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Abstract 

Yield-enhancing agricultural technologies, like improved crop varieties, are widely promoted in develop- 
ing countries to improve the food security, income, and welfare of farm households. Nonetheless, farm 

households show low adoption rates of these technologies. To gain more insight into the drivers of and 
the barriers to the adoption of improved crop varieties, we study the adoption of improved sunflower 
varieties by smallholder farmers in Tanzania. Unlike most earlier studies, we distinguish between the 
initial adoption and the extent of adoption. Additionally, we investigate the roles of market constraints 
and liquidity constraints, which are largely ignored in previous adoption studies. We find that risk aver- 
sion and liquidity constraints are barriers to adoption, whilst radios and extension service are important 
information channels for new technologies. Our results can help to improve policies, development pro- 
grammes, and business decisions and finally to enhance agricultural productivity and farm household 
welfare. 
Keywords: Improved crop varieties, Sunflower, Smallholder farmers, Market and liquidity constraints, Double- 
hurdle model, Tanzania 
JEL codes: Q12, O13, O33 
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. Introduction 

ield-enhancing technologies such as improved crop varieties are essential in agricultural 
nd rural development, because they improve agricultural productivity, technical efficiency,
ncome from crop production, household welfare, and food security.1 Increasing adop- 
ion of improved technologies is thus important for achieving the said positive outcomes,
articularly in developing countries. Public and private agencies as well as policy makers
ave widely promoted the use of yield-enhancing technologies such as improved crop va-
ieties. However, the adoption of improved crop varieties among smallholder farmers in 
The Author ( s ) 2022. Published by Oxford University in association with European Agricultural and Applied 
conomics Publications Foundation. This is an Open Access article distributed under the terms of the Creative 
ommons Attribution License ( https://creativecommons.org/licenses/by/4.0/) , which permits unrestricted reuse, 
istribution, and reproduction in any medium, provided the original work is properly cited. 
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ub-Saharan Africa ( SSA ) remains low ( e.g. Asfaw et al. 2012b ; Schroeder et al. 2013 ; 
ineman et al. 2020 ) . Fostering the adoption of improved crop varieties requires knowledge 
f the barriers to and drivers of the adoption. 
To obtain this knowledge, our study analyses barriers to and drivers of the adoption of 

mproved sunflower varieties by smallholder sunflower farmers in Singida region, Tanza- 
ia. We distinguish two dimensions of the adoption: ( a ) whether or not a farm household 
dopts the improved sunflower varieties and ( b ) the extent of the adoption. This paper 
hows to which extent various factors are related to these two dimensions of the adoption 
f improved sunflower varieties. 
Existing studies on adoption of improved crop varieties in SSA reveal that adoption is re- 

ated to numerous factors and barriers. The factors include household characteristics such 
s household size, education, age, gender, and farming experience, as well as economic cir- 
umstances such as the prices of seeds and fertilizers, off-farm employment, and household 
ncome.2 The barriers include lack of awareness of or information about the availability of 
mproved crop varieties, inadequate supply of seeds of improved crop varieties in the mar- 
et, risk aversion, liquidity constraints, and limited access to credit, high prices of hybrid 
eeds, negative perceptions about the cultivation of improved varieties, misidentification of 
eed type, poor development of market infrastructure, and limited access to agricultural 
xtension.3 

Most of the factors and barriers were studied in the context of cereals such as maize 
nd rice as well as grain legumes.4 The adoption of improved oilseed crop varieties has 
een analyzed in only a few studies such as the adoption of improved groundnut varieties 
n Malawi ( Simtowe et al. 2010 , 2011 ) and Uganda ( Kassie et al. 2011 ) ,5 and improved 
il palm varieties in Cameroon ( Assoumou Mezui et al. 2013 ) . In developing countries,
he value chains of oilseeds such as sunflower usually largely differ from the value chains of 
ereals and grain legumes. Most oilseeds are processed by companies or cooperatives before 
hey are sold to households, whereas most cereals and grain legumes are frequently sold to 
onsumers without prior processing as households usually process them at home or do not 
rocess them at all. As oil mills have different requirements regarding the purchased oilseeds 
 e.g. homogenous product, varieties with high oil content ) than consumers have regarding 
he purchase of cereals and grain legumes ( e.g. taste, smell, appearance in terms of colour 
nd size, preference for traditional varieties ) , adoption decisions regarding improved oilseed 
arieties likely differ from adoption decisions regarding improved varieties of other crops 
uch as cereals and grain legumes because farmers base their adoption decisions on different 
haracteristics of the crops ( i.e. objective characteristics preferred by oil mills instead of 
ubjective characteristics preferred by their own household and by consumers ) . 
Tanzania’s government and private sector are actively promoting the cultivation of im- 

roved sunflower varieties through contract farming and stockists. Seeds of improved sun- 
ower varieties are sold to smallholder farmers by stockists, sometimes at subsidized prices.
he promotion of improved sunflower varieties is partly induced by a growing demand for 
unflower edible oil in local, domestic, and international markets. For example, the expan- 
ion of the processing capacity and the awareness of health advantages of sunflower oil 
 Adam Smith International 2014 ; Ministry of Industry, Trade and Investment 2016 ) have 
ontributed to the increased demand for sunflower oilseeds in Tanzania. There is also a 
rowing demand for oilseeds and its by-products in foreign markets ( Food and Agriculture 
rganization 2016 ; Ministry of Industry, Trade and Investment 2016 ) . The growing de- 
and for sunflower oil and its by-products ( e.g. sunflower seed cake ) provide opportunities 
o sunflower farmers to expand production without lowering prices. Thus, the cultivation 
f improved sunflower varieties is an opportunity for smallholder sunflower farmers to gain 
ncome from the growing demand for sunflower oil and by-products on the domestic and 
oreign markets. 
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In spite of a plethora of studies that analyze adoption of improved crop varieties, to the
est of our knowledge our study is among few studies of adoption of improved oilseed
arieties and the first on the adoption of improved sunflower varieties among smallholder
armers in Africa.6 Besides this empirical contribution, our study contributes to the literature 
n two further aspects. Firstly, we analyze the relationship between farmers’ adoption deci-
ions and their liquidity constraints as well as the availability of seeds of improved varieties,
hich was largely ignored in previous studies. Secondly, we suggest a microeconomic model
or adoption decisions, where households can choose between different extents of adoption,
.e. adoption is not a binary variable but a continuous variable that is left-censored at zero.
he results of this analysis have implications for policy and practice in the public and private
ector as they can be used to improve policies, programmes, and business decisions that in-
rease the adoption of improved varieties and ultimately improve agricultural productivity 
nd household welfare. 
The remainder of this paper is organized as follows. The next section presents an overview

f sunflower farming and sunflower varieties in Tanzania as well as the microeconomic 
ackground of our analysis. The third section presents the data and empirical methods. The
ubsequent section presents and discusses the results. Finally, the last section concludes and
resents policy implications. 

. Empirical and theoretical contexts 

.1 Sunflower farming and sunflower varieties in Tanzania 

unflower was introduced in Tanzania during the colonial era ( Food and Agriculture 
rganization 2012 ; Ministry of Industry, Trade and Investment 2016 ) and it is mostly
rown in the Eastern, Central, Northern, and Southern Highlands of Tanzania ( Ministry of
griculture, Food Security and Cooperatives 2011 ; Ministry of Industry, Trade and Invest-
ent 2016 ) . About 61% of the sunflower production in Tanzania is located in the highlands
f the central corridor of Tanzania, which is located in the administration regions Dodoma
nd Singida ( Salisali 2012 ) . 
Sunflower production in Tanzania increased from 1,083,000 tons in 2013 to 3,112,500 

ons in 2017 ( Food and Agriculture Organization 2016 ; Ministry of Agriculture Livestock
nd Fisheries 2016 ; Ministry of Agriculture, Livestock and Fisheries 2018 ) and accounts
or 2.4% of global production ( Ministry of Industry, Trade and Investment 2016 ) . Tanzania
rovides 35% of all sunflower production in Africa, which makes it the largest sunflower
roducer in East Africa and the second largest sunflower producer in Africa after South
frica ( Kombe et al. 2017 ) . Sunflower is the leading oilseed crop in Tanzania, followed
y groundnuts, sesame, palm oil, cotton oil, and soya ( Ministry of Agriculture Livestock
nd Fisheries 2016 ; Ministry of Industry, Trade and Investment 2016 ) . Tanzania exports
unflower seeds for crushing, crude sunflower oil, refined sunflower oil, and seed cake, which
n total account for about 74.8 million US dollars of Tanzania’s export earnings ( Ministry
f Industry, Trade and Investment 2016 ) . The largest export shares among all sunflower
roducts have sunflower seed cakes and seed meal of which almost half the production is
xported, mainly to India and Kenya ( Ministry of Industry, Trade and Investment 2016 ) . 
Sunflower is grown by farm households individually or in farmer groups using both
onoculture and mixed cropping systems that include cassava, maize, sorghum, and cow- 
eas ( RLDC 2008 ; Ministry of Industry, Trade and Investment 2016 ) . All sunflower vari-
ties available in Tanzania are bred for oil production, while varieties that are specifically
red for direct consumption of so-called ‘confectionary seeds’ are not yet available in Tan-
ania ( Ministry of Industry, Trade and Investment 2016 ) . Hence in Tanzania smallholder
unflower farmers use only a very small proportion of the produced sunflower seeds for
irect household consumption, while selling the vast majority of their produce to oil mills
r to traders who sell it to oil mills. About 95% of sunflower farmers in Tanzania are
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mallholders who cultivate less than two ha of land with sunflower ( Ministry of Industry,
rade and Investment 2016 ) . Due to their small size of production, smallholder farmers 
ften encounter a multitude of internal and external constraints including limited access 
o input and output markets, credit, and technologies such as improved sunflower varieties 
 e.g. Adam Smith International 2014 ) . 
Public and private organizations have made ubiquitous efforts to address these con- 

traints, e.g. through breeding, certifying, promoting, and distributing improved sunflower 
arieties. In Tanzania, seed production and certification are regulated under the Seed Act 
f 2003 as amended in 2007 ( Kombe et al. 2017 ) and in 2014 ( Westengen et al. 2019 ) .
he Seed Act in Tanzania stipulates the formation of a National Seeds Committee to advise 
he government on the development of the seed industry in Tanzania ( Ministry of Industry,
rade and Investment 2016 ) . It also states the minimum standards for seeds and requires 
roper labelling of seeds in order to curb counterfeit seeds in the market ( Ministry of In- 
ustry, Trade and Investment 2016 ; Kombe et al. 2017 ) . Moreover, seed quality control 
nd certification in Tanzania is done by the Tanzania Official Seed Certification Institute 
 TOSCI ) . Since the 1950s, TOSCI has been collaborating with the Agricultural Research 
nstitute ( ARI ) and private seed companies within and outside the country in developing 
nd marketing sunflower seeds of both open-pollinated varieties ( OPVs ) and hybrid vari- 
ties. However, only 8 of the 1,058 seed companies that are registered with TOSCI breed 
ew sunflower varieties and certify them with TOSCI ( Tanzania Official Seed Certification 
nstitute 2020 ) . According to the Tanzania Official Seed Certification Institute ( 2020 ) , only 
eventeen sunflower varieties have been approved, released, and disseminated in Tanzania 
 see Table A1 in the Appendix ) . 
Between 1950 and 2015, only four sunflower varieties, two open-pollinated varieties 

 OPV ) , and two hybrid varieties were certified and made available in the market for sale to 
armers ( see Table A1 in the Appendix ) . During this period, seeds of the OPV ‘RECORD’ 
nd later on also the OPV ‘KENYA FEDHA’ were most widely available in the central 
orridor of Tanzania. However, most smallholder farmers very rarely buy certified seeds 
ut usually sow seeds that they retained from the seeds that they harvested in the previous 
rowing season ( e.g. Kosmowski et al. 2018 ; Maredia et al. 2019 ) . These seeds are usually 
alled recycled seeds, local seeds, or traditional seeds and they usually give lower yields than 
ertified seeds, because they are of low-yielding varieties, crossbred with lower-yielding va- 
ieties, or affected by genetic deterioration ( see, e.g. Morris et al. 1999 ) , particularly in case 
f continued recycling over many years or decades. For example, due to the use of recycled 
eeds and other yield-limiting farming practices, the average sunflower yield in Tanzania is 
.69 t/ha, which is much lower than the average potential yield of 3 t/ha ( e.g. Adam Smith 
nternational 2014 ; Ministry of Industry, Trade and Investment 2016 ; Kombe et al. 2017 ) . 
In order to encourage farmers to reduce seed recycling and thus to achieve higher yields,

o-called ‘quality declared seeds’ ( QDS ) were introduced. The production of sunflower QDS 
s conducted by farmers who sow foundation seeds 7 of an OPV ( usually the ‘RECORD’ 
ariety ) , follow certain production rules and are monitored by TOSCI in order to guarantee 
 high quality and purity of the harvested seeds ( for details see Table A3 in the Appendix ) .
he harvested seeds are distributed to other farmers for a much lower price than the cer- 
ified seeds. As QDS are direct descendants of foundation seeds and are produced under 
egulated conditions, yields obtained from QDS are expected to be almost as high as yields 
btained from certified seeds and much higher than yields obtained from recycled seeds.
n the Central sunflower corridor of Tanzania, QDS production started with two selected 
armers in 2007. While QDS production initially was unrelated to sunflower processors or 
ontract farming, in 2009 sunflower processors were given the right to be involved in QDS 
roduction and marketing. Since then, several sunflower processors have used this oppor- 
unity and purchased foundation seeds of a sunflower OPV and contracted selected farmers 
o produce QDS for them. In addition to ‘independent’ sunflower farmers and sunflower 
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armers who are contracted by sunflower processors, QDS are sometimes also produced by
anzania’s Agricultural Seed Agency ( ASA ) . 
In order to guarantee a sufficient utilization of their oil mills, many sunflower proces-

ors in Tanzania make contract farming arrangements with farmers’ associations and in- 
ividual smallholder farmers. These contracts often specify that processors provide QDS 
 particularly of the ‘RECORD’ variety ) or certified seeds of hybrid varieties ( particularly
HYSUN 33’ ) to contracted farmers at a price determined by the processor, either for im-
ediate payment or on credit. This improves the access of contracted farmers to seeds that
re expected to give high yields ( Henningsen et al. 2015 ) . However, although these contract
arming arrangements seem to benefit farmers, participation in contract farming is still low
mong smallholder sunflower farmers ( Ministry of Industry, Trade and Investment 2016 ) . 
In summary, sunflower farmers in Tanzania can choose among three main categories of

unflower seeds for sowing: recycled seeds, QDS ( of OPV ) , and certified seeds ( of OPV or
ybrid varieties ) . As the demand for sunflower oil and its by-products is growing rapidly in
anzania and in the global markets ( Adam Smith International 2014 ; Ministry of Industry,
rade and Investment 2016 ) , there could be a great potential for Tanzanian sunflower farm-
rs to gain from the increasing demand by switching to high-yielding sunflower varieties.
owever, private and public programmes for distributing seeds of improved sunflower va- 
ieties are challenged by low demand for QDS and certified seeds because the majority of
he sunflower farmers still mostly sow recycled sunflower seeds. 

.2 Microeconomic background 

icroeconomic theory provides insights into understanding decisions about the adoption 
f new technologies as well as into associated factors and barriers. Most of the studies on
doption of new technologies such as improved crop varieties by farm households ( e.g.
sfaw et al. 2012b ; Mariano et al. 2012 ; Wang et al. 2012 ; Jaleta et al. 2015 ) apply the
andom utility framework. This framework assumes that a decision maker faces a discrete
et of alternative choices and decides to adopt the technology that gives the highest expected
tility. However, in many situations, a decision maker who decides to adopt an improved
echnology must also decide on the extent of the adoption. We present an extension of the
andom utility framework that does not only explain whether a new technology is adopted
ut also the extent of adoption. In our microeconomic model for adoption decisions, house-
olds can choose between different extents of adoption, i.e. adoption is not a binary variable
ut a continuous variable that is left-censored at zero. 
We define a farm household’s utility function U ( · ) by 

u = U(A, x, z, w ) , ( 1 ) 

here u is the obtained utility level, A ≥ 0 indicates the extent of adoption of a new technol-
gy, x ∈ X is a vector of other decision variables, X indicates the set of all feasible vectors x ,
 is a vector of exogenous conditions, and w is a vector of the preferences of the household
 e.g. risk preferences ) . The farm household has limited information M so that it does not
xactly know how its decisions on A and x affect the utility level u . However, it can use its
nformation M to guess how their decisions on A and x affect their utility level u , which we
onceptualize as expected utility E[ u | M ] = E[ U ( A , x , z , w ) | M ]. 
We assume that a household maximizes the expected utility with respect to A and x given

 , w , and M . The extent of the adoption A and the vector of other decision variables x that
aximize expected utility are 

( ̃  A , ̃  x ) = argmax E[ U(A, x, z, w ) | M ] . 
A ≥ 0 ,x ∈ X . 

( 2 ) 
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Equation ( 2 ) indicates that the optimal extent of adoption ˜ A and the optimal vector 
f other decision variables ˜ x depend on exogenous conditions z , the household’s prefer- 
nces w , and the household’s information M . As such we can estimate the reduced-form 

quation given as ˜ A = f (z, w, M ) with ˜ A ≥ 0 , ( 3 ) 

here ˜ A = 0 indicates that no adoption at all maximizes expected utility given exogenous 
onditions z , preferences w , and information M , while ˜ A > 0 indicates that an adoption of 
he new technology of extent ˜ A maximizes expected utility. 

. Data and methods 

.1 Data collection 

he data for our empirical study were collected in Iramba and Mkalama districts in Singida 
egion, Tanzania. Singida region was selected because the agro-climatic conditions in this 
egion are favourable for sunflower farming ( Business Care Services Limited and Centre For 
ustainable Development Initiatives 2012 ; Adam Smith International 2014 ) and because 
unflower contract farming is practised in this region ( RLDC 2008 ) . A cross-sectional data 
et was collected between November 2015 and January 2016. 
We applied a three-stage sampling technique. First, we purposely selected two neighbour- 

ng districts, Iramba and Mkalama, because there is more sunflower production in these two 
istricts than in other districts. Second, we purposely selected all villages in the two districts,
n which sunflower contract farming was available, as the presented study is a part of a 
esearch project on contract farming. This resulted in the selection of twelve of the seventy- 
ight villages in Iramba district and of twelve of the fifty villages in Mkalama district. In 
ach of the twenty-four villages, we obtained lists of farmers, grouped into three strata: 
unflower contract farmers, sunflower non-contract farmers, and non-sunflower farmers.
hird, we used non-proportional stratified random sampling to select farmers in each stra- 
um. The non-proportional stratified random sampling was used because it allowed us to 
ave a sufficient number of sunflower contract farmers in our sample in spite of only a 
mall proportion of sunflower contract farmers in each village. We randomly selected eight 
armers from the list of sunflower contract farmers in villages with more than eight contract 
armers and all sunflower contract farmers in villages with eight or less sunflower contract 
armers. In each village, we selected nine further farmers from the combined list of the two 
trata of sunflower non-contract farmers and non-sunflower farmers, where we chose the 
roportions of these two strata in our sample to be the same as in the population. 
This should have resulted in a sample of 404 smallholder farmers, consisting of 188 sun- 

ower contract farmers ( 46.5% ) , 186 non-contract sunflower farmers ( 46% ) , and 30 non- 
unflower farmers ( 7.5% ) .8 However, 13 of the 404 farmers ( 3% ) refused to take part in the 
urvey. These thirteen farmers were replaced by other farmers from the same stratum if pos- 
ible, while some other farmers were accidentally interviewed due to unclear information.
his resulted in a total sample of 416 farmers. 
While our survey covers the 2014/15 growing season, the stratification of farmers was 

ased on the farmers intentions for the 2015/16 growing season, because our research aimed 
t obtaining a two-year panel data set including both the 2014/15 growing season and the 
015/16 growing season. However, due to flooding and a drought in the 2015/16 growing 
eason, many sunflower fields could not be harvested so that the data collection for the 
015/16 growing season was dropped. In the 2014/15 growing that is covered in our data 
et, 8 of 416 farmers in our sample were sunflower contract farmers ( 2% ) , 383 were non- 
ontract sunflower farmers ( 92% ) , and 25 were non-sunflower farmers ( 6% ) . 
The interviews in our farm household survey were done by the main author of this paper 

ogether with six trained enumerators. Data collection was done through face-to-face 
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Table 1. Proportions of farmers using different types of sunflower seeds. 

Type of seed used Frequency Proportion ( % ) 

Only certified seeds of hybrid varieties 12 3 .1 
Only certified seeds of OPV 17 4 .3 
Only QDS of OPV 15 3 .8 
Only recycled seeds 345 88 .2 
QDS of OPV and recycled seeds 2 0 .5 

Total 391 100 .0 

Note: The twenty-five farmers in our data set who did not cultivate sunflower in the 2014/15 growing season 
are not included in this table. 
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nterviews with the selected smallholder farmers—usually with the heads of each 
ousehold—using a structured questionnaire. The questionnaire used in the survey 
nderwent a series of reviews by experts in the field and was then pre-tested with purposely
elected smallholder farmers in order to assess the relevance and clarity of the questions and
hus to improve this survey instrument ( Sekaran and Bougie 2016 ) . The survey collected
ata on socio-economic factors of the household, agricultural production, and institutional 
actors. 
Two questions regarding the use of observations in our empirical analysis arise: 

 i ) whether non-sunflower farmers should be included in the analysis or excluded from the
nalysis and ( ii ) whether only initially selected farmers should be included in the analysis
r also farmers selected for replacement and accidentally interviewed farmers should be in-
luded in the analysis. While previous studies of adoption of improved crop varieties only
ncluded farmers who actually cultivated the respective crop, one could argue in our case
hat also farmers who did not cultivate sunflower in the 2014/15 growing season should be
ncluded because also these farmers had the opportunity to buy and sow seeds of improved
unflower varieties in this growing season ( and indeed many farmers change their decision
o cultivate sunflower or not to cultivate sunflower from year to year ) . Although there is no
bvious reason that including farmers who were not initially selected for the survey could
omehow bias our sample, one could argue that these observations should be excluded as
 precautionary measure. However, including all observations and, thus, using the largest 
ossible number of observations increases the statistical power of the empirical analysis 
nd the precision of our estimates. In order to assess the robustness of our results regarding
he choice of observations for the empirical analysis, we present results obtained from four
ifferent samples: ( i ) with all observations included, ( ii ) without observations from non- 
unflower farmers, ( iii ) including initially selected farmers only, and ( iv ) including initially
elected farmers only and excluding non-sunflower farmers. 

.2 Categorization of sunflower varieties 

he collected data include information on the use of four different types of seeds for sun-
ower production, i.e. certified seeds of hybrid varieties, certified seeds of OPV, QDS of
PV, and recycled seeds. The majority of smallholder farmers in our data set ( 88.5% ) used
nly recycled sunflower seeds ( Table 1 ) . Given the very low proportions of farmers who
se certified seeds of hybrid varieties, certified seeds of OPV and QDS of OPV, we subsume
hese three categories under the category of ‘improved seeds’. Hence, our empirical analysis
istinguishes two types of varieties: ‘improved varieties’ and ‘non-improved varieties’.9 

.3 Econometric specification 

ost empirical studies that analyze the adoption of technologies estimate probit or logit
odels, while Tobit-type models are also applied if the analyzed technology is divisible

 Shiferaw et al. 2015 ) . As an improved crop variety is a divisible technology, we could
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nalyze its adoption with a Tobit model. However, Tobit models assume that explanatory 
ariables affect the binary adoption/non-adoption decision in exactly the same way as they 
ffect the decision on the extent of the adoption. As it is questionable whether this very 
estrictive assumption is fulfilled in our empirical application, we apply a double-hurdle 
odel ( DHM ) as suggested by Cragg ( 1971 ) .10 

Cragg ( 1971 ) developed several different specifications of DHMs that can be used for an- 
lyzing censored dependent variables that are the outcomes of sequential decision processes.
e apply the DHM that is specified in Equations ( 7 ) and ( 9 ) in Cragg ( 1971 ) because this 

pecification of the DHM is in line with our microeconomic model and corresponds well 
ith farmers’ real-world adoption decisions in our empirical study. In the context of the 
doption of improved sunflower varieties, this specification assumes that the farmers first 
ecide to adopt ( or not to adopt ) improved sunflower varieties and in case of deciding to 
dopt, afterwards decide on the extent of adoption. 
This DHM can be estimated by a probit model for the first-stage decision 

D 

∗
i = θ ′ Z i + u i , ( 4 ) 

D i = 

{ 

1 if D 

∗
i > 0 

0 if D 

∗
i ≤ 0 

, ( 5 ) 

here subscript i indicates the household, variable D i is an observed dummy variable that 
ndicates whether the optimal extent of adopting improved sunflower varieties ( i.e. ˜ A as 
efined in Section ‘Microeconomic background’ ) is zero or strictly positive 

D i = 

⎧ ⎨ ⎩ 

1 if ˜ A i > 0 

0 if ˜ A i = 0 
, ( 6 ) 

 

∗
i is a latent variable that indicates the tendency to adopt improved sunflower varieties,
 i is a vector of explanatory variables that affect the tendency to adopt improved sunflower 
arieties, θ is a vector of unknown parameters, and u i ∼ N ( 0, 1 ) is a disturbance term. 
The second-stage decision can be estimated using a truncated normal regression model ˜ A i = β ′ X i + εi ( 7 ) 

for D 

∗
i > 0 ∧ ̃

 A i > 0 , 

here variable ˜ A i indicates again the observed extent of adopting improved sunflower va- 
ieties, X i is a vector of explanatory variables that affect the extent of adopting improved 
unflower varieties, β is a vector of unknown parameters, and εi ∼ N ( 0, σ 2 ) is a disturbance 
erm. This truncated regression is only applied to those observations that adopt improved 
unflower varieties, i.e. observations with ˜ A i > 0 . 
The DHM defined in Equations ( 4 ) –( 7 ) is estimated by the maximum likelihood method 

ased on the assumption that the error terms in Equations ( 4 ) and ( 7 ) are independent i.e.
OV ( u i , εi ) = 0. 
Unlike the Tobit model, the DHM allows for two different sets of explanatory variables 

 i.e. Z i and X i ) and two different sets of parameters ( i.e. θ and β) for the two stages of the 
ecision process. As such, the DHM relaxes some of the restrictive assumptions of the Tobit 
odel and thus can provide consistent parameter estimates even if the restrictive assump- 
ions of the Tobit model are not fulfilled ( Cragg, 1971 ; Shiferaw et al. 2008 ) . In addition 
o the DHM, we conduct our analysis with the Tobit model in order to compare the results 
nd as a robustness check.11 

In many cases, it is reasonable to assume that the same variables affect both stages of the 
ecision process, i.e. Z i = X i , but to allow for different effects of the explanatory variables 
n the two stages of the decision process, i.e. θ 	 = β. If the explanatory variables have the 
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ame effects on both stages of the decision process, i.e. θ = β, the specification of the DHM
hat we use in our analysis collapses to the Tobit model ( Cragg 1971 ) . Hence, we can easily
est the Tobit model against the DHM in our empirical application ( Cragg 1971 , p. 831 ) . 
Given our sampling strategy, the observations in our data set are ‘clustered’ in twenty-

our villages ( Abadie et al. 2017 ) . To account for the ‘clustered’ observations, we calculate
nd present cluster-robust standard errors of the estimated coefficients using the sandwich 
ethod and the ‘HC1’/ ‘CR1’ specification in the terminology introduced by MacKinnon 
nd White ( 1985 ) and extended to cluster-robust standard errors by Cameron and Miller
 2015 ) .12 

As coefficients of DHMs and Tobit models do not have meaningful real-world interpreta-
ions, we calculate marginal effects of the explanatory variables for each hurdle of the DHM
s well as for the Tobit model ( e.g. Drichoutis 2011 ; Wooldridge 2019 ) . These calculations
re done at the mean values of all explanatory variables. The marginal effects of binary
xplanatory variables are calculated as the effect of a discrete change from zero to one.13 

e calculate the approximate standard errors of marginal effects with the Delta method 
ased on the cluster-robust variance-covariance matrices of the estimated coefficients. 

.4 Empirical specification 

n our empirical application, the dummy variable D i indicates whether a household has
dopted improved seeds, i.e. whether the household cultivated at least a part of its sunflower
rea with an improved variety by sowing certified seeds of a hybrid variety, certified seeds
f an OPV or QDS of an OPV ( see Table 1 ) . 
The extent of adoption of improved crop varieties can be operationalized in different
ays. One option could be to measure the extent of the adoption as the proportion of

mproved sunflower seeds in the total sunflower seeds sowed. However, forty four of the
orty six adopters in our data set use 100% improved sunflower seeds. Hence, we cannot use
his variable to measure the extent of adoption because this variable has too little variation.
Other measures of the extent of adoption could be the land area cultivated with improved

unflower varieties, the proportion of this land area in the total land area cultivated with
unflower or the proportion of this land area in the total land area cultivated by the house-
old ( with any crop ) . However, land areas cultivated with sunflower are often difficult to
easure because farmers frequently intercrop sunflower with cassava, sorghum, cow peas,
r other crops so that the actual land area used for sunflowers cultivation is often unknown.
We initially also used the quantity of improved sunflower seeds as measure of the extent

f adoption but this variable has a very right-skewed distribution, which makes the econo-
etric analysis vulnerable to outliers and heteroscedasticity.14 Furthermore, this variable is 
lmost entirely driven by the farm size ( e.g., measured as total land area cultivated ) , indi-
ating that it could be beneficial to normalize this variable in order to obtain a measure of
he extent of adoption that is more comparable across farm sizes. 
Finally, we decided to measure the extent of adopting improved sunflower varieties, i.e.

ariable ˜ A i , as the quantity of seeds of improved sunflower varieties ( in kg ) divided by
he total land area that the household cultivates ( in acres; including all crops ) . This is a
roxy variable for the proportion of the household’s agricultural land area that is cultivated
ith improved sunflower varieties, assuming a roughly constant seed rate ( i.e. amount of
eed sown per land area ) . This measure of the extent of adoption has a sufficient variation
etween farms, avoids difficulties with measuring areas cultivated with sunflowers due to 
ntercropping and is comparable across different farm sizes. 
Tables 2a , 2b , and 2c define and explain the two dependent variables as well all ex-

lanatory variables that we use in our empirical analysis. According to our microeconomic 
odel, the explanatory variables include variables that indicate exogenous conditions z ,
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references w , and provision of information M that could be related to the adoption of 
mproved sunflower varieties, i.e. Z i = X i = ( z , w , M ) ( see Equation 3 ) . 
The exogenous conditions z in our microeconomic model include the household size, off- 

arm income, total cultivated area, the district in which the household is located, market 
able 2a. Variables used in the empirical analysis ( part 1 ) . 

Variable name Definition and explanation 

ependent variables 
doption 
xtent of adoption 

1 = cultivated improved sunflower varieties, 0 = otherwise. 
Quantity of improved sunflower seeds divided by the total land area 
cultivated by the household ( with any crop ) . 

This is a proxy variable of the land area cultivated with improved sunflower 
varieties in the total land area cultivated by the household. 

xplanatory variables: characteristics of the household head 
ge Age of household head in years. 

Previous studies found a negative association between adoption and age 
( Simtowe et al. 2010 ; Yu et al. 2011 ; Seymour et al. 2016 ; Yigezu et al. 
2018 ; Acheampong and Acheampong 2020 ) . 

emale 1 = female household head, 0 = otherwise. 
Previous studies found a positive association between adoption and male 
gender ( Amare et al. 2012 ; Abebe et al. 2013a ; Ghimire and Huang 2015 ; 
Subedi et al. 2019 ) . 

isk aversion Categories of increasing self-reported risk aversion ( Likert scale ) : 

• risk averse ( “I never, rarely, or sometimes take chances”) 
• slightly risk averse ( “I often take chances”) 
• not risk averse ( “I always take chances”) 

Previous studies found a negative association between adoption and risk 
aversion ( Liu 2013 ; Abdoulaye et al. 2018 ; Magnan et al. 2020 ; Bridle 
et al. 2019 ) . 

xplanatory variables: household characteristics 
ousehold size Number of household members. 

Household size indicates the availability of family labour. Furthermore, 
households with more members may be more likely to obtain information 
about improved sunflower varieties because the larger the number of 
household members, the larger is the probability that a household 
member stumbles upon information about improved sunflower varieties 
( e.g., via acquaintances or work activities ) and shares the information 
with the other household members. 

Previous studies found that adoption can be associated with smaller 
household sizes ( Villano et al. 2015 ; Acheampong and Acheampong 
2020 ) or larger household sizes ( e.g. Yu et al. 2011 ; Khonje et al. 2015 ) . 

ff-farm income 1 = at least one household member has income from off-farm work, 
0 = otherwise. 

We use off-farm income as a proxy variable for the availability of financial 
resources ( e.g., for purchasing seeds of improved sunflower varieties ) , the 
dependence of the household on agricultural income, and for the stability 
of household income given that agricultural income is often seasonal and 
insecure due to varying weather conditions. 

Previous studies found a positive association between adoption and 
non-farm income ( Amare et al. 2012 ; Bezu et al. 2014 ; Armel Nonvide 
2020 ) . 
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Table 2B. 

Variable name Definition and explanation 

Explanatory variables: household assets 
Total cultivated area Total land area cultivated by the household in acres. 

We expect that larger farms are more likely to adopt improved sunflower 
varieties than smaller farms because larger farms usually have more 
resources and because fixed costs of adoption are potentially less relevant 
for larger farms that have the opportunity to cultivate sunflower on a 
larger land area than for smaller farms, while we don’t expect that larger 
farms cultivate a larger proportion of their land with improved sunflower 
varieties than smaller farms. 

Previous studies found a positive association between adoption and the size 
of land holdings ( Simtowe et al. 2010 ; Bezu et al. 2014 ; Seymour et al. 
2016 ; Verkaart et al. 2017 ) . 

Radio ownership 1 = if the household owns at least one radio, 0 = otherwise. 
Previous studies found a positive association between adoption and 
ownership of radios ( Simtowe et al. 2010 ; Abebe et al. 2013b ) . 

Mobile phone 
ownership 

1 = if the household owns at least one mobile phone, 0 = otherwise. 
Previous studies found a positive association between adoption and 
ownership of mobile phones ( Simtowe et al. 2010 ; Abebe et al. 2013b ) . 

Explanatory variables: institutional variables 
Extension service 1 = received government extension services, 0 = otherwise. 

If available, government extension service is the primary source of 
information about new agricultural production technologies for many 
farmers in our study region. Our variable “extension service” indicates 
whether the farmer received government extension service during the 
twelve months prior to the survey, which is to a large extent after the 
sowing of the sunflower seeds. Although receiving extension service after 
sowing cannot affect the decision about the sunflower variety, we include 
this variable in our analysis, because we assume that this variable is rather 
persistent over time so that receiving extension service after sowing can be 
used as a proxy variable for receiving extension service before sowing. 

Previous studies found that adoption is positively associated with access to 
or use of extension service ( e.g. Yu et al. 2011 ; Amare et al. 2012 ; 
Ghimire and Huang 2015 ; Khonje et al. 2015 ; Seymour et al. 2016 ; 
Yigezu et al. 2018 ; Armel Nonvide 2020 ) . 

Farmers’ group 1 = member in a farmers’ group, 0 = otherwise. 
Previous studies found that adoption can be positively associated with 
membership in farmers’ groups ( Simtowe et al. 2010 ; Amare et al. 2012 ; 
Ghimire and Huang 2015 ; Khonje et al. 2015 ; Subedi et al. 2019 ) or with 
non-membership in farmers’ groups ( Yigezu et al. 2018 ) . 

Iramba District 1 = resides in Iramba district, 0 = resides in Mkalama district. We expect 
that farmers who reside in Iramba district are more likely to adopt 
improved sunflower varieties and adopt improved sunflower varieties to a 
larger extent than households that reside in Mkalama district, because 
Iramba district is located closer to Singida town and thus closer to shops 
that sell seeds of improved sunflower varieties than Mkalama district. 

Previous studies found an association between adoption and the location in 
which farmers were residing ( Asfaw et al. 2010 ; Simtowe et al. 2010 ) . 
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Table 2C. 

Variable name Definition and explanation 

Explanatory variables: constraints 
Market constraints Categories of farmers’ perceptions of being increasingly constrained by the 

availability of seeds of improved sunflower varieties on the market ( Likert 
scale ) : 
• not or slightly constrained 
• somewhat constrained 
• severely constrained 

Liquidity constraints Categories of farmers’ perceptions of being increasingly constrained from 

buying seeds of improved sunflower varieties due to limited liquidity 
( Likert scale ) : 
• not or slightly constrained 
• somewhat constrained 
• severely constrained 
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onstraints regarding the availability of seeds of improved sunflower varieties, and liquidity 
onstraints regarding the purchase of seeds of improved sunflower varieties.15 

The preferences of the household w are operationalized as risk aversion as well as by 
ncluding age, sex, and household size as proxy variables because these household charac- 
eristics are usually correlated with preferences.16 We measure risk aversion as self-reported 
isk attitudes on a Likert scale, where the respondents were asked to choose one of five 
tatements that best describes their behaviour regarding decisions under risk. These five 
tatements were: ( 1 ) ‘I always take chances,’ ( 2 ) ‘I often take chances,’ ( 3 ) ‘I sometimes take 
hances,’ ( 4 ) ‘I rarely take chances,’ and ( 5 ) ‘I never take chances.’ As only very few re- 
pondents chose statements ( 3 ) , ( 4 ) , and ( 5 ) , we subsume these three levels of risk aversion
nder one level of risk aversion. Thus, the variable ‘risk aversion’ used in our empirical 
nalysis has three categories: ‘not risk averse’ ( 1 ) , ‘slightly risk averse’ ( 2 ) , and ‘risk averse’ 
 3, 4, 5 ) .17 

Finally, we include ownership of radios, ownership of mobile phones, extension service,
embership in farmers’ groups, and household size as variables that are likely related to the 
rovision of information M . We selected the explanatory variables not only based on our 
heoretical microeconomic model but also based on the scientific literature ( see Tables 2a ,
b , and 2c ) . 
While numerous empirical studies found that adoption of improved crop varieties is re- 

ated to various socioeconomic and institutional factors, these studies have largely ignored 
he role of the availability of seeds of improved varieties on the market and farmers’ liquidity 
onstraints in the adoption decisions. These research gaps are addressed in our study.18 

Several explanatory variables such as ownership of radios, ownership of mobile phones,
ff-farm income, and membership in farmers’ groups are not exogenously given but are 
ndogenous decision variables. Hence, we cannot exclude that these variables are correlated 
ith unobserved factors that affect the adoption of improved sunflower varieties ( known 
s unobserved heterogeneity ) or are even affected by reverse causality. Therefore, we cannot 
nterpret the estimated relationships between the explanatory variables and the adoption of 
mproved sunflower varieties as causal effects but we interpret them as associations. 

. Results and discussion 

.1 Descriptive results 

able 3 presents descriptive statistics of the variables that are included in the analysis, for 
he entire sample as well as separately for adopters and non-adopters of improved sunflower 
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Table 3. Descriptive statistics. 

All Adopters Non-adopters P-value 

Extent of adoption [kg/acre] 0 .27 2 .46 0 .00 < 0 .001 
Age [years] 47 .33 48 .48 47 .19 0 .410 
Female 0 .09 0 .09 0 .09 1 .000 
Risk aversion 0 .039 

risk averse 0 .20 0 .07 0 .22 
slightly risk averse 0 .27 0 .35 0 .26 
not risk averse 0 .53 0 .59 0 .52 

Household size [number] 6 .15 6 .78 6 .07 0 .030 
Off-farm income 0 .30 0 .43 0 .28 0 .037 
Total cultivated area [acres] 12 .13 13 .37 11 .97 0 .688 
Radio ownership 0 .74 0 .87 0 .73 0 .045 
Mobile phone ownership 0 .88 0 .91 0 .88 0 .488 
Extension service 0 .13 0 .37 0 .10 < 0 .001 
Farmers’ group 0 .08 0 .22 0 .06 0 .002 
Contract farming 0 .02 0 .04 0 .02 0 .222 
District 0 .626 

Mkalama 0 .35 0 .39 0 .35 
Iramba 0 .65 0 .61 0 .65 

Market constraints 0 .488 
not or slightly constrained 0 .39 0 .46 0 .38 
somewhat constrained 0 .30 0 .30 0 .30 
severely constrained 0 .31 0 .24 0 .32 

Liquidity constraints 0 .032 
not or slightly constrained 0 .19 0 .33 0 .17 
somewhat constrained 0 .45 0 .37 0 .46 
severely constrained 0 .36 0 .30 0 .37 

Observations 416 46 370 

Notes: The second, third, and fourth column indicate mean values or proportions of the variables for all house- 
holds, adopters, and non-adopters, respectively; for continuous variables ( i.e. variables with units of measurement 
in square brackets ) , column ‘P-value’ indicates P-values obtained from two-sample t -tests for equality of mean 
values; for binary and categorical variables ( i.e. variables without units of measurement in square brackets ) , 
column ‘P-value’ indicates P-values of Pearson’s χ2 -tests for equal proportions ( using the small-expected-value 
correction suggested by Hope ( 1968 ) with 10,000 Monte Carlo replications ) . 
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arieties. Adopters and non-adopters differ significantly in some of the variables. For ex-
mple, on average, adopters have more household members and are less risk averse than
on-adopters. Furthermore, adopters are on average more likely to own a radio, to receive
overnment extension service, to be a member of a farmers’ group and to have off-farm in-
ome than non-adopters. Finally, adopters tend to perceive liquidity constraints for buying 
unflower seeds to be less stringent than non-adopters. 

.2 Results of the double hurdle model 

he estimated coefficients of the DHM and the corresponding marginal effects of the ex-
lanatory variables are summarized in Table 4 , while detailed estimation results are pre-
ented in Tables A5–A12 in the Appendix.19 

The upper panel of Table 4 presents the estimated coefficients and marginal effects of the
xplanatory variables on the probability to cultivate improved sunflower varieties, while 
he lower panel of this table presents the estimated coefficients and marginal effects on
he extent of the cultivation of improved sunflower varieties. The results indicate that the
ecision about cultivating or not cultivating improved sunflower varieties is partly related 
o different factors than the decision about the extent of cultivating improved sunflower
arieties. This is confirmed by a likelihood ratio test that rejects the Tobit model in favour of
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Table 4. Estimated coefficients and marginal effects. 

AllObs NoNonSf OnlyInit OnlyInitNoNonSf

coef ME coef ME coef ME coef ME 

Adoption decision equation 

Age 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 
Female 0.12 0.02 0.01 0.00 −0 . 04 −0 . 01 −0 . 18 −0 . 02 
Slightly risk-averse −0 . 04 −0 . 01 0.01 0.00 −0 . 06 −0 . 01 0.01 0.00 
Risk-averse −0 . 59 ∗∗ −0 . 07 ∗∗ −0 . 56 ∗∗ −0 . 07 ∗∗ −0 . 56 ∗∗ −0 . 06 ∗∗ −0 . 53 ∗ −0 . 06 ∗∗

Household size 0.08 *** 0.01 *** 0.08 *** 0.01 *** 0.09 *** 0.01 *** 0.09 *** 0.01 ∗∗

Off-fam income 0.34 0.05 0.40 0.07 0.32 0.05 0.40 0.06 
log ( Total cultivated area ) 0.05 0.01 −0 . 01 −0 . 00 0.04 0.01 −0 . 02 −0 . 00 
Radio ownership 0.45 0.06 ∗ 0.44 0.06 ∗ 0.35 0.04 0.33 0.04 
Mobile phone ownership −0 . 22 −0 . 04 −0 . 18 −0 . 03 −0 . 19 −0 . 03 −0 . 15 −0 . 02 
Extension service 0.85 *** 0.18 *** 0.89 *** 0.20 *** 0.91 *** 0.19 *** 0.97 *** 0.21 *** 

Farmers’ group 0.63 ∗ 0.13 0.75 ∗∗ 0.17 ∗ 0.63 0.12 0.76 ∗∗ 0.16 
Iramba district −0 . 15 −0 . 02 −0 . 11 −0 . 02 −0 . 18 −0 . 02 −0 . 14 −0 . 02 
Somewhat market constr. −0 . 07 −0 . 01 −0 . 11 −0 . 02 −0 . 28 −0 . 03 −0 . 35 −0 . 04 ∗

Severely market constr. −0 . 06 −0 . 01 −0 . 06 −0 . 01 −0 . 02 −0 . 00 −0 . 02 −0 . 00 
Somewhat liquidity constr. −0 . 39 ∗ −0 . 06 −0 . 48 ∗∗ −0 . 09 ∗ −0 . 42 ∗ −0 . 07 ∗ −0 . 53 ∗∗ −0 . 09 ∗∗

Severely liquidity constr. −0 . 36 −0 . 06 −0 . 43 −0 . 08 −0 . 49 −0 . 08 −0 . 58 ∗∗ −0 . 10 ∗

Extent of adoption equation 

Age −0 . 08 −0 . 03 −0 . 08 −0 . 03 −0 . 09 −0 . 04 −0 . 09 −0 . 04 
Female −1 . 36 −0 . 47 −1 . 36 −0 . 47 0.47 0.22 0.47 0.22 
Slightly risk-averse −5 . 16 ∗∗ −1 . 88 ∗∗ −5 . 16 ∗∗ −1 . 88 ∗∗ −4.57 *** −1 . 87 ∗∗ −4.57 *** −1 . 87 ∗∗

Risk-averse −3 . 41 −1 . 49 ∗ −3 . 41 −1 . 49 ∗ −3 . 22 −1 . 53 ∗ −3 . 22 −1 . 53 ∗

Household size −0 . 11 −0 . 04 −0 . 11 −0 . 04 −0 . 41 −0 . 18 −0 . 41 −0 . 18 
Off-fam income 1.50 0.61 1.50 0.61 1.94 ∗ 0.91 1.94 ∗ 0.91 
log ( Total cultivated area ) −3 . 02 ∗∗ −1 . 19 ∗ −3 . 02 ∗∗ −1 . 19 ∗ −2 . 37 ∗∗ −1 . 05 ∗ −2 . 37 ∗∗ −1 . 05 ∗

Radio ownership 3.34 ∗ 1.00 ∗ 3.34 ∗ 1.00 ∗ 4.57 ∗∗ 1.39 *** 4.57 ∗∗ 1.39 *** 

Mobile phone ownership 0.29 0.11 0.29 0.11 1.00 0.40 1.00 0.40 
Extension service −0 . 08 −0 . 03 −0 . 08 −0 . 03 −1 . 34 −0 . 57 −1 . 34 −0 . 57 
Farmers’ group −1 . 54 −0 . 55 −1 . 54 −0 . 55 −0 . 67 −0 . 29 −0 . 67 −0 . 29 
Iramba district −0 . 22 −0 . 09 −0 . 22 −0 . 09 0.56 0.25 0.56 0.25 
Somewhat market constr. 4.24 ∗∗ 1.88 ∗ 4.24 ∗∗ 1.88 ∗ 5.04 *** 2.89 ∗∗ 5.04 *** 2.89 ∗∗

Severely market constr. 2.01 0.66 2.01 0.66 1.29 0.44 1.29 0.44 
Somewhat liquidity constr. −1 . 85 −0 . 96 −1 . 85 −0 . 96 −0 . 99 −0 . 52 −0 . 99 −0 . 52 
Severely liquidity constr. −4 . 55 ∗ −1.78 *** −4 . 55 ∗ −1.78 *** −2 . 66 ∗ −1 . 13 ∗∗ −2 . 66 ∗ −1 . 13 ∗∗

Note: Columns indicated with AllObs, NoNonSf, OnlyInit, and OnlyInitNoNonSf present results obtained in- 
cluding all observations, excluding non-sunflower farmers, including initially selected farmers only, and including 
initially selected farmers only and excluding non-sunflower farmers, respectively; columns indicated with ‘coef’ 
present estimated coefficients, while columns indicated with ‘ME’ present estimated marginal effects; ‘ * ’, ‘ ** ’, 
and ‘ *** ’ indicate statistical significance at 10%, 5%, and 1% level, respectively; significance levels are calculated 
based on standard errors that are robust to clustering at village level. 
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he DHM at 10% significance level when including all observations, and at 5% significance 
evel when using each of the three subsets of observations ( see Table A4 in the Appendix ) .
hus, the DHM appears to be more suitable for our analysis than a Tobit model. 
Table 4 indicates that the estimation results are generally very robust to changing the 

ample that is used in the estimation. While excluding observations from farmers who were 
ot initially selected for the survey has some minor effects on the results, excluding farmers 
hat did not cultivate sunflowers in the 2014/15 growing season has only negligible effects 
n the estimation results. 
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We did not find any statistically significant relationship between the age and the sex of
he household head and the adoption of improved sunflower varieties, neither for the binary
doption decision nor for the extent of adoption. 
Our results indicate that slight risk aversion is not a substantial barrier to the adoption of

mproved sunflower varieties, while more risk-averse farmers are substantially less likely to 
dopt improved sunflower varieties ( by 6–7 percentage points ) than not risk-averse farmers.
owever, both slightly risk-averse farmers and more risk-averse farmers adopt improved 
unflower varieties to a lesser extent than not risk-averse farmers ( by around 76% and
1%, respectively, for an average adopter ) .20 This concurs with our theoretical expectation 
hat risk aversion is negatively related to the adoption of new technologies and confirms
arlier studies ( e.g. Liu 2013 ; Barham et al. 2014 ; Ward and Singh 2015 ; Abdoulaye et al.
018 ; Bridle et al. 2019 ; Magnan et al. 2020 ) . 
We find that the probability of adopting improved sunflower varieties is significantly 

ositively related to household size, where one additional household member is associated 
ith an increase of the probability of adopting improved sunflower varieties by around one
ercentage point. In contrast, the extent of adopting improved sunflower varieties are found 
o have no statistically significant relationship with household size. Our results regarding the
inary adoption decision confirm our theoretical expectation given that larger households 
ave more members who potentially get information about the availability of improved 
unflower varieties. This result also confirms the findings of earlier studies ( e.g. Yu et al.
011 ; Khonje et al. 2015 ) . 
In contrast to some previous studies ( e.g. Verkaart et al. 2017 ; Armel Nonvide 2020 ) , our

mpirical analysis does not find a robust statistically significant association between off- 
arm income and the adoption of improved sunflower varieties, neither the binary adoption
ecision nor the extent of adoption. 
We do not find a statistically significant relationship between farm size ( measured as the

otal land area cultivated ) and the binary adoption decision but we find that an increase
f the farm size by one percent is statistically significantly associated with a decrease of
he proportion of the land area used for cultivating improved sunflower varieties by 0.43–
.48 percentage points ( for an average adopter ) . Given that this relative marginal effect is
maller than one ( in absolute terms ) , larger farms tend to cultivate a smaller proportion of
heir land but a larger ( absolute ) land area with improved sunflower varieties than smaller
arms. 
Our study does not find a robust statistically significant association between ownership 

f radios and the probability of adopting improved sunflower varieties, while radio own-
rship is clearly associated with an increase of the extent of the adoption ( by 41–57% for
n average adopter ) . These findings confirm earlier studies ( e.g. Simtowe et al. 2010 ) and
re consistent with our theoretical expectation given that radios are an important chan-
el for farmers for getting information about agricultural production. Indeed, farmers were 
nformed about the availability of improved sunflower varieties through a rural radio pro-
ramme called ‘INUKA’ ( Salisali 2012 ) . In contrast, we did not find a statistically significant
elationship between ownership of mobile phones and the adoption of improved sunflower 
arieties, neither for the binary adoption decision nor for the extent of adoption. 
We find that receiving government extension service is associated with an increase of the

robability of adopting improved sunflower varieties by 18–21 percentage points, while 
e do not find a statistically significant association to the extent of adoption. Our finding
egarding the binary adoption decision confirms earlier studies ( e.g. Khonje et al. 2015 ;
eymour et al. 2016 ; Yigezu et al. 2018 ; Armel Nonvide 2020 ) and suggests that extension
ervice is an important source of information about new technologies. Indeed, there are
ardly any other organizations or companies that give advice and training to the farmers
 e.g. about new technologies ) in our study area as even private entities such as processors
f sunflower seeds expect the extension service to be provided through the government
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xtension officers ( Kuzilwa and Mpeta 2017 ) . As such, extension service is an institutional 
rrangement for solving the predominantly rural market imperfection in the provision of 
nformation. 
We find a positive and statistically significant relationship between membership in a farm- 

rs’ group and the binary adoption decision in some of the regression analyses ( 12–17 per- 
entage points ) but we do not find a statistically significant relationship between member- 
hip in a farmers’ group and the extent of adoption of improved sunflower varieties. Our 
nding regarding the binary adoption decision confirms earlier studies ( e.g. Khonje et al.
015 ) . 
Contrary to our theoretical expectations, we do not find a robust statistically signif- 

cant relationship between market constraints and the binary adoption decision and we 
nd that farmers who perceive that they are somewhat market constrained adopt improved 
unflower varieties to a larger extent than farmers who responded that they are not or only 
lightly constrained regarding the availability of seeds for improved sunflower varieties on 
he market. Our results suggest that limited availability of seeds of improved sunflower va- 
ieties on the market is not a substantial barrier to the adoption of improved sunflower 
arieties. Indeed, improved sunflower seeds can not only be purchased on the market but 
lso obtained by farmers ( on credit or for cash ) through contract farming arrangements ( e.g.
inistry of Industry, Trade and Investment 2016 ; Mpeta et al. 2017 ) . Our results regarding 

he relationship between market constraints and the extent of the adoption can potentially 
e explained by reverse causality: the larger the proportion of their land area sown with 
mproved sunflower seeds, the more likely that farmers experience that the availability of 
eeds of improved sunflower varieties on the market is at least somewhat constrained. 
In line with our theoretical expectations, we find that somewhat and severely liquidity- 

onstrained farmers have a lower probability of adopting improved sunflower varieties 
 around 5–10 percentage points ) than not or only slightly liquidity-constrained farmers but 
his relationship is only statistically significant in some of our regressions analyses. The rela- 
ionship between liquidity constraints and the extent of adoption is statistically insignificant 
or somewhat liquidity constrained farmers but statistically significant for severely liquid- 
ty constrained farmers: farmers who indicate to be severely liquidity constrained adopt 
mproved sunflower varieties to a 46–72% smaller extent than farmers who indicate to 
e not or only slightly liquidity constrained. This result indicates that liquidity constraints 
re a much larger barrier to the adoption of improved sunflower varieties than market 
onstraints. 

.3 Tobit model 

n addition to the DHM, we conduct our analysis with the Tobit model in order to compare 
he results and as a robustness check. Tables A13–A20 in the Appendix present the esti- 
ated coefficients and marginal effects of Tobit regressions with the entire sample as well 
s with the three subsets of observations descried above. The results of the Tobit models 
re generally in line with the results of the DHM, particularly with the results regarding 
he binary adoption decision. However, as the Tobit model does not distinguish between 
he two different dimensions of adoption, it does not find all the relationships that we find 
ith the DHM. For instance, the DHM indicates that the extent of adoption is statistically 
ignificantly related to farmers identifying themselves as slightly risk averse, to the total 
ultivated land area and to experiencing to be somewhat market constrained but the Tobit 
odels do not find these relationships. 
These differences support the results of the likelihood ratio tests presented in Table A4 

n the Appendix that the DHM is more suitable for our empirical analysis than the Tobit 
odel. 
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. Conclusion and policy implications 

lthough adoption of improved crop varieties by smallholder farmers in developing coun- 
ries is considered to be a promising way of increasing food production and household wel-
are, the adoption rate of improved crop varieties by smallholder farmers is still very low in
ost developing countries. Increasing the adoption of improved crop varieties through poli- 
ies, development programmes, and business decisions requires knowledge about drivers of 
doption and barriers to adoption. In order to provide this information, this paper ana-
yzed the adoption of improved sunflower varieties amongst smallholder sunflower farmers 
n Singida region, Tanzania. We used a double-hurdle model ( DHM ) for our empirical anal-
sis, which allows us to separately analyze the ( binary ) decision of adopting or not adopting
mproved sunflower varieties as well as the extent of adoption. We found several factors that
re significantly related to the binary adoption decision, to the extent of adoption, or to both
f them. 
The main limitation of our study is that we cannot interpret our estimated coefficients

s causal effects because we cannot exclude that some of our results are driven by reverse
ausality or unobserved heterogeneity ( omitted confounding factors ) . For instance, the pos- 
tive and highly statistically significant relation that we found between receiving extension 
ervice and adoption of improved sunflower variety could—at least partly— also originate 
rom reverse causality ( e.g. if extension officers find it more interesting to visit farmers who
ultivate improved sunflower varieties than farmers who only cultivate non-improved sun- 
ower varieties or if farmers who cultivate improved sunflower varieties try harder to get in
ontact with an extension officer than farmers who only cultivate non-improved sunflower 
arieties ) or from unobserved heterogeneity ( e.g. if extension officers prefer to visit farmers
ho they know are more open to new technologies or if farmers who are more open to
ew technologies try harder to get in contact with extension officers than farmers who are
ess open to new technologies ) . In order to separate causal effects from other sources of
orrelation, we suggest that our most important policy-relevant findings be validated with 
andomized controlled trials ( RCT ) . 
In spite of this limitation, we can derive some recommendations for policies, development 

rogrammes, and business decisions. For instance, given that we found that adoption of
mproved sunflower varieties ( including the extent of adoption ) is negatively related to risk
version, we suggest an investigation, e.g. with small pilot projects, of whether weather
 index ) insurances can alleviate this barrier to the adoption of improved crop varieties ( see
.g. Karlan et al. 2014 ) . 
Our study also indicates that adoption of improved sunflower varieties is positively re-

ated to various ways of information provision such as ownership of radios and receiving
xtension service. Hence, we suggest an investigation of whether the benefits of providing
nd expanding these ways of providing information outweigh their costs. 
While it seems that the availability of seeds of improved sunflower varieties on the market

s not a major barrier, we found that liquidity constraints are significantly negatively related
o the extent of adoption of improved sunflower varieties. Thus, we suggest that ways of
lleviating liquidity constraints, e.g. loans with reasonable interest rates through Saving and 
redit Cooperatives ( SACCOs ) and Village Community Banks ( VICOBA ) , be investigated.
In addition to the suggestions for further investigations given above, future research could

se longitudinal data in order to investigate long-term relationships between various factors,
rivers and barriers, and the adoption of improved sunflower varieties. Furthermore, given 
he limited external validity of our study and other studies of adoption of new technologies,
 study based on multiple-country data about the adoption of improved varieties of various
rops could provide results with much higher external validity. 
Finally, as our data set includes a too small number of contract farmers for analyzing the

elationship between contract farming and the adoption of improved sunflower varieties,
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e suggest to study this relationship with data sets that are more suitable for analyzing this 
esearch question. 

upplementary material 

upplementary data are available at QOPEN online. 
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nd Notes 

. For instance, see Suri ( 2011 ) , Kyle et al. ( 2016 ) and Kinuthia and Mabaya ( 2017 ) for agricultural 
productivity; Asante et al. ( 2014 ) for technical efficiency; Kassie et al. ( 2011 ) , Simtowe et al. ( 2012 ) ,
and Afolami et al. ( 2015 ) for income from crop production; Mathenge et al. ( 2014 ) , Zeng et al.
( 2015 ) , Abate et al. ( 2017 ) , Manda et al. ( 2017 ) , and Alwang et al. ( 2019 ) for household welfare;
and Nata et al. ( 2014 ) , Shiferaw et al. ( 2014 ) , Khonje et al. ( 2015 ) , and Jaleta et al. ( 2018 ) for food
security.

. For instance, see Ghimire and Huang ( 2015 ) , Jaleta et al. ( 2015 ) , Villano et al. ( 2015 ) , Seymour et al.
( 2016 ) , and Alwang et al. ( 2019 ) for household characteristics and Bezu et al. ( 2014 ) and Verkaart 
et al. ( 2017 ) for economic circumstances.

. For instance, see Simtowe et al. ( 2011 ) and Bridle et al. ( 2019 ) for lack of awareness of or information
about the availability of improved crop varieties; Shiferaw et al. ( 2015 ) , Bridle et al. ( 2019 ) , and 
Wineman et al. ( 2020 ) for inadequate supply of seeds of improved crop varieties in the market,
liquidity constraints, and limited access to credit; Liu ( 2013 ) , Barham et al. ( 2014 ) , Wainaina et al.
( 2016 ) , Ward and Singh ( 2015 ) , Abdoulaye et al. ( 2018 ) , Magnan et al. ( 2020 ) , and Bridle et al.
( 2019 ) for risk aversion; Schroeder et al. ( 2013 ) for high prices of hybrid seeds; Asfaw et al. ( 2012a )
for negative perceptions about the cultivation of improved varieties; Floro et al. ( 2017 ) , Kosmowski 
et al. ( 2018 ) , and Wineman et al. ( 2020 ) for misidentification of seed type; and Kassie et al. ( 2011 ) and
Shiferaw et al. ( 2008 ) for poor development of market infrastructure and limited access to agricultural 

extension.
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. For instance, see Kijima et al. ( 2008 ) , Becerril and Abdulai ( 2010 ) , Suri ( 2011 ) , Amare et al. ( 2012 ) ,
Bezu et al. ( 2014 ) , Jaleta et al. ( 2015 ) , Wainaina et al. ( 2016 ) , Abdoulaye et al. ( 2018 ) , Alwang et al.
( 2019 ) , and Magnan et al. ( 2020 ) for maize; Mariano et al. ( 2012 ) , Wang et al. ( 2012 ) , and Villano
et al. ( 2015 ) for rice; and Shiferaw et al. ( 2008 ) , Simtowe et al. ( 2011 ) , Amare et al. ( 2012 ) , Asfaw
et al. ( 2012b ) , Verkaart et al. ( 2017 ) , and Jaleta et al. ( 2015 ) for grain legumes such as chickpea and
pigeonpea.

. Biologically, groundnuts are legumes but as they have a high oil content and are frequently used to
produce groundnut oil, groundnuts are also considered as an oil crop.

. These types of crop varieties are under-researched in developing countries because for many farmers
in developing countries including Africa, oilseeds are neither an important staple crop nor an impor-
tant cash crop. However, in recent years, sunflower and other oilseed crops such as oil palms have
gained in importance and have become a major cash crop for many farmers in developing countries.

. Foundation seeds, sometimes also called basic seeds, are usually produced by the breeder of the variety
and are usually used to produce certified seeds.

. The numbers of selected farmers in the three strata in each of the twenty-four villages are presented
in Table A2 in the Appendix.

. It is possible that recycled seeds are improved varieties but this cannot be known for sure given that
no monitoring and labelling of recycled seeds is done. Furthermore, recycled seeds can genetically
deviate from the original variety due to cross-pollination and genetic deterioration, particularly when
seed recycling is repeated for multiple years. Indeed, only 7 of the 345 farmers who sowed recycled
seeds indicated that their recycled seeds are first-generation descendants of certified seeds or QDS.
Therefore, we consider recycled seeds to not be improved varieties.

0. Previous studies have shown that DHMs are suitable for analyzing adoption of improved crop vari-
eties ( Bezu et al. 2014 ; Ghimire and Huang 2015 ; Yigezu et al. 2018 ; Alwang et al. 2019 ) as well as
the adoption of other innovations ( e.g. Reyes et al. 2012 ; Miteva et al. 2017 ; Fan and Salas Garcia
2018 ; Burke 2019 ) .

1. The sample-selection model ( Heckman, 1976 ) could be a further suitable econometric specification 
for analyzing the two stages of adopting a divisible technology but this specification is rarely feasible
in empirical applications, because obtaining reliable estimates with this model requires at least one
exclusion restriction in the empirical specification ( i.e. at least one variable that significantly affects
the adoption/non-adoption decision but does not affect the extent of adoption ) and variables that
fulfil these two conditions are rarely found in real-world applications.

2. As the number of clusters in our data set is not ‘large’, this method could be insufficient to account for
the clustered observations ( Pustejovsky and Tipton 2018 ) . Unfortunately, the method to account for a
small number of clusters suggested by Pustejovsky and Tipton ( 2018 ) can—to our best knowledge—
not be applied to nonlinear models such as the double-hurdle model and the Tobit model. However,
as twenty-four clusters is not a very small number of clusters, the lower left panel of Fig. 1 ( i.e.
‘standard test, q = 1’ ) in Pustejovsky and Tipton ( 2018 ) indicates that our cluster-robust ‘CR1’
standard P-values are likely only very slightly downward biased ( assuming that the simulation with
a linear regression model can be generalized to non-linear regression models such as the DHM and
the Tobit model ) .

3. In case of categorical variables with more than two categories that, thus, are operationalized with
more than one binary explanatory variable ( e.g. variable ‘risk aversion’ has three levels ‘not risk
averse’, ‘slightly risk averse’, and ‘risk averse’ so that we have two binary explanatory variables
‘slightly risk averse’ and ‘risk averse’, while ‘not risk averse’ is the base category ) , we calculate the
marginal effect of each binary explanatory variable by setting the values of the other binary variables
derived from the same categorical variable to zero ( e.g., the marginal effect of ‘risk averse’ is calculated
as the discrete change from zero to one with the binary variable ‘slightly risk averse’ set to zero, while
all other variables are set to their mean values ) .

4. One option to address the largely right-skewed distribution of the quantity of improved sunflower
seeds would be to transform the dependent variable with the natural logarithm, which corresponds
to the DHM defined in Equations ( 7 ) and ( 10 ) of Cragg ( 1971 ) . However, the Tobit model cannot
be nested in this specification because the Tobit model includes observations with zero values of the
dependent variable so that the logarithm cannot be applied. This wouldn’t allow us to test whether
the DHM gives a significantly better fit to the data than a Tobit model.

5. We elicit the market constraints and liquidity constraints with a four-point Likert scale: ‘not con-
strained’, ‘slightly constrained’, ‘somewhat constrained’ and ‘severely constrained’. As only very few 
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households indicated that they are ‘not constrained’ or ‘slightly constrained’ regarding both market 
constraints and liquidity constraints, we subsume these two levels under one level. Hence, in our em- 
pirical analysis, both of these variables have three categories: ‘not or slightly constrained’, ‘somewhat 
constrained’, and ‘severely constrained’ ( see Table 2c ) .

6. Initially, we included the level of education of the household head as additional explanatory variable 
in our empirical analysis but we dropped this variable because it had too little variation, which 
resulted in highly statistically insignificant coefficients of the education variable. We tried to solve 
this problem by subsuming the two highest levels of education into one level so that we had only two
levels of education ( ‘no education’ and ‘primary school or higher education’ ) but the variation was 
still too small. Given that all adopters have at least primary education, there was even no variation in 
this variables among adopters so that this variable could anyway not be used to analyze the second 
stage of the DHM.

7. A well-established and potentially more reliable way of measuring risk aversion in surveys is the use of 
choice experiments with lottery questions, as suggested, e.g. by Binswanger ( 1980 ) , Eckel and Gross- 
man ( 2002 ) , Harbaugh et al. ( 2002 ) , and Tanaka et al. ( 2010 ) . Our survey questionnaire included a
set of questions with hypothetical choice experiments, in which respondents were asked to choose 
one out of five lotteries ( i.e. their preferred combination of risk and expected outcome ) similar to 
Binswanger ( 1980 ) and Eckel and Grossman ( 2002 ) . However, due to imprecision in the translations 
from English to Swahili and from Swahili to local languages, many respondents misunderstood these 
questions so that these measures of risk aversion are unfortunately not usable. Fortunately, our sur- 
vey questionnaire included the above-mentioned question about self-reported risk attitudes so that 
we can include this measure of risk aversion in our empirical analysis. However, the measure of risk 
aversion used in our empirical analysis has not yet been validated and, thus, may be less reliable than 
well-established measures of risk aversion based on choice experiments with lottery questions.

8. Initially, we also planned to investigate the role of contract farming in the adoption of improved 
sunflower varieties, which is also largely ignored in existing studies. However, we do not use contract 
farming as explanatory variable in our final model specification because only 2% of the farmers in 
our data set were contract farmers in the growing season that we consider in our analysis, which 
resulted in a statistically insignificant and very imprecise estimate.

9. All calculations and estimations were performed in the statistical software environment ‘R’ ( R Core 
Team 2021 ) using the add-on packages ‘censReg’ ( Henningsen 2022 ) , ‘lmtest’ ( Zeileis and Hothorn 
2002 ) , ‘mhurdle’ ( Croissant et al. 2018 ) , ‘sandwich’ ( Zeileis 2006 ; Zeileis et al. 2020 ) , ‘truncreg’ 
( Croissant and Zeileis 2018 ) , and ‘xtable’ ( Dahl et al. 2019 ) . A replication package with data and 
code is available as part of the Supplementary Material.

0. The coefficients of ‘risk averse’ are statistically insignificant, while the corresponding marginal effects 
are statistically significant only at the 10% level. However, there is no statistically significant differ- 
ence between the marginal effect of being slightly risk-averse and the marginal effect of being ( more ) 
risk averse.
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