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ABSTRACT 

 

This paper explores the idea that a competitive seed system may systematically underserve 

farmers in small, agro-ecological niches, leaving potential yield gains on the table and farmers in 

these areas less productive and poorer than they need be. We develop a simple theoretical model 

that illustrates how a confluence of demand and supply factors can result in such an under- 

serviced equilibrium. To study the empirical veracity of this model, we study the disruption of the 

maize seed market in Western Kenya that took place when a combination of public sector 

foundation breeding and social impact investment capital allowed a local seed company to expand 

and target a niche agro-ecological zone with adaptively-bred maize varieties. A three-year 

randomized controlled trial reveals that the impacts of these seed varieties on farmer yields and 

revenues in the niche market were substantial, both for better-resourced farmers (who used non- 

adapted hybrids and fertilizer prior to the intervention) as well less well-resourced farmers (who 

did not). Taken together, this theoretical and empirical evidence suggests news ways for thinking 

about seeds systems in areas typified by the high levels of agro-ecological heterogeneity found in 

important parts of sub-Saharan Africa. 
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1 Introduction 

 
Since 1960, agricultural productivity in sub-Saharan Africa has grown much more slowly 

than in other regions in the developing world, largely due to the failure of the sub-Saharan 

African region to adopt improved, green revolution cereal varieties (Evenson & Gollin, 2003). 

Kenya is an exception to this pattern as a majority of Kenyan farmers had adopted hybrid 

maize varieties by the mid-1980s. However, the high average rate of adoption in Kenya 

obscures important heterogeneity across regions of Kenya. As shown in Figure 1, in Kenya’s 

two largest maize growing regions, the highland and transitional zones, adoption rates have 

been above 75% since the 1970s. These hybrid adoption rates contrast with the mid-altitude 

zone, where this rate has barely crept above 25% in the years since 1970.1 Foreshadowing 

later discussion, note that the mid-altitude zone is relatively small, constituting only 11% of 

Kenya’s maize area, and is home to substantial numbers of Kenya’s poor farm households 

(Hassan, 1998). 

This regional divergence in hybrid maize adoption raises the question of its root causes. 

Regional differences in adoption are not unique to Kenya. In studying the uneven rate and 

spread of hybrid maize adoption in the US, Griliches (1960) proposed competing sociological 

and economic explanations. In Kenya, sociological explanations based on farmers’ social and 

cultural characteristics (e.g., traditionalism) featured in early discussions about the adoption 

of hybrid varieties. And yet, even at that time, Gerhart (1975) hinted that economic forces 

might explain heterogeneous uptake when he posited that the hybrid varieties available in 

the 1970’s may have been unprofitable to adopt in some regions because the varieties were 

poorly adapted to the local agro-ecology. If this economic explanation is correct for Kenya’s 

1Throughout this paper we use the agro-ecological zones for maize production in Kenya developed by 
the International Center for Improvement of Maize and Wheat (CIMMYT) (Hassan, 1998). These zones are 
defined by length of the maize growing season, which itself depends in large part on temperature (degree 
days), as well as rainfall and altitude. This paper focuses on the main zones for maize production: the 
highland tropical (henceforth, highland) zone composed of farms at or above 1600-2900 meters in altitude, 
the moist transitional (henceforth, transitional) zone from 1200-2000 meters in altitude, and the moist mid- 
altitude (henceforth, mid-altitude) zone from 1110-1500 meters in altitude. Figure 1 is constructed based on 
the best available data from these zones, which came from Gerhart (1975), Hassan (1998), TAMPA2 (2004), 
TAPRA (2010), and the baseline survey for our study. 
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Figure 1: Persistently low adoption of improved maize in Kenya’s mid-altitude zone. 

 
mid-altitude zone, then we would expect the introduction of well-adapted varieties to lead to 

increased adoption and agricultural productivity. At the same time, even if it is correct, this 

explanation begs the question as to why well-adapted varieties historically have not been 

available in this zone. 

This paper studies the introduction of seed varieties by a local firm dedicated to adaptive 

breeding for the agro-ecology of Kenya’s mid-altitude zone. To identify the impact of this 

firm’s varieties, we take advantage of a unique opportunity to conduct a randomized control 

trial of seed varieties among farmers in communities of western Kenya. Additionally, we 

provide theoretically-grounded insight, consistent with the reality of the experiment, on the 

question as to why prior seed sector actors had failed to market locally well-adapted varieties. 

The results from both exercises all us to draw out implications for the roles of private and 

public sectors in the seed market. 

We motivate our empirical tests with a theoretical economic model of farmer variety 

choice between three stylized seed varieties: local seeds, non-adapted improved seeds, and 

locally adapted improved seeds. When the only varieties available are local and non-adapted 
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improved seeds, the model predicts that the use of improved seed follows a bi-modal pattern 

seen in Figure 1, with poorer farmers using only local seeds and better-off farmers using 

both non-adapted seeds and complementary inputs like fertilizer. The model also shows 

that the introduction of an improved variety that is well adapted to the local agro-climate 

can break this pattern and generate benefits to less well-off farmers, as well as to those 

better-off farmers who had previously adopted improved seeds and inorganic fertilizer. 

If farmers can benefit from locally adapted adapted varieties, then why are such varieties 

not already available in small, “niche” agro-ecologies like Kenya’s mid-altitude zone. Using 

a simple model of seed variety innovation, we show that absent public-private partnerships 

in the seed sector, and absent buoyant access to capital for locally-based seed companies, 

the equilibrium outcome in niche agro-ecologies is one of no innovation of locally adapted 

varieties, leading to low adoption and low productivity. However the model suggests that 

availability of public-private partnerships and capital to locally-based seed companies may 

spur the seed innovation needed to break this trap. 

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

a unique setting created by the expansion in Kenya of a local seed company, Western Seed 

Company (henceforth, Western Seed). Since the early 2000s, Western Seed has benefited 

from strong public-private partnership with the International Center for Improvement of 

Maize and Wheat (CIMMYT) to innovate well-adapted improved varieties for the mid- 

altitude zone. But for much of that time Western Seed’s market coverage in Kenya was 

limited due to capital constraints, a primary bottleneck for seed companies in the region 

(Langyintuo et al. , 2010). In recent years, Western Seed has benefited from a partnership 

with the social impact investor Acumen to increase the capital to fund its market expansion. 

Western Seed’s expansion allowed our research team to conduct a randomized controlled 

trial (RCT) to study the impact of their locally adapted, improved maize varieties. 

In line with the expectations of the theoretical model, the RCT reveals that the intro- 

duction of Western Seed varieties caused substantial yield gains for maize farmers in the 
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mid-altitude zone. Outside of this zone, we find that the new seed varieties provided by 

Western Seed performed no differently than the improved varieties already available in the 

market. Also as predicted by the theoretical model, the effects in the mid-altitude zone vary 

across farmers. For farmers who historically did not use improved maize varieties, our inten- 

tion to treat impact estimates reveal that the availability of Western Seed varieties increased 

yields by 21% on average, a large effect despite these farmers using little to no complemen- 

tary inputs like fertilizers.2 However we would expect farmers who historically used improved 

seeds to have done so in part because they had the resources to invest in complementary 

inputs like fertilizers. We find this to be true empirically, and that these better-resourced 

farmers realized an even average yield gain of 47% percent due to the availability of Western 

Seed varieties. 

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

variety of different agro-ecologies. 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 exist.3 

But our results 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 Western Seed. Section 4 presents average treatment effects for the 

mid-altitude zone as well as for other zones included in our study. Section 5 undertakes the 

key heterogeneity analysis, identifying the impacts within the mid-altitude zones on farmers 

that had and had not been prior users of hybrid seeds. The final section concludes with 

reflections on implications for seed systems. 

2With compliance rates just south of 20% for this group, impacts on those who actually adapted the 
seeds are substantially higher, as discussed later in the paper. 

3For example, Carter et al. (2020) 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 a Niche Agro- 

Ecology 

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

seed varieties that are potentially available to farm households in an agro-ecological niche 

like the mid-altitude zone of Kenya. The first is a local variety whose yields are relatively 

unresponsive to inputs of fertilizer. The second is an improved, fertilizer-responsive modern 

variety developed for a different agro-ecological zone, and transferred into the niche zone 

without further breeding to adapt it to local conditions. We will refer to this variety as the 

non-locally adapted (henceforth, NLA) improved variety. The third is an improved modern 

variety that has been adaptively bred for the local agro-ecological conditions. 

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

over the relevant range of small farmer fertilizer use. As detailed in Appendix A below, this 

specification is an implication of farmers optimally managing fertilizer application given the 

agronomically defensible assumption that plant, like human, nutrition exhibits increasing 

returns to scale at low nutritional levels. We write per-hectare yields as a function of seed 

type and fertilizer: 

 
yv(f v) = (αv + αvf v) ∀f < f o, 

 
where the variety indicator v takes on the value of £ for local, n for NLA improved variety 

and a for locally adapted improved variety. The term fv is the per-hectare intensity of 

fertilizer applied to variety v and fo is the agronomically optimal fertilizer rate. 

Assigning a numeraire price of one for maize, the income net of seed and fertilizer costs 

for a farmer who devotes Hv hectares of land to variety v will thus be: 

 
Y v = Hv ((αv − sv) + (αv − pf ) fv) 
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where sv is the per-hectare cost of seed for variety type v, and pf is the price of fertilizer. 

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

 
• Local Variety 

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

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

• Non-Locally Adapted, Improved Variety 

The cost of NLA seeds is non-negligible (sn > sR), and while fertilizer-responsive (αn > 

pf ), this variety generates less income than local varieties when fertilizer use is zero 

((αn − sn) < 
(
αR − sR

 
). 

• Locally Adapted Improved Variety 

Also more costly to the farmer than local seeds, we assume that these varieties are no 

more costly the NLA hybird (sn ≥ sa > sR). 

The key question this study addresses is whether a locally adapted hybrid can economically 

outperform the local and NLA seed alternatives. Table 1 shows the different possible cases. 

In Case 1, the locally adapted variety would outperform the local variety even when fertilizer 

is not used, and it would also outperform the NLA variety when fertilizer is used. Case 4 

is the opposite case, with the locally adapted variety outperforming neither local nor NLA 

varieties under these conditions. The off-diagonal cases (2 and 3) are where the the locally 

adapted variety outperforms one type of seed-fertilizer combination, but not the other. Later 

empirical analysis from the RCT will allow us to test these assumptions in the case of varieties 

bred by one seed firm for Kenya’s mid-altitude zone. 

Figure 2 portrays these different technological options using the stylized representations 

of local seeds and NLA hybrids, and Cases 1 and 4 for the locally adapted hybrid.  As can 

be seen, fertilizer use is not profitable for the local variety, and it is not worth employing the 

NLA improved unless the farmer applies at least f̃n  units of fertilizer.  In Case 1, the locally 



7  

0 0 

0 0 

Table 1: Benefits from introducing an adapted hybrid in a niche agro-ecological zone. 

Adapted Hybrid More Non-Adapted Hybrid More 

Fertilizer Responsive  Fertilizer Responsive 
(αa > αn) (αa < αn) 

1 1 1 1 

Adapted  Hybrid  Outperforms Case 1 Case 2 
Local    Variety   without   Fertilizer (Both Groups Benefit) (Only Less Wealthy Benefit) 
(
αa − sa > αR − sR

 
 

Local  Variety  Outperforms Case 3 Case 4 
Adapted   Hybrid  without  Fertilizer (Only Wealthier Benefit) (Neither Group Benefits) 
(
αa − sa < αR − sR

 
 

 

adapted improved variety outperforms the alternatives irrespective of the level of fertilizer 

use. 

We build on our stylized representation of alternative seed technologies to explore the 

demand and supply of improved technologies in a niche agro-ecology. Since an empirical 

test of the efficacy of adaptive breeding in general is not feasible, our ultimate goal in this 

paper is to empirically test the efficacy of specific adaptively-bred varieties using data from 

our randomized controlled trial. If these particular adaptively-bred varieties do not lead to 

farm-level impacts, we cannot conclude that that adaptive breeding in general is ineffective, 

as it may be that the particular breeder we examine was ineffective. However evidence of 

impacts of these adaptively-bred varieties would support the efficacy of adaptive breeding. 

 
2.1 Demand for Improved Seeds under Liquidity Constraints 

 
While improved seed varieties may have the potential to increase the incomes of farmers, 

farmer demand for improved seeds faces several constraints. In our model farmers face two 

constraints. First, the farm household lacks 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. This limitation creates 

a minimum farm area that can be devoted to improved seed varieties, which we denote Hv, 
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Figure 2: Income under different seed varieties. 

 
with HR = 0 and Hn, Ha > 0. While seed bags can in principal be opened 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.4
 

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

4In 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 
began enclosing tickets that could be used to certify the seeds’ authenticity through an SMS-based message 
system. 
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units of cash-on-hand, are guided by the following two-period model: 
 

 

(1) Max 
H̃ v ,Iv ,f v 

u(c1) + βu(c2) 

 

subject to :  
c1 ≤ z1 − 

v=R,e,a 

Hv 
(
sv + pf fv

 
 

c2 ≤   
     

Hv (αv + αvfv) 
0 1 

v=R,t,a 

Hv ≤ H̄ 
v=R,e,a 

 

Iv(Iv − 1) = 0, ∀v 

(H̃ v − Hv)Iv ≥ 0, ∀v 

Hv ≡ H̃ v · Iv, ∀v 

fv ≥ 0, ∀v 

where u(.) is a concave utility and β < 1 is the per-period discount factor.5 As written in 

problem (1), the household chooses the notional area, H̃ v , that it would devote to variety v 

if there were no seed bag size limit. The constraints then transform this notional area to an 

effectively cultivated area of 0 if H̃ v  < Hv.  Otherwise, Hv = H̃ v .  Denote the optimum area 

that will be planted to variety v as Hv∗(z1, H̄ ).6
 

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 

binary nature of this decision, we only need to compare optimized household well-being when 

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

5We assume that this per-period discount factor is greater than the rate of return on savings so that the 
household consumes in the first period rather than saving for the second period. 

6In 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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2(c̃2) 1 1 f 
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available when planting Hv. We first consider the case when only the NLA improved variety 

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

variety. 

 
2.1.1 Choice of Local Seeds versus a Non-Locally Adapted Improved Variety 

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

optimal behavior per maximization problem (1) conditional on the household devoting the 

minimum possible area to the NLA improved variety, Hn.7 The first order condition for 

optimal fertilizer choice under this conditional problem is: 

 

r˜(f n, z1)pf ≥ αn 

 
where r̃(f, z ) =  u

l
1(c̃1)   

is a measure of the shadow price of liquidity, c̃  = z -Hn (sn + p  fn)− 

(
H̄ − Hn

  
sR and c̃2 = Hn(αn + αnf n)+ 

(
H̄ − Hn

  
αR .  Note that first period consumption is 

cash-on-hand less spending on inputs for the NLA 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 R = 0 under optimal choice). 

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

An interior solution with fn > 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 fn = 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 NLA variety any time it chooses fn < f̃ n. 

As can be more formally demonstrated, for these sufficiently poor households, optimized 

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

7In what follows, we all assume that it the farm household always finds it optimal to fully cultivate its 
available land. While this assumption could be relaxed, it would add complexity without additional insight 
for the problem at hand. 
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∂z1 

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

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

result.8 

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

 

∆nR = V n − V R 

 
 

we can show that ∂∆
n 

 > 0 and that there is a critical cash on hand level, z˜n where ∆nR 

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

no less than f̃ n  (see Appendix B). 

Letting φ(z1) and Φ(z1) respectively denote the pdf and cdf for the distribution of ini- 

tial cash-on-hand in the small agro-ecological niche, Figure 3 illustrates the implications 

of this model for the demand for NLA improved seeds. Only farm households with initial 

cash in excess of z̃ nf would demand the NLA improved seed variety and optimally apply a 

non-trivial amount of fertilizer to them. In short, when only the NLA improved and local 

varieties are available, we would expect to see bifurcation, with 1 − Φ(z̃ nf ) fraction of the 

population adopting (and applying fertilizer) to the improved varieties, and the complemen- 

tary fraction (Φ(z ñf )) employing only traditional, local varieties without fertilizers. The 

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

and the magnitude of the key technology parameters. 

 
2.1.2 Demand for Locally Adapted Improved Varieties 

 
We now consider how farm household variety choice changes after the introduction of a 

locally adapted improved seed variety. Under Case 1 in Table 1 (where adaptive breeding 

offers gains both to famers who can afford fertilizers as well as to those who cannot), no 

8In a model with risk, fertilizer applied to the NLA variety would increase expected yields as well as 
the variance of net income under the defensible assumption that fertilizers do not decrease yield variance. 
Assuming households are risk averse, they would apply even less fertilizer under risk than they would in our 
simplified model with certain yields. This would increase the benefits from planting the local variety without 
fertilizer over the NLA variety with low fertilizer use relative to the case without risk. 
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Diagram assumes the Case 1 parameter values in which adaptive breeding works. 

Figure 3: Initial cash-on-hand distribution and thresholds for adoption of improved seeds. 
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farm household would ever adopt the NLA 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 NLA variety, some farmers who cannot afford to purchase fertilizer will adopt the 

locally adapted improved variety (under the Case 1 assumption that (αa − sa) > 
(
αR − sR

 
). 

There will appear a second critical level of cash-on-hand, z̃ af  < z̃ nf , at which the farm 

household will adopt the improved variety and apply a positive amount of fertilizer (see 

Appendix B for more details). 

The implications of this Case 1 analysis are again illustrated in Figure 3. 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, non-improved varieties; 

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

without using fertilizers, but will enjoy higher yields than a counterfactual group that 

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

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

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

that only had access to NLA varieties and utilized them in conjunction with fertilizer. 

 
All of these implications of course depend critically on the Case 1 parameter assumptions 

about the relative productivity of locally adapted hybrids. Under the Case 4 assumptions, 

the introduction of the locally adapted varieties would be meaningless as no farmer would 

adopt them. Cases 2 and 3 are the intermediate cases. In Case 3, some farmers would switch 

form local varieties to the improved varieties but better endowed farmers would stay with 

NLA hybrid (i.e., z̃ a would exist, but z̃ af would not). In Case 4, we would have the opposite 

configuration with less well-endowed farmers sticking strictly with local varieties and the 

better off switching to the locally adopted hybrid. 
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After examining the circumstances under which the seed sector will supply locally adapted 

varieties, we will return to the experience of the Western Seed Company in western Kenya 

to see if in fact local adaptive breeding can provide benefits to population sub-groups 2 

and 3. In the specific case of the Western Seed hybrids studied below, the company itself 

advertised that farmers who moved from local seeds (no fertilizers) to Western Seed hybrids 

(no fertilizer) would experience a 50% yield increase. The company further suggested that 

proper fertilization could boost yield by 300% compared to farmer-saved seeds (Partners, no 

date). A separate document prepared by an impact investment fund suggested that Western 

Seed hybrids would offer a 25% yield increase compared to other hybrid maize varieties 

(Fund, n.d.). In short, these promotion documents claim that Case 1 is correct, a claim that 

we will later examine empirically using data from our RCT. 

 
2.2 Supply of Locally Adapted Improved Seed Varieties 

 
If farmers are willing to adopt locally adapted seeds (as some would be true in all but Case 

4 above), then this raises the question of what conditions are needed to support private seed 

companies to introduce adapted seed varieties in a small, niche agro-ecology. In other words, 

what accounts for the 30 years of a stagnate hybrid adoption rate in Kenya’s mid-altitude 

zone? One explanation is that improved varieties cannot be successfully adapted to this 

region (Case 4 in Table 1 above). In this section, we consider an alternative explanation by 

putting forward a stylized model concerning the innovation and supply of improved, locally 

adapted seed varieties. Innovate here means to conduct a breeding program that leads to the 

development and marketing of a locally adapted improved 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). 

In our model a key factor 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 
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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.9 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 FR < Fn, where the first term measures the fixed 

costs of adaptive breeding for the local firm 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: 

 
πR(q) = q (pa − c − ρ) − FR 

πRp(q) = q (pa − c) − FR 

πn(q) = q (pa − c) − Fn 

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 πR(q) 

measures returns for a local firm that must pay royalties for parent seed, πRp(q) are returns 
 

9The 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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Figure 4: Firm profits for locally adapted seeds as a function of sales. 

 
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 4 graphs these 

different functions. 

 
2.2.1 Economics of Innovating 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:10
 

 

 
pa > c + x + ρ > c + x 

 
 

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

10Firms will of course not invest in adapting local varieties if this condition is not met. 
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a 

to innovate. 

Given the fixed cost structure of local adaptive breeding, we can define for each type of 

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

production: 

 
 
 

R FR Rp FR 
n Fn

 
 

  

q̃  ≡ 
pa − c − ρ

, q̃  ≡ 
pa − c

, q̃  ≡ 
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 agro-ecological zone for which breeding will be undertaken. Letting N denote the 

number  of  farmers  in  the  agro-ecological  zone  and  assuming  that  each  farmer  has H̄  units 

of 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 = 
s 

N 

pa 

 
z̃af 

z̃a 

 
Hv∗(z1)φ(z1)dz1 + 

∞ 

z̃af 

 
Hv∗(z1)φ(z1)dz1 

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

hand below z̃ a 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 agro-ecological 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 
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K c+ρ 

K 

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 a 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 R ≤ K̄ R 

 
 

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, qR ≡ K̄ −F   

.  While all firms potentially face capital constraints, 

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

Returning to Figure 4, 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 agro-ecological zone. Similarly, even if qmax > q̃ R, the local firm without a public 

partner will not invest if qR   < q̃ R.    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 and illustrated by Figure 1. As we will see in the next section, this 

appears to have been the case for the relatively small mid-altitude region of Kenya prior to 

the introduction of locally adapted improved seeds. 

 
2.2.2 Supplying Seed Technologies by Relaxing Capital Constraints 

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

large multinational actors may find it profitable to invest in the breeding needed to innovate 

adapted improved seed varieties for niche agro-ecological zones. However, as displayed in 

Figure 4, a well-financed local company with access to publicly provided foundation seed 
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may find it profitable to innovate for those niche zones. 

Financing to relax capital constraints also can enable seed companies with locally adapted 

varieties to expand their production of those varieties. In the case of Kenya described in 

the introduction, Western Seed 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 theoretical model laid out in the prior section demonstrates that while locally adapted 

improved varieties can benefit both worse- and better-off farmers, there may not be a supply 

of such varieties to small agro-ecological zones unless capital and public goods are provided 

to local seed firms that enjoy informational and other cost advantages over multi-national 

and other larger scale competitors. In this section, we first show that Kenya’s mid-altitude 

region largely fits the predictions of the model. We then lay out our research design intended 

to allow identification of the impact of the introduction of locally adapted improved varieties 

on the yields of smallholders farmers. 

 
3.1 Maize in Kenya’s Mid-altitude Zone 

 
Our stylized model suggests regional differences in adoption seen in Figure 1 may be due to 

the adaptive breeding of maize hybrids for some zones, but not others. In the 1960s, the 

government of Kenya supported research and development of hybrid maize for the highland 

zone, which covers almost one-third of Kenya’s maize-growing areas and has high agricul- 

tural potential (Gerhart, 1975; Hassan, 1998). Significantly less investment was made to 
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develop varieties for other regions, including the mid-altitude zone. As shown earlier, hybrid 

varieties were quickly adopted by almost all farmers in the highland zones and the neigh- 

boring transitional zone, but hybrid varieties were not adopted elsewhere, including in the 

mid-altitude zone (Gerhart, 1975).11
 

As shown in Figure 1, these differences in hybrid maize adoption persist to this day. 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 recommended 

the development of parent lines for maize varieties that can mature during the shorter growing 

seasons typical of the mid-altitude zone of western Kenya. Subsequently, public investment 

in research and development, as well as reforms to seed markets,12 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 mid- 

altitude zone of western Kenya. In particular, Western Seed emerged as a leader in varietal 

research and development for the lower potential, mid-altitude zone of western Kenya. 

While the different agro-ecological zones are not defined exclusively based on altitude (see 

footnote 1 above), the Kenyan Plant Health Inspectorate Service (KEPHIS) issues annual 

reports on the performance of different seed varieties at a recommended altitude and season 

length. Using these data, Figure 5 shows that Western Seed produces many of the varieties 

with the greatest yields in the 1000-1500 meter altitude range typical of the mid-altitude 

agro-ecological zone. 

11In 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 agro-ecological zones adopts a two-part strategy with intensive research 
effort devoted to develop varieties adapted for in the large zone and NLA technologies transferred to the 
smaller zone. 

12In the early 1990s, the seed market in Kenya was liberalized. 
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Source: Commercial recommendations for hybrid varieties from company websites among varieties 
registered by Kenya Plant health inspectorate Service (KEPHIS, 2018) 

Figure 5: Yields and recommended planting altitude for registered maize varieties as of 2010. 
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3.2 Expansion of Western Seed and the Randomized Controlled 

Trial 

With its new varieties, the geographic footprint of Western Seed maize hybrids slowly ex- 

panded over time from the transitional zone into the mid-altitude zone near Lake Victoria.13 

However, Western Seed’s seed multiplication and market expansion was constrained by its 

available capital (Partners, no date). In 2008 and in 2010, two impact investment organi- 

zations (Pearl Capital Partners and Acumen Fund) made debt and equity investments in 

Western Seed totaling $3 million with the intention of rapidly tripling WSC’s seed supply 

capacity. Within a few years, this new supply capacity was on-line, opening the door for 

both Western Seed’s geographic expansion and coincidentally creating a unique opportunity 

to establish an RCT around the locally adapted hybrids. 

In partnership with Western Seed and Acumen, the research team established a research 

design that would allow identification of the impact of the introduction of WSC hybrids in 

new areas in western and central Kenya. Specifically, Western Seed had resources to establish 

100 new demonstration plots at key points across these regions for the 2013 planting season. 

Each demonstration plot was designed to provide information to villages within a 5 to 10 

mile radius of the plot and the sites were spaced with that distance in mind. At the research 

team’s request, Western Seed identified 125 potential demonstration plot sites (25 more than 

they wanted) with the understanding that the team would randomly allocate up to 25 sites 

to a control group where no demonstration plots nor marketing would take place. Matching 

Western Seed’s expansion plan, the sites were spread across western and parts of central 

Kenya. 

Figure 6 maps the study sites across central and western Kenya. The background shading 

on the mapping shows the different altitude ranges of highland areas (above 2000 meters), 

transitional areas (1500-2000 meters) and mid-altitude areas (below 1500 meters). While 

13Tegemeo Institute’s TAPRA data set (see TAPRA (2010)) allows us to see the expansion of Western 
Seed hybirds into the mid-altitude zone between the 2004 and 2010 TAPRA survey rounds. 
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Figure 6: Study sample in western Kenya. 

 
these altitude designations do not completely describe Kenya’s agro-ecological zones (see 

footnote 1), they give insight into the geography of the study area. Each study site is 

marked by the symbol corresponding to its actual agro-ecological zone classification based 

on Hassan (1998). 

Each site typically contained 3-5 villages within its zone of influence. The easterly, central 

sites all lie within the transitional zone, while the western sites are divided between the mid- 

altitude, transitional, and highland zones. For purposes of the analysis that follows, the 2 

highland sites were grouped with the western transitional zone sites. The 36 sites randomly 

selected for the study were grouped into matched pairs based on physical proximity, altitude, 

and climate. One member of each pair was then allocated to the seed treatment and one to 

control status. The timeline in Figure 7 displays the full life of the intervention and study. 

A random sample of 50 farmers was selected for interview in each site, resulting in a total 

sample size of 1800 farm households. 

Altitude zones Village cluster 
classifications 

< 1000 m 

1000 - 1500 m Mid-altitude 

1500 - 2000 m Transitional 

> 2000 m Highland 

Map area 
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The seed treatment consisted of three components, with each one following Western 

Seed’s standard seed marketing practice. The first component was the establishment of a 

nearby demonstration plot for the 2013 main maize season14 so that farmers could observe 

the performance of the Western Seed varieties. The second component was the provision of 

a small sample packet to farmers to try on their own farm for that same season. A Western 

Seed marketing representative visited each community to distribute the packets and provide 

further information on the Western Seed hybrids. Sample packets had 250 grams of seed, 

enough seed to plant one-fortieth of an acre. Farmers were asked to plant their trial packet 

separately and to keep track of its performance, which most did (see Tjernstrom, 2017). 

Given the small size of the seed packet, we expected it to inform farmers’ future planting 

decisions, but not to influence their yields or income for the 2013 maize growing season. 

The third and final component was the offer to pre-order Western Seed hybrids and have 

them delivered to their village prior to the 2015 maize season. As discussed below, this third 

element was added following low uptake of Western Seed seed varieties in 2014. 

In addition to the core seed treatment, we also implemented a fertilizer intervention 

for the 2014 maize season that gave fifty kilograms of high-quality fertilizer to randomly 

selected farmers in both treatment and control sites in the western study areas. At each 

site, the research team held a public lottery amongst survey participants, with half receiving 

fertilizer and the others a token gift of cell phone time. The motivation behind this ancillary 

intervention was to test the claim that the yield gains with Western Seed varieties are much 

greater for farmers applying fertilizer. We did not implement the fertilizer intervention in 

the central study area as baseline fertilizer use was quite high. 

In summary, in the western study areas, assignment to the treatments randomly divided 

a total of 1200 farm households into four equally-sized groups: 

1. A Control group; 

14The primary maize growing season in western Kenya stretches from March to September; some farmers 
also plant a second maize crop in October, although this second season is typically less productive and 
receives fewer inputs from most farmers who plant it. The primary maize growing season in central Kenya 
is the October planting, with a less productive season from March to September. 
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Figure 7:  Study timeline. 

 
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 (at cost) 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. 

As shown in Figure 7, baseline, midline and endline surveys were held in both the central 

and western areas following the 2013, 2014 and 2015 main maize season harvests for western 

Kenya. 

 
3.3 Summary Statistics 

 
Table 2 summarizes baseline characteristics of households in each zone: mid-altitude, transi- 

tional, and central.15 We restrict the sample to only those households that reported planting 

15The sample includes 1200 households in western Kenya, of which 700 are in the mid-altitude zone, 400 
are in the transitional zone, and 100 are in the highland zone. Given the small sample in the highland zone 
and the highland zone’s similar growing conditions and history of hybrid adoption to the transitional zone, 
we include observations from the highland zone in our sample from the transitional zone in western Kenya. 
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maize in each year of the study, as we do in the subsequent empirical analysis. We summarize 

baseline characteristics in levels for ease of interpretation. Balance checks are in Appendix 

C. 

Table 2: Baseline characteristics and compliance. 
 

Mid-Altitude Transitional 
All Non-Users Users Western Central 

% Main Maize Seasons used Hybrids 26% 11% 96% 84% 83% 
% Main Maize Seasons used Fertilizer 26% 20% 56% 81% 92% 
Dry maize yield (kg/acre) 234 211 342 553 428 
Acres Planted to Maize 1.32 1.29 1.44 1.32 0.76 
Acres Farmed in Total 1.65 1.58 1.97 1.92 1.29 
Income per-capita (100 Kenya Sh.) 227.68 209.61 304.76 351.04 507.28 
Average Poverty Probability 32% 33% 26% 32% 13% 
Dietary Diversity Score (0-12) 6.43 6.36 6.75 7.03 7.63 
% Food insecure 66% 70% 47% 63% 44% 
Compliance: % Using Western Seed      

2014 (Midline), Treated 16% 12% 33% 25% 5% 
2014 (Midline), Control 1% 1% 2% 16% 1% 
2015 (Endline), Treated 20% 18% 33% 31% 10% 

2015 (Endline), Control 2% 1% 8% 17% 0% 
Observations 589 482 104 428 508 

Notes: “Non-Users” are households that did not plant hybrids in at least 4 of the 5 pre-study main maize 
seasons and “Users” are households that planted hybrids in at least 4 of the 5 pre-study main maize seasons. 

 
 

The first column summarizes characteristics of households in the mid-altitude zone. Prior 

to Western Seed’s expansion, on average households planted any hybrids in only 26% of 

previous 5 main maize seasons, and used fertilizer at the same low rate. Unsurprisingly 

maize yields also are low, at 234 kilograms per acre. Material well-being of households is also 

low across several measures. Average annual income per capita is 22,768 Kenyan shillings, or 

approximately 234 USD. A separate asset-based index indicates that, on average, a household 

has almost a 1/3 probability of living below 1.25 USD per person per day. Food insecurity is 

common among households in the sample, with almost 2/3 of households being food insecure 

at some point during the year. 

The theory in Section 2 above suggests that absent well-adapted hybrids, the small 

farming population will bifurcate into a group using exclusively local seeds and another 
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group relying on hybrids and applying fertilizer. The second and third columns of Table 2 

divide up mid-altitude respondents based on their pre-intervention use of hybrids. Hybrid 

users are those who had planted hybrids in at least 4 of the 5 pre-study main maize seasons. 

Hybrid non-users are those who planted hybrids in less than 4 of those seasons.16 As can 

be seen in the table, the smaller hybrid-users group almost exclusively relies on hybrids, 

applying fertilizer almost 60% of the time. The larger non-users group rarely uses hybrids 

and uses fertilizer at about one third rate of the users group. As expected, 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.17 Incomes for the users group is about 

50% higher, although food security and predicted poverty rates are relatively similar across 

the users and non-users groups. 

The fourth and fifth columns of Table 2 report characteristics of farms in the higher 

altitude transitional zone in both western and central Kenya. Consistent with Figure 1, 

hybrid and fertilizer use are uniformly high and maize yields top those of even hybrid users 

in the mid-altitude zones, as would be expected given that non-Western Seed hybrids are 

better adapted to this agro-ecological zone. Incomes are higher and poverty indicators are 

lower than in the mid-altitude zone, especially for farmers in the central region who are 

able to grow coffee and other cash crops. While farmers in the transitional zone are largely 

better than those in the mid-altitude zones, material well-being is still low relative to global 

standards. 

Finally, the lower portion of Table 2 reports compliance with the seed treatment, defined 

as the percentage of farmers who responded to the informational treatment and purchased 

a Western Seed variety during the midline and endline seasons. As can be seen, compliance 

was modest in 2014. Field reports indicated a number of factors that conspired to to lower 

16Of the 700 households in the mid-altitude zone, we categorize 125 as users of hybrids in the seasons 
preceding the study. This includes four households that planted maize in fewer than 4 of the 5 pre-study 
main maize seasons, but planted hybrids in each of the seasons in which they planted maize. 

17Two mid-altitude households have missing data for past hybrid use, which is why the observations for 
the non-user and user samples do not sum to the total number of observations in the mid-altitude sample. 
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uptake that year.18 These challenges motivated a seed delivery program in 2015. Adoption 

in 2015 was 5-6 percentage points greater than adoption in 2014 for each of three agro- 

ecological zones. 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; because of this, 

in Section 5 we report separate estimates by year. 

 

4 Average Effects on Yields by Agro-Ecological Zone 

 
This section uses data from our randomized controlled trial to test whether Western Seed’s 

adapted improved seed varieties increase farmer yields. To account for differences in socioe- 

conomic status and maize seed markets across agro-ecological zones, we estimate the effects 

of Western Seed hybrids separately for each zone. We find large impacts in the mid-altitude 

zone, but little to no impact in the transitional zones of western and central Kenya. 

To identify the impact of Western Seed maize hybrids on maize yields of smallholder 

farmers in our study areas, we estimate average treatment effects of the random variation 

in access to Western Seed varieties. In the mid-altitude and transitional zones, following 

McKenzie (2012) we estimate average treatment effects on maize yields, yivspt, using a pooled 

analysis of covariance intention to treat specification.19 The specification for farm i in village 

v, site s, matched pair p and time period t is: 

 

(2) yivspt = β0 + β1y
0
 + δ1 · IW + δ2IF + δ3

 
IW × IF 

  
+ [µp + εivspt] , t = 1, 2 

 

where y0 is baseline maize yields, IW 

 
F 
ivsp 

 

are binary indicators for assignment to 
 

 

18Adoption in 2014 was lower than anticipated due to a number of factors, including the former parastatal 
Kenya Seed subsidizing its seeds, offering added incentives to agro-dealers to sell Kenya Seed. In addition, 
WSC faced challenges in expanding their seed promotion to new regions like central Kenya. 

19Our preferred specification estimates a single set of treatment effects by pooling observations from both of 
the post-treatment years of observations. When separating observations by these two post-treatment years, 
treatment effect estimates vary slightly but are qualitatively similar to the estimates from our preferred 
specification. For completeness we present estimates of separate treatment effects for each of these years in 
Appendix D. 

and I 
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ivsp 

δ̂1 

δ̂  

the Western Seed and fertilizer treatments respectively, µp is a matched pair fixed effect 

included to account for stratification of the seed treatment following Bruhn & McKenzie 

(2009). The error term (εivspt) is clustered by village, the level of stratification for the 

fertilizer treatment. In the central region, where there was no fertilizer lottery, we estimate 

equation 2 after eliminating the terms involving IF . 

Table 3 reports the estimated coefficients for equation 2 by agro-ecological zone. To lessen 

the role of outliers, we transform yields using the inverse hyperbolic sine transformation. 

The lower half of the table reports the implied percentage effects of the different treatments 

following the method of Bellemare & Wichman (2019).20 As reported in the table, for the 

mid-altitude zone, we estimate that the seed treatment increased average yields by 25%. 

Given that this is an intention to treat estimate (with a compliance rate of about 20% as 

reported in Table 2), the actual yield increases experienced by those who adopted Western 

Seed because of the seed treatment (impact of the treatment on the treated) is approximately 

five-times greater, indicating substantial yield gains among adopters of Western Seed. Given 

that the mid-altitude area is one with relatively low hybrid use, impacts of Western Seed likely 

come from two sources. The first are first generation adoption effects from the intervention 

inducing households to switch from local varieties to hybrid varieties. The second are second 

generation adoption effects from the intervention inducing households to switch from other 

hybrid varieties to Western Seed locally adapted hybrid varieties. In the next section, we 

explore this issue further to distinguish the magnitudes of the two effects. 

In addition to the primary seed treatment effect on yields in the mid-altitude zone, the 

other striking result in Table 3 is the negative interaction effect between the seed and fertilizer 

treatments. As discussed in Sub-Section 3.2 above, in-kind grants of 50 kilograms of fertilizer 

were made to randomly selected study households in order to see if relaxing constraints to 

fertilizer acquisition might boost returns to the seed treatment. If access to fertilizer had 

20For example for the seed treatment, the estimated percentage change is calculated as exp(δ̂1 −0.5σ̂2  )−1, 

where σ̂2 
1 

is the estimated variance of δ̂1. 
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Table 3: Effects on maize yield (IHST of kg/ac). 
 

Mid-Altitude Transitional 
 

All Farms Western Central 
Seed Treatment, δ1 0.23* -0.17 0.10 

 (0.13) (0.12) (0.15) 
Fertilizer Treatment, δ2 0.23** 0.11 – 

 (0.11) (0.09) – 
Seed*Fertilizer Treatment, δ3 -0.23* 0.20 – 

Baseline Yield, β1 
(0.14) 

0.11*** 
(0.03) 

(0.12) 

0.15*** 
(0.02) 

– 

0.20*** 
(0.05) 

Percent effects 
Seed Treatment 

 
25% 

 
-17% 

 
9% 

Fertilizer Treatment 26% 11% – 
Control mean 5.97 6.86 6.27 
Observations 1178 856 1016 
R-squared 0.07 0.06 0.11 

Pair indicator variables included as controls. 

Standard errors clustered by village. 

* = 10% significance, ** = 5%, *** = 1% 

 

proven not to be a constraint, we might have expected to see the impact of the fertilizer 

grant, both alone and in combination with the seed treatment, to be zero. Instead, Table 3 

shows a positive effect of the direct impact and a negative impact of the interaction effect. 

In order to understand this unexpected outcome better, we look more closely at the impact 

of the different treatments on fertilizer use in Appendix E. We find substantially greater 

midline leakage from fertilizer lottery winners in seed treatment communities than in non- 

seed treatment communities, consistent with the interpretation that there was greater sharing 

of “windfall fertilizer” in treatment sites. Given this configuration, it is unsurprising that 

households that benefited from both the seed treatment and the fertilizer lottery basically 

only benefited from the seed treatment, with the added benefit of fertilizer largely erased. 

This pattern of differential sharing across treatment and control villages is thus consistent 

with the pattern of estimated treatment effects shown in Table 3. 

While we do see significant impacts of the seed treatment in the mid-altitude zone, in 

the transitional zone the estimated treatment effects on yields are relatively small and do 
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not differ from zero at the five percent significance level. Recall that hybrid use was already 

quite high in this zone prior to the study, and that net compliance was also quite low (see 

Table 2). 

 
5 Heterogeneous Effects on Yields by Past Hybrid Use 

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

altitude 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 higher altitude 

maize-growing areas). The simple theoretical model developed in Section 2 is silent on the 

question as to which group will benefit most from a well-adapted improved seed: those who 

make the switch from local, unimproved seed or those that switch from less well-adapted 

improved seed. To gain empirical purchase on this question, this section splits our mid- 

altitude sample between households that consistently used hybrids prior to the study period 

and those that did not (see Table 2). 

Table 4 displays the ITT estimates for equation 2 for the hybrid users and non-users 

sub-samples.21 As shown in the bottom panel of the table, the estimated impacts of the 

seed treatment are 21% for the non-user group and 47% for the user group, with only the 

latter estimate attaining conventional levels of statistical significance. As shown in Table 

2, net compliance for the users group was 31% in the midline and fell to 25% at the time 

of the endline (with the decline driven by a substantial uptick in WSC seed use by the 

control group). For the non-users group, net compliance was only 11% in midline, rising 

to 17% in the endline following the ancillary seed delivery intervention. This lower level 

of compliance explains at least in part the smaller magnitude and statistical insignificance 

of the ITT estimate for the non-users group. For the users group, the estimated 40% ITT 

impact translates into a robust impact for those that actually adopted the seeds. 

21Separate estimates for the midline year are included in Appendix D. 
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Table 4: Heterogeneous impact of locally adapted improved seeds in the mid-altitude zone 
(IHST of kg/ac). 

 

Mid-Altitude Zone 
Hybrid Non-Users Hybrid Users 

 
Seed Treatment, δ1 

Pooled 
0.20 

Endline 
0.26* 

Pooled 
0.40** 

Endline 
0.78*** 

 (0.15) (0.15) (0.16) (0.21) 
Fertilizer Treatment, δ2 0.22 0.18 0.35** 0.54** 

 (0.13) (0.14) (0.16) (0.21) 
Seed*Fertilizer Treatment, δ3 -0.21 -0.21 -0.25 -0.44* 

 (0.17) (0.18) (0.24) (0.26) 
Baseline Yield, β1 0.12*** 0.09** 0.02 -0.02 

 (0.03) (0.04) (0.05) (0.05) 
Percent effect 
- Seed Treatment 

 
21% 

 
29% 

 
47% 

 
113% 

- Fertilizer Treatment 23% 18% 39% 68% 
Control mean 5.92 6.03 6.13 5.98 
Observations 964 482 208 104 
R-squared 0.06 0.03 0.19 0.22 

Pair indicator variables included as controls. 

Standard errors clustered by village. 

Users planted hybrids in 80-100% of main seasons (2007-2012). 

* = 10% significance, ** = 5%, *** = 1% 
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Given the compliance issues that especially surrounded the midline year, the research 

team implemented an ancillary seed delivery service, as described in Section 3.3 above. 

While the delivery was less effective than anticipated,22 it did boost compliance among the 

non-users group. The second and fourth columns of Table 4 thus present separate estimates 

for the endline year data only. As can be seen, for the non-users group, the estimated impact 

rises and becomes statistically significant and indicates an ITT treatment effect of a 29% 

yield increase. The estimated impact for the hybrid users group retains its significance and 

jumps substantially to an implied 113% yield increase. The fact that the impacts on the level 

of yields for the baseline hybrid user population are larger than for the non-user population 

(even after accounting for differences in the net compliance rate) would seem puzzling at 

first glance. However, this finding is 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 agro-ecological zone. 

These impact estimates allow calculation of the change in net revenues that two stylized 

types of mid-altitude farmers (hybrid non-users and hybrid users) would receive from 

adopting locally adapted Western Seed hybrids. Adjusting the Table 4 ITT estimates for 

the compliance rates, we calculate that “non-user” farmers who switched from local seeds 

would have experienced a 339 kg increase in production per-acre (a 161% increase), while 

farmers who switched from other hybrids and used fertilizers would have experienced a 482 

kg increase per-acre (a 141% increase).23 Using market prices for outputs, seeds and 

fertilizer, these increases imply a 130% increase in net revenues for non-user farmers 

switching from local seeds, and a 245% increase for user farmers switching from NLA 

hybrids to WSC varieties.24 These financial figures place the impacts squarely in Case 1 of 

22Phone orders for the seed were quite high, with 55% of treatment farmers ordering seed. Unfortunately, 
at time of delivery, only 16% of treatment farmers bought seed via the delivery intervention. Many farmers 
proved unwilling or unable to pay for the seed despite the fact that it had been made clear that the seeds 
were being sold at the market price and not given away for free. 

23For these calculations, we use the pooled ITT estimates from Table 4 for both the hybrid users and 
non-user groups and the compliance rates reported in Table 2. These treatment on the treatment percent 
change in yield are then applied to the baseline yield levels, also reported in Table 2. 

24Consistent with the survey data, we assume that the non-user group applies on inorganic fertilizer, while 
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Table 1 above, with both an intercept and a slope effect and both low resource and better 

resourced farmers benefit from the Western Seed adaptive breeding program. 

 
6 Conclusion 

 
While Kenyan farmers on average are an exception to the sub-Saharan African pattern of 

low and slow adoption of hybrid maize varieties, the mid-altitude zone of Kenya looks much 

more like the rest of the continent with modest hybrid adoption rates that have changed little 

over the last 50 years. A simple theory of the supply and demand for hybrid seeds suggests 

a rationale for this persistent pattern. Supply of hybrid varieties that are well-adapted to 

this relatively small zone are not forthcoming from large scale seed companies, while smaller, 

local seed companies who enjoy informational advantages are constrained by their lack of 

capital. Given the lack of supply of adapted varieties, the theory suggests that adoption 

of the available hybrids will be low and restricted to the better resourced segment of mid- 

altitude producers. With no supply of adapted hybrids and little demand, productivity and 

farmer incomes stagnate, especially amongst the poorest segment. 

An external infusion of impact investor capital to a local seed company based in Kenya’s 

mid-altitude zone opened the opportunity to explore the impacts of disrupting this seed 

market equilibrium. By 2010, Western Seed had worked with publicly provided parent seed 

lines from CIMMYT and developed and registered hybrid maize varieties that filled the 

mid-altitude niche with high performing varieties. The impact investment funds allowed the 

company to rapidly expand its seed production capacity and expand its marketing in to the 

mid-altitude and the (higher) transitional zone. By collaborating with Western Seed, the 

research team was able to establish a three-year RCT to study the impact of offering the 

new seed varieties. 

The key findings from the empirical analysis are that the new varieties offered substan- 

tial benefits to farmers located in the mid-altitude region. On average, the ITT estimate 

the user group applies 50 kg/acre, the median value for this group in the sample. 
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of the yield impact implies a 25% yield increase. Given the modest compliance rates, the 

actual impact on adopters is estimated to be four to five times higher than that amount. In 

the higher altitude zones where Western Seed also expanded, the yield benefits are negligi- 

ble, statistically and economically, consistent with the expectation that the seed sector has 

already adapted varieties for these larger and more lucrative zones. 

Consistent with our theoretical model, the data reveal that prior to the experimental 

introduction of Western Seed hybrid, farmers in the mid-altitude zone split into two groups: 

a larger group (82% of the sampled farmers) who almost never use improved seeds and rarely 

use fertilizer, and a smaller group (18%) who almost always use improved seeds and fertilizer. 

While our statistical power suffers as we further sub-divide the mid-altitude farmers into 

these two groups, we are able to estimate that the yield impacts on farmers already using 

hybrids are actually larger than those on the farmers who switched from local, unimproved 

seed varieties. Using our estimates from the last year of the RCT, we estimate that the 

yield increases for those who actually adopted Western Seed are on the order of 100-150% 

for those who switched from local seeds, and from 150-250% of prior hybrid adopters who 

are able to apply fertilizers to their maize. While large, these figures are in line with the 

seed company’s claims about the yield potential of their varieties in the mid-altitude region. 

Stepping back, these results indicate that the pre-intervention seed system was leaving 

substantial opportunity for yield improvement on the table. While our data do not allow 

us to explicitly 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 (publicly provided foundation 

seed and patient impact investor capital) 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 
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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.25 

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 

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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
25Recent 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 genetic markers and data from agronomic test trials 
in agro-ecological 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 at low cost. 
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2 

Appendix A: Linear Returns to Fertilizer 

 
As Section 2 describes, standard agronomic practice recommends that farmers who cannot 

apply the optimal amount of fertilizer to their entire crop, should apply the optimum rate 

to a portion of their crop rather than applying fertilizer at a diluted rate to the entire crop. 

Using a simple economic model that has roots in the efficiency wage literature’s portrayal of 

the response of human work capacity to nutrition (see Bliss & Stern (1978)), this appendix 

shows that optimized returns to fertilizer will be linear under profit maximization whenever 

the farmer is constrained in her purchase of fertilizer. 

Figure 8 graphs the additional production per-hectare (q) that occurs as fertilizer intensity 

(f ) increases under the assumption that marginal returns to fertilizer exhibit increasing 

returns over a range and then diminishing returns thereafter. Without fertilizer, farmers 

receive a fixed amount α0, and q(f ) is the additional output received in addition to the 

base, no fertilizer amount. In the figure, the slope of the ray from origin is the average 

product of fertilizer (q/f ), or the bang for the buck spent on fertilizer.  As can be seen by 

visual inspection, f ∗ is the fertilizer intensity that maximizes additional production per-unit 

fertilizer given the S-shaped production function.  No other intensity will give more.  We 

denote the slope of the ray that intersects the function q at input level f ∗ as α1. 

Consider the case where f ∗ = 100 kg/ha and a farmer with one hectare of maize has 

only 50 kg of fertilizer, then she will maximize output and income by concentrating the 50 

kg on 0.5 hectare and putting zero fertilizer on the rest. As can easily confirmed visually, 

alternative allocations (e.g., 50 kg/hectare on her entire maize plot, yielding a fertilizer 

intensity of f
∗ 

) will yield less output for the same input expenditure because it fails to fully 

exploit the increasing returns portion of the returns to fertilizer function, q(f ).26  That is, 
 

26This argument is exactly identical to the initial contributions to the efficiency wage literature in which 
an employer (who is indirectly buying nutrition by paying workers a wage) will never pay a worker less 
than the efficiency wage because worker productivity falls off more quickly than cost when descending the 
increasing returns portion of the efficiency wage curve. 
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Figure 8: Returns to Fertilizer 

for this case of constrained access to fertilizer: 

0.5q(0) + 0.5q(f ∗) > 0.5q(ε) + 0.5q(f ∗ − ε), ∀ε. 

For this case, when fertilizer is optimally applied, marginal returns to additional units of 

fertilizer will always be a constant α1, not because marginal returns do not change, but 

because the farmer optimally adjusts fertilizer application to obtain the constant, maximal 

return. Once the farmer can apply fertilizer at intensity f ∗ on all her land,  further use  

of fertilizer will face diminishing returns as beyond that level, the function q(f ) is strictly 

concave. 
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This intuition can be captured by the following profit maximization problem: 
 

 

(3) Max 
F, Tf 

Q − pf F̄ 

 

 
 

 
(4) 

subject to :  

Q = Tf q(F/Tf ) + 
(
T̄  − Tf

 
q(0) 

pf F ≤ K 

Tf < T¯ 
 

 

where pf is the price of fertilizer and K is the working capital available to purchase fertilizer. 

Note that this simple specification allows any number of possible outcomes, including zero 

use of fertilizer (F, Tf = 0), which will occur when α1 < pf ; and, use of fertilizer in excess of 

f ∗ (Tf = T̄  and F > f ∗T̄ ), which will happen when K > pf T̄ f ∗ and α1 > pf .  As discussed 

in Sub-Section 2.1, the relevant case for low income small scale farmers, who cannot borrow 

against  their  future  income  to  buy  fertilizer,  is  that  K  < pf T̄ f ∗.   For  these  farmers,  the 

optimized production function they face can thus be written as α0 + α1f , with constant 

marginal returns to fertilizer. As further analyzed in Sub-Section 2.1, variety choice and the 

decision whether or not to use any fertilizer will be based on those linear returns for liquidity 

constrained farmers. 
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0 

0 0 0 

Appendix B: Proofs of Results on the Demand for Im- 

proved Seed Varieties 

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

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

alternative (L,nl  < 0 for small z1).  For an arbitrary and small value E, we can construct  a 

level of cash-on-hand: 

 
 
 

z1 ≡ Hsn + (H̄ − H)sR + E 

 
 

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

is: 
 
 
 

 

V n(z1, H̄ |Hn = H) = u(E) + βu(H̄ αn − H(αl − αn)) 

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

strictly greater than the return from planting the NLA variety without fertilizer (αl −αn > 0). 
0 0 

The corresponding utility under the non-adoption alternative is: 

 
 
 

V l(z1, H̄ |Hn = Ha = 0) = u(H(sn − sR) + E) + βu(H̄ αn) 

 
 

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

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

varieties (sn > sR). 

Second, we demonstrate that the difference in the value functions increases with initial 
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to the discount rate ( α 

1 

n 

pf 

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

∂∆nl 
 

 

∂fn n f 
 

 

∂z1 
= u (.)H 

∂z1 
(βα1 − p ) 

 

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 

1  > β), which we assume to true. Second, fertilizer use on the NLA 

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 n 

dz1 

u (.)Hpf 
= 

u (.)((Hpf )2 + β(Hαn)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 (z̃n, f̃ n) at which adoption of the NLA improved variety begins.  Households 

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

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

critical level will not adopt the NLA improved variety. 
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Appendix C: Balance Checks by Agro-Ecological Zones 

and Past Hybrid Use 

Tables 5-7 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 estimates. Since 

this is most likely to be true for baseline levels of the dependent variable, we estimate 

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. 

Tables 8 and 9 estimate how baseline characteristics differ by treatment status for past 

hybrid non-users and past hybrid users. The main variable where we have concern over 

baseline imbalance is dry maize yield, especially among hybrid users. We control for this 

imbalance in an ANCOVA specification. 
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Table 5: Balance at baseline, Mid-Altitude (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% 
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Table 6: 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 7: 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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Table 8: Balance at baseline, Mid-Altitude 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 9: Balance at baseline, Mid-Altitude 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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Appendix D: Average Effects on Yields by Year 

 
When separating observations by these two post-treatment years, treatment effect estimates 

vary slightly but are qualitatively similar to the estimates from our preferred specification. 

Table 9 shows the treatment effect estimates for each agro-ecological zone and each post- 

treatment year of the study. For the mid-altitude zone, the seed treatment increased yields in 

the midline year by just 8%, but increased yields in the endline year by 42%. The increase in 

the average treatment effect from midline to endline coincides with raw compliance increasing 

3 percentage point between those years, and thus are results are consistent with a positive 

effect of the Western Seed treatment. In the transitional zone of western Kenya, estimates by 

year are similar to estimates from our preferred specification. In both of the post-treatment 

years, we estimate negative treatment effects on yields that do not differ from zero at the 5% 

significance level. In the central zone, the seed treatment appears to have a positive effect 

in the midline year, however raw net uptake compliance in this year was just 4 percentage 

points. At endline, raw net complaince increased to 10 percentage points but the treatment 

effect estimate for yield became negative. Taken together, the estimates for the transitional 

zone of central Kenya do not provide evidence of a positive effect of Western Seed adoption 

on yields. 

Focusing in on the mid-altitude zone, our treatment effect estimates for non-users and 

users of hybrids from our preferred specification are qualitatively similar to treatment effect 

estimates for each of the two post-treatment years. For non-users, the seed treatment effect 

estimate increases from 13% at midline to 26% at endline, with the endline estimate different 

from zero at the 10% significance level. This coincides with about a 55% raw increase in net 

compliance with the seed treatment, and thus is consistent with a positive effect of Western 

Seed on yields for non-users. For users, the seed treatment effect estimate suggests no effect 

on yields at midline but a doubling of yields at endline. The difference in treatment effects 

cannot be explained by Western Seed adoption induced by the treatment, as Western Seed 
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Table 10: Effects on maize yield (IHST of kg/ac) 

Midaltitude Transitional Central 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

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% 

(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 
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for the treatment group relative to the control was similar across those years.27 Instead we 

attribute the difference in estimates to our relatively small sample of users, which leads our 

estimates to vary more from year-to-year than they would for a larger sample. Our preferred 

specification addresses this challenge of inference for a small sample by pooling observations 

from both of the post-treatment years. 

Table 11: 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 
 
 
 
 
 
 
 
 
 
 
 
 

 
27Raw compliance at midline was 31 percentage points, and at endline was 25 percentage points. 
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Appendix E: The Fertilizer-Seed Interaction Puzzle 

 
In order to explore to the impact of fertilizer treatment, we define a set of four mutually 

exclusive dummy variables: DS indicates those farms that were assigned to the seed treat- 

ment but lost the fertilizer lottery; DF are farms that won the fertilizer lottery but were not 

assigned to the seed treatment; and, DSF are farms that were assigned to the seed treatment 

and won the fertilizer lottery. Using these terms, we can write the following regression for 

the amount of fertilizer used by farm household i in matched pair p in time period t, where 

t = 1, 2, 3 covers the baseline, midline and endline survey rounds: 

 

fist =
 (

αC + αSDS 
 

 

 

+ αF DF + αSF DSF
 
+ µp + εist 

 

Under this specification, the αC parameters capture the fertilizer use by the pure control 

group (farm households that were not assigned to the seed treatment and did not win the 

fertilizer lottery). The other parameters capture the additional effect of being in one of 

the three mutually exclusive treated groups at baseline, midline and endline. Estimation 

included a matched pair fixed effect and standard errors were clustered at the village level. 

Table 12 gives the parameter estimates for this model. The estimates evidence substan- 

tially greater midline leakage from fertilizer lottery winners in seed treatment communities 

than in non-seed treatment communities. Looking at total use of fertilizer on all crops on 

the farm, we find that in control sites without the seed treatment, the average winner of 

the fertilizer lottery increased use of fertilizer in 2015 by 35 kilograms (kg) from the base- 

line year, whereas the grant provided 50 kg. In addition, losers of the lottery in these sites 

increased fertilizer use by 10 kg from the baseline year, consistent with the interpretation 

that a portion of the fertilizer windfall was shared with lottery losers. In sites with the seed 

treatment, winners of the fertilizer lottery increased fertilizer use by only 24 kg (31% less 

than in control villages) from the baseline year, while lottery losers increased fertilizer use 

by 12 kg (20% more than in control villages). 

t=1 
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These estimates are consistent with the interpretation that there was greater sharing of 

“windfall fertilizer” in treatment sites. One explanation for this greater sharing is the seed 

treatment information campaign in treatment sites emphasized the importance of fertilizer 

to improving maize yields (especially when applied to hybrids). From this perspective, it is 

not surprising that fertilizer lottery losers in treatment sites would have put greater pressure 

on winners to share their windfall fertilizer than losers would have done in control sites. 

When we carry out the same statistical exercise on fertilizer used on maize, we obtain a 

similar picture. Given this configuration, it is unsurprising that households that benefited 

from both the seed treatment and the fertilizer lottery basically only benefited from the seed 

treatment, with the added benefit of fertilizer largely erased by this pattern of sharing. This 

pattern of differential sharing across treatment and control villages is thus consistent with 

the pattern of estimated treatment effects shown in Table 3. 
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Table 12: Effects on total fertilizer use on farm (kg). 
 

Control Households 
Baseline Mean 9.69 

Midline 9.86∗∗
 

(3.48) 
Endline 5.42 

(2.72) 
Additional “Seed Treatment Only” Effect 
Baseline 3.07 

(2.85) 
Midline 2.35 

(5.61) 
Endline -0.31 

(3.89) 
Additional “Fertilizer Winner Only” Effect 
Baseline -0.43 

(1.65) 

Midline 25.46∗∗∗
 

(5.51) 
Endline 5.10 

(3.64) 
Additional “Seed Treatment & Fertilizer Winner” Effect 

Baseline -1.03 

 
Midline 

(3.41) 
16.40∗∗

 

 (5.03) 
Endline 3.12 

 (5.21) 
Observations 1750 

Matched Pair Fixed Effects Included 

All specifications include pair indicator variables as controls. 

17 observations dropped with extreme values (greater than 500 kg). 

Standard errors clustered at the village-level in parentheses. 

* = 10% significance, ** = 5%, *** = 1% 


