
ii

Sokoine University of Agriculture

PhD Thesis

Sustainable Agricultural Practices:
Implications on Maize Yields,

Household Incomes, and Food 
Security

Joseph Jovin Mugula

May, 2024



iii

SUSTAINABLE AGRICULTURAL PRACTICES: IMPLICATIONS
ON MAIZE YIELDS, HOUSEHOLD INCOMES, AND FOOD

SECURITY

Thesis Submitted to Sokoine University of Agriculture in
Fulfilment of the Requirements for the Degree of Doctor of

Philosophy

By

Joseph Jovin Mugula

Supervisors

Dr. Athman Kyaruzi Ahmad
Dr. Michael Lucas Kadigi
Dr. John Victor Msinde

Department of Policy Planning and Management 
College of Social Sciences and Humanities

Sokoine University of Agriculture, Morogoro, Tanzania

May, 2024



ii

EXTENDED ABSTRACT

Sustainable  agricultural  practices  (SAPs)  are often promoted as a
way to improve sustainable development in agriculture, resulting in
subsequent economic growth and development on both national and
global  scales.  The  global  endorsement  of  the  Sustainable
Development Goals (SDGs) has directed attention towards initiatives
to  expand  the  utilization  of  SAPs  in  developing  nations.  These
countries  are  facing  challenges  due  to  population  expansion  and
increased  household  incomes,  which  are  negatively  impacting  the
sustainability  of  natural  resources.  Nevertheless,  the  current
information  is  insufficient  to  clarify  the  implementation  of  bundled
SAPs comprised of  intercropping,  crop rotation,  manure,  improved
maize  seeds,  crop  residual  practices,  and  associated  impacts  on
several end measures, such as crop yields, household incomes, and
food security  among smallholder  maize farmers  in  Tanzania.  This
argument  is  driven  by  an  integrative  framework  that  merges  the
theories  of  utility  maximization  with  the  diffusion  of  innovation.
Consistent with prior research, this approach recognizes adoption as
a  complex  activity  by  a  number  of  factors.  Motivated  by  this
phenomenon, the study examined (a) rate and intensity of adoption
of bundled SAPs; (b) determinants of adoption of bundled SAPs; (c)
impact of adopting bundled SAPs on yields and household incomes;
(d) impact of adopting multiple SAPs on food security, nutrition, and
poverty  indices  among  smallholder  maize  farmers  in  Morogoro
region.  The  data  were  collected  through  household  and  key
informants’  interviews.  The  structured  questionnaires  were
administered  to  470  farming  households  in  Kilosa  and  Mvomero
districts in  Morogoro region.  Data were analyzed using descriptive
and quantitative methods.

The  multivariate  regression  analysis  was  used  to  analyze  the
determinants of  adoption of multiple SAPs. The results reveal that
age,  gender,  family  size,  education  level,  farm  size,  livestock
ownership, access to extension services, production shocks, and 
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distance from the market, had a significant influence on the adoption
of multiple SAPs. Moreover, the results demonstrate that there were
six  significant  pairwise  correlation  coefficients  across  SAPs,
indicating that smallholder maize farmers have the potential to adopt
SAPs concurrently.  The findings support the study’s claim that the
adoption  of  bundled  SAPs  is  significantly  influenced  by  socio-
economic and institutions factors. 

Ordered  probit  analysis  was  employed  to  analyze  the  adoption
intensity of bundled SAPs. The findings reveal that education level,
occupation,  farming  experience,  sex  of  the  household  head,  farm
size,  plot  ownership,  geographical  area,  participation  in  farmers'
organizations,  and  production  diversity,  significantly  impacted  the
degree to which SAPs are adopted.  Moreover,  there were notable
disparities  in  the  degree  of  adoption  intensity  in  contrast  to  the
adoption rates.  The findings are in line with the study’s claim that
socio-economic  factors  have  significant  impact  on  the  number  of
SAPs adopted. 

An analysis utilizing multinomial switching regression to analyze the
impact  of  adopting  bundled  SAPs  on  crop  yields  and  household
incomes  demonstrates  that  the  adoption  of  multiple  SAPs  had
significant  economic  impacts  on  both  maize  yields  and  household
incomes  through  various  combinations  comprised  of  manure,
improved  maize  varieties,  crop  residual,  intercropping,  and  crop
rotation. 

The  endogenous  switching  regression  model  was  employed  to
assess the impacts of adopting SAPs on food security, nutrition and
poverty indices.  The findings reveal  that  the adoption  of  improved
maize varieties,  crop residue use,  and crop rotation practices had
significant  and  positive  impacts  on  household's  food  security  and
nutrition. In addition, the adoption of improved maize varieties had
the  most  significant  impact  on  poverty  indicators,  highlighting  its
capacity to mitigate poverty among small-scale farmers. 
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The  study  suggests  these.  Policymakers  and  agricultural
development organizations need to take these significant factors into
account when planning, promoting, and enabling the implementation
of SAPs. Second, when developing methods to spread the adoption
of SAPs, it is crucial to consider the interrelatedness of these SAPs
and  ascertain  an  efficient  combination  of  various  practices  to
enhance maize production and household incomes. 

Third,  increasing  awareness,  providing  education  to  farmers
regarding  the  advantages  of  using  SAPs,  and  implementing
strategies  to  alleviate  the  impacts  of  climate  change.  Fourth,  the
implementation  of  initiatives  aimed  at  enhancing  agriculture
production  through  the adoption  of  SAPs.  These initiatives  should
implement  a  targeted  approach  aimed  at  reaching  food-insecure
households and disadvantaged agricultural households, with the goal
of eradicating hunger and correcting nutritional  deficiencies among
these vulnerable populations. 

Keywords:  Sustainable  agricultural  practices  (SAPs),  Yields,
Incomes, Food security, Smallholder maize farmers, Tanzania.
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IKISIRI KUU

Kanuni endelevu za kilimo (SAPs) mara nyingi hukuzwa kama njia ya
kuboresha maendeleo endelevu katika kilimo, na kusababisha ukuaji
wa uchumi na maendeleo katika viwango vya kitaifa na kimataifa.
Uidhinishaji  wa  kimataifa  wa  Malengo  ya  Maendeleo  Endelevu
(SDGs) umeelekeza umakini kwenye mipango ya kupanua matumizi
ya  SAPs  katika  mataifa  yanayoendelea.  Nchi  hizi  zinakabiliwa  na
changamoto kutokana na ongezeko la watu na ongezeko la mapato
ya kaya, jambo ambalo linaathiri vibaya uendelevu wa maliasili. Hata
hivyo,  taarifa za sasa hazitoshi kufafanua utekelezaji  wa SAPs na
athari zinazohusiana na hatua kadhaa za mwisho, kama vile mavuno
ya mazao, mapato ya kaya, na usalama wa chakula miongoni mwa
wakulima wadogo wa mahindi nchini Tanzania. Hoja hii inaendeshwa
na  mfumo  shirikishi  unaounganisha  nadharia  za  uboreshaji  wa
matumizi na uenezaji wa uvumbuzi. Sambamba na utafiti wa awali,
mbinu hii inatambua kuasili kama shughuli changamano kwa sababu
kadhaa.  Utafiti  ulichunguza (a)  kiwango na ukubwa wa kupitishwa
kwa SAPs zilizounganishwa;  (b)  vigezo vya kupitishwa kwa SAPs
zilizounganishwa;  (c)  athari  za  kutumia  SAPs  kwenye  mazao  na
mapato ya kaya; (d) athari za kutumia SAPs nyingi kwenye uhakika
wa chakula,  lishe na fahirisi  za umaskini  miongoni  mwa wakulima
wadogo wa mahindi mkoani Morogoro. Takwimu zilikusanywa kupitia
mahojiano ya kaya, ya watoa taarifa muhimu. Dodoso hilo lilitolewa
kwa sampuli  ya kaya 470 za wakulima wadogo wa mahindi katika
wilaya  za  Kilosa  na  Mvomero  mkoani  Morogoro.  Takwimu
zilichambuliwa kwa kutumia njia za maelezo na za kiasi. 

Mbinu  ya  multivariate  probit  ilitumiwa  kuchanganua  viashiria  vya
kupitishwa kwa SAPs zilizounganishwa. Matokeo yanaonyesha kuwa
umri,  jinsia,  ukubwa  wa  familia,  kiwango  cha  elimu,  ukubwa  wa
shamba,  umiliki  wa  mifugo,  upatikanaji  wa  huduma  za  ugani,
misukosuko  ya  uzalishaji,  na  umbali  kutoka  sokoni,  vilikuwa  na
ushawishi mkubwa katika kupitishwa kwa SAPs nyingi. Zaidi ya hayo,
matokeo yanaonyesha kuwa kulikuwa na migawo sita muhimu ya 
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uwiano wa jozi katika SAPs, ikionyesha kuwa wakulima wadogo wa
mahindi wana uwezo wa kutumia SAPs kwa wakati mmoja. Matokeo
yanaunga  mkono  madai  ya  utafiti  kwamba  kupitishwa  kwa  SAPs
zilizounganishwa  kunaathiriwa  kwa  kiasi  kikubwa  na  mambo  ya
kiuchumi ya kijamii na taasisi.

Uchanganuzi  wa matokeo kwa mbinu ya ordered probit  ulionesha
kuwa kiwango cha elimu, kazi, uzoefu wa kilimo, jinsia ya mkuu wa
kaya,  ukubwa wa shamba, umiliki  wa shamba, eneo la  kijiografia,
ushiriki katika mashirika ya wakulima, na tofauti za uzalishaji, huathiri
kwa  kiasi  kikubwa  kiwango  ambacho  SAPs  hupitishwa.  Zaidi  ya
hayo, kulikuwa na tofauti kubwa katika kiwango cha kuasili kinyume
na  viwango  vya  kuasili.  Matokeo  yanawiana  na  madai  ya  utafiti
kwamba mambo ya kiuchumi ya kijamii yana athari kubwa kwa idadi
ya SAPs zilizopitishwa.

Mbinu ya  endogenous  switching  regression  ilitumika  kuchanganua
athari za kutumia SAPs zilizounganishwa kwenye mavuno na mapato
ya kaya.  Matokeo  yanaonesha  kuwa kupitishwa  kwa SAPs nyingi
kuna athari kubwa ya kiuchumi kwa zao la mahindi na mapato ya
kaya kupitia michanganyiko mbalimbali inayojumuisha samadi, aina
bora za mahindi, mabaki ya mazao, mseto, na mzunguko wa mazao.

Uchanganuzi  wa  matokeo  kwa  kutumia  mbinu  ya  endogenous
treatment  effect  katika kutathmini  athari  za kutumia SAPs kwenye
usalama wa chakula, lishe na fahirisi za umaskini, unaonesha kuwa
kupitishwa kwa aina bora za mahindi, matumizi ya mabaki ya mazao,
na kanuni ya kubadilisha mazao zilikuwa na athari kubwa na chanya
katika usalama wa chakula na lishe ya kaya za wakulima wadogo wa
mahindi.  Kupitishwa kwa aina bora za mahindi  kulikuwa na athari
kubwa zaidi katika viashiria vya umaskini, ikionyesha uwezo wake wa
kukabiliana na umaskini miongoni mwa wakulima wadogo.

Utafiti  unapendekeza  haya.  Watunga  sera  na  mashirika  ya
maendeleo ya kilimo wanapaswa kuzingatia mambo haya muhimu 
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wakati wa kupanga, kukuza na kuwezesha utekelezaji wa SAPs. Pili,
wakati  wa  kuandaa  mbinu  za  kueneza  upitishwaji  wa  SAPs,  ni
muhimu  kuzingatia  uhusiano  kati  ya  SAPs  hizi  na  kuhakikisha
mchanganyiko mzuri wa mbinu mbalimbali ili kuimarisha uzalishaji wa
mahindi na mapato ya kaya. 

Tatu,  kuongeza  uelewa,  kutoa  elimu  kwa  wakulima  kuhusiana  na
faida za kutumia SAPs, na kutekeleza mikakati ya kupunguza athari
za mabadiliko ya tabianchi. Nne, utekelezaji wa mipango inayolenga
kuimarisha uzalishaji wa kilimo kupitia kupitishwa kwa SAPs. Juhudi
hizi  zinapaswa kutekeleza  mkabala  uliolengwa unaolenga  kuzifikia
kaya zisizo na uhakika wa chakula na kaya zisizokuwa na uwezo wa
kilimo, kwa lengo la kutokomeza njaa na kurekebisha upungufu wa
lishe miongoni mwa watu hawa walio katika mazingira magumu.

Maneno muhimu: Kanuni endelevu za kilimo, Mavuno, Mapato, 
Usalama wa chakula, Wakulima wadogo wa mahindi, Tanzania.
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CHAPTER ONE

1.0   General Introduction
This  chapter  provides  the  theme  for  assessing  the  adoption  of
multiple  sustainable  agricultural  practices  (SAPs),  using  the
Tanzanian agriculture sector as a case study. Though many attempts
have been made to understand why the adoption rates of SAPs are
low,  there  remain  four  research  gaps.  Responding  to  these,  the
objectives of this thesis are to: (1) assess the determinants of the
adoption  of  multiple  SAPs;  (2)  determine  the  adoption  rate  and
intensity of multiple SAPs; (3) assess the impact of adopting SAPs on
the crop yields and household incomes of smallholder maize farmers;
and (4) examine the relative impacts of the adoption of SAPs on food
security,  nutrition  and  poverty.  The  outcomes  will  produce  an
improved understanding of farm-level adoptive behavior and impacts
of  adopting  SAPs  on  the  mentioned  outcome  variables,  thereby
providing  refined  policy  guidance  for  augmenting  the  adoption  of
SAPs among smallholder maize farmers in Tanzania.

1.1   Background Information
Enhancing  agricultural  sustainability  stands  as  one  of  the  primary
objectives  of  the  global  development  agenda  (FAO,  2022).  Even
though current agricultural practices are said to have a major impact
on reducing poverty and ensuring food security, some of them are
seen as unsustainable.  For instance, producing a single crop over
time on the same plot of land is known as monocropping, and it is an
economically advantageous technique (Ali  et al., 2021). However, it
lowers the quality of the soil and makes crops more susceptible to
insect  and  disease  outbreaks.  Consequently,  monocropping  may
increase reliance on synthetic pesticides and fertilizers in the long
run, even though it may be productive in the short term (Ali  et al.,
2021). These non-renewable inputs have negative externalities when
used excessively, aggressively, or incorrectly; they are intended for
crop protection and plant growth. The overuse of synthetic fertilizers
alters the pH, humus, topsoil and soil's capacity to retain water. 
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It also prevents plants' ability to absorb nutrients essential for human
health from reaching their root systems (Rajani, 2019). 

These deteriorations exacerbate issues with food security, nutrition,
and  compaction,  as  well  as  soil  erosion.  Synthetic  insecticides
applied  incorrectly  can  cause  pest  resistance  to  break  down  and
attract  new  pests  (Sudo  et  al., 2018).  Consequently,  the
management of pests and illnesses requires more treatments or the
development  of  new pesticides,  thereby  increasing  the  danger  to
farmer health and food safety globally (Thakur et al., 2021).

According to the prior discussion, conventional farming methods and
other  unsustainable  agricultural  practices  are  deemed problematic
(Sumberg  &  Ginner,  2022).  They  lower  crop  and  soil  quality  and
jeopardize farmer health at the farm level. Farm productivity suffers
when these parameters are significantly impacted (Antle & Pingali,
1994). Significant expenditures on the environment and health care
are associated with food contamination and water pollution at the off-
farm  level,  respectively  (Apergis  et  al., 2020).  Food  security  and
poverty  challenges  are  further  entwined  with  these  problems.
Consequently,  a  strong  argument  is  made  in  favor  of  achieving
sustainable agricultural development.

Globally, the necessity of sustainable agricultural development is now
on everyone's national and international agenda (FAO, 2022). "The
management and conservation of the natural resource base and the
orientation of technological and institutional change in such a manner
as  to  ensure  the  attainment  and  continued  satisfaction  of  human
needs for present and future generations" is what defines sustainable
agricultural development according to FAO (1995). Additionally, it has
sparked plans  that  emphasize  how productive  exploitation  in  both
developed  and  developing  nations  should  be  balanced  with
environmental wellness. Relevant policies are working to shift farmer
behavior  in  that  direction  by  encouraging  smallholder  farmers
worldwide to adopt SAPs.
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1.2   Sustainable Agricultural Practices (SAPs)
According  to  FAO  (1995),  SAPs  are  socially  and  technically
acceptable,  resource-conserving,  environmentally  non-degrading,
and  economically  feasible.  SAPs  are  typically  focused  on  the
economical use of natural resources. 

Reducing  dependence  on  artificial  inputs,  reduces  externalities
related  to  the  environment  and  society.  The  implementation  of
conservation  tillage,  cover  crops,  mulches,  organic  fertilizers,  and
composts enhances crop yield partly by preventing soil erosion and
retaining  more organic  matter  (Chan  &  Pratley  1998;  Seitz  et  al.,
2019). Crop protection is improved by the use of intercropping, crop
rotation, and integrated pest management (IPM) in part due to the
disruption of pest cycles and decreased frequency of pest outbreaks
(Richard  et al., 2022). These are but a few instances of how SAPs
are  perceived  to  provide  a  range  of  advantages  while  also
encouraging environmental and productivity gains.

SAPs  have  been  promoted  with  consideration  for  the  unique
environments  of  the  various  nations  or  areas.  For  instance,  the
European  Conservation  Agriculture  Federation  has  branded
conservation tillage, cover crops and mulches, and crop rotation as
"conservation  agriculture"  in  response  to  the  problem  of  soil
degradation  in  Europe  (Baumgart-Getz  et  al., 2012).  These
conservation  methods  address  general  production-based
sustainability  issues  and  are  referred  to  as  "best  management
practices". Other sustainable methods include intercropping, organic
fertilizers  and  composts,  IPM,  precision  technologies,  and  waste-
nutrient and water-related systems (Adnan et al., 2018). In that broad
sense, Tanzania, for example, has benefited from the promotion of
these practices as SAPs under the Agriculture sector Development
Program (ADP) of the Sustainability in Action project. 

1.3   Current State of Sustainable Agricultural Practices Globally
SAP  adoption  rates  are  low  in  both  developed  and  developing
countries (Tey et al., 2017). Developed nations are at the forefront of 
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the structural advancement of SAPs. The Australian adoption trend
has  been  described  as  slow  in  many regions  (Pierer,  2021),  and
other  European  countries  have  not  seen  more  than  10% of  their
farmland being cultivated using SAPs (FAO, 2022). In contrast, it has
been reported that the U.S. best management practices have been
used in a limited fashion (Baumgart-Getz et al., 2012; Reimer et al.,
2012). Developing nations have not seen a widespread adoption of
SAPs. 

The  promotion  of  SAPs  has  not  been  particularly  successful  in
African  nations  (Usman,  2021).  Although  a  small  number  of
developing nations have experienced somewhat better development,
their  advancement  is  still  insufficient.  Researchers  in  Iran  (Asadi
et al., 2017), Pakistan (Wareem et al., 2020), Zambia (Nkomoki et al.,
2018),  and  Tanzania  (Ochieng  et  al., 2021)  have  made  similar
observations, despite the lack of official statistics for African nations.

In light of this, the adoption rates of SAPs that have been recorded
do not adequately justify the billions of dollars and shillings as well as
the  substantial  effort  that  has  been  invested  in  highlighting  their
advantages.  Disappointed,  policymakers  have  begged  for  an
understanding of  the phenomenon (Pannell  et  al., 2006;  Wordofa,
2021). The possibility of a deeper comprehension of farmer behavior,
which influences SAPs adoption decisions and the impacts of using
these practices, is what  spurs this thesis.  Opportunities to expand
SAPs adoption in Tanzania will be highlighted through the use of the
agriculture  industry  as  a  case  study.  This  will  have  significant
ramifications for other nations, particularly developing ones.

1.4   Sustainability Issues in the Tanzanian Agriculture Sector
Soil  erosion  and  climate  change  pose  the  biggest  threats  to
sustainability in Tanzania's agricultural industry (Shirima et al., 2018).
The majority of staple farms use open farming techniques (Chapman
et al., 2021). They clean soil and perform earthwork as part of their
field preparation. Farmlands' exposed soils make them vulnerable to
erosion. Additionally, farmlands see two to three cropping cycles per
year due to their extensive use (URT, 2018). 
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Farmlands  are  instantly  ready  for  the  following  cropping  cycle
following  the  previous  cycle.  Soil  erosion  is  exacerbated  by  this
intensive  use  of  farmlands.  The  interception  of  rain-shelters,  land
slopes, and excessive rainfall are other elements that contribute to
soil  erosion.  A  significant  obstacle  to  sustainability  is  the  adverse
consequences of intensive farming practices employed in Tanzania's
agricultural industry (Mkonda, 2021). Due to the commercialization of
the cultivation of staple crops, synthetic pesticides, herbicides, and
fertilizers are now required to maintain agricultural yields.

Local farmers always struggle to decide what kinds, how often, and
how much of inorganic fertilizers, insecticides, and herbicides to use
for soil management, crop protection, and weed control, respectively
(Chapman et al., 2021). As a result, these inputs are frequently used
improperly.

The two sustainability problems that were previously discussed have
had some very detrimental consequences. Soil erosion reduces the
fertility of the soil (chapman et al., 2021). Irrigation systems become
sluggish  due  to  cumulative  soil  erosion.  Synthetic  fertilizers,
pesticides, and herbicides have contaminated soil and river systems
(Barrow  et  al., 2010).  These  occurrences  frequently  function  as
catalysts  for  the  adoption  of  different  unsustainable  production
techniques. Farmers that use them excessively run the possibility of
health problems from residue contamination on fresh food, which also
endangers the health of consumers (Ssemugabo et al., 2022). There
are  more  externalities  connected  to  unsustainable  production
methods in exchange for productivity, although these are only a few
instances.  Corrective  action  is  essential  since  it  is  evident  that
unsustainable production practices have detrimental externalities that
seriously affect the sustainability of agriculture.

1.5   Promotion of Sustainable Farming Methods within 
Tanzania's Agricultural Industry

The Tanzanian agriculture industry has made a concentrated effort to
support sustainable development in response to a number of 



6

externalities. In agriculture and development initiatives, sustainability
has been outlined as a roadmap to advance sustainability in the near
future.  Versatile  SAPs,  such as conservation  tillage,  intercropping,
cover crops/mulches, crop rotation, organic fertilizers/composts, and
integrated pest management, form the cornerstone of the pertinent
agricultural  policy  measures.  Together  with  additional  standards,
these SAPs are also being promoted in Tanzania through the Good
Agricultural  Practices  Scheme  (GAPs)  and  the  Organic  Scheme
(OS).  Since  adopting  these  SAPs  is  voluntary,  smallholder  maize
farmers are free to decide whether to do so or not.

By employing locally available natural resources more effectively, the
recommended SAPs seek to offset the effects of exogenous inputs
(such as machinery, artificial fertilizers, artificial insecticides, and so
on)  (Luo  et  al., 2016).  Benefits  include  managing  biological
interactions, protecting crops and the environment (primarily through
genetic  resource  diversification  and  organic  matter  management),
and improving soil  (especially  by  managing soil  biotic  activity  and
organic matter).  These characteristics indicate that these SAPs do
not  jeopardize  environmental  health  or  productivity.  However,
because of the complexity of their use, they do necessitate better use
of  farm management strategies (Lee,  2005;  Luo  et al., 2016).  For
example, choosing specific crop species from a range of alternatives,
assessing  their  relative  agronomic  and  economic  advantages,
determining  the  best  crop  species  combinations  and  rotations,
scheduling  the use of  labor  inputs  and their  timing,  and adjusting
marketing  strategies  are  just  a  few of  the  management  decisions
involved in intercropping and crop rotation.  Similar  labor,  skill,  and
knowledge requirements apply to other SAPs.

Tanzanian  smallholder  farmers  have  not  embraced SAPs in  large
numbers thus far (Bongole  et al., 2021). A lower adoption rate for
crop rotation, conservation tillage, and integrated pest management
(IPM) should be observed. Such accomplishments are seen as minor
when compared to other nations because some smallholder farmers
still have access to local indigenous technical farming knowledge and
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abilities.  Nonetheless,  Tanzania's  organic  and  Good  Agricultural
Practices Schemes have not advanced to a suitable level. Combining
these images, it is clear that, like in other industries and nations, the
adoption  of  unsustainable  production  methods  has  remained
considerable (Kassie et al., 2013). 

In  light  of  the aforementioned,  it  is  important  to  comprehend how
Tanzania's agriculture sector adopts SAPs. This thesis, despite being
a  case  study,  is  dedicated  to  looking  for  wider  implications  for
improving the development of sustainable agriculture in other fields
and nations. 

1.6   Research Gaps
The adoption of SAPs has traditionally been viewed as a result of
simple decision-making, with rational farmers adopting recommended
practices after  being informed. However,  research has focused on
economic theories to understand factors leading to SAP adoption but
has omitted non-economic  considerations  such as environmentally
non-degrading,  resource  conserving,  and  socially  acceptable
solutions.  Farmers  often  rely  on  personalized,  intuitive,  expert
systems in farm management. Some scholars argue that the current
body  of  research  may  have  reached  its  limit  in  understanding
voluntary  SAP adoption,  as  the current  state  of  knowledge  is  not
easily  transposed  to  policy.  However,  the  results  on  factors
consistently determining SAP adoption are inconclusive,  calling for
further research to generate more insights and clear policy directions.
This thesis aims to address these gaps by identifying and narrowing
relevant research gaps.

1.6.1 Research Gap 1
Previous adoption studies have mainly focused on the measurement
of  small-scale  farmers’  adoption  choice  of  a  single  agricultural
technology or practice, including the use of improved seeds and crop
rotation manure (Ghimirea  et al., 2015; Lasway  et al., 2019; Lyimo
et al., 2014; Mwalupaso et al., 2019; Nchinda et al., 2020; Shiferaw 
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and Tesfaye, 2006; Simtowe et al., 2016). Ignoring the fact that they
can be adopted in combinations as complements or substitutes. The
previous  studies  gave  recommendations  for  single  technology
adoption, yet maize production is faced with a myriad of challenges. 

There  is  still  a  gap  in  regard  to  what  influences  the  adoption  of
multiple technologies by smallholder maize farmers. Furthermore, the
adoption of  multiple SAPs by households  in  African countries has
currently  received  consideration,  but  empirical  evidence  is  still
inadequate,  particularly  in  the  Tanzanian  context  (Beyene  et  al.,
2017; Di Faclo  et al., 2022; Lasway  et al., 2019). In addition, if the
interdependence  of  various  SAPs  is  not  taken  into  account,  the
effects  of  an exogenous decision  on the use of  SAPs by farming
households may be under or overestimated (Bongole, 2021). 

Nevertheless, the adoption of multiple SAPs by farming households
in  Tanzania  in  response  to  socioeconomic,  institutional,  and
geographical factors in maize production is insufficiently documented.
Consequently, it is essential to conduct a study on the modeling of
adoption decisions across multiple SAPs. Adoption studies (Bongole,
2021;  Bybee-Finley  &  Ryan,  2018;  Di  Falco  et  al.,  2010)  have
documented the significance of good agriculture practices (GAPs) in
enhancing  soil  structure  and  productivity.  This  has  influenced  the
selection  of  SAPs.  Understanding  the  barriers  and  enabling
conditions  for  the  adoption  of  SAPs  will  aid  in  the  designing  and
formulation of strategies and agricultural policies that can be used to
accelerate  SAP  dissemination  and  help  protect  agricultural
production and food security in Tanzania. 

Based on this argument, the first research gap of this study concerns
the inadequacy of both approaches in explaining adoption of multiple
SAPs.  An  integrative  attempt  is  needed  not  only  to  evaluate  the
significance of both economic and social principles, but also to render
a  clearer  picture  on  their  relative  importance  in  influencing  the
adoption of SAPs.
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1.6.2 Research Gap 2
In  light  of  diminishing  availability  of  land caused by a burgeoning
population,  SAPs  intensification  remains  pivotal  in  addressing
inefficiencies within the food production system. Therefore, to be able
to intensify domestic maize production, identifying and resolving the
socio-economic  and  institutional  factors  that  contribute  to  the  low
uptake of the relevant technologies need to be empirically done.

In this regard, several attempts have been made and some empirical
research on determinants of the adoption of agricultural technologies
in Tanzania and elsewhere have been done (Ghimire  et al.,  2015;
Grabowski  et al.,2016; Lyimo  et al., 2014; Mwalupaso  et al., 2019;
Nchinda et al., 2020; Simtowe et al., 2016; Selejio & Lasway, 2019).

It  is unfortunate that only a handful  account  of research (Bongole,
2021; Kassie  et al., 2013) focused on the extent of adoption of the
same.  Increasing  the  intensity  of  adopting  existing  practices  can
significantly enhance productivity. This approach often proves more
beneficial than introducing complex and challenging new agricultural
technologies.  Leveraging  and  maximizing  the  potential  of  current
agricultural  practices  through  increased  usage  and  optimized
application can bring about tangible and immediate improvements in
productivity  while  minimizing  the  complexity  and  challenges
associated  with  adopting  entirely  new  agricultural  technologies
(Ruzzante et al., 2021).

Due to a lack of rigorous research evidence, context heterogeneity
and the risk of bias in the limited sample of existing research, it is
difficult to formulate evidence-based policies to increase the intensity
of the adoption of sustainable agricultural  practices. Based on this
argument,  the  second  research  gap  of  this  study  concerns  the
inadequacy of approaches in explaining adoption intensity of multiple
SAPs.
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1.6.3 Research Gap 3
Nevertheless, there is insufficient empirical literatures on the impact
of adopting bundled (SAPs) on income and yield in a cross-regional
setting. The previous studies (Abdulai & Hufman, 2014; Adenle et al.,
2019;  Ahmed,  2022;  Agula  et  al.,  2018;  Adegbeye  et  al.,  2020;
Kimathi  et  al.,  2021;  Yang  et  al.,  2022;  Zheng  et  al.,  2021)  have
extensively examined the impact of adopting specific components or
individual elements of SAPs, such as enhanced seed, irrigation, crop
varieties  resilient  to  drought,  climate  change,  soil  and  water
conservation  methods  on  outcome  measures  such  as  income,
outputs, consumption spending, and food security. 

Thus, the information is lacking on the effects of adopting packaged
SAPs comprised of  manure,  intercropping,  crop rotation,  improved
maize varieties and crop residual)  on outcome measures, such as
yield and income in Tanzanian context. Moreover, this study builds
upon prior research that has concentrated on alternative indicators of
household  well-being,  such  as  food  security  and  expenditure  on
consumption  (Ethiakpor  et  al.,  2021;  Kassie  et  al.,  2013;  Manda
et al., 2018; 2019; Setsoafia et al., 2022; Usman et al., 2020).

In addition, building the empirical evidence for this holistic approach
is vital to inform agricultural technology development and extension
agents. The lack of context- appropriate adoption of SAPs can partly
explain the continued underperformance of smallholder agriculture in
Africa. Therefore, "the package" or bundling approach should be the
centerpiece of Sustainable agriculture (SA), i.e., applying a bundle of
SAPs to simultaneously improve crop yield and conserve and protect
critical  agriculture resources (Marenya  et al.,  2020).  The focus on
modeling  adoption  studies  as  a  joint  decision-making  process  is
crucial,  as it  highlights the need for farmers to apply composite of
practices, this, in turn, points to the third research gap of this study.
This research gap emphasizes that the impact of SAPs adoption on
crop yields and incomes also needs to be well understood in addition
to unpacking adoptive behavior.
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1.6.4 Research Gap 4
This  study  argues  that  the  available  empirical  literature  on  the
impacts  of  adopting  SAPs  remains  inconclusive.  Previous  studies
have shown substantial contributions of adopting SAPs in production,
household income, and food security (Adenle et al.,  2019; Bekele et
al., 2021; Bongole  et al.,  2021; Ehiakpor  et al., 2021; Kassie  et al.,
2013;  Ma  &  Wang,  2020;  Manda  et  al., 2016;  Ndiritu  et  al.,
2014; Ogemah, 2017; Zhou  et al., 2018; Rose  et al., 2019; Zeweld
et al., 2020). 

However,  there  is  insufficient  literature  on  the  impact  of  adopting
multiple  SAPs  consisting  of  manure,  intercropping,  crop  residual,
improved  maize  varieties,  and  crop  rotation  on  food  security,
nutrition,  and  poverty  in  Tanzania.  In  addition,  the  methodological
uniqueness of  this  study lies in  analyzing the impacts of  adopting
SAPs on households' food security, nutrition, and poverty indices by
controlling both observable and unobservable variables in the study.
This is crucial due to the lack of control over sample selection biases
during the estimation phase. 

Failure  to  account  for  selection  biases  caused  by  unobservable
variables might lead to an overestimation or underestimation of the
impacts of adopting SAPs on outcome variables. Nevertheless, this
study has argued for the practical applicability of SAPs since previous
studies  have  failed  to  acknowledge  the  impacts  of  individual  or
combined SAPs on households' food security, nutrition and poverty in
various agro-ecological conditions. 

Mgomezulu et al. (2023) contend that the lack of consistency among
smallholder farmers in maintaining the area under SAPs stems from
the perception that these practices are tedious and time-consuming.
This inconsistency in the adoption process has limited the potential
benefits of using SAPs, leading to yearly food insecurities, chronic
poverty,  and  nutrition  deficiencies  among  farming  households’
members.  This  study  builds  upon  prior  research  (Bongole  et  al.,
2021;  Manda  et  al.,  2018;  Manda  et  al., 2019;  Mgomezulu  et  al.,
2023) that introduced a fresh perspective on modeling the adoption
of 
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SAPs.  It  extends  this  knowledge  to  address  the  inconclusiveness
prevalent  in the adoption literature.  The study posits that  previous
research has left a modeling deficit in assessing the impacts of using
agricultural  technologies  on  various  outcome  variables.  it  aims  to
bridge this gap by employing an endogenous treatment effect model
to evaluate the impact of using bundled SAPs encompassing crop
rotation, manure, intercropping, improved maize varieties, and crop
residuals  on  food  security,  nutrition,  and  poverty  indices  among
smallholder maize farmers in Morogoro region. Therefore, the fourth
research gap of this study is a response to the impacts of adopting
SAPs on food security, nutrition, and poverty indices.

1.7 Objectives
In  this  thesis,  the  adoption  of  SAPs  is  hypothesized  to  involve
complex  decision-making  and  unmeasured  impacts  on  outcome
variables  such  as  maize  yields,  household  incomes,  and  food
security.  Therefore,  this  study  aims  to  produce  a  better
understanding of the issues, using smallholder maize farmers in the
Tanzanian agriculture sector. This is achieved by responding to the
four research gaps identified in the earlier section.

1.7.1 Specific Objectives
Specifically, the study intended to:
i. Assess the determinants of adoption of multiple SAPs among

smallholder maize farmers in the study area.
ii. Assess  the  rate  and  intensity  of  adoption  of  multiple  SAPs

among smallholder maize farmers in the study area.
iii. Evaluate the impact of adopting multiple SAPs on yields and

incomes of smallholder maize farmers in the study area.
iv. Evaluate the impact of adopting multiple SAPs on food security,

nutrition, and poverty indices among smallholder maize farmers
in the study area.
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1.7.2 Research Hypotheses
      This study is directed by the following four hypotheses;

1. H0:  Socio-economic,  institution  factors  does  not  have
significant influence on the adoption of multiple SAPs.

2. H0: The rate and intensity of adoption of multiple SAPs aren’t
significantly  influenced  by  socio-economic,  institutional  and
farm factors.

3. H0:  The  adoption  of  multiple  SAPs  does  have  significant
impact on crop yields and household incomes.

4. H0:  The  food  security,  nutrition  and  poverty  indices  aren’t
significantly influenced by the adoption of multiple SAPs.

1.8   Theoretical Framework
1.8.1  Economic category 
Research  in  the  economic  category  is  based  on  branches  of  an
economic theory. Although there may be minor differences in their
underlying  assumptions,  all  of  them  are  based  on  the  notion  of
maximizing  utility.  According  to  the  theory,  farmers  use  the  most
optimal production methods to maximize their utility given their limited
resources. The theory is more permissive than a profit maximization
framework  (Lynne  et  al., 1988).  Therefore,  profit  may  not  fully
encompass  the  concept  of  utility.  An  emergent  utility  refers  to  a
combination  of  efforts,  ideas  and  actions  aimed  at  ensuring  both
financial stability and environmental sustainability. Here, farmers are
perceived as rational individuals who want to maximize their utility by
efficiently utilizing their available resources. 

Economic  study  relies  on  a  decision  algorithm  that  is  specifically
designed for individual farmers. The theory can be categorized into
two primary paradigms: (1) the innovation-diffusion paradigm, and (2)
the economic constraints paradigm (Utility maximization theory).

The  innovation-diffusion  paradigm  suggests  that  the  availability  of
information along with other socio-economic factors is  the primary
determinant of adoption decisions (Argawal, 1983). The foundation of
this paradigm is upon the notion of diffusion of innovation (DOI) as 
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proposed  by  Rogers  (2003).  The  statement  presupposes  that  an
invention is both suitable and financially advantageous, with adoption
being  dependent  on  effectively  communicating  the  pertinent
information to potential adopters (Adesina & Zinnah, 1993; Makokha
et al., 1999). Once provided the information, rational farmers would
be inclined  to embrace them based on their  economic  and social
characteristics.  The  paradigm  has  been  successful  in  facilitating
profit-driven innovations, but has been less effective in the context of
SAPs.  This  discrepancy  arises  due to  their  divergent  orientations.
Therefore,  it  is  uncertain whether the assumption of this paradigm
has  been  fulfilled  for  SAPs.  This  assertion  is  substantiated  by  a
consistent  observation  across  multiple  studies:  the  lack  of  a
substantial  correlation  between  information  accessibility  and  the
adoption of SAPs (Warriner & Moul, 1992). This is true despite the
fact  that  farmers  have  had  sufficient  access  to  knowledge.
Consequently,  this  framework  is  less  effective  in  elucidating  the
acceptance of SAPs.

Furthermore,  the  economic  constraint  paradigm  argues  that  the
decisions  to  adopt  are  influenced  by  the  uneven  distribution  of
resources  (Aikens  et  al., 1975,  Tey  et  al.,  2017).  Resource
endowments in this context encompass not just tangible resources
such  as  credit  availability,  farm  size,  and  information,  but  also
intangible traits such as education and farm location possessed by
the  potential  adopters.  According  to  the  principle  of  utility
maximization, farmers are considered to make logical decisions while
being limited by the resources, they have available. Their decision to
adopt  is  influenced  by  various  factors  such  as  socio-economic
conditions, agro-ecological factors, institutional factors, and access to
information. 

Adoption  should  occur  when  a  farmer  has  superior  resource
allocations,  although  the  impact  of  these  allocations  may  vary  in
different  instances  of  SAPs  (Schreinemachers  et  al., 2009).
Therefore,  the  assessment  of  the  matter  should  encompass  non-
economic elements (Norris & Batie, 1987). Attitude, as a 
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psychological  element,  plays  a  significant  role  when  SAPs  fail  to
provide immediate direct advantages (Lynne  et al., 1988). This has
been demonstrated by several studies, such as those conducted by
Willison  (1997)  and  Willock  et  al. (1999).  Nevertheless,  its
incorporation  may  be  theoretically  inaccurate  (Beedell  &  Rehman,
2000).

1.9   Conceptual Framework
A conceptual framework (CF) is a descriptive representation of the
variables to be involved in a study and their probable linkages. The
CF for this study is presented in Fig. 1 and it comprises Independent
Variables  (IVs)  and  the  Dependent  Variable  (DV).  Drawing  from
earlier  research  (Teklewold  et  al., 2013;  Manda  et  al., 2016,
Mgomezulu  et  al., 2023).  CF  demonstrate  how  a  set  of  socio-
economic factors such as like age, gender, size of family, farm size,
and  level  of  education  influence  the  adoption  of  bundled  SAPs
comprised of crop rotation, manure, crop residual, intercropping, and
improved maize varieties. In addition, the adoption of bundled SAPs
is  assumed to  be closely  correlated  to  economic  factors  such  as
asset  ownership,  market  accessibility,  and  resource  constraints
(Beyene et al., 2017; Teklewold et al., 2017). Additional categories of
variables,  such  as  whether  the  household  belongs  to  a  farmer
groups, extension services, plot-level factors such as soil fertility level
indicators are hypothesized to be influential to the adoption of SAPs. 

Guided by the theory of utility maximization, maize yields, household
incomes and food security are assumed to be impacted by the use of
bundled SAPs via direct consumption and the sale of excess crops.
Higher crop yields and profitability are crucial in creating household
incomes. Reduced food insecurity and poverty are directly correlated
with  increased  incomes  and  yields.  In  conclusion,  the  conceptual
framework illustrates the factors that influence the choice to adopt
packaged SAPs. Additionally,  it illustrates the possible channels by
which  smallholder  maize  farmers'  income,  production,  and  food
security could be impacted by adopting SAPs. 
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Figure 1: Conceptual framework of the study
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 1.10   Significance
Gaining a deeper comprehension of adopter behavior at the farm level will
provide  more  precise  policy  recommendations  for  enhancing  SAP
adoption. This need is essential since there is still a significant gap in the
research  regarding  what  should  be  prioritized  in  SAPs  and  how  to
communicate  these  insights  to  policymakers.  Thus,  by  addressing  the
aforementioned  research  gaps  and  achieving  the  research  goals,  this
thesis aims to build on earlier research.

1.10.1   Significance of Objective 1
The research adds to the body of  adoption literature in  two significant
ways: In order to inform upcoming research and policy frameworks in the
face of uncertainty over the impacts of adopting SAPs, it first tackles the
paucity of literature on the advantages of implementing SAP interventions.
Secondly, it aims to offer evidence-based perspectives on how scalable
SAP  interventions  can  be.  This  is  significant  given  the  current
conversations about Africa's low agricultural production levels, which have
led to food insecurity, malnutrition, and poverty in farming communities.
Last but not least, the results of this research may play a major role in
accomplishing  Sustainable  Development  Goal  2,  which  aims  to  end
hunger,  guarantee  food  security,  advance  sustainable  agriculture,  and
enhance nutrition by 2030.

1.10.2   Significance of Objective 2
The  research  contributes  in  the  following  ways:  First,  as  smallholder
farmers in underdeveloped nations seldom adopt SAPs, focusing on the
adoption  drivers  our  study  found  can  help  address  farmers'  adoption
obstacles and ultimately  boost  their  incomes and yields.  In addition  to
providing other welfare benefits, maize is a major staple food, so this will
help ensure food and nutrition security, meet the objectives of the Africa
Union's Agenda 2063, and achieve the sustainable development goals of
eradicating  poverty  and  hunger.  Lastly,  politicians,  maize  experts  like
CIMMYT  and  TARI,  and  extension  workers  may  all  benefit  from  the
study's findings and use them as a basis for raising Tanzania's agricultural
output.
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1.10.3   Significance of Objective 3
Which  SAPs  will  provide  higher  net  returns  will  be  determined  by
examining the relative effects of SAP adoption on yield and household
income.  Since  agriculture  is  a  business  and  a  source of  income,  this
endeavor is essential. Furthermore, SAPs differ in terms of startup costs
and functions.  Regarding these features,  the results will  offer  empirical
insights into the factors that influence the adoption of specific SAPs and
which SAPs, when adopted, typically result in higher earnings. Potential
adopters may be persuaded to consider particular SAPs as an appealing
"starter pack" if it is discovered that they are more profitable. It is hoped
that more farmers would feel confident  enough to invest  in sustainable
agriculture  in  light  of  this  scientific  evidence.  Factors  related  to  their
adoption can direct the promotion of the "starter pack" (comprised of the
profitable SAPs which could be adopted in small numbers). Consequently,
the study's results provide light on the various SAPs' rates of return on
investment and aid in the identification of  potential  adopters'  traits and
marketing tactics.

1.10.4   Significance of Objective 4
The study contributes to existing  adoption  literature in  two key  ways:
First, it addresses the scarcity of literature on the benefits of using SAP
interventions aiming to guide future studies and policy framework amidst
the  ambiguity  surrounding  the  impacts  of  adopting  SAPs.  Second,  it
endeavors to provide evidence-based insights into the scalability of SAP
interventions.  This  is crucial  in  the ongoing discussions regarding low
agricultural  production  levels  in  Africa,  which  have  resulted  in  food
insecurity, nutrition deficiency, and poverty among farming households.
Lastly, the findings of this study could significantly contribute to achieving
sustainable  development  goal  2,  targeting  the  eradication  of  hunger,
ensuring food security, promoting sustainable agriculture, and improving
nutrition by 2030.

1.10.5   General Significance of the Thesis
Overall,  this  thesis  will  help  paint  a  clearer  and  more  comprehensive
picture of the problems related to SAP implementation. Getting relative



19

policy insights on (1) which factors are more influential to the adoption of
SAPs (2)  which  SAP is  more productive,  (3)  which  aspects  are  more
influential, and (4) which SAP is more effective in reducing food insecurity
and poverty is the main study orientation. This important data will support
the formulation of relevant  policies and serve as a manual for efficient
local management in Tanzania's agriculture industry. Even though it is a
case  study,  this  thesis  will  also  have  wider  policy  consequences  for
nations with comparable circumstances. More significantly, academics will
then have better tools to create guides that will support the promotion of
domestic SAPs.

1.10.6   Justification of the Study 
The study is in line with the Sustainable Development Goals specifically
goal number one (poverty reduction), goal number two (ending hunger),
goal number eight (decent work and economic growth), and goal number
twelve  (responsible  consumption  and  production).  The  identification  of
influential  factors  to  the  adoption  of  bundled  SAPs  along  with  impact
assessment of SAPs on the yields, incomes and food security is critical, it
is hoped that the study will serve as a significant knowledge base. The
findings of this study will  provide information that can be used in either
predicting  the  reactions  of  potential  adopters  to  bundled  SAPs  or
modifying either the SAPs bundles or ways in which they are presented to
be more congruent with the motivational triggers of potential adopters. 

Further,  the  improved  understanding  of  constraining  conditions  of
smallholder maize farmers to the adoption of multiple SAPs and evidence
of  the  impact  of  such practices  will  be  important  for  drafting  pro-poor
policies that can influence the adoption of bundled SAPs among farmers
and help them in improving their farm yields, incomes and food security
while sustaining a healthy environment. 

1.11   General Methodology
The study utilized a collection of data from the Adoption Pathway Project
that  include  470  farm  households  two  districts  in  Tanzania.  Using  a
survey questionnaire  and one-on-one interviews during the 2017–2018
cropping  season,  the  survey  was  carried  out  by  skilled  and
knowledgeable  enumerators  who  were  conversant  in  both  the  local
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language  and  the  farming  system.  Additionally,  a  pre-test  survey  was
carried out outside of the sample areas to evaluate each enumerator's
aptitude at administering the questionnaire and tailoring it  further to the
specifics  of  Tanzania.  Each respondent  was given  an overview of  the
interview's objectives,  confidentiality  of  the information,  and duration at
the outset of the procedure. They were then asked if they would be willing
to participate in the interview. 

Farmers were also given the option to depart at any moment during the
interview process for  a variety of  reasons,  but  this did not  present  an
issue, and as a consequence, 100% of them responded. Mvomero and
Kilosa, from the eastern zone, were the two districts chosen in the first
step of the sampling method based on their potential for producing maize.
An equal  number of  sample homes were assigned to each of  the two
zones.  A  zone's  households  were  dispersed  among  the  two
corresponding  districts  based  on  the  size  of  each  district's  household
(proportionate sampling). Fully proportionate random selection was used
for the next steps of the sample procedure, which involved selecting 1-3
wards  per  district,  1-4  villages  within  each  ward,  and  2–30  farm
households  within  each  village.  The  sample  can  be  used  to  illustrate
Tanzania's main maize-legume farming systems, even though it might not
be entirely representative of the nation. Comprehensive household, plot,
and village data were surveyed. 

The respondent described the types of SAPs used in each plot during the
sample  year,  including  crop  rotations,  animal  manure,  crop  residual,
intercropping, and improved seeds. Data was gathered on the fertility of
the plot's soil, its depth, slope, and size in acres, as well as the walking
distance in minutes between the plot and the household residence. 
Plot  tenure  status,  crop output  predictions,  and inputs  related to  each
category of SAPs were among the additional data gathered at the plot
level.  Age,  gender,  education  level,  family  size,  asset  ownership,
membership in farmers' organizations, consumption expenditures, and the
household's distance from input and output markets and extension offices
are  among  the  key  socio-economic  data  collected  from  farming
households. Other important data include production constraints (such as
crop pests, diseases, and input availability), and the amount of land the
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household owns. In our instance, improved access to inputs and finance
provided  by  public  institutions  may  result  from  relationships  with
agricultural officials and municipal administration. 

Furthermore,  the  regression  models  incorporate  the  distance  to  the
extension  office,  which  might  function  as  a  stand-in  for  access  to
extension  services.  Farmers  may  have  better  access  to  extension
information  on SAPs  if  they  live  closer  to  the  extension  office.  These
variables  are  generated  from  respondents'  subjective  pleasure  with
rainfall. Using questions like whether rain fell and stopped on schedule, if
there was adequate rain at the start and during the growing season, and if
it rained during harvest, the individual rainfall index was created to assess
the  rainfall  experience  unique  to  each  farm  over  the  previous  three
seasons. Binary responses (yes or no) to each question were coded as
favorable or unfavorable rainfall outcomes. 

1.11.1   Data Analysis
Data  analysis  is  the  computation  of  certain  measures  along  with
searching  for  patterns  of  relationship  that  exist  among  data-groups
(Kothari,  2004).  STATA  statistical  software  was  used  to  analyze  the
objectives of the study. 

1.11.2   Analytical Framework
i) Adoption rate and intensity of bundled SAPs
Descriptive analytical  methods were used to analyze the adoption rate
and adoption intensity of bundled SAPs among smallholder maize farmers
while determinants to the adoption intensity were determined using the
ordered probit model.

y¿=x ' β+ε
Where y * is unobserved and is given by:

{
¿ y=0  if y¿≤0

¿=1  if 0< y¿≤α1

¿=2  if α1< y¿≤α2 ,
¿ :

¿=J  if α j−1≤ y¿
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Where values of y are observed  α  and are unknown parameters to be
estimated. We assume that ε  follows a normal distribution with zero mean
and  unit  variance.  Then  the  probabilities  of  each  outcome  can  be
expressed as:

¿Pr ⁡( y=0∣ x)=Φ (−x ' β )
¿ Pr ⁡( y=1∣ x )=Φ (α1−x ' β )−Φ (− x' β )

¿ Pr ⁡( y=2∣ x )=Φ (α2−x ' β )−Φ (α1− x' β)
¿

¿ Pr ⁡( y=J ∣ x)=1−Φ (α J−1−x ' β )

ii) Determinants of adoption decisions to bundled SAPs
In  a  single-equation  statistical  model,  information  on  a  farmer’s
adoption of one SAP does not alter the likelihood of adopting another
SAP.  However,  the  MVP  approach  simultaneously  models  the
influence of the set of explanatory variables  on  each of the different
practices,  while  allowing  for  the  potential  correlation  between
unobserved  disturbances,  as  well  as  the  relationship  between  the
adoptions of different practices (Green, 2002).

The observed outcome of bundled SAPs adoption can be modelled
following a random utility formulation. Consider the ith farm household
(i=1… N) facing a decision on whether or not to adopt the available
SAPs on plot p (p=1…., P).

Let U0 represent the benefits to the farmer from other practices, and let Uk

represent the benefit of adopting the kth SAP: where k denotes choice of
crop rotation (R), Maize legume intercropping (T), improved crop variety
(V), Crop residual (C) and manure use (M). The farmer decides to adopt 

the  kth SAP on plot p if  Y ipk
¿  = Uk-Uo>0. The net benefit  (Y ipk

¿ ) that the
farmer  derives  from  the  adoption  of  kth  SAP  is  a  latent  variable
determined by observed household,  plot  and location characteristicsX ip

'

and error term ε ip:

Y ipk
¿ =X ip

' βk+εip¿…………………….. (i)

Using the indicator function, the unobserved preferences in equation (i)
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translate into the observed binary outcome equation for each choice as
follows:

Y ipk={ ¿1∧¿  if Y ipk
¿ >0

¿0∧¿  otherwise 
(k=R ,T ,V ,C ,M )

In the multivariate model, where the adoption of several SAPs is possible,
the error terms jointly follow a multivariate normal distribution (MVN) with
zero conditional mean and variance normalized to unity which is given by:

Ω=[
1 ρRV ρRF ρRM ρRT

ρVR 1 ρVF ρVM ρVT

ρFR ρFV 1 ρFM ρFT

ρMR ρMV ρMF 1 ρMT

ρTR ρTV ρTF ρTM 1
]

iii) Examine the impacts of adopting bundled SAPs on crop yields 
and household incomes

The multinomial endogenous treatment effects model was employed to
assess  the  economic  impact  of  adopting  the  bundled  SAPs  on  two
outcome  variables:  the  natural  logarithm  of  maize  yields  and  total
household income per capita. 
The expected outcome equation is formulated as:

E ( y i ∣d i , x i li )=xi
' β+∑

j=1

J

❑γ j d ij+∑
j=1

J

❑λ j lij.

In this equation,  y i is the welfare outcome for household i; xi represents
exogenous covariates with parameter vectorsβ. Parameters γ j denote the
treatment effects relative to the non-adopters. Specifically, coefficients γ j

gauge the effects of bundled SAPs on the welfare of farm households. If
the decision to adopt bundled SAPs is endogenous, assuming  d ij to be
exogenous results in inconsistent estimates ofγ j. Since E (yi | di, xi, li) is a
function of the latent factors lij,  the outcome is affected by unobserved
characteristics  that  also  affect  selection  into  treatment.  When  kj,  the
factor-loading parameter,  is  positive (negative),  treatment and outcome
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are positively (negatively) correlated through unobserved characteristics;
i.e.  there  is  positive  (negative)  selection,  with  γ jand  λ j the associated
parameter  vectors,  respectively.  Since  the  outcome  variables  are
continuous, we assume that they follow a normal (Gaussian) distribution
function.  The  resulting  model  will  be  estimated  using  a  Maximum
Simulated Likelihood (MSL) approach

iv) The impacts of adopting SAPs on food security, nutrition, and
poverty indices

The  multinomial  endogenous  treatment  effects  model  was  utilized  to
assess the impacts of adopting SAPs food security, nutrition, and poverty
indices among smallholder maize farmers.

The expected outcome equation of the average treatment effects of the
untreated is formulated as:

Firstly,  smallholder  maize  farmers  that  participated  in  the  adoption  of
SAPs J are presented by: 

E [R jit∣Y= j ,X ij , γ ij]=δi X ijt+σ jε γ ji………………. (i)

Secondly, for those who didn’t participate in the adoption of SAPs J:
E ¿……………. (ii)

Then the ATT is presented as follows: 
¿

1.12   Study Limitations

This  thesis  only  provides  a  limited  understanding  of  the  relationships
between  SAPs.  According  to  recent  studies,  there  is  a  relationship
between adoption choices for instance, research has shown that compost
and conservation tillage work well together, which were not covered in this
study.  One  might  use  other  SAPs  in  place  of  organic  fertilizers  or
composts, such as cover crops or manure. It is unclear, therefore, how
and why SAPs are used in these formats. In the hopes that this could lead
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to  improved  guidelines  for  encouraging  sustainable  agriculture,  future
participatory studies should try to grasp their practicality. 

Two  districts  were  included  in  the  study;  however,  the  remaining  7
districts were not covered. Thus, broader survey coverage should be the
goal of future research projects. In addition to the broad conclusions of
this  thesis,  subsequent  studies  should  aim  to  generate  specific  local
insights for different contexts (e.g.,  nations and industries).  This thesis'
emphasis  on defining  the traits  of  "more likely"  adopter  groups  has a
disadvantage. This research does not assess "less likely" adopter groups,
even when applying their prioritization as an exercise result  in a policy
focus on such targets. 

1.13   Organization of the Thesis 
This  thesis  is  organized  based  on  published  papers  per  Sokoine
University  of  Agriculture  guidelines  for  preparing  and  submitting  thesis
and other scientific publications, the fifth edition.  Each of the published
papers  stands  as  an  independent  chapter.  Overall,  the  entire  thesis
comprises six chapters. Chapter one covers the background information
on the study topic, research gaps, objectives, the research hypotheses,
significance  of  the  study,  theoretical  and  conceptual  framework,  the
general methodology, and the study limitations. The rest of the thesis is
organized as follows: 

Chapter two presents the first paper titled “Determinants of adoption of
multiple  SAPs among smallholder  maize  farmers  in  Morogoro region”.
Chapter  three  presents  the  second  paper  titled  “Adoption  intensity  of
bundled  SAPs among smallholder  maize  farmers  in  Morogoro  region”.
Chapter four presents the third paper titled “Economic Impact of Adopting
Bundled  SAPs  on  Crop  yields  and  Household  Incomes  among
Smallholder Maize Farmers in Morogoro Region”. Chapter five presents
the fourth  paper  titled  “The  impact  of  adopting  multiple  SAPs on food
security,  nutrition,  and  poverty  among  smallholder  maize  farmers  in
Morogoro  region,  Tanzania.  Chapter  six  contains  a  summary  of  the
findings, the general conclusion, recommendations, theoretical and policy
implications, and suggestions for further research. 
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CHAPTER SIX

6.0 Introduction
This thesis is concluded in the final chapter. Inspired by the widespread
occurrence of low rates of adoption of SAPs, this thesis sought to close
the four research gaps that were found. Following this study and directly
arising from it are policy ideas that offer broad implications for various
situations  and  countries  while  concentrating  on  Tanzania's  agriculture
sector.  Research  limitations  and  implications  also  provide  potential
avenues for future investigation.

6.1 Summary of Major Results and Conclusions 
SAPs are a mechanism for improving agricultural sustainability in terms
of production, environmental health, and social wellbeing. SAPs have not
been adopted by most farmers in many countries despite considerable
investment  and  public  policies  being  formulated.  Motivated  by  this
phenomenon, smallholder maize farmers in Morogoro regions have been
chosen as a case study.

This thesis has been dedicated to generating a greater understanding of
the  farmer  behavior  under  which  SAPs  adoptive  decisions  are  being
made  by  Tanzanian  smallholder  maize  farmers  along  with  adoption
impacts on yields, incomes, and food security. This has been achieved
by  fulfilling  the  four  objectives  of  this  thesis  whose  results  and
conclusions  are  summarized  in  sub-sections  6.1.1,  6.1.2,  6.1.3,  and
6.1.4.

I. Assess  the  determinants  of  adoption  of  multiple  SAPs  among
smallholder maize farmers in the study area.

II. Assess the rate and intensity of adoption of multiple SAPs among
smallholder maize farmers in the study area.

III. Evaluate  the  economic  impact  of  adopting  multiple  SAPs  on
yields  and incomes of  smallholder  maize  farmers  in  the  study
area.

IV. Evaluate the impacts of adopting multiple SAPs on food security,
nutrition, and poverty indices among smallholder maize farmers in
the study area.
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Thus, the adoption of  multiple SAPs has been analyzed in relation to
yields, incomes and food security among smallholder maize farmers in
Morogoro region. The study has been motivated by the theories of utility
maximizing and diffusion of innovation in light of this intricacy. Dataset
from adoption pathway project was utilized, with the utility maximization
framework and diffusion innovation theory serving as a guide. First, in
order to produce valuable input on survey operations and questionnaire
design,  focus  groups  were  held.  Second,  in-person  interviews  using
interview guide and survey using questionnaires were carried out with
470 respondents who were randomly selected. 

6.1.1 Rate and Intensity of Adoption of Bundled Sustainable 
Agricultural Practices
This study was conducted with the primary objective of assessing the
adoption  rate,  intensity,  and determinants  to  the  adoption  intensity  of
SAPs. It was found that the rate and intensity of SAPs adoption among
the surveyed population was average, indicative of a moderate level of
uptake.  it  is  noteworthy  that  a  substantial  proportion  of  farmers  were
implementing one to three practices, either individually or in combination.
However,  it  remains  a  subject  for  further  exploration  to  discern  the
potential impacts of adopting multiple SAPs on the production outcomes
and overall welfare of smallholder maize farmers. Addressing this gap in
adoption  is  crucial  to  unlock  the  full  potential  of  these  practices.
Furthermore, the findings show that education level, occupation, farming
experience,  sex  of  the  household  head,  farm  size,  plot  ownership,
geographical  location,  membership  in  farmers’  organization,  and
production diversity had significant impacts on the adoption intensity of
multiple SAPs. 

The findings offer a number of vital implications for policy. As evidenced
in  the  results,  it  is  concluded  that  agricultural  innovations  are
interdependent.  This  suggests  that  the  interdependence  nature  of
agricultural  innovations  should  be  considered  in  designing  effective
strategies for the development and dissemination of agricultural SAPs in
Tanzania, as well as in other developing countries. 
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Giving that diverse factors influence the different combination of SAPs, it
is important that in designing incentives for smallholder farmers to use
multiple SAPs, policymakers should take into consideration several farm
managerial,  socio-economic  and  plot-specific  factors  to  ensure  that
farmers can maximize the benefits of SAPs. Examples include provision
of training programme designed to enlightening farmers on the benefits
of SAPs, as well as on first-hand information on weather conditions. Also,
shock management strength of  farmers should be well  examined and
considered  when designing  and executing  dissemination  schemes for
different SAPs.

6.1.2 Determinants of the Adoption of Multiple Sustainable 
Agricultural Practices
Adoption is a key issue that plays a major role in farming communities.
Multivariate  probit  model  was  employed  and  found  that  age,  gender,
family  size,  education  level,  farm size,  livestock ownership,  access to
extension  services,  production  shocks,  access  to  credit  and  distance
from the market correlated with the adoption of SAPs. Finally, the results
show a very strong and robust relationship between variables of gender,
age and family size and the adoption of SAPs. Since some of the SAPs
are labour intensive, it is not surprising that the adoption is low amongst
older  people  and women who are constrained with labour  due to the
multiple roles. Generally, Women in a typical farm household in Tanzania
have limited access to family labour due to gender related issues. The
fact that family size appears to be one of the main underlying factors in
determining the adoption then women seem to be affected most. 

The following recommendations are suggested to improve the level of
adoption of SAPs among small scale maize farmers in the study area.
Land market should be well developed by the Government and all key
stakeholders to improve access especially for women maize farmers in
order  to  enhance  the  adoption  of  SAPs.  Similarly,  The  Ministry  of
Agriculture  should  intensify  campaign  about  SAPs as well  as provide
appropriate  training  programs  for  maize  farmers  to  enhance  the
adoption. 
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Again,  since  the  use  of  SAPs  is  both  labour  and  capital  intensive,
Government  through  rural  financial  institutions  should  provide  credit
facilities to maize farmers to enhance the adoption of  such practices.
Furthermore,  the  youth  need  to  be  encouraged  to  partake  in  trying
improved  technologies  and  best  practices.  In  particular,  policies  and
programme  that  are  geared  towards  developing,  promoting  and
disseminating SAPs should make a provision for farmers who are less
endowed with productive resources by reviewing agriculture policies with
the inclusion of extension services to come up with a package that is
tailored to the based on the farmer’s household characteristics.

6.1.3 Economic Impact of Adopting Bundled SAPs on Yields and 
Household Incomes
The findings reveal that SAPs adopted in combination or as a package
are  more  effective  than  those  adopted  in  isolation  except  for  the
improved  maize  varieties.  The  adoption  of  the  package  that  includes
improved maize varieties  only  and  the bundle  consisting  of  improved
maize varieties and residue retention resulted in the highest yield and
income  effects,  respectively.  Similarly,  adoption  of  a  comprehensive
package of all the SAPs provides the second highest increase in yield.
Although  improved  maize  varieties  resulted  in  the  highest  benefits  in
smallholder farmer’s welfare, it entails the use of manures, which may be
expensive for most small-scale farmers. The findings support relatively
inexpensive  soil  enhancing  practices  such  as  the  combination  of
residual,  crop rotation with improved maize varieties could significantly
increase maize yields and incomes of smallholder farmers in Morogoro
region. 

In the wake of the ever-increasing cost of external input such as fertilizer,
there  is  need  for  policy  makers  and  researchers  to  look  for  cheaper
methods of  increasing yield  and incomes for  small-scale  farmers.  For
instance,  the utilization  of  SAPs such as manure or  crop residues as
alternatives to chemical fertilizers may face hindrances. Farmers might
refrain  from employing these practices  due to factors such as limited
awareness regarding their  benefits,  resource constraints,  or  prevailing
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government policies that prioritize and incentivize the use of conventional
practices. 

Intercropping, manure, crop residual, improved maize varieties are more
successful in lowering input costs and raising yields, as the research has
shown. However, it also highlights how sustainable agriculture supports
economic sustainability. Given that the majority of farmers prioritize crop
yields,  this  research  is  essential  from an  economic  perspective,  it  is
possible  to outperform the weakest  component  in  the bundle’  relative
advantages, which are economic benefits.

6.1.4 Impact of Adopting Bundled SAPs on Food Security, 
Nutrition, and Poverty indices
Previous  research indicates  that  farming households  in  the  Morogoro
region continue to experience poverty, nutritional inadequacies, and food
insecurity  despite  government  measures  to  boost  SAP  adoption  for
enhancing  food  security  and  reducing  poverty  by  2030.  Low  SAPs
adoption  rates  have  made these  problems  worse  by  resulting  in  low
maize yields, which has made food and nutrition insecurity in agricultural
households  worse.  As  a  result,  recent  initiatives  have  centered  on
advancing affordable, climate-resilient SAPs.

By using an endogenous treatment effect model to analyze the effects of
implementing SAPs on food security,  nutrition, and poverty,  this study
offered a fresh viewpoint. Crop rotation, intercropping, improved maize
varieties, and crop residuals considerably  increased food security and
nutrition.  Remarkably,  the  only  practice  in  the  bundle  that  had  a
substantial  effect  on  poverty  indices  was  the  use  of  improved  maize
varieties.  In  order  to  improve  food  security,  nutrition,  and  poverty
alleviation among farming households in various agro-ecological contexts
throughout  Tanzania,  it  is  imperative  that  multiple  SAPs  be  used
concurrently.
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6.2 General Recommendations 
The adoption of SAPs is a somewhat complicated set of behaviors, and
policy creation in this area should take that into consideration. It involves
economic  issues.  Prior  to  legislating  in  this  domain,  a  general
understanding from a multidisciplinary perspective is required, as no one
factor can fully explain the voluntary action. Keep in mind that a deeper
knowledge  of  SAP  adoption  is  frequently  provided  by  the  economic
perspective.  The following are recommendations based on the results
provided in the study.

Policymakers should focus on variables that show a stronger impact on
SAPs adoption. Tanzania, for instance, needs to concentrate especially
on the availability and caliber of resources across regional boundaries.
Tailored efforts are required in the promotion of sustainable agriculture to
accommodate the unique requirements of individual districts or regions.
Additionally,  the  local  policy  ought  to  highlight  the  role  that  financial
systems play in facilitating SAPs investment.

Extension efforts should primarily concentrate on SAPs' relevant factors.
This frequently occurs as a result of farmers' inadequate knowledge of
their  ability  to  maximize  output  and  reduce  input  costs.  Furthermore,
local  communities  have  been  primarily  engaged  in  the  promotion  of
sustainable  agriculture  through  the  use  of  standardized  information
created by the Government, such as extension services. It has not been
customary  to  consider  how  the  regional  heterogeneity  of  resources
affects the viability of SAP's application. In actuality, a subset of SAPs
may be more applicable to particular crops in particular regions. 

Promoting  sustainable  agriculture  as  a  one-size-fits-all  approach  is
inappropriate.  Repositioning  sustainable  agriculture  as  a  relevant  and
commercially feasible farming system should be the aim of an enhanced
strategy. This method must be multifaceted in order to do this, given the
complexity of farming systems and decision-making on farms. Farmers'
field  schools  and  participatory  research,  for  instance,  are  useful  for
demonstrating  local  farming  practices  and  disseminating  extension
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messages where farmers can become familiar with SAPs and see their
obvious financial benefits. 

Furthermore, some SAPs can be marketed to prospective adopters as an
affordable "starter pack". For first-time users, the "starter pack" includes
a  series  of  profitable  SAPs  along  with  the  necessary  guidelines  for
putting the suggested practices into practice. In this instance, promoting
SAPs to Tanzania’s agricultural sector should emphasize intercropping,
improved maize varieties and manure. When suggesting certain types of
improved  seeds  and  manure  and  crops  that  are  compatible  for
intercropping,  much thought  should  be provided.  It  is  crucial  to  make
such  customization  efforts  in  order  to  represent  the  unique
circumstances of different locations. Farmers will feel more confident and
be able to begin investing in sustainable agriculture at a reduced risk
when  they  see  the  value  of  the  "starter  pack"  in  relation  to  reality.
Farmers can gradually adopt more pertinent SAPs as they prove to be
successful.

6.3 Contribution of the Research
6.3.1 Contribution to Literature
Integrated Framework for Adoption Studies
The  thesis  introduces  and  applies  an  integrative  framework  that
combines the utility  maximization theory and the theory of diffusion of
innovation. This framework provides a holistic approach to understanding
the complex adoption behaviors among smallholder farmers, considering
both  economic  and  social  factors.  This  contribution  enhances  the
theoretical foundation for future studies on SAPs adoption.

Simultaneous Adoption Patterns
The  thesis  contributes  to  the  literature  by  revealing  that  smallholder
maize  farmers  tend  to  adopt  SAPs  concurrently,  treating  them  as  a
package. These findings challenge traditional approaches that may focus
on individual  practices  and underscores the need for  policymakers  to
consider the interdependence of sustainable agricultural innovations.
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Adoption Intensity Determinants
The  study  goes  beyond  adoption  rates  and  investigates  factors
influencing adoption intensity. The findings shed light on disparities in the
intensity  of  SAP adoption,  emphasizing the importance of  considering
various  factors  beyond  awareness  and  recognition  when  designing
effective dissemination strategies.

Economic Impacts on Yield and Incomes
The  thesis  provides  detailed  insights  into  the  economic  impacts  of
specific combinations of SAPs on maize yields and household incomes.
This  contribution  enhances  the  literature  by  offering  a  nuanced
understanding of  the synergistic effects and individual  contributions  of
different practices to agricultural productivity and economic well-being of
farming households.

Food Security and Poverty Alleviation
The  study  contributes  to  the  literature  by  demonstrating  the  positive
impacts of  SAPs,  particularly  improved maize varieties,  on household
food  security  and  poverty  alleviation.  This  finding  emphasizes  the
broader  socio-economic  benefits  of  sustainable  agricultural  practices
beyond immediate productivity gains.

Policy Recommendations and Future Directions
The study concludes with practical policy recommendations based on the
identified factors influencing SAPs adoption and their economic impacts.
These  recommendations  provide  actionable  insights  for  policymakers,
agricultural  development  organizations,  and  other  stakeholders,
contributing to the practical application of research findings.

6.3.2 Contribution to Methodology
Integration of Theoretical Frameworks:
The  thesis  introduces  and  applies  an  integrative  framework  that
combines the utility  maximization theory and the theory of diffusion of
innovation.  This  integration  provides  a  comprehensive  and
multidimensional approach to understanding the adoption process. 
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By combining economic utility considerations with social aspects related
to  innovation  diffusion,  the  framework  offers  a  more  holistic  lens  for
studying complex behaviors associated with SAP adoption.

The thesis contributes to the methodological landscape by employing a
well-integrated, multifaceted approach. The use of advanced statistical
techniques,  such  as  multivariate  regression,  ordered  probit  analysis,
multinomial switching regression, and endogenous switching regression,
enhances the robustness of the study. Additionally, the incorporation of
both  quantitative  and  descriptive  elements  reflects  a  methodological
richness  that  advances  the  understanding  of  SAP  adoption  among
smallholder maize farmers in Tanzania.

6.3.3   Contribution to Theory
The  thesis  makes  significant  contributions  to  theoretical  frameworks
related to the adoption  of  SAPs among smallholder  maize farmers in
Tanzania. The key contributions to theory include:

Integrated Framework for Adoption Studies
The  introduction  and  application  of  an  integrative  framework  that
combines the utility  maximization theory and the theory of diffusion of
innovation  contribute  to  theoretical  advancements.  This  framework
recognizes  the  multidimensional  nature  of  SAPs  adoption,  integrating
economic  utility  considerations  with  social  and  innovation  diffusion
factors.  This  theoretical  integration  offers  a  more  comprehensive
understanding  of  the  complex  decision-making  processes  involved  in
adopting sustainable practices.

Complexity of Adoption as a Behavior
The  thesis  addresses  the  complexity  of  adoption  as  a  behavior
influenced by both economic and social aspects. By acknowledging that
adoption  decisions  are  shaped  by  factors  beyond  economic
considerations,  the  study  advances  theoretical  perspectives  on  the
dynamics of agricultural innovation adoption. The incorporation of diverse
factors,  including  age,  gender,  education,  and  access  to  extension
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services,  contributes  to  a  nuanced  understanding  of  the  interplay
between individual, social, and institutional factors.

Synergistic Adoption of SAPs as a Package
The finding that smallholder maize farmers adopt SAPs concurrently and
treat  them  as  a  package  contributes  to  theoretical  frameworks  on
innovation adoption. This challenges traditional views that may focus on
individual  practices  and  emphasizes  the  interconnectedness  of
sustainable agricultural innovations.  The theoretical insight  encourages
policymakers and researchers to view SAPs holistically, recognizing the
synergistic effects between different practices.

Adoption Intensity and Disparities
The  exploration  of  adoption  intensity  and  the  identification  of  factors
influencing  the  degree  of  SAPs  adoption  contribute  to  theoretical
perspectives on the heterogeneity of adoption behaviors. By recognizing
that farmers may differ not only in their adoption decisions but also in the
intensity of adoption, the study enriches theoretical discussions on the
diverse ways in  which farmers engage with  and integrate sustainable
practices into their agricultural systems.

Endogenous Switching Regression for Household Outcomes
The application of endogenous switching regression to assess the impact
of SAPs on household food security and poverty alleviation contributes to
theoretical  advancements  in  understanding  the  causal  relationship
between  adoption  and  outcomes.  This  methodological  approach
recognizes  the  endogeneity  of  the  adoption  decision  and  its
simultaneous  impact  on  household  well-being,  providing  a  nuanced
perspective on the theoretical underpinnings of SAPs adoption and its
broader socio-economic implications.
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 Practical Implications for Policy Design
The thesis bridges theoretical frameworks with practical implications by
offering  recommendations  tailored  to  policymakers.  The  integration  of
theoretical insights into actionable policy recommendations advances the
theoretical discourse on the application of research findings to real-world
interventions, emphasizing the importance of considering diverse factors
in policy design.

In  summary,  the  thesis  contributes  to  theoretical  advancements  by
offering  a  more nuanced  understanding  of  SAP adoption  through the
integration of diverse theoretical frameworks. The recognition of adoption
as a complex behavior influenced by economic, social, and institutional
factors, along with the consideration of adoption intensity and disparities,
enhances theoretical perspectives on sustainable agricultural innovation
adoption. The study's contributions have implications for shaping future theoretical discussions and guiding

empirical research in the field of agricultural innovation and sustainability.

6.4 Proposed Areas for Future Research  
Beyond  this  concept,  given  the  variety  of  agricultural  advances
accessible for study, a vast array of farm issues can be studied under the
umbrella  of  adoption.  Recent  research  topics  include  inputs  (hybrid
seeds,  genetically  engineered seeds),  outputs (precision technologies,
organic  approaches),  and climate  change  adaptation  strategies.  Their
objectives are concentrated on a variety of  environmental  and natural
resource management concerns that have been recognized by a range
of  human  institutions  (such  as  the  government  and  consumers)  in  a
variety of geographical contexts (such as a nation or area). It is possible
to  formulate  pertinent  research  questions/hypothesis  on  a  specific
innovation from a variety of contextual perspectives. 

6.4.1 Research Approach
Before  beginning  research  design,  researchers  should  conduct  a
comprehensive review of the existing literature. In addition to the vote
count approach, meta-analysis is another way to assess the results of a
research strand. Both approaches result in a knowledge bank of what is
known and what needs more research, despite their relative complexity.
Making decisions on farms requires careful thought. Therefore, in order



109

to  comprehend  adoption  from  a  multidisciplinary  perspective,  an
integrative  approach  is  required.  This  method  provides  a  theoretical
framework for analyzing adoptive behavior, which is a result that goes
beyond  economic  consideration  and  is  more  in  line  with  close
observation.

6.4.2 Research Techniques
Any preliminary research should begin with a model that is applicable to
everybody. The results show which attribute is most valued and which is
least  valued  after  refinement.  Because  adoptive  behavior  is  so
complicated, an integrated model would probably be a better fit. But such
a model is limited in its ability to analyze a wider variety of parameters. 

Empirical  data  regarding  the  profitability  of  SAPs  is  required.  Even
though SAPs that are managed well should be profitable, their short- and
long-term financial  returns  differ.  It  is  advised  that  more  research  be
done in the future,  paying close attention  to the relevant  time period.
Which SAP is more result-effective will  be demonstrated by short-term
profitability, which will draw in new users. Adopters will be persuaded to
continue using SAPs by information demonstrating which SAP results in
long-term economic sustainability. 
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Kuhusu Tasnifu Hii

Utafiti huu ulifanyika katika wilaya za Kilosa na Mvomero ili kuchunguza
athari  za kutumia kanuni  za kilimo endelevu (SAPs) kwenye mavuno,
mapato na usalama wa chakula miongoni  mwa wakulima wadogo wa
mahindi. SAPs zilizofanyiwa utafiti ni pamoja na mzunguko wa mazao,
kilimo mseto, aina bora za mahindi, samadi, na mabaki ya mazao. Mkoa
wa  Morogoro  ulitumika  kama  kielelezo.  Utafiti  ulitumia  takwimu
iliyowekwa kutoka kwenye mradi wa njia ya kuasili. Takwimu za ubora na
kiasi  ambazo  zilikusanywa  kwa  kutumia  dodoso,  mijadala  ya  vikundi
lengwa na usaili  wa  kina,  kisha kuchakatwa na kuchambuliwa.  Utafiti
uligundua  kuwa  kiwango  cha  utumiaji  wa  SAPs  kati  ya  watafitiwa
kilikuwa cha wastani, wakati mambo ya kiuchumi ya kijamii yalionekana
kuwa muhimu kwa kupitishwa kwa SAPs kwa wakati  mmoja,  zaidi  ya
hayo,  SAPs  zilizopitishwa  kwa pamoja  au  kama kifurushi  zilikuwa  na
ufanisi zaidi kuliko zile zilizopitishwa kwa kujitegemea katika kuboresha
mavuno ya mahindi na mapato ya kaya. Matumizi ya SAPs hasa mbegu
bora za mahindi ziliongeza uhakika wa chakula na lishe miongoni mwa
kaya za wakulima. Utafiti unapendekeza watunga sera na mashirika ya
kilimo kuzingatia sifa za kijamii na kiuchumi za wakulima katika mikakati
yao. Msisitizo juu ya mwingiliano wa SAPs, kutetea mchanganyiko mzuri
ili kuongeza matokeo, afua lengwa, iliyoundwa mahsusi kwa kaya zisizo
na chakula  na zilizo  katika  mazingira  magumu za kilimo,  zinazolenga
kutokomeza njaa na kushughulikia  upungufu wa lishe kati  ya kaya za
wakulima.
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