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Abstract
Purpose – New agricultural technologies are continuously generated and promoted for adoption by farmers
with the expectation that they bring about higher benefits than older technologies. Yet, depending on the
perceived benefits, the user of the technology may choose to stop using it. This paper aims to analyze what
drives farmers to dis-adopt climate smart sorghum varieties in Tanzania.
Design/methodology/approach – The study uses cross-sectional farm household level data collected in
Tanzania from a sample of 767 households. The determinants of dis-adoption are explored using a bivariate
probit with sample selection model.
Findings – The authors find that while farmers switch between different sorghum varieties, most farmers
actually quit sorghum production. Older farmers and those facing biotic stresses such attacks by birds are
more likely to dis-adopt sorghum.
Practical implications – These findings suggest that there is scope for improving and sustaining the
adoption of sorghum varieties in Tanzania once extension services are strengthened. The findings also point
to a well-founded theory on the role of markets in enhancing the overall sustainability of food systems.
Social implications – The study findings have broader implications for understanding the sustainability
of improved technology adoption
Originality/value – Dis-adoption is also positively associated with the lack of access to markets
underscoring the role of markets in enhancing the overall sustainability of technology adoption and food
systems.
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1. Background
1.1 Motivation
With over 40 per cent of the area classified as arid, food insecurity in sub Saharan Africa
(SSA) is wide spread and dire. Climate change predictions for SSA suggest rainfall
reduction, variable distribution pattern, increased erratic rainfall, intra-seasonal dry spells
and incidences of flooding, high temperatures and higher frequency of droughts (Hadebe
et al., 2016). There is scope for mitigating the negative impacts of climate change on food
security through the development and dissemination of crops with a high ability to
withstand water-stress periods. Sorghum’s drought, heat and flooding tolerance (Hadebe
et al., 2016), and the ease of adoption by farmers makes it an ideal crop for production in
SSA. Ex ante impact assessments have also shown that, in fact, climate change will create
more favorable growing conditions for sorghum (Orr et al., 2016) as compared to maize.
According to this study, sorghumwill remain an important food crop within the SSA region,
particularly in drought-prone areas where household food security cannot rely solely on
maize. Sorghum’s resilience to drought will increase its importance as a source of adaptation
to climate change.

In Eastern and Central Africa, sorghum is a major food security crop accounting for 41
per cent of the region’s grain production (Msongaleli et al., 2004). Orr et al. (2016) report that
smallholders in Tanzania grew sorghum primarily as a food crop, responding slowly to
changes in relative market prices compared to maize, but reducing the production of
sorghum after a year of good rains when they had experienced a bumper harvest of maize.
In addition to food and feed, it is used for a wide range of industrial purposes, including
starch for fermentation and bio-energy as well as feed for livestock.

Despite its strategic importance, sorghum yields are low, averaging approximately 1000
kg ha-1 which has been broadly attributed to low soil fertility, bird feeding damage, striga,
weed infestation, use of cultivars with low yield potentials and other socio-economic factors
(Msongaleli et al., 2004). Resulting from increased efforts by the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) and the National Agricultural
Research Institutes, several improved sorghum varieties have been released in the past four
decades (Ndjeunga et al., 2015). While such varieties offer great promise for boosting
sorghum productivity and better resistance to biotic and abiotic stresses, Schipmann et al.
(2013) report that their adoption remains dismal and their adoption dynamics have not been
fully understood. However, as expressed by Sanou et al. (2017), while the low technology
adoption rates in the developing world may be attributed to dis-adoption (farmers who once
adopted a new technology but have stopped using it), only a few studies have focused on
factors affecting continuous or discontinuous use of adopted technologies, with the
exception of Oladele (2005), Neill and Lee (2001) and Kim (2017).

The extent to which sorghum variety abandonment or switching is happening among
sorghum farmers in Tanzania has never been fully understood. The question addressed in
this study is:

In the light of the prominence of wide spread dissemination of improved sorghum varieties in
Tanzania, are some varieties being adopted and then dis-adopted? If yes, what does the adoption
and subsequent dis-adoption of such varieties tell us about the sustainability of sorghum
production in Tanzania and the resulting lessons for sorghum breeders, policy makers and
farmers?

The factors to explain adoption and dis-adoption cycles may be external, agronomic and
climatological factors, or internal to the sorghum system and are the main focus of this
study.
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1.2 The sorghum sector and its importance in Tanzania
Tanzania is the largest producer of sorghum in Eastern and Southern Africa, occupying 21
per cent of the total cereal area in the country (Brown, 2013). It is the third most cultivated
cereal after maize and rice, and it is mostly grown in the central parts (Figure 1). According
to Ashimogo (1995), 90 per cent of sorghum producing households consumed the sorghum
they produced.

According to the United Republic of Tanzania (2012), Singida, Shinyanga and Dodoma
regions have the largest area planted to sorghum (15.5, 14.6 and 14.2 per cent, respectively)
followed by Mura (12 per cent), Tabora (10 per cent) and Lindi (8 per cent). The average
sorghum yield for Tanzania is estimated to be approximately 1000 kg ha-1, and too low to
sustain an average farm family for 12 months (Brown, 2013). Popular varieties that had been
released in Tanzania prior to the data collection for this study include Pato (released in 1995)
and Macia (released in 1999). Other improved varieties released in Tanzania include
Tegemeo, Wahim, Hakika, Sila, Serena and Lulu. These new releases have been widely
disseminated and are being adopted by the farming population.

Despite its low productivity, the growing demand for sorghum in Tanzania and the
wider East Africa community offers a great opportunity for small-scale farmers to benefit
from sorghum production. This demand has increased dramatically following a resolution
by the East Africa Breweries Limited to use sorghum to produce one of its beer brands.
According to figures by the Tanzanian Ministry of Agriculture, Food Security and
Cooperatives, the annual demand for sorghum in Tanzania in 2011/12 was 3,360,000 metric
tons, while the supply was 1,084,000 metric tons. Against the background of this highly

Figure 1.
Sorghum planted

area in Tanzania and
surveyed districts
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dynamic market, both the demand and production of sorghum Tanzania are projected to
increase substantially by the year 2050. The supply is projected to increase by over 300 per
cent from about a million tons in 2015 to close to 5 million tons in 2050, while the demand for
sorghum is expected to double from about 900 thousand tons to about two million tons by
2050, turning Tanzania into a net exporter of sorghum (Orr et al., 2016).

2. Methodology
2.1 Analytical framework
The decision whether to adopt improved sorghum can be modeled using the general
framework of utility maximization (Uaiene et al., 2009; Hassen, 2015). The authors start from
the assumption that farmers adopt a new technology only when the utility gained from
using such a technology is significantly greater than the utility gained without using it.
Even though it is not possible to observe utility directly, a farmers’ adoption decision is
observed through which their utility is indirectly inferred. Following Hassen (2015), the
authors let Un

s be the benefit level in the state of non-adoption (n) of improved sorghum
varieties (s); Ua

s the benefit level in the state of adoption (a). A farmer will transit from the
state of non-adoption to the state of adoption of variety (s) if:

Y *
is ¼ Ua

is � Un
is > 0 (1)

The farmer will not adopt if:

Y *
is ¼ Ua

is � Un
is < 0 (2)

whereY *
is is the latent net benefit of adopting or not adopting an improved sorghum variety.

As expressed by Neill and Lee (2001), the initial adoption decision and the continued use
of the technology once it has been adopted can be explained by two discrete sequential
decisions. Stage 1 represents the decision of whether or not to adopt sorghum, while Stage 2
represents the decision whether to dis-adopt or continue cultivating sorghum if sorghum has
been adopted. The dependent variables in both stages of the decision process are
dichotomous.

Given the contingent nature of the decision framework, correct and efficient estimation of
determinants of dis-adoption requires a joint estimation of the two decisions and taking into
account sample selection as to report dis-adoption of an improved sorghum, it is necessary
to adopt it in the first place.

The adoption and abandonment transitions can be expressed in two latent equations
with two latent stochastic variables y*1 and y

*
2 which capture the propensity to make the first

and second transition in the adoption status, respectively, with the first transition
representing the transition from non-adoption to adoption and second representing the
transition from adoption to abandonment. Thus, the latent adoption and dis-adoption
decisions are determined by:

y*i1 ¼ xi1b 1 þ m ¼
1 if y*i1 > 0

0 if y*i1# 0

8<
: (3)

Selection
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y*i2 ¼ xi2b 2 þ « ¼
1 if y*i1 > 0; y*i2 > 0

0 if y*i1 > 0; y*i2# 0

not observed if y*i1# 0 or y*i2# 0

8>>><
>>>:

(4)

Outcome where the latent variables y*i1 and y*i2 represent the utility that the ith household
receives from adopting improved sorghum and continuing the use, respectively. They
depend on vectors of farmer observed characteristics xi1 and xi2 which represent farmer
observed characteristics for adopting/non-adopting sorghum and farmer observed
characteristics affecting dis-continuous cultivation of sorghum, respectively; b 1 and b 2 are
vectors of coefficients to be estimated; m and « are error terms.

The latent variables y*i1 and y*i2 are, by definition, unobservable but instead the authors
observe two binary variables y indicating if individuals actually make each of the two
transitions. The observable binary variables, yi1 and yi2 have the value of 1 when y*i1 > 0and
y*i2 > 0, respectively. Thus, the binary variables are defined as yi1 = 1 if a household adopts
an improved sorghum variety and if yi1 =1, then yi2 could be 1 (indicating continuous
adoption) or 0 (for abandonment). If yi1 = 0, then yi2 is not observed or does not exist
implying that the latent variable y*i2 is only observed if y*i1 > 0(Kim, 2017). In other words, it
is only possible to observe y*i2 (continuation adoption decision) if a household adopted
improved sorghum (y*i1 > 0). An important observation for equation (2) which represents
continued cultivation of improved sorghum is that a smaller number of households enters
the equation. This can be called the censoring of the original sample (Kim, 2017; Sanou et al.,
2017). Indeed, as expressed by Sanou et al. (2017), only a subset of original sample adopts the
technology [equation (1)], continued use is observed only for those who adopt the technology
[equation (2)].

It is assumed that the unobserved error vector (m ,« ) is distributed bivariate normal with
zero mean and independently to the explanatory variablesXi1 andXi2where:

m �N 0; 1ð Þ« �N 0; 1ð Þcorr m ; «ð Þ ¼ r (5)

The log-likelihood function of the model is given by the following equation:

lnL ¼
XN

i

yi1yi2 lnw 2 x1b 1; x2b 2; rð Þ þ yi1 1� yi2ð Þln lnw 2 x1b 1; x2b 2;�rð Þ��

þ 1� yi1ð Þln w 1 �x1b 1ð g (6)

where i = 1,2,. . ..N. As expressed by Sanou et al. (2017) in specification (4), w 1 is the
univariate normal distribution, and w 2 is the bivariate normal distribution; yi1 and yi2 are
binary variables taking unity if farmer i adopts improved sorghum and if farmer i
continuously uses them, respectively, and 0 otherwise. And r is the coefficient of
correlation.

Our estimated conditional probability derived from equations (1) and (2) is a bivariate
Probit with sample selection model (Heckman, 1976)[1]. A bivariate probit model allows for
a continuous structure of utility between the two decisions. It provides a correlation term r
that represents how the unobserved characteristics affecting utility maximization, implicit
in the first decision, are related to the second (Neill and Lee, 2001). If the null hypothesis that
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r = 0 cannot be rejected, there is no correlation between the error terms of the two equations,
and they may be estimated with separate probit specifications.

2.2 Data
The data for the study are based on a survey of 767 households from 57 villages across 8 of
the major sorghum growing districts in mainland Tanzania and collected by ICRISAT in
collaboration with Selian Crops Research Institute of Tanzania in 2011. The villages for the
survey were drawn from the National Master Sample (NMS) developed by the National
Bureau of Statistics (NBS) to serve as a national framework for conducting household-based
surveys in Tanzania developed from the 2002 population and housing Census. A multistage
sampling procedure was used in the selection of households for the study. The first stage
involved the selection of major sorghum growing regions. The second stage involved
the selection of major sorghum growing districts followed by the selection of villages and
the households from each of the selected villages.

Four major sorghum growing regions (Dodonoma, Shinyanga, Singida and Tabora) were
selected for the survey. The locations of the eight districts within these four regions where
the study was conducted are highlighted in Figure 1.

The sampling process was proportional to the size with 5-8 villages selected per district
leading to the total of 60 villages. In total, 15-30 households were randomly sampled per
village based on population of the village, leading to the sampling of 800 households.

2.3 Model specification
Themodel specification involves assigning y1 = 1 in equation (1) above for the first adoption
decision and assigning y2 = 1 for the continuous adoption. Non-adoption is represented by
y1 = 0 and abandonment of the technology by y2 = 0. As expressed by Neill and Lee (2001),
this specification implies that positive coefficients in both decisions are associated
increasing the probability of growing improved sorghum varieties, while negative
coefficients will be associated with a decreasing probability. The two separate equation
specifications are estimated taking into account a number of variables such as farm size,
market access, incidence of biotic stresses as well as other socio-economic variables. Table
III depicts expected coefficient signs for the variables included in both equations.

2.3.1 Dependent variables. The dependent variables for the study relate to adoption and
the subsequent dis-adoption. The analysis is based on two interrelated dependent variables.
One reflects whether a farm household has ever cultivated at least one improved sorghum
variety. The other dependent variable reflects dis-adoption patterns, where dis-adoption is
defined as ever-growing an improved variety before 2011, but did not grow it in the year of
survey in 2011 for whatever reason. The authors ran one pooled regression involving all
improved varieties and four separate regressions for each of the improved varieties (serena,
macia, tegemeo and pato).

2.3.2 Description of explanatory variables and hypotheses. The variables that are
hypothesized to influence adoption and dis-adoption of improved sorghum varieties were
selected based on a review of theoretical work and previous empirical adoptions studies
(Feder et al., 1985; Diagne, 2006; Kassie et al., 2013). Below, a brief description of the
variables and a priori expectation on their effect on adoption and dis-adoption is presented
(Table I).

2.3.2.1 Household demographic and socioeconomic characteristics. Empirical studies
(Adesina and Baidu-Forson, 1995; Uaiene et al., 2009) have shown that the age of a
household’s head, which captures his or her farming experience could influence adoption
decision, either positively or negatively. Adesina and Baidu-Forson (1995) finds that age
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positively influenced the adoption of sorghum in Burkina Faso, while Polson and Spencer
(1991) observe the contrary when they find that the younger farmers are more risk-taking
and willing to uptake an improved technology. This makes it difficult to predict the impact
of age on the continuity of the technology adoption. It is more difficult to predict the effect of
gender on sorghum technology adoption and dis-adoption, although Schipmann et al. (2013)
showed no gender impacts on sorghum adoption. The size of the household, is a proxy for
the availability of labour. Generally, the production of improved sorghum varieties is
relatively less labour intensive as Schipmann et al. (2013) report. Thus, the authors expect
the coefficient to have a negative sign. The size of the land owned can have an impact of
whether or not to adopt improved varieties. Generally, varieties that produce higher yields
are likely to be attractive to those with small land holdings, leading to an expected negative
sign for the coefficient for both the adoption and the abandonment equations. However, land
is also a wealth proxy variable which can have a positive effect on the adoption of improved
sorghum varieties (Feder et al., 1985).

The participation in off-farm self-employment can have unpredictable impacts on
adoption and dis-adoption. Reasons for participation in off-farm employment include:

� self-insurance against risk;
� an ex-post coping strategy;
� inability to specialize due to incomplete input markets; and
� consumption diversification where there are incomplete output markets.

Table I.
Description of some

key explanatory
variables and
expected signs

Explanatory
variables Definition

Expected signs

Adoption
Continued
adoption

Household socio-demographics
Gender Equals 1 if household head is male and 0 otherwise þ/� þ/�
Education Years of education of head of household þ þ
Age Age of the household head in years þ/� þ/�
Household size Number of people living in one household – –
Farm size Number of hectares owned by household þ þ
Livestock units Number of livestock units owned þ þ
Off Farm Equal 1 if farmers expressed participation in off farm

self-employment: 0 otherwise
þ/� þ/�

Exposure and social capital
Source of
extension
information

Equal 1 if government is source of extension (base)
compared against other extension service providers
(Farmer club, NGO, Research Centre., Seed/grain dealer,
Another farmer)

– –

Neighbors Number of friends and neighbors the farmer saw
growing improved sorghum

þ/� þ/�

Community characteristics
Distance to the
market

Distance to the nearest market in km – –

Disease and pest Equal 1 if farmers expressed existence of disease and
pest problem; 0 otherwise

þ/� þ/�

Seed constraint Equal 1 if farmers in the village expressed existence of
seed constraint: 0 otherwise

– –

Drought Equal 1 if farmers in the village expressed existence of
drought problem: 0 otherwise

– –
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Thus, it is hard to predict the sign of the coefficient on both adoption and dis-adoption.
2.3.2.2 Exposure and social capital variables. Exposure and social capital variables are

crucial drivers of adoption decisions of any technology. The knowledge of any friends and
neighbors that grow improved sorghum is critical in adoption decisions as it exposes
farmers to a new technology and increases the probability of adoption as reported in other
studies (Diagne, 2006). However, a prediction on its impact on abandonment is not possible.
As expressed by Schipmann et al. (2013), the information source for new sorghum cultivars
plays an important role in adoption.

2.3.2.3 Community variables, biotic and abiotic factors. Market access was assessed
using the distance to the main market which reflects transaction costs associated with
buying inputs and taking produce to the market. Apart from affecting the access to the
market, these distances can also affect the availability of new technologies, information and
credit institutions (Kassie et al., 2013). The authors therefore expect the relationship between
the distance to the market and adoption of improved sorghum varieties to be negative for
both, the first adoption equation and the continued adoption equation as the incentive to
produce sorghum is expected to be lower the further away from the market. Moreover, the
authors also want to understand the effect of abiotic and biotic stresses such as drought,
pest and diseases on the adoption as well as the sustainability of technology adoption. The
occurrence of drought is likely to make sorghum production attractive and more so if
improved varieties are drought tolerant or if they have short growth cycles favorable for the
semi-arid areas, while the occurrence of pests and diseases and the lack of seed will have a
negative effect on the adoption and encourages variety abandonment.

3. Results
3.1 Descriptive results
3.1.1 Types of sorghum varieties planted. Table II presents sorghum varieties grown in
Tanzania and their rates of abandonment. The levels of adoption for different sorghum
varieties vary extensively across farmers. Column 3 shows the numbers of farmers
expressing that they ever grew the variety of sorghum. Local sorghum varieties are quite
popular in Tanzania with all farmers reporting to have ever grown local sorghum varieties
and 76 per cent reporting growing them in the year of the survey. Among improved
varieties, Macia, Serena, Pato and Tegemeo were the most popular varieties, a finding
consistent with Schipmann et al. (2013). Serena, Pato and Macia are widely preferred for
their tolerance to striga (Striga hermonthica, Striga asiatica, and Striga forbesii), while
Tegemeo is highly susceptible to striga. Column 5 depicts the rate at which farmers are
abandoning each variety regardless of the time when the varieties were abandoned.

Table II.
Types of sorghum
varieties planted and
dis-adopted

Sorghum variety
Year of
release

Ever planted
(%) (n = 767)

Planted in 2011
(%) (n = 767)

(%)
dis-adoption

Local sorghum – 100.0 75.9 24.1
Serena 1960 10.0 5.9 41.6
Pato 1977 14.6 8.2 43.8
Tegemeo 1978 11.6 4.8 58.4
Macia 1998 30.2 23.3 22.8
Wahi 2002 5.1 4.0 20.5
Hakika 2002 0.8 0.5 33.3
Sila 2008 0.5 0.3 50.0
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Tegemeo, Pato and Serena varieties recorded the highest abandonment rates of 58.4, 43.8
and 41.6 per cent by the farmers that had ever grown the varieties, respectively. While
Maciawas the most widely cultivated variety, only 22.8 per cent of the sorghum farmers did
not grow the variety during the year of the survey. The low dis-adoption rate of Macia
relative to other improved varieties may suggest that the Macia has some preferable
characteristics that encourage farmers to continue growing the variety, but it could as well
be that the variety is relatively new compared to the others.

Moreover, older varieties may also be suffering from the lack of seed. It is likely that
sorghum seed companies are focusing on new improved sorghum varieties than the older
varieties, making it difficult for farmers to access improved seed for older varieties such as
Serena, Tegemeo and Pato. As depicted in Figure 2, there is a correlation between the age of
the variety and the rate of its abandonment with older varieties such as Serena (50 yrs), Pato
(34 yrs) and Tegemeo (33 yrs) registering higher dis-adoption rates of 42, 44 and 58 per cent,
respectively.

3.1.2 Transitions in variety cultivation. As expressed byWestengen and Brysting (2014),
switching to other varieties within the farming communities is an important adaptation
strategy within a diverse portfolio of livelihood responses to multiple stresses. Table III
depicts results of the adoption dynamics among sorghum farmers. Most farmers that had
abandoned Serena, actually did not grow any sorghum variety (65.7 per cent), while a few
(21.9 per cent) switched to the cultivation of mostly local varieties. Consistent with dis-
adopters of Serena, most farmers that dis-adoptedMacia (58.5 per cent) also did not grow any
sorghum variety while 32.1 per cent of them switched to local varieties. A significant
proportion of previous growers of Tegemeo and Pato also either quit sorghum production or

Figure 2.
Variety age versus
rate of disadoption

Table III.
Transitions in

variety cultivation
(%)

Variety dis-adopted
Variety switched to

Serena Pato Tegemeo Macia Local Quit sorghum

Serena (n = 32) 0.0 3.1 3.1 6.3 21.9 65.6
Pato (n = 52) 3.8 0.0 0.0 17.3 48.1 30.8
Tegemeo (n = 49) 2.0 0.0 0.0 28.6 36.7 32.7
Macia (n = 53) 0.0 7.5 1.9 0.0 32.1 58.5
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switched to the cultivation of local sorghum varieties. Variety switching within improved
varieties is largely limited to Macia, with 17.3 per cent and 28.6 per cent of the previous
growers ofTegemeo and Pato, respectively, switching toMacia. The findings largely suggest
that most sorghum farmers are moving out of sorghum cultivation to other enterprises.

3.1.3 Reasons for dis-adopting of sorghum varieties. The qualitative information on
what motivates the dis-adoption of certain varieties of sorghum is depicted in Table IV.
This information is quite useful, as it allows for a much richer analysis of farmer’s
decision-making and underlying rationale with regards to technologies (Grabowski et al.,
2016). It allows for a greater contextualization of the econometric analysis that follows
later. Overall, the lack of seed is featured highly as the main reason for abandoning
sorghum cultivation, but the problem is more pronounced among those who had planted
Pato in the past. This underscores the need to strengthen sorghum seed systems as a
way of sustaining sorghum production. Local varieties were abandoned due to their
susceptibility to drought and low yields. Attacks by diseases and pests on Macia and
birds on Tegemeo and the lack of market for Serena sorghum varieties were among the
most frequently reported reasons for abandoning the cultivation of some sorghum
varieties.

3.1.4 Socioeconomic and demographic characteristics by adoption status. Descriptive
statistics for selected variables for the sampled households disaggregated by the adoption
status of improved sorghum varieties are presented in Table V. About three in four farmers
were male, while the average age was 44 years among the sampled households. An average
household was comprised of about six members with an average land holding size of four
hectares. About 70 per cent of the respondents expressed knowledge of friends/neighbors
that grew improved sorghum varieties. A significantly higher proportion of adopters (92 per
cent) knew of some farmer/friend growing improved sorghum varieties compared to only 48
per cent for the non-adopters. The average distance to the main markets was 22 kilometers,
and adopters were closer to the market (23.9 km) than those that abandoned (30 km) the
cultivation of improved varieties. In terms of sources of extension information, the majority
(59 per cent) expressed accessing information through other farmers, while 35 per cent of the
farmers accessed information through government extension workers. A significantly
higher proportion of non-adopters (77 per cent) reported access extension information
through other farmers as compared to adopters (45 per cent) a finding that suggests that
over-reliance on informal extension systems may be ineffective in the diffusion of
appropriate and improved technologies among farmers. On the contrary, only 17 per cent of
non-adopters accessed information through a conventional government extension system
compared to 48 per cent for the adopters and 57 per cent for the abandoners.

Table IV.
Reasons for dis-
adopting the
sorghum production
(%)

Reason for dis-adopting
Local

(n = 165)
Serena
(n = 32)

Tegemeo
(n = 52

Pato
(n = 49)

Macia
(n = 53)

Total
(n = 351)

Lack of seed 10.9 19.3 34.5 57.2 30.2 25.3
Requires more rainfall 47.3 5.3 6.9 1.8 1.9 21.7
Diseases and pests 10.3 14.0 13.8 10.7 34.0 14.5
Birds attack 2.4 15.8 27.6 17.9 20.8 16.2
Lack of market and poor
prices 12.1 33.5 12.1 3.6 7.5 9.4
Low yielding variety 11.5 1.8 0.0 0.0 5.7 5.7
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3.2 Econometric results
3.2.1 Determinants of adoption of all improved varieties. The determinants of sustained
adoption for all improved sorghum varieties are presented in Table VI based on the
maximum likelihood estimates from a Heckman bivariate probit. The estimation was done in
three models: Model 1 has no extension services and membership in social grouping
variables, Model 2 includes extension services, while Model 3 includes membership in social
groupings. The inclusion of the extension services in Model 2 slightly alters some results, but
does not change the coefficients much compared to Model 1, suggesting that the district
dummies sufficiently control for the observable factors. The model chi-square, which
measures the goodness of fit of the model is significant at 1 per cent level, indicating a good
fit. The correlation term, r is not significant suggesting that the unobservable attributes that
affect the decision to adopt improved sorghum varieties do not affect the decision to continue
growing these varieties. Although the results suggest that the residuals of the two probit
equations are not significantly correlated, the maximum likelihood results are maintained as
simultaneous estimation by maximum likelihood is more efficient than separate estimation of
each of the probit equations. The age of the head of household does not significantly influence
the first adoption of improved sorghum varieties, but the relationship between age and the
first adoption status is nonlinear as the square of age has a positive and significant effect on
the first adoption suggesting that as farmers grow beyond some tipping point of age.

The effect of extension services was assessed by including different sources of extension
information in the regression as dummy variables and using government extension as a
reference point. Highlighting the importance of government extension systems, farmers that
relied more on members of farmer club and fellow farmers in accessing agricultural
information were less likely to adopt improved sorghum compared to farmers that accessed
most of the information through the government extension system. The coefficient for

Table V.
Means statistics for

adopters, abandoners
and no adopters

Adopters
(n = 289)

Abandoners
(n = 119)

Non-adopters
(n = 359)

Total
(n = 767)

Gender of household head (1 = male, 0 =
female) 0.74 0.74 0.77 0.76
Age of the household member (yrs) 43.15 45.22 45.18 44.42
Years of education (yrs) 2.85 2.88 2.82 2.84
Household size 5.92 5.89 6.03 5.97
Distance to the main market (km) 23.9 30.0 18.1 22.1
Land holding size (ha) 4.87 3.43 3.95 4.21
Livestock units (LU) 6.4604 8.1718 6.8375 6.903
Whether knows friends growing sorghum
(yes = 1, 0 = otherwise) 0.92 0.85 0.48 0.71
Number of friends known planting sorghum 15.58 17.36 5.60 11.19
Years of experience in sorghum farming
(yrs) 13.88 13.46 13.86 13.8

Sources of information
Government (yes = 1, 0 = otherwise) 0.48 0.57 0.17 0.35
Farmer club (yes = 1, 0 = otherwise) 0.01 0.01 0.03 0.02
NGO (yes = 1, 0 = otherwise) 0.01 0.02 0.01 0.01
Research Centre (yes = 1, 0 = otherwise) 0.02 0.03 0.01 0.02
Seed/grain dealer (yes = 1, 0 = otherwise) 0.01 0.02 0.01 0.01
Another farmer (yes = 1, 0 = otherwise) 0.45 0.36 0.77 0.59
Participation in off farm employment (yes =
1, 0 = otherwise) 0.22 0.26 0.26 0.25
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Bivariate heckman
probit estimates of
the adoption and
abandonment of
improved sorghum
varieties
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research organization as sources of information was positive but not significant suggesting
that accessing information through research organizations did not significantly influence
the adoption of improved sorghum varieties. Indeed, the research organizations’ lack of
positive influence on farmer’s adoption could indicate a more important underlying problem
of failure to communicate effectively with farmers which should be carefully looked into
from the research organizations’ perspective.

Underscoring the role of access to appropriate social networks, the coefficient for the
number of neighbours known by the farmer that grow improved sorghum varieties was
positive and significant at 1 per cent level suggesting that farmers with proximity to
neighbours growing improved sorghum varieties increased the propensity for adoption.
Furthermore, consistent with prior expectation and the observed influence of others farmers
as information sources, membership in a farmer’s association significantly and positively
affects the household’s adoption decision. The positive relationship could be attributed to
positive peer effects in sorghum adoption. However, as expressed by Orr et al. (2016)
sorghum has a reputation as a “poor man’s crop” for which demand declines as income rises
as such the results suggest that well-off farmers are less likely to grow improved sorghum.
The negative effect of the ownership of residential houses that are roofed with iron sheets as
opposed to a grass thatch on the adoption of improved sorghum varieties is consistent with
this notion of sorghum beingmainly grown by the poorer households.

3.2.2 Determinants of continued use of improve sorghum varieties. The conditional
decision to abandon or sustain sorghum cultivation shows that the age of the farmers is a
significant determinant of whether a farmer sustains the cultivation of improved sorghum
over a longer period. The age of a farmer was negatively associated with continued sorghum
cultivation perhaps reflecting an increase in the viability of non-sorghum enterprises over
time. However, signifying the non-linear relationship between age and continued cultivation,
the squared of age was positive indicating an increasing negative effect on continued
adoption. The coefficient for the distance to the input and output market was negative and
significant (at 1 per cent level) suggesting that households far from the market were more
likely to abandon the cultivation of improved sorghum varieties than those close to markets.
The results are consistent with the well-established theory around the positive role of
markets in propelling the sustainability of food systems. Through access to markets, farmers
may access inputs while also finding the opportunity for marketing their products. The
importance of market access could also be based on the possibility that modern varieties may
not always be consistent with the households’ consumption demands but are tailored to other
markets like the brewing industry. In fact, most of the sorghum varieties released in
Tanzania are recommended for beer processing. With regards to this, Orr et al. (2016) report
that in Tanzania, the use of sorghum for food processing exceeds the use of sorghum for food.
Most of the abiotic and biotic constraints were found to be responsible for the abandonment
of sorghum cultivation. The bird problem is endemic to Tanzanian sorghum farmers who feel
researchers are not doing enough to address the problem. Consistent with this notion Laswai
et al. (2008) report that the bird problem has been neglected. Breeders, who have succeeded in
improving the yield of compact-headed sorghums that are more easily attacked by birds do
not seem to see the damage caused as a problem needing immediate attention. Accordingly,
some new varieties such as Tegemeo and Serena remain highly susceptible to birds with
farmers growing Serena sometimes reporting crop losses of up to 100 per cent as a result of
bird damage (Monyo et al., 2004). Sorghum varieties with loose heads, like the local varieties,
could offer a solution to the bird problem andmake these attractive to many farmers.

3.2.3 Determinants of abandonment for specific improved sorghum varieties. Table VII
presents results of dis-adoption of the four most widely cultivated improved sorghum
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varieties:Macia, Pato, Serena and Tegemeo. The results on variety abandonment show that
the age of the farmer has a negative influence on the continued adoption of Macia,
suggesting that conditional on first adoption, younger farmers abandon the cultivation of
Macia. The abandonment ofMacia could be attributed to the fact that it is more susceptible
to kernel smut than either Tegemeo or Pato (Monyo et al., 2004). Age does not significantly
influence the continued adoption of Serena, Tegemeo and Pato.The coefficient for the size of
the household in the Macia regression was positive and significant suggesting that larger
households were more likely to continue cultivatingMacia over a long period. The distance
to the market was negative was only significant for two varieties (Tegemeo and Macia)
which suggests that households far away from the market tend to abandon the cultivation of
these two varieties if they have adopted them before.

4. Conclusions
This paper analyzes the factors affecting the adoption and abandonment of sorghum
varieties in Tanzania using the bivariate selection model. The results indicate that sustained
cultivation of improved sorghum varieties highly depends on the extent of access to output
and input markets. Through access to markets, farmers may access inputs such as seed,
while also finding the opportunity for marketing their products. The lack of access to seed
was reported as a major reason for abandoning sorghum, and this can be a big constraint
where farmers are far from seed markets. The significance of market access in sustaining
the cultivation of all sorghum varieties underscores the need to address market failure
among farmers. Moreover, young farmers are less likely to abandon the cultivation of
improved varieties which clearly indicates an avenue for extension to specifically focus on
this group and makes it likely that Sorghum will play a more significant role in the future.
The occurrence of biotic stresses such as diseases and birds, however, significantly
influences farmers to abandon the cultivation of improved sorghum varieties. The bird
problem mainly encourages the abandonment of the Tegemeo variety but clearly highlights
the need for this issue to be taken serious in future breeding efforts.

These findings suggest that there is hope for improving and sustaining the adoption of
sorghum varieties in Tanzania once extension services are strengthened and breeding
programs also focus on farmers needs and not purely on industry demands. Accordingly, for
some varieties such as Tegemeo, minimizing bird and disease related losses should be
considered a priority if abandonment by farmers is to be reduced and sorghum production
to be sustained.

Note

1. See also the heckprob command in the Stata 10.0 reference manual (pp. 570-572).
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