 1%
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First, we look graphically at median maize yields at baseline, midline, and endline for the

different control and treatment groups. Looking at medians, as opposed to means, eliminates

the undue influence of outlier observations which tend to exaggerate the impacts. Figure 10A

graphs median maize yields for the midaltitude zone. As can be seen, households receiving

the fertilizer treatment at midline had higher yields than either the “seed only” or the control

group. The lack of any discernible impact of Western Seed varieties is due in no small part

to low rates of adoption of Western Seed by treated households at midline. Adoption was

greater by the time of the endline survey, when households in the Western Seed treatment

arms produced roughly forty percent more maize per-acre than the control group. Figure

10B is the analogue picture for median maize yields in the higher altitude transitional zone.

As can be seen, maize yields in this zone are much higher than in the midaltitude zone.

There was substantial imbalance at baseline, with median maize yields among households

not receiving the WSC seed treatment being much greater than yields of either of the groups

that received the WSC seed treatment. Finally, figure 10C graphs the trajectory of median

yields in the central zone. WSC shows no extraordinary gain in this area where hybrid

adoption was already high prior to the study intervention.

Second, we estimate treatment effects using an ANCOVA specification. Our outcome

of interest is maize yield in kilograms per acre; to lessen the role of outliers, we transform

this measure by the inverse hyperbolic sine transformation. We estimate intention to treat

(ITT) effects using two specifications. In the midaltitude and transitional zones, the two

specifications are the post specification (3) as well as the ANCOVA specification

(5) Outcomeit = δ · Seeds + β · Ferti + γ · Seeds · Ferti + µpt + ρ ·Outcomei1 + Errorivt

where Outcomei1 is the measure of the outcome variable in the wave 1 baseline survey, which

helps control for imbalance on baseline values of the dependent variable across treatment

groups (McKenzie, 2012).
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In central, the two specifications are the post specification (4) and the ANCOVA speci-

fication

(6) Outcomeit = δ · Seeds + µpt + ρ ·Outcomei1 + Errorivt

For specifications (3)-(6), we estimate the percentage effect of the treatment g using the

ITT estimate ĉ by ĝ = exp(ĉ− 0.5 ∗ SE(ĉ)2)− 1 (Bellemare & Wichman, 2019).

Table 7 presents estimates of (3)-(6) by agroclimatic zone. For the midaltitude zone,

the seed treatment increased yields by just eight percent in the midline year, but increased

yields forty-two percent in the endline year. Given that these are intention to treat effect

estimates, the actual yield increases experienced by those who adopted WSC because of the

seed treatment (impact of the treatment on the treated) is approximately five-times greater,

indicating substantial yield gains in the endline year. Given that the midaltitude area is one

with relatively low hybrid use, these impacts likely reflect a mix of first generation adoption

effects (hybrids versus local varieties) and second generation adoption effects (WSC hybrids

versus other hybrids). In the next section, we explore this issue further to distinguish the

magnitudes of the two effects. In the transitional zone, estimated treatment effects on yields

are relatively small and do not differ from zero at the five percent significance level. In

the central zone, WSC shows no extraordinary gain in this area where hybrid adoption was

already high prior to the study intervention.

The yield effects in table 7 show promising impacts of Western Seed in the midaltitude

zone on average. We can estimate the local average treatment effect on households induced

to adopt Western Seed due to the treatment. Yet the treatment’s effect on Western Seed’s

adoption was too low for it to be a strong instrument for adoption even in the endline

year. Therefore we estimate local average treatment effects from a specification that pools

estimates across rounds 2 and 3. Table 8 presents these results. In the midaltitude zone,
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Table 7: Effects on maize yield (IHST of kg/ac)

Midaltitude Transitional Central
(1) (2) (3) (4) (5) (6)

Midline Endline Midline Endline Midline Endline
Treatment (0/1)
Seed 0.09 0.36*** -0.27 -0.08 0.32* -0.12

(0.16) (0.13) (0.16) (0.11) (0.17) (0.15)
Fertilizer 0.23 0.24* 0.15 0.06

(0.14) (0.12) (0.16) (0.07)
Seed*Fertilizer -0.19 -0.28* 0.28 0.12

(0.19) (0.15) (0.21) (0.13)
Yield 0.14*** 0.08** 0.16*** 0.13*** 0.19*** 0.21***

(0.04) (0.03) (0.03) (0.03) (0.05) (0.06)
Percent effect
- Seed 0.08 0.42 -0.25 -0.08 0.36 -0.12
- Fertilizer 0.24 0.26 0.15 0.06
Control mean 5.92 6.02 6.83 6.89 5.95 6.59
Observations 589 589 428 428 508 508
R-squared 0.14 0.04 0.09 0.07 0.11 0.13
Results obtained by ordinary least squares estimation.
All specifications include pair indicator variables as controls.
Standard errors clustered at the village-level in parentheses.
* = 10% significance, ** = 5%, *** = 1%
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column (3) shows that for households that were induced to adopt Western Seed hybrids

at midline or endline due to treatment, yields increased by about seventy-five percent, an

estimate that is large but not different from zero at the ten percent significance level. Yields

also increase with fertilizer use induced by treatment. Yet these Western Seed and fertilizer

effects are not jointly different from zero at the five percent significance level for neither

a Wald t-test nor an Anderson-Rubin test for inference with weak instruments. In the

transitional zone, we estimate a large negative effect of Western Seed hybrids on yields that

is not different from zero with statistical significance at the ten percent level. Yields increase

even more with fertilizer use due to treatment than in the midaltitude zone, and the Western

Seed and fertilizer effects are jointly different from zero at the one percent level. In central,

we obtain a very imprecise estimate of Western Seed’s effect on yields that is not different

from zero at the ten percent significance level.
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Table 8: Local average treatment effects on maize yield (IHST of kg/ac) across all rounds

Midaltitude Transitional Central
(1) (2) (3) (4) (5) (6) (7) (8)

WSC Fert Yield WSC Fert Yield WSC Yield
Treatment (0/1)
Seed 0.16*** 0.01 0.09 0.20 0.07***

(0.03) (0.28) (0.06) (0.21) (0.02)
Fertilizer -0.00 1.01*** -0.06 0.35

(0.01) (0.16) (0.04) (0.24)
Seed*Fertilizer -0.00 -0.18 0.03 0.04

(0.04) (0.30) (0.06) (0.27)
Instrumented variables
WSC hybrid use (0/1) 0.75 -1.33 1.47

(0.51) (0.82) (2.08)
Fertilizer on maize 0.14* 0.38*

(0.08) (0.22)
Yield 0.01 0.06 0.10*** -0.00 0.22*** 0.06 0.00 0.19***

(0.01) (0.04) (0.03) (0.01) (0.05) (0.04) (0.00) (0.05)
Observations 1178 1178 1178 856 856 856 1016 1016
Control mean 0.02 1.65 5.97 0.19 3.74 6.86 0.01 6.27
Instrumented variables: χ2 tests
- Wald p-value 0.11 0.03 0.48
- Anderson-Rubin p-value 0.12 0.00 0.49
All specifications include pair indicator variables as controls.
Standard errors clustered at the village-level in parentheses. * = 10% significance, ** = 5%, *** = 1%
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5 Heterogeneous Effects on Yields by Past Hybrid Use

As reported above, we find substantial yield impacts of Western Seed varieties in the mi-

daltitude zone. Given that prior adoption of hybrids in this area was modest, the question

remains whether the observed impacts reflect the fact that Western Seed varieties outperform

local varieties as well as other commercially available hybrids (largely bred for the Rift Valley

highland maize-growing areas). To gain purchase on this question, we split our sample in

the midaltitude zone between households that consistently used hybrids prior to the study

period and those that did not. A farm household was defined as a hybrid user if they had

used hybrid seeds at least four of the preceding five main seasons.

Tables 9 and 10 show the characteristics of these two groups. The user group is comprised

of farmers that use hybrids nearly all seasons whereas the non-user group used hybrids less

than one out of ten maize growing seasons. Average seasons of chemical fertilizer use is

three times more frequent in the hybrid users group, reflecting perhaps a reality that these

households are less financially constrained and better able to invest in both hybrid seeds and

the fertilizers that drive them to have better yields. Not surprisingly, yields are much higher

at baseline for the hybrid users group, at 342 kilograms per acre compared with the non-

user group average of 211 kilograms per acre. The main variable where we have concern of

over baseline imbalance is dry maize yield, especially among hybrid users; as in the previous

section, we control for this imbalance in an ANCOVA specification.

5.1 Use of Western Seed Maize Hybrids and Fertilizer

Table 11 shows estimated treatment effects on input use from (3). At midline, the seed

treatment alone increases Western Seed adoption by just eight percentage points, which

increases by an additional six percentage points with the fertilizer treatment as well. In

contrast endline adoption is driven by the seed treatment itself such that the composition of

endline adopters among prior non-users is more evenly divided between households that did
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Table 9: Balance at baseline, Midaltitude hybrid non-
users (N=482)

Summary Stats Estimates from OLS
(1) (2) (3) (4) (5)

Pooled Control Seed Fert Seed*Fert
Hybrid seasons (0-10) 0.89 0.57 0.34 0.42*** -0.28

(1.53) (1.13) (0.21) (0.16) (0.28)
Fertilizer seasons (0-10) 1.78 2.13 -0.14 -0.26 -0.73

(3.26) (3.58) (0.65) (0.39) (0.57)
Dry maize yield (kg/ac) 211.24 182.61 53.03 6.74 -15.96

(278.48) (228.20) (33.66) (27.08) (50.08)
Acres (maize) 1.29 1.33 -0.27** 0.10 0.16

(0.98) (0.91) (0.11) (0.12) (0.16)
Acres (total) 1.58 1.61 -0.35*** 0.21 0.12

(1.24) (1.08) (0.13) (0.13) (0.18)
Income per capita (100 ksh) 209.61 194.39 -5.19 11.38 41.04

(289.86) (324.53) (41.42) (49.04) (62.35)
Poverty (0-1) 0.33 0.33 0.00 0.02 -0.02

(0.23) (0.24) (0.03) (0.03) (0.04)
Dietary diversity (0-12) 6.36 6.13 0.28 0.11 0.13

(1.81) (1.92) (0.25) (0.23) (0.28)
Food insecure (0/1) 0.70 0.76 -0.06 -0.03 -0.03

(0.46) (0.43) (0.05) (0.07) (0.09)
Pooled and Control report means (standard deviations). Seed, Fert, and Seed*Fert
report point estimates obtained by OLS with pair indicators as controls (standard
errors clustered by village). Significance: * = 10%, ** = 5%, *** = 1%
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Table 10: Balance at baseline, Midaltitude hybrid users
(N=104)

Summary Stats Estimates from OLS
(1) (2) (3) (4) (5)

Pooled Control Seed Fert Seed*Fert
Hybrid seasons (0-10) 8.20 7.88 0.16 0.57 -0.40

(2.24) (2.45) (0.73) (0.68) (0.86)
Fertilizer seasons (0-10) 5.26 6.00 -0.22 -0.14 -1.04

(4.54) (4.52) (1.24) (0.75) (1.14)
Dry maize yield (kg/ac) 341.65 251.21 141.76* -18.48 102.56

(306.96) (200.11) (77.98) (42.33) (106.31)
Acres (maize) 1.44 1.71 -0.33 -0.28 0.04

(1.16) (1.26) (0.31) (0.28) (0.41)
Acres (total) 1.97 2.24 -0.40 -0.15 -0.13

(1.82) (1.79) (0.36) (0.49) (0.64)
Income per capita (100 ksh) 304.76 226.32 184.33** 212.29 -418.48***

(426.85) (225.63) (80.12) (136.02) (160.09)
Poverty (0-1) 0.26 0.28 -0.08* -0.08 0.21**

(0.21) (0.19) (0.04) (0.06) (0.09)
Dietary diversity (0-12) 6.75 6.72 0.63** 0.07 -1.17**

(1.59) (1.57) (0.29) (0.34) (0.47)
Food insecure (0/1) 0.47 0.47 -0.05 -0.01 0.06

(0.50) (0.51) (0.13) (0.12) (0.22)
Pooled and Control report means (standard deviations). Seed, Fert, and Seed*Fert
report point estimates obtained by OLS with pair indicators as controls (standard
errors clustered by village). Significance: * = 10%, ** = 5%, *** = 1%
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and did not receive fertilizer at midline. Increased adoption due to the fertilizer treatment

at midline and due to the additional seed intervention at endline suggests constraints to

adoption for these households. In contrast, prior hybrid users have relatively high rates of

adoption due to the seed treatment alone, which does not increase with fertilizer treatment

at midline or the additional seed intervention at endline. In sum, compared to the midline

year the endline adoption of Western Seed due to the seed treatment is driven relatively

more by constrained households that did not use hybrids prior to the study period.

Estimated treatment effects on fertilizer use also reveal greater constraints to input use

among households that previously did not adopt hybrids. While we estimate a small and

imprecise effect of the seed intervention on fertilizer use, we estimate the fertilizer treatment

itself more than doubled fertilizer use on maize among previous non-users of hybrids. A

smaller effect persists in the endline year of around thirty-eight percent of control group

fertilizer use. For past users of hybrids, the fertilizer treatment also increased fertilizer use

but to a lesser extent than for past non-users of hybrids. Fertilizer use roughly doubled

in the midline year relative to the control group, and endline use is about thirteen percent

greater than the control but this effect is imprecisely estimated.
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Table 11: Effects on input use

Western Seed maize hybrids (0/1) Fertilizer on maize (IHST of kg/ac)
(1) (2) (3) (4) (5) (6) (7) (8)

Non-Mid Non-End User-Mid User-End Non-Mid Non-End User-Mid User-End
Treatment group (0/1)
Seed 0.08** 0.18*** 0.30*** 0.28** 0.11 0.05 0.10 -0.09

(0.03) (0.03) (0.09) (0.10) (0.32) (0.35) (0.54) (0.48)
Fertilizer -0.00 0.01 -0.02 -0.02 1.93*** 0.38 1.02* 0.13

(0.01) (0.01) (0.03) (0.08) (0.26) (0.25) (0.55) (0.46)
Seed*Fertilizer 0.06* -0.01 -0.02 -0.19 -0.27 -0.25 0.11 0.30

(0.03) (0.05) (0.13) (0.12) (0.38) (0.39) (0.82) (0.66)
Control mean 0.01 0.00 0.03 0.09 1.35 1.37 2.84 2.64
Observations 482 482 104 104 482 482 104 104
R-squared 0.09 0.12 0.22 0.22 0.44 0.30 0.44 0.51
F-statistic 3.12 6.33 15.91 4.30 77.98 27.06 26.50 31.80
Results obtained by ordinary least squares estimation. All specifications include pair indicator variables as controls.
Standard errors clustered at the village-level given in parentheses. * = 10% significance, ** = 5%, *** = 1%
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5.2 Maize Yield

Table 12 estimates separate effects of the treatments for past hybrid non-users and users in

the midaltitude zone using (5). Note that under our regression strategy, treatment groups

are being compared to control groups with similar frequencies of hybrid seed use prior to

the study. Ultimately we are interested in the effect of the seed treatment on yields for

these respective groups. But before turning to the seed treatment effects on yields, we first

mention the fertilizer treatment effects. The fertilizer treatment increases yields for both

groups, increasing yields twenty-three percent for non-users and eighteen percent for users

relative to their respective control groups, but both estimates are imprecise and not different

from zero at the ten percent significance level.

The seed treatment had markedly different effects on yields in the midline and endline

years, as was the case for our pooled estimates for the midaltitude zone. At midline the seed

treatment has no effect on yields for past non-users of hybrids or for past users of hybrids.

But at endline the seed treatment effects were large and statistically significant. For past

non-users of hybrids, the seed treatment increased yields twenty-nine percent, which should

largely reflect a comparison between Western Seed hybrids and the local varieties primarily

grown by these households at baseline. For past users of hybrids, the seed treatment more

than doubles yields, which should largely be a comparison of the productivity of Western

Seed varieties versus other hybrid varieties that were bred for higher altitude environments.

This finding would seem to ratify the efficacy of Western Seed’s strategy to breed varieties

for niche agroclimatic zone.11

The fact that the impacts for the baseline hybrid user population are larger than for

the non-user population would seem puzzling at first glance.12 However, this finding is
11Care should be taken interpreting these results given the sub-sample of past hybrid users is relatively

small and significantly imbalanced on baseline maize yields in favor of seed treatment farmers. While the
ANCOVA regression approach controls for the effects of these imbalances on endline yields to the extent
that they exist, we do not estimate any relationship between endline and baseline yields for households that
used hybrids prior to the study period.

12Note that the compliance rate was 10 percentage points higher for the baseline user population, implying
that “treatment on the treated” impact differential is about 2.5 times, not 3 times, higher for the user group
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consistent with an interpretation that the ability of the more resource-constrained non-user

farm households to garner the full genetic benefits of Western Seed hybrids bred for their

agroclimatic zone. Concern that this would in fact be the case motivated the fertilizer

intervention treatment in 2014. Unfortunately, uptake of Western Seed seeds that season

was quite modest, making it impossible to precisely determine the impact of the Western

Seed seed treatment on the resource constrained non-user households when the constraint

to the purchase was relaxed.

Table 12: Effects on maize yield in midaltitude zone (IHST of kg/ac)

Non-users Users
(1) (2) (3) (4)

Midline Endline Midline Endline
Treatment group (0/1)
Seed 0.14 0.26* 0.02 0.78***

(0.19) (0.15) (0.22) (0.21)
Fertilizer 0.25 0.18 0.15 0.54**

(0.17) (0.14) (0.20) (0.21)
Seed*Fertilizer -0.21 -0.21 -0.07 -0.44*

(0.22) (0.18) (0.36) (0.26)
Yield 0.15*** 0.09** 0.06 -0.02

(0.04) (0.04) (0.08) (0.05)
Percent effect
- Seed 0.13 0.29 -0.01 1.13
- Fertilizer 0.27 0.18 0.14 0.68
Control mean 5.82 6.03 6.28 5.98
Observations 482 482 104 104
R-squared 0.13 0.03 0.24 0.22
Pair indicator variables included as controls.
Standard errors clustered by village.
Users plant hybrids in at least 80 percent of main seasons (2007-2012).
* = 10% significance, ** = 5% significance, *** = 1% significance

population.
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6 Conclusion

In sub-Saharan Africa, low agricultural productivity and low use of agricultural technologies

like hybrid varieties and fertilizers suggest many households in the region may be stuck in a

low-technology trap. This paper studied whether crop varieties developed for niche agrocli-

matic environments break that trap. In particular we studied whether maize productivity of

agricultural households in Kenya increased due to hybrid maize varieties developed by a local

firm, Western Seed Company, whose seed breeding and multiplication capacities had been

enhanced by its partnerships with CIMMYT and with the Acumen Fund. In collaboration

with Western Seed, we implemented a randomized control trial to estimate the causal effect

of Western Seed maize hybrids on maize productivity.

Our estimated impacts of Western Seed’s maize hybrids vary in important ways across

agroclimatic zones as well as across farmers within communities. While maize yields in-

crease significantly due to Western Seed use in the moist, mid-altitude zone that historically

lacked maize hybrids suited for its agroclimatic conditions, we do not find yield gains from

Western Seed use in the transitional zone where hybrid use has been common for nearly

fifty years. Thus the geographic area of the underserved niche in which Western Seed maize

hybrids realize a yield advantage appears to be relatively small. Within this niche we find

that the Western Seed hybrid varieties had the largest impacts on less resource-constrained

agricultural households that were already using and applying fertilizer to already available

commercial varieites. Realizing the full yield potential from these varieties appears to re-

quire greater knowledge and complementary resources to pair with hybrid maize adoption.

That said, even the more constrained farmers benefited significantly from the Western Seed

varieties.

****

Since our empirical findings are specific to the context of innovation of hybrid maize in

Kenya, we develop a stylized model to relate our findings to more general parameters of

innovation markets for agricultural technologies. The model focuses on conditions under
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which low-technology traps may arise by considering the decision of a firm of whether to not

to innovate a technology of exogenous quality given the effective market demand in a region.

This approximates the context in moist mid-altitude Kenya, which was ignored by breeding

programs for hybrid maize until seed market reforms and public investment spurred hybrid

development by private-sector firms like Western Seed Company.

****

While our data do not allow us to test the performance of different seed systems, the

patterns we observe are consistent with a theoretical model in which we expect small agro-

ecological niches to be underserved by seed systems that lack the hybrid partnerships that

allowed Western Seed to expand. While our results cautiously suggest that such a hybrid

system has much to offer other areas of sub-Saharan Africa where cereal yields lag and local

conditions are heterogeneous, we should note that technology is changing rapidly. In our

stylized model of innovation, differential innovation by firms is driven by cost structures. We

assume that local companies have lower fixed costs of hybrid development due to greater

knowledge of the local growing conditions, which we believe approximates the case of hybrid

development in Kenya in the early 2000s.

Yet recent advances in big data analysis may soon tilt cost advantages in favor of large

multinational firms that can realize economies of scope from drawing on data from agronomic

test trials in agro-climatic environments around the world. While development of hybrids by

Western Seed arose from public investments by CIMMYT’s breeding program that drew on

its international scope of research, in the future multinational companies may realize even

greater economies of scope independently, raising the potential of these large firms entering

the market for niche breeding.

Entry of new actors into niche breeding may transform innovation markets for agricul-

tural technologies in regions like mid-altitude Kenya to more closely resemble the present in

regions like transitional and highland Kenya, where many firms compete in hybrid develop-

ment. Such a development would shift research priorities toward studying the implications
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of competition and product differentiation between firms on the productivity and welfare of

agricultural households in these environments. From this perspective, our finding that locally

well-adapted varieties offer important benefits to both poor and better resourced farmers in-

dicates that such adaptive breeding, whatever its source, can offer substantial economic and

social benefits.
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Appendix: Derivations of Results in Sub-Section 2.1

First we demonstrate that, for sufficiently poor households, optimized utility conditional on

minimal adoption of the improved exotic variety will be strictly less than the non-adoption

alternative (4el < 0 for small z1). For an arbitrary and small value ε, we can construct a

level of cash-on-hand:

z1 ≡ Hse + (H̄ −H)s` + ε

The corresponding utility conditional on minimal adoption of the improved exotic variety

is:

V e(z1, H̄|He = H) = u(ε) + βu(H̄αe0 −H(αl0 − αe0))

where we have assumed that the return from planting the local variety without fertilizer is

strictly greater than the return from planting the exotic variety without fertilizer (αl0−αe0 >

0).

The corresponding utility under the non-adoption alternative is:

V l(z1, H̄|He = Ha = 0) = u(H(se − s`) + ε) + βu(H̄αe0)

which is strictly greater than utility conditional on minimal adoption of the improved exotic

variety, since we have assumed that exotic seed varieties are more expensive than local seed

varieties (se > s`).

Second, we demonstrate that the difference in the value functions increases with initial

cash on hand. The difference in value functions varies with initial cash on hand as follows:
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∂∆el

∂z1

= u′(.)H
∂f e

∂z1

(βαe1 − pf )

Thus the difference in the value functions increases with initial cash on hand when two

conditions are met. First, returns to fertilizer use on the exotic variety must be large relative

to the discount rate (α
e
1

pf
> β), which we assume to true. Second, fertilizer use on the exotic

variety must increase with initial cash on hand, which we formally derive by applying the

implicit function theorem to the household first-order condition:

df e

dz1

=
u′′(.)Hpf

u′′(.)((Hpf )2 + β(Hαe1)2)
> 0

Finally, given that the difference in value functions and the level of fertilizer use increase

with initial cash on hand, we can define a critical cash on hand level and corresponding level

of fertilizer use (z̃e, f̃ e) at which adoption of the improved exotic variety begins. Households

with cash on hand greater than this critical level will adopt the improved exotic variety and

apply more fertilizer than the critical level. Households with cash on hand less than this

critical level will not adopt the improved exotic variety.
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