accurate GPS specifications or if the potential outcomes are accurately defined, the resultant model will be
consistent. To obtain a doubly robust 7™, the model in Equation (3.11) is estimated using a weighted least

squares model with weights obtained (Uysal, 2015) as follows:
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The minimisation problem for the doubly robust analysis is stated by Uysal (2015) as follows:
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effect. This includes determining the asymptotic distribution of the estimating techniques, which are
the solutions to the minimisation issues shown in Equations (3.22) and (3.24). (Uysal, 2015). In this
work, Uysal (2015)’s modification of Wooldridge (2007)’s asymptotic distribution for the computation of a

weighted regression with binary treatment variable is applied.
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Let r(t,X;;%¢;) be the parametric model for r(t,x), ie. Pr[T;=t|X;]=r(t, X;;v:), where
Y e W c RMED with o = [y ¥)...,¢%]. The estimator ¢) solves a conditional likelihood

problem of the form:
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Since the probabilities sum up to one, parameter identification requires a normalization such as g =0

(Uysal, 2015). Thus the individual score functions of dimension (M x 1) are given as:

Oln L(¢; Dy(Ty), X;)

cui(V; Di(T5), X;) = D0,

t=1,....K

Let 6 be (P x 1) parameter vector contained in a parameter space ® c RY. # denotes either (avy, av1¢) or

(o, ™). Thus, according to Uysal (2015), 6 solves the following minimization problem:
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depending on the treatment parameter of interest (Uysal, 2015). Since

where ¢; is the sum of squared residuals for the corresponding regression model and w; = Efio

r(m, Xm/fm)
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the estimation problem in the multivalued treatment case is same as the binary treatment case, Theorem
2

or w; =X;. 0D,g( T;)

3.1 in Wooldridge (2007) applies here immediately. Define s; = s(Y;, X;,T;;0,v) =
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the objective function g(- ). Uysal (2015) indicates that under standard regularity conditions,

as the P x 1 Hessian of

weighted score of the (unweighted) objective function ¢(- ), H(Y;, X;;0) =
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where A =E[H(Y;, X;;0)], D =E[e;e], e; = s; — E[sic;] [E [Cicé]]flci, ci=ci(Y) =[chis. . ] is
the M K x 1 score for the Maximum Likelihood Estimates (MLE) of ). The term D in the asymptotic
distribution includes the score of the first step estimation. Therefore, the resulting asymptotic distribution
for second step takes into account that the weights are estimated (Uysal, 2015). Wooldridge (2007)
proposes consistent estimators of A and D in the binary treatment framework, which can be generalized in

multivalued treatment case. Hence,
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are consistent estimators of A and D where the é; = §; — (N ! Y 8¢ )(N7' ©X &¢)) 7 ¢; are the P x 1
random errors from the multivariate modelling of §; on ¢; and hatted quantities are estimated at 6 or
@ZA). Because the treatment effects 7™ and ,sz are computed as differences of regression parameters in

Equations (3.10) and (3.13), estimation of the variances of ™ and ,le is simple after obtaining a variance-

covariance results of 0 (Uysal, 2015).

3.5 Description of Variables for the Estimation of GPS and Treatment Effects Parameters
The details of the variables used in the rice-farming households’ adoption decision (and the GPS ) and
treatment effects estimation models are presented in Table 3.1.

Table 3.1: Description of Variables
Variable

Measurement Description

Treatment Indicator

Adoption 0 = No Adoption; 1 = AGRA; 2 = Jasmine-85; 3 = Digang

Outcome Indicators

Productivity Quantity of Rice Harvested (Kg/ha)
Income Annual Household Income (GHS)
Auvailability Household Food Availability Index (%)
Accessibility Household Food Accessibility Index (%)
HDD Household Dietary Diversity Index (%)
WDD Women Dietary Diversity Index (%)
CDD Child Dietary Diversity Index (%)

Pre-Adoption Covariates

Gender Gender of Household Head (1 = Male; O = Female)

Age Age of Household Head (in Years)

Household Size Number of People in the Household (Number)

Education Education of Household Head (1 = Formal; 0 = No Formal Education)
Credit Household has Access to Farm Credit (1 = Access; 0 = No Access)
FBO FBO Membership (1 = Member; 0 = Non-member)

Extension Access to Extension (1 = Access; 0 = No Access)

Land Size Size of Plot Allocated to Rice Farming (Ha)

Fertilizer Fertilizer Use (1 = Use; 0 = No Use)

Machinery Access to Tractor Services (1 = Access; 0 = No Access)

Land Tenure
Early Maturity
High Yielding

Land Ownership (1 = Owner; 0 = Otherwise)
Perception of Early Maturity Attribute (1 = Yes; 0 = No)
Perception of Higher Yielding Attribute (1 = Yes; 0 = No)

The dependent variable used in the study was a nominal multivalued rice varietal seed technology
adoption variable that takes the value of 1, if the rice-farming household adopts AGRA rice varietal seed
technology; 2, if the rice-farming household adopts Jasmine-85 rice varietal seed technology; 3, if the
rice-farming household adopts Digang rice varietal seed technology; and 0, if no adoption of rice varietal

seed technology was recorded. The outcome variables used in this study are annual household income
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measured in Ghana Cedis (GHS), productivity measured in kilograms per hectare (kg/ha), household food
availability, household food accessibility, household dietary diversity, women dietary diversity and child

dietary diversity indices all measured in percentage (%)

3.6 Construction of the Household Food Security Indicators

Food availability and accessibility indices were rigorously constructed by aggregating household-level
data on food quantity, quality, and the coping mechanisms employed during periods of food shortages
within a 30-day recall period, consistent with established methodologies (Akalu et al., 2019; Owusu et al.,
2020). Responses reflecting experiences such as shortages, reliance on borrowing, or dietary adjustments
were systematically coded to generate composite scores that encapsulate the household’s status regarding
food availability and accessibility. These composite scores were subsequently aggregated using Principal
Component Analysis (PCA), yielding standardized indices for food accessibility and availability. The
application of PCA ensured the reduction of dimensionality and addressed potential multicollinearity issues,

thereby enhancing the robustness of the constructed indices (Adams & Smith, 2019).

Household Dietary Diversity (HDD) was constructed to capture the variety of foods consumed by
households during the 30-day recall period. This index quantified consumption across major food groups,
including staples, proteins, and vegetables, offering a multidimensional perspective on food security (Ali
et al., 2020b). Women Dietary Diversity (WDD) was similarly derived, focusing on foods consumed by
women aged 15-49 years. The emphasis was placed on nutrient-dense food sources such as proteins, dairy
products, and micronutrient-rich items to evaluate nutritional adequacy (Nyantakyi-Frimpong et al., 2019).
For children, Child Dietary Diversity (CDD) was calculated by assessing the range of foods consumed by
those aged 623 months, prioritizing the inclusion of critical food groups such as fruits, vegetables, dairy,
and protein sources. These indices were designed to reflect individual and household-level dietary patterns

while addressing the unique nutritional requirements of women and children (Asare et al., 2020).

Similar to the construction of food availability and accessibility indices, PCA was applied to dietary
diversity scores for HDD, WDD, and CDD. This aggregation technique ensured that the resulting dietary
diversity indices accurately captured underlying patterns and variations in food group consumption. By
utilizing PCA, the indices were standardized, enabling their inclusion as dependent variables in subsequent
regression analyses. This methodological rigour facilitated the robust estimation of the impacts of
agricultural technology adoption on food security outcomes, aligning with best practices in food security

research (Adams & Smith, 2019; Nyantakyi-Frimpong et al., 2019).

The constructed indices collectively provided a comprehensive framework for evaluating household food
security. The food availability and accessibility indices quantified the extent to which households could

secure sufficient and quality food during the recall period, while the dietary diversity indices for households,
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women, and children offered granular insights into nutritional adequacy. By integrating these indices
into the analytical framework, the study robustly captured the multifaceted dimensions of food security,

emphasizing the critical linkages between technology adoption and improved dietary outcomes.

3.7 Construction of the Garrett Ranking Scores

The Garrett ranking procedure is a robust and systematic method utilized to identify and rank constraints to
the adoption of varietal seed technologies, particularly in contexts like rice farming in Northern Ghana. This
procedure is widely recognized for its ability to translate ordinal ranking data into interpretable numerical

scores, making it highly suitable for analyzing subjective responses related to constraints.

In applying the Garrett ranking procedure to the study, farmers in the Northern Region of Ghana were asked
to identify and rank constraints hindering the adoption of improved varietal seed technologies. Constraints
such as the high cost of certified seeds, limited access to improved seeds, insufficient extension services,
credit unavailability, and farmers’ perceptions about varietal benefits were considered. These rankings were

transformed into numerical scores using the Garrett formula:

100 x (R; - 0.5)

Percent Position =
N

(3.29)

where R; denotes the rank assigned by a respondent to a specific constraint, and NV is the total number of
constraints being ranked. The resulting percent position values were then matched to corresponding Garrett
scores, typically derived from a pre-established table. These scores ensured that the rankings reflected the

relative importance of constraints objectively and consistently.

The aggregated Garrett scores for each constraint were calculated by averaging individual scores across
all respondents. This aggregation provided a comprehensive understanding of the community’s collective
perception of the barriers to adoption. Constraints were ranked based on their average Garrett scores, with

higher scores indicating more significant barriers.

The use of Garrett ranking in this study aligns with its broader applications in agricultural research. Recent
studies underscore its efficacy in prioritizing constraints across diverse farming systems. For instance,
Akinnagbe & Nwaiwu (2021) utilized this method to rank constraints in cassava farming systems in Nigeria,
demonstrating its capacity to generate actionable insights for policymakers. Similarly, Chhetri et al. (2020)
employed Garrett ranking to identify challenges in the adoption of climate-resilient farming practices in

South Asia, emphasizing its versatility in different agroecological and socio-economic settings.

The method’s primary advantage lies in its capacity to simplify and quantify qualitative data, facilitating
statistical analysis and enabling evidence-based decision-making. By converting subjective ranks into

standardized scores, Garrett ranking minimizes biases inherent in raw ranking systems. Furthermore, its
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compatibility with other analytical tools enhances its utility in multi-dimensional studies. For example,
combining Garrett ranking results with regression analysis enables researchers to evaluate the impact of
ranked constraints on adoption rates quantitatively, as demonstrated by Ali et al. (2022) in their analysis of

seed technology adoption in Pakistan.

In this study, the Garrett ranking results were integrated into a broader analytical framework to assess
the relationship between identified constraints and adoption outcomes. This approach allowed for a
nuanced understanding of how barriers such as high seed costs or inadequate extension services influenced
productivity and household welfare. The findings not only highlighted priority areas for intervention but

also provided empirical evidence to support targeted policy recommendations.

The methodological rigour of the Garrett ranking procedure, including its adaptability to diverse research
contexts, makes it an indispensable tool in agricultural and development studies. Its application in this study
underscores the critical importance of systematically identifying and prioritizing constraints to enhance the
adoption of rice varietal seed technologies. By addressing these barriers, policymakers and stakeholders
can design interventions that maximize the productivity and welfare benefits of improved agricultural

technologies.

3.8 Description of the Study Area

The Northern Region of Ghana, previously the largest of the country’s sixteen administrative regions,
encompassed approximately 70,384 square kilometers, accounting for 31% of Ghana’s total land area. This
expansive territory was redefined in December 2018 when portions were annexed to form the Savannah and
North East Regions. Geographically, the region shares boundaries with the North East Region to the north,
Togo to the east, the Oti Region to the south, and the Savannah Region to the west. Tamale serves as its
administrative capital, anchoring governance and regional activities. Divided into 16 districts, the region

exhibits diverse administrative and cultural dynamics (see Figure 3.1).

The Northern Region’s proximity to the Sahel and Sahara shapes its climatic and ecological profile, making
it markedly drier compared to Ghana’s southern regions. The landscape is dominated by grasslands and
savanna vegetation, punctuated by desert tree species such as the baobab. The dry season, characterized by
scorching temperatures and the Harmattan winds, extends from January to March, while the rainy season
spans July to December, with annual precipitation ranging between 750 to 1050 mm. Temperatures during
the dry season can reach extreme highs of 40°C during the day and drop to 14°C at night, particularly from

December to February.

Economically, agriculture is the dominant livelihood activity, engaging over 75% of the population.

However, the region’s low population density, shaped by emigration and its challenging topography and
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Figure 3.1: The Geographical Map for the Study Area

climate, influences settlement patterns. Culturally, it is home to the Dagbon Kingdom, with the Dagomba
tribe and other ethnic groups such as the Mamprusi and Konkomba speaking Niger-Congo dialects

alongside English as the official language.

This study focuses on the Savelugu, Kumbungu, and Tolon districts, which are recognized as pivotal hubs
for rice cultivation, reflecting the region’s agricultural potential and significance. These districts exemplify

the intersection of ecological, economic, and cultural attributes that define the broader Northern Region.

3.8.1 Tolon District

The Tolon District, located within Ghana’s Northern Region, is geographically bordered by Kumbungu to
the north, North Gonja to the west, Central Gonja to the south, and Sagnarigu to the east. The district has
a population of 80,193, consisting of 40,245 females and 39,948 males, with an average household size of
6.4 individuals. This demographic distribution underpins the predominantly rural character of the district,

where subsistence and peasant farming dominate livelihood activities.

Agriculture serves as the mainstay of the district’s economy, with 94.4% of households engaged in activities
such as crop cultivation and livestock rearing. However, limited commercial opportunities compel most

farmers to operate at a subsistence level, which constrains their ability to market surplus produce effectively.
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Rice farming, a key agricultural activity, relies heavily on rainfall as the primary water source. Mechanized
practices, including tractor plowing, form the core of primary tillage, while secondary tillage, such as
rotovating and harrowing, is primarily associated with the Golinga Irrigation Gravity Scheme. Despite its
potential, this scheme utilizes only 40 hectares of its 100-hectare irrigable area, with oversight provided
by the Ghana Irrigation Development Authority (GIDA). Additional smaller dugouts in the district support

vegetable farming, reflecting the diversity of agricultural practices.

Infrastructure challenges remain a critical impediment to agricultural productivity and marketing.
Inadequate road networks between farms and the poor condition of major routes linking farming
communities to commercial hubs hinder farmers’ ability to access markets. Consequently, significant
quantities of agricultural produce are wasted post-harvest due to limited transportation and storage facilities.
These barriers underscore the pressing need for infrastructure development and strategic interventions to

enhance agricultural value chains and reduce post-harvest losses within the district.

3.8.2 Kumbungu District

The Kumbungu District, one of the Northern Region’s most notable areas, is bordered by Mamprugu/Moagduri
to the north, Tolon and North Gonja to the west, Sagnerigu to the south, and Savelugu/Nanton Municipal
to the east. It is geographically one of the smallest districts in the region, encompassing a total land area
of 1,599 square kilometers, with Kumbungu serving as its capital. The district has a population of 39,341,

comprising 50.03% males and 49.97% females, reflecting a nearly equal gender distribution.

The economy of Kumbungu is entirely rural and fundamentally driven by agriculture, which serves as
the primary livelihood for the majority of its inhabitants. Agricultural activities are largely subsistence-
based and seasonal, with limited irrigation practices concentrated near the Bontanga Dam. Crop cultivation
dominates, with maize, rice, groundnut, and yams being the principal crops. Rice cultivation, in particular,
thrives in lowland areas, utilizing both irrigated and rain-fed systems. In 2018, approximately 5,225 hectares

were allocated to agriculture, yielding an average of 2.00 metric tons per hectare.

Mechanization in farming is evident, with tractor ploughing forming the backbone of tillage practices.
Secondary tillage methods, including rotovating, harrowing, and the use of boom sprayers and levellers,
are primarily observed in areas surrounding the Bontanga Irrigation Scheme. Despite the presence of a
gravity irrigation system with a potential area of 800 hectares, only 490 hectares have been developed and
are currently usable. The shortage of essential farming equipment, such as crawler and wheeled combine
harvesters, poses a significant challenge. Further investments are necessary to develop the undeveloped
irrigable lands and enhance agricultural productivity within the district. This reflects the district’s untapped

potential, highlighting opportunities for targeted agricultural interventions and infrastructural development.
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3.8.3 Savelugu-Nanton District

The Savelugu-Nanton District, located in the Northern Region of Ghana, shares its borders with West
Mamprusi to the north, Karaga to the east, Kumbungu to the west, and the Tamale Metropolitan Assembly
to the south. Covering approximately 2,022.6 square kilometers, the district has a population density of
68.9 persons per square kilometer, with a total population of 139,283, comprising 48.5% males and 51.5%
females. The district’s savanna forest ecological zone provides an ideal environment for diverse agricultural

activities, including crop cultivation and large-scale cattle husbandry.

Agriculture is the dominant economic activity in the district, with most residents engaged in subsistence
farming to meet household needs. The primary food crops cultivated include rice, groundnut, maize, millet,
sorghum, cassava, yams, cowpeas, and guinea corn. Additionally, cotton, shea nuts, and soybeans serve as
significant cash crops. Small-scale agricultural processing, utilizing traditional methods, is common, though
there are notable commercial farming operations, such as the Integrated Tamale Fruit Company (ITFC)-

managed grafted mango plantation in Gushie, which provides employment to many residents.

Rice farming is predominantly practised in lowland areas with consistent rainfall. In 2018, approximately
6,553.5 hectares of land were cultivated, achieving an average yield of 2.50 metric tonnes per hectare.
Mechanized farming is well established, with commercial farmers employing advanced equipment,
including rotovators, seed drills, boom sprayers, levellers, threshers, and combine harvesters (both crawler

and wheeled).

The district is endowed with several irrigation facilities, including dams at Libga, Nasia, Dipale, Sogo, and
Dinga. Libga features a potential irrigation capacity of 22 hectares, of which 16 hectares are developed
for cultivating rice, maize, and vegetables. Dipale has 148 hectares of potential irrigation land, with 114
hectares developed, while the Dinga pump-and-gravity irrigation system supports 125 hectares, of which 85
hectares are utilized for similar crops. These irrigation schemes underline the district’s significant potential

for enhancing agricultural productivity and food security.

3.9 Study Design/Approach

The study employed a mixed-method approach, integrating qualitative and quantitative methodologies
to comprehensively assess the performance of varietal rice seed technologies among farm households.
This methodological integration aimed to leverage the strengths of both approaches while mitigating their
individual limitations. The use of mixed methods facilitated the addressing of diverse research questions
and provided a robust framework for drawing more nuanced conclusions regarding the adoption and impacts

of the varietal technologies.

Specifically, the Explanatory Sequential Method (ESM) was adopted, as outlined by Creswell (2014),
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offering a structured process for data collection and analysis. The ESM approach involves an initial phase
of quantitative data collection and analysis, followed by a qualitative phase aimed at contextualizing and
explaining the quantitative findings. This sequential design enabled the study to delve deeper into the causal
mechanisms and contextual factors underpinning the observed outcomes of varietal rice seed technology
adoption. The qualitative phase served as a critical component in elucidating the nuances of the quantitative

results, particularly by providing insights into outlier cases of both success and failure.

The integration of qualitative data allowed for a richer interpretation of the findings, particularly through the
exploration of key factors driving behavioural changes, decision-making processes, and adoption dynamics.
This dual-phase approach enabled the study to effectively enter the “black box” of household decision-
making and technology use, offering a comprehensive understanding of the mechanisms at play. Moreover,
the methodological rigour provided by the ESM enhanced the ability to develop systematic explanations
for observed trends and variances, fostering a deeper understanding of the relationships between farm

households and the varietal technologies.

By employing this design, the research also ensured the generation of evidence-based insights to inform
policy recommendations. The qualitative insights derived from this approach provided the necessary
depth to address critical policy concerns and offered practical solutions to challenges identified through
quantitative analysis. Overall, the adoption of the mixed-method explanatory sequential approach provided
a holistic lens for understanding the multi-dimensional impacts of varietal rice seed technologies, ensuring

the study’s outcomes were both robust and actionable.

3.10 Sampling Design for the Study

This section outlines the procedures used to determine the appropriate sample size for the study. It also

provides a detailed discussion of the method used to select the study’s sample.

3.10.1 Sample Size Determination

The determination of the sample size for the study was grounded in a robust and systematic statistical
approach, leveraging key outcome indicators such as productivity and household welfare. The complete
sample design and the power calculation methodology are elaborated in Appendix IV. The sample size
calculations incorporated regional agricultural data obtained from the Ministry Of Food and Agriculture
(MOFA), specifically focusing on Intra-cluster Correlation Coefficients (ICCs) to account for the clustering
effects of communities. The estimated intra-class correlation, representing the proportion of variation

between clusters relative to total variability, was determined to be 0.016.

A statistical power of at least 80% was set as the baseline to ensure reliable detection of meaningful

differences in the key outcomes. Comparisons were also made with a more conservative power threshold
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of 90% to validate the robustness of the estimates across a range of statistical powers. Based on these
parameters, the calculations yielded a minimum required sample size of 600 rural rice-farming households
distributed across the three selected districts in the Northern Region. This sample size was deemed
sufficient to achieve 80% statistical power to detect an average effect size of 0.1352 (13.52%) on the
primary study outcomes. This effect size was considered significant and indicative of the anticipated
changes in productivity and household welfare attributable to the adoption of improved rice varietal

technologies.

The sample size determination was further refined using an F-test for group effects, with estimates
of between-group variance informed by a one-way Analysis Of Variance (ANOVA) framework. The
households were divided into two groups: 450 households in the improved rice varietal technology
adoption group and 150 households in the non-adoption group. Given an error variance of 457,527.44,
the calculations yielded estimates of between-group variance ranging from 8,368 to 10,878. These
estimates provided confidence that the design could detect statistically significant effects under the defined

parameters.

The adopted methodology underscores the rigorous attention to statistical precision, ensuring that the
sample size is adequate to capture the anticipated impacts of rice varietal technology adoption while
accounting for the variability inherent in clustered rural settings. By basing the calculations on empirical
data and validated statistical models, the study design demonstrates its capacity to provide robust and
generalizable insights into the dynamics of productivity and welfare improvements among rural households
in the region. For detailed calculations and underlying assumptions, Appendix IV provides comprehensive

evidence from the power calculations.

3.10.2 Sample Selection Procedure

The selection of rural rice-farming households for the study employed a rigorous multi-stage cluster
sampling methodology to ensure representativeness and statistical robustness. The initial stage involved
the purposive selection of three districts, namely Kumbungu, Tolon, and Savelugu, within the Northern
Region of Ghana. These districts were chosen based on their prominence in rice production and the high
density of rice-farming households, making them ideal for capturing the variability and dynamics within

the study population.

In the subsequent stage, ten (10) communities, serving as primary sampling units (clusters), were randomly
selected from each of the three districts. This clustering approach was employed to balance logistical
considerations with the need for comprehensive data coverage across diverse locales. The final stage

entailed the selection of a minimum of twenty (20) rural rice-farming households from each community.
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This number was informed by pre-survey statistical power analyses, ensuring sufficient sample sizes to

detect meaningful differences across study variables.

The random selection of households within communities utilized a probability-proportional-to-size (PPS)
sampling technique. This method ensured that larger communities, with higher numbers of rice-farming
households, contributed proportionally more to the sample, while still maintaining the equal likelihood of
selection for any household within a stratum (district). By employing PPS, the sampling design minimized

bias and maximized the efficiency of the selected sample.

Overall, a total of 600 rice-farming households were systematically selected and surveyed across the three
districts. The sampling procedure adhered to principles of statistical rigour, ensuring that the selected
sample accurately represented the target population, thereby enhancing the validity and generalizability of
the study findings. This methodological approach underscores the study’s commitment to robust research

design, facilitating a nuanced understanding of rice production dynamics in the Northern Region.

3.11 Method of Data Collection

Both quantitative and qualitative data were collected in order to appropriately address the objectives of the
study outlined in Section 1.5. As a result, the relevant data were collected using quantitative and qualitative

Surveys:

3.11.1 Quantitative Survey

The quantitative survey employed a structured questionnaire administered through Android tablets to ensure
high-quality data collection. The choice of mobile devices and electronic questionnaires was instrumental
in enhancing data accuracy and reliability, primarily through the incorporation of built-in data validation
protocols and consistency checks within the application. This approach minimized errors during data entry
by enabling real-time verification at the enumerator level. Using SurveyCTO server technology, data
collected through the Android devices were uploaded in real-time via internet connectivity. This system
streamlined the data management process, reducing the manual burden of data entry and allowing for

immediate consistency reviews and quality assessments.

The electronic questionnaire was initially developed in English but was dynamically translated into local
languages during interviews to accommodate respondents’ linguistic diversity. This approach ensured
inclusivity and accuracy in capturing the participants’ responses. A pilot test was conducted prior to the
main survey to evaluate the reliability, clarity, and appropriateness of the questionnaire items and expected
responses. This pre-testing phase allowed for the identification and rectification of any errors or ambiguities,

thereby optimizing the instrument for the field survey.
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The adoption of a mobile-based data collection methodology also facilitated the seamless transition from
data collection to analysis. Real-time uploads and validation minimized delays, ensuring that the dataset
was ready for analysis upon completion of fieldwork. The systematic use of this technology underscores
the commitment to rigorous data collection practices, improving the efficiency and quality of the overall

research process.

3.11.2 Qualitative Survey

The qualitative survey employed two principal methods for data collection: In-Depth Conversational
Interviews (IDIs) and Focus Group Discussions (FGDs). The FGDs were specifically designed to
elicit group-level insights by engaging FBOs and key stakeholders within the communities. This
approach was particularly effective in gathering collective perspectives from individuals residing in the
same neighborhoods or sharing critical decision-making responsibilities concerning varietal technology
adoption. To ensure manageability and depth of discussion, focus groups comprised 5 to 7 participants
per session. Given the anticipated lack of substantial heterogeneity in FGD outcomes across the selected
districts, only two sessions were conducted in each district, targeting representative groups from key

communities.

The In-Depth Conversational Interviews (IDIs) constituted the cornerstone of the qualitative data collection
effort. This approach facilitated the capture of nuanced, individual-level insights by enabling participants
to freely express their thoughts, feelings, and beliefs in a naturalistic and guided interview environment.
Conducted on a one-on-one basis, these interviews allowed respondents to discuss sensitive or complex
issues without the influence or suppression often associated with group settings. This method was
particularly valuable for uncovering deeper, subjective experiences and attitudes that might otherwise be
overlooked in a group dynamic. To ensure comprehensive coverage, five (5) IDIs were conducted within

each of the selected districts.

Both methods were systematically applied to maximize the reliability and richness of the data collected. The
FGDs provided a platform for understanding community-level dynamics and shared experiences, while the
IDIs offered an in-depth exploration of individual perspectives. Together, these methods ensured a holistic
and robust qualitative data collection process, yielding valuable insights into the adoption and impact of

varietal technologies within the study area.

3.12 Method of Data Analysis

The data analysis was conducted using methods outlined in Section 3.4, with specific approaches tailored
to address the study’s objectives. To address the first objective, which focused on identifying factors
influencing rice-farming households’ decisions to adopt rice varietal seed technology, a multinomial logistic

regression model was employed, as defined in Equation (3.17). This model enabled the estimation of
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probabilities associated with different adoption choices and facilitated an understanding of the determinants
shaping these decisions. Covariate selection for this model adhered to the procedure outlined by Linden
et al. (2016), incorporating recommendations by Cattaneo et al. (2013) to ensure robust and relevant variable

inclusion.

The second and third objectives aimed to estimate the average treatment effects of rice varietal seed
technology adoption on key outcomes, including productivity, annual household income, and household
food security. These were analyzed using models specified in Equations (3.13) and (3.16), with regressions
weighted as per the specifications in Equations (3.21) and (3.23). The Generalized Propensity Scores (GPS)
derived from the multinomial logistic regression model facilitated the calculation of treatment effects,
ensuring that the overlap assumption and the Conditional Independence Assumption (CIA) were rigorously
tested and met. The overlap assumption was validated to confirm sufficient common support across
adoption statuses, while the CIA ensured that observed covariates adequately accounted for the assignment

mechanism, thus enhancing the validity and robustness of the estimated effects.

Potential outcome means for each adoption status were estimated based on the model defined in
Equation (3.4). This enabled the derivation of unbiased treatment effects through pairwise comparisons
across all adoption statuses. To account for multiple comparisons and mitigate the risk of inflated Type
I error, p-values were adjusted using the Bonferroni correction procedure, ensuring the reliability of

statistical inferences drawn from the results.

The fourth objective focused on identifying and ranking the primary constraints hindering the adoption of
rice varietal seed technology among rice-farming households in the northern region. This was analyzed
using the Garrett ranking technique, a robust method that enabled systematic prioritization of constraints
based on their perceived importance. This approach provided valuable insights into the barriers to adoption

and informed policy recommendations aimed at addressing these challenges.

Throughout the analysis, stringent statistical checks and validations were performed to ensure the integrity
and robustness of findings. The careful adherence to methodological rigor and the implementation of
corrective procedures, such as overlap and CIA testing, underscore the reliability and relevance of the

study’s conclusions.

3.13 Ethical Consideration

The study adhered strictly to ethical protocols established by the University of Ghana’s Ethics Council,
ensuring full compliance with relevant laws, policies, and regulations governing the conduct of research.
Ethical considerations were integrated into all stages of the study, including the design, implementation,
and fieldwork processes. These measures were essential in upholding the principles of respect, integrity,

and accountability while safeguarding the rights and welfare of all participants involved in the research.
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Voluntary participation was a cornerstone of the study’s ethical framework. All potential respondents were
provided with detailed information regarding the study’s purpose, procedures, and potential implications.
This enabled participants to provide informed consent voluntarily, without coercion or undue influence.
Respondents were also assured of their autonomy, with the freedom to withdraw from the study at any point
or to decline to answer specific questions without facing any repercussions. These provisions underscored

the commitment to respecting individual agency and choice.

Confidentiality and data protection were rigorously maintained throughout the research process. Personal
information and survey responses were anonymized and securely stored to prevent unauthorized access.
Data were reported exclusively in aggregate form to ensure that no individual respondent could be identified.
Such measures aligned with international best practices for ethical research and demonstrated a strong

commitment to preserving participants’ privacy.

Comprehensive training sessions were conducted for enumerators to equip them with the skills required
to interact ethically and effectively with respondents. Enumerators were sensitized to the importance of
confidentiality, the need for cultural sensitivity, and strategies for eliciting accurate and truthful information,
particularly when addressing potentially sensitive issues. This training was instrumental in fostering trust

between enumerators and respondents, thereby enhancing the quality and reliability of the data collected.

The study also adhered to international ethical standards, reinforcing its commitment to global best practices
in research. These included adherence to principles such as beneficence, by minimizing potential risks to
participants; justice, by ensuring equitable selection of respondents; and respect for persons, by upholding
the dignity and rights of all participants. Collectively, these ethical measures contributed to the credibility,

integrity, and social responsibility of the research.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Introduction

This chapter discusses the results of the study. The first part of the chapter presents the marginal effect
estimates of the pre-adoption factors and the estimation of the Generalized Propensity Scores (GPS). In
this case the results for the factors influencing varietal rice seed technology adoption are discussed. This
is followed by the results from the test of the overlap assumption. Finally, it presents the results of the
doubly robust potential outcome means, and the impacts of the improved varietal rice seed technologies on

the main outcomes (i.e, productivity, Household Income, and Household Food Security indicators).

4.2 Factors Influencing the Adoption of Rice Varietal Seed Technology

The estimated marginal effects of the factors that affect improved rice varietal seed technology adoption
are presented in Table 4.1. For purposes of results discussions, the factors that were incorporated in the
model are put into three main categories: (i) Household-specific factors; (ii) Institutional and Farm-specific

factors; and (iii) Varietal attribute factors.

4.2.1 Household-Specific Factors Influencing Rice Varietal Seed Technology Adoption

Following Adekambi et al. (2020); Kshirsagar et al. (2002), the key household-specific factors considered
in the estimation of the marginal effects and Generalized Propensity Scores (GPS) were the gender of the
household head, age of the household head, household size, number of years spent in rice production,
and formal education status of the household head. The marginal effects estimates reveal a significant
gender-based differential in varietal seed technology adoption, with the marginal effects for the gender of
the household head being negative for Jasmine-85 and positive for Digang, both statistically significant at
1% level. These findings suggest that female-headed households are more inclined to adopt the Jasmine-85
variety, while male-headed households exhibit a stronger preference for the Digang variety. The observed
gender-based differential in adoption patterns underscores the nuanced dynamics influencing varietal seed
technology adoption among rice-farming households in Northern Ghana. Female-headed households
may prioritize Jasmine-85 due to its shorter maturity period and market-preferred attributes such as
aroma and grain quality, aligning with their emphasis on household consumption and income security. In
contrast, male-headed households may opt for Digang, which potentially offers higher yields and aligns
with productivity-driven objectives for commercial farming. These findings are consistent with studies
highlighting the influence of gender roles in shaping agricultural technology adoption. For instance,

Quisumbing & Pandolfelli (2020) emphasize that women’s adoption decisions often prioritize household
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food security and market preferences, while men are more likely to focus on productivity and profitability.
Similarly, Tambo & Wiinscher (2019) report that male-headed households in sub-Saharan Africa exhibit
a higher propensity for adopting productivity-enhancing technologies, reflecting their control over critical
production resources and larger farm sizes. FGD participants corroborated these findings, with women
expressing a clear preference for Jasmine-85 owing to its beneficial attributes and accessibility. As one

participant stated,

“We the women prefer the Jasmine-85 variety to all the varieties because of the benefits we
obtain from its attributes such as aroma and grain quality when we cultivate it. Again, when
we want to get the seeds, we don’t suffer.” (FGD Participant B in Kumbungu district).

However, the discussion also emphasized structural barriers faced by women, including financial constraints
and cultural norms that grant men greater purchasing power and priority access to preferred seeds. Another
participant noted,
“Even though some of us also like the Digang, the males use their dominance over us to get the
Digang because they have money and power over us, and also in our culture, we respect the

men a lot and so we have to allow them to buy their own before if some is left, we the women
can also buy if we have money.” (FGD Participant E in Tolon district).

These results reaffirm the interplay of socio-economic and cultural factors in shaping gender-specific
preferences for rice varietal seed technologies. They also emphasize the importance of understanding
gendered roles and decision-making dynamics in agricultural production, highlighting the need to integrate

these considerations into the design and promotion of agricultural innovations.

Household size, another significant determinant, exhibited a negative marginal effect on AGRA varietal
seed technology adoption, significant at 5% level, while showing a positive and highly significant effect
at 1% level for Digang varietal seed technology. The contrasting effect of household size between AGRA
and Digang varietal seeds may be indicative of the labour and resource allocation dynamics associated with
the household’s capacity to cultivate diverse seed varieties (Adu-Baffour et al., 2021). Larger households,
which typically have greater labour resources, may find Digang technology more feasible as it potentially
allows for productivity gains that are scalable with additional labour inputs (Kassie et al., 2022). This pattern
underscores the role of household labour in determining technology adoption, consistent with studies by
Mishra et al. (2022), who observed that larger households tend to adopt resource-intensive technologies

more readily when the expected productivity benefits justify the additional labour demands.

The results also reveal that years of rice farming experience exerted a minimal impact on the adoption
of rice varietal seed technologies, with negative and statistically insignificant marginal effects for AGRA
and Jasmine-85, and a negative but significant effect at 5% level for Digang. The absence of a strong

positive influence from farming experience may suggest that experience alone does not drive adoption in
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Table 4.1: Marginal Effect Estimates of Pre-Adoption Characteristics for the Varietal Seed Technology

(1 2 3)
AGRA Jasmine-85 Digang
Household-Specific Factors
Gender of Household Head -0.0151 -0.1635*** 0.1634***
(0.0232) (0.0240) (0.0310)
Age of Household Head 0.0008 0.0006 0.0008
(0.0006) (0.0007) (0.0007)
Household Size —-0.0050** 0.0004 0.0079***
(0.0022) (0.0021) (0.0022)
Years of Rice Production -0.0004 -0.0006 -0.0018**
(0.0007) (0.0008) (0.0008)
Housedhold Head Has Formal Eduction -0.0068 0.0400*** -0.0191
(0.0144) (0.0147) (0.0151)
Institutional and Farm-Specific Factors
Access to Credit —-0.0496** -0.0235 —-0.0515*
(0.0238) (0.0245) (0.0275)
FBO Membership —-0.0580*** 0.0465*** -0.0040
(0.0153) (0.0151) (0.0157)
Access to Extension Services —-0.0450*** 0.0540*** 0.0570***
(0.0135) (0.0140) (0.0140)
Land Size (Ha) -0.0001 0.0140*** -0.0169***
(0.0018) (0.0015) (0.0018)
Fertilizer Use 0.2352*** —0.1414*** —0.0808***
(0.0127) (0.0148) (0.0145)
Access to Farm Machinery -0.0465*** 0.0438"** 0.0564***
(0.0132) (0.0131) (0.0133)
Land Ownership -0.0896*** 0.0558*** 0.0426***
(0.0135) (0.0151) (0.0152)
Varietal Attribute-Specific Factors
Early Maturity -0.0309* 0.0269 0.0527***
(0.0164) (0.0168) (0.0177)
High Yielding 0.0294* -0.0061 0.0545***
(0.0178) (0.0185) (0.0194)

Standard errors in parentheses
FBO denotes Farmer Based Organization
* p<0.10, ** p < 0.05, *** p < 0.01

this context; rather, farmers may rely more heavily on external information sources or recent knowledge
interventions when considering newer varietal technologies (D. et al., 2021). The negative impact observed
for Digang could reflect an inclination among more experienced farmers to avoid technologies perceived
as high-risk or resource-intensive, especially where adaptation to existing practices might be challenging
(Muriithi et al., 2020). This aligns with Otsuka & Yamano (2023), who emphasized that years of
experience do not always equate to higher adoption of newer agricultural innovations, especially when

such technologies involve complex adjustments in existing farming routines.

The marginal effect of formal education further displayed mixed results, being negative but statistically
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insignificant for AGRA and Digang varietal seed technologies, yet positive and highly significant at
1% level for Jasmine-85. This result underscores the potential role of education in enhancing farmers’
capacity to comprehend and adopt Jasmine-85 technology, possibly due to its relatively higher complexity
or input requirements compared to AGRA and Digang. Such findings align with Abay et al. (2023),
who documented that formal education enhances farmers’ capacity to assimilate technical information,
increasing the likelihood of adopting knowledge-intensive technologies. However, the negative and
insignificant effect of education on AGRA and Digang varietal seeds may reflect a preference among
educated farmers for varieties that align more closely with their perception of cost-effectiveness and
sustainability. This interpretation is supported by Iddrisu et al. (2019), who reported that educated farmers
often exhibit selective adoption patterns based on perceived utility and compatibility with their financial

resources.

In summary, the adoption of rice varietal seed technologies in the Northern Region of Ghana is significantly
influenced by household head gender, household size, farming experience, and education level, with each
variable exerting differential effects on distinct seed varieties. The findings underscore the importance
of context-specific approaches in promoting rice varietal seed technology adoption, suggesting that
policy interventions aimed at enhancing adoption rates should consider the unique demographic and

socioeconomic characteristics of farming households.

4.2.2 Institutional and Farm-Specific Factors Influencing Adoption of Varietal Seed Technology

Following Issa & Kagbu (2017), access to credit, FBO membership, access to extension services, farm
sizes, use of chemical fertiliser, access to farm machinery, and land ownership were identified as key
institutional and farm-specific factors that can influence the adoption of rice varietal seed technologies
in the Northern Region’s Kumbungu, Tolon, and Savelugu districts. The analysis indicates that access to
finance had a slightly negative effect on the likelihood of adopting both AGRA and Digang varietal seed
technologies, with these marginal effects being statistical significance at 5% and 10% levels, respectively.
This finding, which seems counterintuitive, could suggest that available financing is often directed towards
less capital-intensive inputs or used to address immediate household needs rather than technology adoption,
as documented by Gebre et al. (2020). Moreover, limited financial resources may prompt risk aversion
among smallholders, leading them to forgo investment in potentially higher-yielding, yet costlier, seed
technologies (Baiyegunhi & Fraser, 2022). This is corroborated by insights from Focus Group Discussions
(FGDs), where participants emphasized the financial barriers to adopting improved seed technologies. One
participant from Savelugu noted,
“In this district, we do not have any financial support to buy the seeds and other inputs we

need to produce to improve our lives. The new seeds are there. But it is not easy to get them
because they are expensive. Sometimes, we use the little money on us to buy the seeds because

87



we know the seeds are good. But, after buying the seeds we do not get money to buy other
inputs. Because as for these seeds, if you don’t get other inputs like fertilizer and other needed
materials, they cannot do well and so because of this we try to use our little money on our local
seeds which we know how to handle very well even if we do not have a lot of money. I think
governments and NGOs who are in the North here should help us” (FGD participant C in the
Savelugu district).

The influence of FBO membership on rice varietal seed technology adoption appears mixed. Membership
in an FBO was found to negatively influence AGRA varietal seed adoption, significant at 1% level, while
positively influencing the adoption of Jasmine-85 at a similarly high level of statistical significance.
However, FBO membership did not produce a statistically significant effect on Digang adoption. This
pattern may indicate that while FBOs facilitate knowledge exchange and social capital—factors known to
promote technology adoption (Houssou & Zeller, 2023)—their specific role varies by seed variety, with
Jasmine-85 potentially perceived as more beneficial within FBO networks. FBO membership has often
been associated with higher adoption rates due to improved access to collective resources and bargaining
power, as well as reduced input costs, factors shown to be critical in technology adoption studies (Mwangi
& Kariuki, 2021). Insights from FGDs further confirm these findings. A participant from the Tolon district

noted,

“It is not easy to get the seed if you are not a member of a group. Because as a group, we

support each other to acquire the seeds. We always use our contributions to buy the improved

seeds in bulk and distribute it to our members and so even if you do not have money during the

season, we help you get the seeds for your production, and we also help you sell your produce

so that we can help you pay for the seeds and other inputs we supplied you. Let me say it for

my colleagues who don’t want to join a group that they will struggle and most of the times

even get the fake improved seeds if they don’t take advantage of joining a group. As for me

and my members we are really benefiting a lot from our group in terms of things like what we

are talking about here when it comes to getting the right and authentic improved seeds to buy

for your farming even if you do not have enough money” (FGD participant A in the Tolon

district).
Access to extension services significantly affected varietal seed technology adoption. The findings
reveal a negative effect on AGRA varietal seed technology adoption, statistically significant at 1%
level, contrasted by positive and highly significant effects on Jasmine-85 and Digang varietal seed
technologies. This divergence could reflect differing levels of technical support or perceived suitability
among the technologies, as indicated in studies such as that of Marenya et al. (2020), which highlighted
the importance of targeted extension services in promoting crop-specific technologies. The positive impact
of extension access on Jasmine-85 and Digang adoption aligns with findings by Asfaw et al. (2022b),
who demonstrated that targeted extension interventions are critical for enabling smallholders to adopt

knowledge-intensive agricultural innovations.These findings are further substantiated by insights from

in-depth conversational interviews. An extension officer from the Tolon district remarked,

“We have been visiting some of the farmers especially those in groups. They organize
themselves in their meetings and we go there to educate them about these improved varieties.
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So I can tell you that those farmers who have been receiving us in their membership group
meetings are really using these improved varieties and it is helping them because they tell us
whenever we visit them.” (In-depth Interview participant A in the Tolon district).

This statement underscores the effectiveness of targeted outreach efforts among organized farmer groups in

promoting the adoption of improved seed varieties. The officer also highlighted a key challenge in reaching

farmers outside organized groups, noting,

“In the case of farmers who are doing their own thing, I mean those who do not belong to any
farmer group, it is difficult to reach them because you know our region, the communities in
the hinterlands require much more resources to get there and currently MOFA does not provide
those resources needed in adequate quantities.” (In-depth Interview participant A in the Tolon
district).
This limitation, attributed to resource constraints, explains the lower adoption rates of AGRA varietal seeds,

which may require tailored technical support unavailable to dispersed individual farmers. Additionally, the

officer emphasized the potential for increased adoption if extension services could be expanded, stating,

“If we reach more farmers in the region, the use of the improved varieties will go up and
that will go a long way to help our farmers improve their well-being and also curb this
household food insecurity situation in the region.” (In-depth Interview participant A in the
Tolon district).

This observation reinforces the critical role of extension services in enabling smallholders to overcome

adoption barriers, particularly for Jasmine-85 and Digang, which are perceived as more accessible and

beneficial within existing extension frameworks.

Land size emerged as a critical determinant, with its marginal effect being positive and significant at 1%
level for Jasmine-85 adoption, yet negative and significant at the same level for Digang. The adoption
decision for AGRA was not significantly influenced by land size. The positive association for Jasmine-
85 may be indicative of the economies of scale attainable on larger plots when using this seed variety,
consistent with findings by Bekele et al. (2021). Conversely, the negative impact on Digang adoption could
suggest a preference for this variety among smallholders with limited land resources, who may prioritize
varieties that demand fewer resources or are better suited to intensive farming on smaller plots (Ullah et al.,
2023). The marginal effect of fertilizer use presented another dichotomy. Fertilizer use positively and
significantly influenced AGRA varietal seed adoption at the 1% level, while its effect was negative and
statistically significant for both Jasmine-85 and Digang. The positive relationship with AGRA aligns with
the characteristics of high-input, high-yield varieties, for which fertilizer application optimizes productivity
(Ahmed et al., 2022). However, the negative effect for Jasmine-85 and Digang suggests that farmers
adopting these varieties may opt for varieties that perform well under lower-input conditions, as documented
by Asiedu et al. (2021). The findings show that access to farm machinery had a negative and highly

significant impact on AGRA varietal seed adoption, while positively influencing Jasmine-85 and Digang,
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each at the 1% significance level. This mixed effects may be attributed to variations in the labour intensity
and mechanization compatibility of these seed varieties. As indicated by studies on mechanization and
crop choice, farmers often align seed selection with available machinery resources to optimize production
efficiency (Larson et al., 2023). The positive effect on Jasmine-85 and Digang, in particular, aligns with
findings that mechanized farming practices can enhance adoption rates for technology-intensive varieties
(Mwale et al., 2022). Finally, land ownership displayed a critical role in adoption choices. The marginal
effect was negative and highly significant for AGRA adoption at 1% level, while positively and highly
significant at the same level for Jasmine-85 and Digang. This result underscores the importance of tenure
security in technology adoption, particularly for varieties perceived as high-return investments like Jasmine-
85 (Kamau et al., 2023). This aligns with studies indicating that secure land tenure encourages farmers to
invest in higher-yielding technologies due to the reduced risk of land appropriation or insecurity (Murendo

& Wollni, 2020).

In summary, these findings reflect the complex interplay of institutional and farm-specific factors
influencing the adoption of rice varietal seed technologies in the Northern Region of Ghana. Key
institutional and farm-specific factors—including access to finance, FBO membership, and land
ownership—highlight the need for targeted policies that address the specific constraints and motivations of

smallholders in technology adoption.

4.2.3 Varietal Attributes Factors Influencing Rice Varietal Seed Technology Adoption

Varietal traits, specifically early maturity and high-yielding characteristics, emerged as critical determinants
influencing the adoption of rice varietal seed technologies. The findings reveal a nuanced pattern: the
marginal effect of the early maturity quality was negative and statistically significant at 10% level for the
AGRA and Jasmine-85 varietal seed technologies but positive and highly significant at 1% level for the
Digang varietal seed technology. These results suggest that rice-farming households in Northern Ghana
perceive the Digang variety to be more early maturing compared to AGRA and Jasmine-85, a trait that
significantly enhances its likelihood of adoption. The preference for Digang due to its early maturity and
yield-enhancing characteristics was corroborated by qualitative evidence from Focus Group Discussions

(FGDs). One participant remarked,

“As for me, my friends may say it is my opinion but I am telling you that I have experienced
it for the past two seasons that since a friend told me about the Digang variety and I starting
planting that one, I have seen that I harvest earlier and receive more yield than when was
growing Jasmine-85. As for AGRA I cannot say because I have not planted that one before. But
for the remaining two, I will say that for with my experience, the Digang gives early harvest and
more yield than when I was growing Jasmine-85” (FGD participant C in Kumbungu district).

This testimony highlights how first-hand experience with Digang’s performance reinforces its appeal

among smallholder farmers. The centrality of early maturity in adoption decisions aligns with recent
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literature emphasizing the role of varietal attributes in shaping farmers’ technology preferences. For
instance, Wossen et al. (2019) found that early-maturing seed technologies significantly reduce the risks
associated with climate variability, enabling farmers to achieve timely harvests and secure income stability.
Similarly, evidence from Mottaleb et al. (2020) underscores the positive association between early-maturity
traits and the adoption of stress-tolerant rice varieties in resource-constrained environments. The higher
likelihood of adopting Digang may also reflect its alignment with smallholder farmers’ dual objectives of
optimizing productivity and ensuring food security. Early-maturing varieties are particularly advantageous
for households facing seasonal food shortages or market fluctuations, as they provide timely harvests for
both household consumption and market sale. This observation aligns with findings by Tambo & Matimelo
(2022), who report that the adoption of early-maturing rice varieties among sub-Saharan African farmers
mitigates food insecurity while enhancing market participation. However, the negative association between
early-maturity traits and the adoption of AGRA and Jasmine-85 suggests that other varietal attributes, such
as grain quality or aroma, may overshadow early maturity in farmers’ decision-making for these varieties.
This nuance underscores the need for a targeted approach in agricultural extension services, ensuring that

varietal promotion strategies address the specific priorities and constraints of diverse farmer groups.

The findings reveal that the high-yielding characteristics of rice varietal seed technologies significantly
influence adoption decisions among rice farming households in Northern Ghana. Specifically, the marginal
effects for high-yielding attributes were positive and statistically significant at 10% level for AGRA varietal
seed technology and at 1% level for the Digang varietal seed technology. These results suggest that the
preference for AGRA and Digang varieties is primarily driven by their superior yield potential, positioning
them as favorable options for smallholder farmers aiming to maximize production outcomes. Qualitative
evidence from Farmer-Based Organizations (FBOs) further corroborates these findings. Participants in the
Tolon and Savelugu districts emphasized the practical benefits of AGRA and Digang varieties in enhancing
productivity. Two participants observed,

“When it comes to higher yield, you cannot deny the AGRA and Digang varieties. Personally,

we have been growing these two varieties for almost five years now, and they have helped

improve our production and even helped us expand our farms” (FGD participants D and K

Jrom Tolon and Savelugu districts respectively).
This experiential evidence underscores the transformative potential of high-yielding seed technologies in
improving both productivity and the livelihoods of rice farmers. These findings are consistent with recent
empirical studies that highlight the role of yield-enhancing varietal traits in driving adoption. According to
Wossen et al. (2020a), high-yielding seed varieties are often perceived as essential tools for addressing food
security and income generation challenges in resource-constrained agricultural systems. Similarly, Kariyasa
& Dewi (2021) demonstrate that yield potential remains a critical determinant of varietal choice, particularly

in regions where land and labor productivity are fundamental to household welfare. The preference for
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AGRA and Digang varieties may also reflect their adaptability to local agro-ecological conditions, enabling
farmers to achieve higher outputs with minimal adjustments to existing farming practices. High-yielding
traits not only enhance productivity but also facilitate farm expansion, as indicated by farmers who reported
acquiring additional land to capitalize on the varieties’ performance. This observation aligns with findings
by Arouna et al. (2022b), who argue that high-yielding seed technologies contribute to both horizontal (area
expansion) and vertical (yield improvement) growth in rice production systems. However, it is important
to note the relative underperformance of Jasmine-85 in this context, which suggests that factors other than
yield, such as grain quality or taste preferences, may play a more significant role in its adoption. This
complexity reinforces the need for nuanced policy interventions that account for the heterogeneity of farmer

preferences and constraints.

4.3 Test of the Overlap Assumption

The overlap assumption, which posits that each household within the study sample possesses a positive
probability of adopting any of the technologies, serves as a fundamental prerequisite for the application
of the doubly robust estimation framework. This assumption ensures the reliable computation of average
treatment effects, facilitating robust inference regarding the impact of varietal seed technology adoption on

the outcomes of interest.
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In this study, the overlap assumption—a critical condition for the validity of propensity score-based methods
such as GPS and doubly robust estimation—was rigorously assessed using Kernel Density Estimations
(KDEs) of the GPS for each technology adoption group. This approach aligns with the methodological
framework outlined by Busso et al. (2014) and Silverman (1986), which underscores the importance of

examining the distributional overlap of propensity scores to ensure credible treatment effect estimations.

Figures 4.1a to 4.1d present the KDEs of GPS for the four adoption groups analyzed in the study. The
results demonstrate that none of the density distributions exhibit a probability mass concentrated at or near
0 or 1, indicating that the propensity scores are well-distributed across all groups. Moreover, the KDEs for
each adoption group display substantial regions of overlap, suggesting that the overlap assumption holds
for the sample under investigation. This finding is pivotal, as it implies that all adoption groups share a
common support region, thereby ensuring that valid counterfactual comparisons can be made across the

treatment groups.

These results corroborate the theoretical underpinnings and empirical requirements for applying advanced
causal inference techniques to evaluate the impact of varietal seed technology adoption on outcomes such
as productivity and household welfare. Similar studies have emphasized the significance of confirming
the overlap assumption to mitigate bias and improve the robustness of treatment effect estimates. For
instance, Asfaw et al. (2022a) demonstrated the importance of overlap in analyzing smallholder adoption
of sustainable agricultural practices, while Wossen et al. (2020b) highlighted the methodological necessity
of overlap in propensity score-based impact evaluations within the agricultural sector. In this context,
the absence of violations to the overlap assumption strengthens the reliability of the results and ensures
the robustness of the estimated treatment effects. This finding aligns with contemporary best practices in
agricultural technology impact evaluations and supports the methodological integrity of this study’s causal

analysis framework.

4.4 TImpact of Rice Varietal Seed Technology on Productivity and Household Income

This section provides the estimated doubly robust potential outcome means corresponding to each adoption
status. It further presents the estimated average treatment effects, reflecting the impacts of rice varietal seed
technology adoption on productivity and household income. The estimated average treatment effects are
derived by comparing the average effects of treatment m on productivity and household income against
those observed in the comparison group [, thereby providing robust insights into the differential outcomes

attributable to technology adoption.

4.4.1 Potential Outcome Means for Each Treatment Level: Productivity and Household Income

Table 4.2 presents the estimated Potential Outcome Mean (POM) for each adoption status, where the

potential mean outcome represents the outcome for a rice-farming household under a potential treatment.
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The results underscore significant implications for both productivity and household income, highlighting
the transformative potential of varietal seed technology adoption. These findings align with the findings
of Essilfie (2018), who employed the doubly robust estimation technique to evaluate the impact of maize
varietal seed technologies on household income, thereby corroborating the robustness of the methodological

approach and the broader relevance of seed technology adoption in enhancing household welfare.

Table 4.2: Potential Outcome Means for Each Adoption Group: Productivity and Income

Productivity (Kg/ha) Annual Household Income (GHS)
Treatment Levels Mean Std. Error Mean Std. Error
Non-Adoptors 1597.394*** 67.301 1062.891*** 57.276
AGRA 2293.840*** 53.360 1860.163*** 68.585
Jasmine-85 2009.029*** 65.263 1552.099*** 67.149
Digang 1916.407*** 46.373 1517.762*** 40.843

Source: Field Survey (2021)
*p<0.10, ** p<0.05, *** p<0.01

The estimated Potential Outcome Means (POMs) provide critical insights into the productivity and income
outcomes associated with different adoption scenarios of rice varietal seed technologies. The results
demonstrate that if all rice-farming households remained non-adopters, the average productivity would be
at 1,597.39 kg/ha, while annual household income would remain at GHS 1,062.89. These findings align
with the observations of Kusum & Nyarko (2023), who noted that non-adoption of agricultural innovations
often leads to suboptimal outcomes in farm productivity and income levels, perpetuating economic
vulnerability among smallholder farmers. In contrast, the adoption of AGRA varietal seed technology
shows a transformative potential, with average productivity increasing significantly to 2,293.84 kg/ha and
annual household income rising to GHS 1,860.16. This underscores the substantial economic benefits of
adopting high-yielding and resilient seed technologies, corroborating the findings of Abdulai et al. (2021),
who reported that access to improved agricultural technologies substantially enhances farm productivity
and economic returns among rural households. Similarly, households adopting Jasmine-85 varietal seed
technology would achieve an average productivity of 2,009.03 kg/ha and an income level of GHS 1,552.10.
Although these outcomes are lower than those associated with AGRA technology, they still signify a
notable improvement compared to non-adopters. This observation reflects the moderate but significant
role Jasmine-85 plays in boosting household welfare, as noted by Asare et al. (2023), who highlighted its
adaptability to certain agro-ecological zones and its market acceptability. Adopters of the Digang variety
would attain productivity levels of 1,916.41 kg/ha and annual household incomes of GHS 1,517.76. While
these outcomes are slightly lower than those for Jasmine-85, the results still demonstrate the economic
advantage of adopting this variety compared to non-adoption. These findings are consistent with Asare
et al. (2023), who emphasized that the choice of varietal technologies often depends on farmer-specific
preferences, including traits such as grain quality and production cost considerations. Overall, the results

reinforce the critical role of varietal seed technology adoption in enhancing the productivity and income of
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rice-farming households. These findings advocate for strengthened policy interventions aimed at improving
smallholder access to high-performing seed technologies, alongside complementary inputs and extension
services, to maximize agricultural productivity and household welfare in Northern Ghana.

4.4.2 Estimated Treatment Effect Parameters: Average Effects on Productivity

Table 4.3 shows the estimated treatment effect parameters for the adoption of rice varietal seed technologies

on productivity.

Table 4.3: Average Effects of m relative to [ on Productivity

Productivity (Kg/ha)
m l ;yml 7A_ml _alm
AGRA Non-Adoptors 580.599*** 696.446*** 457.503***
(105.945) (85.406) (43.070)
Jasmin-85 Non-Adoptors 277.632%* 411.635*** 372.692***
(115.746) (93.645) (31.167)
Digang Non-Adoptors 254.658** 319.013*** 180.07**
(110.357) (80.373) (50.056)
Jasmine-85 AGRA 737.574 -284.811°** 255.181**
(890.874) (83.793) (95.811)
Digang AGRA 490.280*** -377.434*** 177.943%
(109.354) (69.987) (74.099)
Digang Jasmine-85 517.221% -92.622 62.369
(209.612) (79.317) (55.921)

Standard errors in parentheses

Note: m denotes treatment group and ! denotes the comparison group.
4™ denotes ATT; #™ denotes ATE and =™ denotes ATU.
*p<0.10, ** p < 0.05, *** p < 0.01

The study examined all possible pairwise comparisons for all four levels of adoption. The values presented
represent treatment gains m relative to [. The average treatment effect of m relative to [ is calculated for
three groups, as described in Section 3.12: (i) the subpopulation 7; = m(ﬁ/ml); (i1) the total population
(#™); and (iii) the subpopulation T} = [(=5'™). The model in Equation (3.13) is used to calculate 7™,
based on the weights in Equation (3.21). For all values of m and [ based on the model in Equation (3.16),

~ml

A" is calculated using weighted regression with the weights supplied in Equation (3.23).

The findings presented in Table 4.3 reveal the substantial productivity gains achieved by rice-farming
households that adopted the AGRA, Jasmine-85, and Digang varietal seed technologies. Specifically,
households adopting the AGRA variety experienced the highest productivity gain of 580.60 kg/ha, followed
by adopters of the Jasmine-85 variety with 277.63 kg/ha, and the Digang variety with 254.66 kg/ha, relative
to non-adopters. This result further underscores the superior performance of the AGRA variety in enhancing

productivity, likely due to its higher yield potential and adaptability to agro-ecological conditions. Similar
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trends were observed across the entire population of rice-farming households, where adopters of AGRA,
Jasmine-85, and Digang varieties recorded productivity gains of 696.45 kg/ha, 411.64 kg/ha, and 319.01
kg/ha, respectively.

For non-adopters, the analysis revealed potential productivity gains of 457.50 kg/ha, 372.70 kg/ha, and
180.07 kg/ha had they adopted the AGRA, Jasmine-85, and Digang varietal seed technologies, respectively.
These findings emphasize the substantial opportunity cost associated with non-adoption, particularly for
the AGRA variety, which provides the greatest yield advantage. Furthermore, productivity comparisons
among adopters reveal a statistically insignificant difference of 737.57 kg/ha between Jasmine-85 and
AGRA adopters. However, across the entire population, adopting Jasmine-85 over AGRA resulted in a
significant negative yield difference of 284.81 kg/ha, underscoring the consistent superiority of AGRA

technology in maximizing productivity.

The comparison of Digang with AGRA further highlights a negative productivity difference of 377.43 kg/ha
for adopters across the entire population, despite a modest gain of 490.28 kg/ha among adopters versus
non-adopters. Similarly, the adoption of Digang over Jasmine-85 yielded productivity gains of 517.22
kg/ha for adopters compared to non-adopters. These inter-varietal comparisons illustrate the trade-offs in
productivity outcomes associated with adopting different technologies, which may reflect variation in input

requirements, pest resistance, and climatic suitability of the varieties.

These results are consistent with findings from recent studies. Assaye et al. (2022) reported that the adoption
of improved rice varieties in Ethiopia resulted in a productivity increase of 0.564 tons/ha, along with
significant impacts on household commercialization and poverty reduction. Bello et al. (2021) observed
productivity gains of 452 kg/ha among adopters of improved rice varieties in Nigeria, emphasizing the role
of varietal technologies in enhancing smallholder welfare. Similarly, Dendup et al. (2021) reported higher
productivity among Bhutanese farmers adopting improved varieties, albeit with a reduction in varietal
diversity. In Bangladesh, Rahman & Connor (2022) identified a 35% increase in rice yield and a 76%
rise in profitability among adopters of high-yielding varieties, further validating the economic benefits of
varietal seed technology adoption. Finally, Tsinigo et al. (2017) highlighted a 46% productivity increase
among adopters of improved rice varieties in Ghana, corroborating the transformative potential of these

technologies in improving agricultural productivity.

These findings collectively underscore the critical importance of promoting adoption of high-performing
varietal seed technologies like AGRA, Jasmine-85, and Digang to address productivity challenges in rice
farming systems. Policy interventions aimed at improving access to these technologies, coupled with
complementary inputs and extension support, are essential to achieving sustainable productivity gains and

enhancing household welfare in Northern Ghana.
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4.4.3 Estimated Treatment Effect Parameters: Average Effects on Household Income

The estimated treatment effect parameters for the adoption of varietal seed technologies on annual
household income, presented in Table 4.4, demonstrate substantial income gains for rice-farming
households adopting AGRA, Jasmine-85, and Digang varietal seed technologies. Specifically, households
that adopted the AGRA variety experienced the highest increase in annual income, amounting to GHS
699.68, followed by Jasmine-85 adopters at GHS 414.60, and Digang adopters at GHS 357.69, compared
to non-adopters. These results highlight the superior economic benefits of the AGRA variety, attributed to
its higher productivity and profitability under prevailing agro-ecological and socio-economic conditions in

Northern Ghana.

Table 4.4: Average Effects of m relative to [ on Income

Annual Household Income (GHS)

m l ,s/ml f-ml _,s/lm
AGRA Non-Adoptors 699.681*** 797.273*%* 694.349***
(107.849) (88.5214) (16.129)
Jasmin-85 Non-Adoptors 414.599*** 489.209*** 386.285***
(105.548) (87.559) (17.56537)
Digang Non-Adoptors 357.692*** 454.8727** 351.948***
(93.138) (69.536) (43.873)
Jasmine-85 AGRA 510.969*** -308.064*** 218.039**
(109.999) (95.271) (97.991)
Digang AGRA 43.789 -342.401*** 49.915%
(34.188) (79.710) (24.226)
Digang Jasmine-85 37.242 -34.337 19.116
(45.816) (78.310) (29.310)

Standard errors in parentheses

Note: m denotes treatment group and ! denotes the comparison group.
4™ denotes ATT; ™ denotes ATE and =™ denotes ATU.
*p<0.10, ** p < 0.05, *** p < 0.01

Across the entire population of rice-farming households, income gains associated with the adoption of
AGRA, Jasmine-85, and Digang varieties were GHS 797.27, GHS 489.21, and GHS 454.87, respectively.
For non-adopters, the income increases had they adopted these varietal technologies were estimated at GHS
694.35, GHS 386.29, and GHS 351.95 for AGRA, Jasmine-85, and Digang varieties, respectively. These
findings underscore the significant opportunity costs of non-adoption, with AGRA adopters consistently

achieving the highest income gains.

The comparative analysis of income gains between varietal technologies further underscores the economic
trade-offs associated with adoption decisions. For instance, households that adopted Jasmine-85 over

AGRA achieved an additional income gain of GHS 510.97; however, across the entire population,
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this choice resulted in a negative income gain of GHS 308.06, reinforcing the financial superiority of
AGRA. Similarly, choosing Jasmine-85 over AGRA among non-adopters would have yielded savings of

approximately GHS 218.04, reflecting the economic disadvantage of non-adoption.

In the case of Digang adoption relative to AGRA, households recorded a modest income gain of GHS
43.79 among adopters, while non-adopters would have achieved GHS 49.92 had they adopted Digang.
Nonetheless, across the entire population, the adoption of Digang over AGRA led to a significant negative
income effect of GHS 342.40. These results suggest that while Digang adoption can generate moderate
income benefits, its financial returns are consistently inferior to those of AGRA, likely due to differences in

yield potential and market demand.

These findings are consistent with recent empirical evidence on the economic impacts of improved rice
variety adoption. Bannor et al. (2020) demonstrated that the adoption of modern rice varieties in Eastern
India significantly increased household income, thereby reducing poverty. Similarly, Budhathoki &
Bhatta (2019) highlighted the substantial income gains achieved by rice-farming households in Nepal
following the adoption of improved rice varieties. Chandio & Yuansheng (2020) observed that rice farmers
in Pakistan who adopted improved rice varieties experienced higher income gains than non-adopters,
reinforcing the financial viability of varietal technology adoption. Moreover, Varma (2019) reported
significant welfare improvements, including higher household income, among adopters of improved rice
varieties in South Asia. Wang et al. (2020) corroborated these findings in their econometric analysis in
Yunnan, China, revealing that upland rice farmers who adopted improved varieties experienced significant

household income increases.

In summary, the adoption of improved rice varietal seed technologies, particularly the AGRA variety,
holds immense ability for improving household income and welfare among rice-farming households in
Northern Ghana. These findings underscore the importance of promoting access to high-performing varietal
technologies, coupled with targeted extension services and input subsidies, to maximize the economic

benefits of adoption and enhance the livelihoods of smallholder farmers.

4.5 TImpact of Rice Varietal Seed Technology on Household Food Security

This section presents the findings on the average treatment effect estimates of varietal seed technology
adoption on household food security outcomes. The analysis encompasses three critical dimensions of
food security: food availability, food accessibility, and food utilization. To operationalize the nutrition
dimension, the study employed Household Dietary Diversity (HDD), Women Dietary Diversity (WDD)
and Child Dietary Diversity (CDD) as key indicators. Additionally, the section provides comprehensive
estimates of the potential outcome means associated with each adoption level. The estimated impacts

are derived from the average treatment effects of adopting varietal seed technologies (treatment group m)
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relative to the corresponding non-adopting comparison group (I) on food availability, food accessibility, and
dietary diversity indicators, namely HDD, WDD and CDD. These results provide critical insights into the

nuanced impacts of varietal technology adoption on various dimensions of household food security.

4.5.1 Potential Outcome Means for Each Treatment Level: Food Security

The Potential Outcome Mean (POM) for various adoption levels of rice varietal seed technologies on
household food security indicators are presented in Tables 4.5 to 4.6. These results offer critical insights
into the role of improved seed technologies in enhancing food availability, accessibility, and utilization.
The findings reveal that all food security indicators demonstrate significant potential outcome means across

adoption levels.

Table 4.5 highlights the potential outcomes for household food availability and accessibility under different
adoption scenarios. If all households were non-adopters of improved rice varietal seed technologies, the
average food availability and accessibility would remain at 11.8% and 35.0%, respectively. These outcomes
are consistent with earlier findings by Adato & Hoddinott (2019), who emphasized the limited capacity of
traditional farming practices to improve food security indicators. In contrast, if all rice-farming households
adopted the AGRA varietal seed technology, average food availability would increase to 15.7%, and food
accessibility would rise to 41.5%. This underscores the positive role of technology adoption in enhancing
household welfare, corroborating findings by Fadare et al. (2020), which demonstrated the transformative

effects of agricultural innovation on food security.

Table 4.5: Potential Outcome Means for Each Adoption Group: Food Security®

Food Availability Food Accessibility
Treatment Level Mean Std. Error Mean Std. Error
Non-Adoptors 0.118*** 0.009 0.350*** 0.017
AGRA 0.157*** 0.010 0.415*** 0.018
Jasmine-85 0.183*** 0.015 0.437*** 0.024
Digang 0.141*** 0.009 0.432*** 0.017

Source: Field Survey (2021)
*p<0.10, ** p<0.05, *** p<0.01

Similarly, adoption of the Jasmine-85 variety would further improve average food availability to 18.3% and
food accessibility to 43.7%, while adoption of the Digang variety would result in average food availability
of 14.1% and food accessibility of 43.2%. These outcomes align with Chirwa et al. (2021a), who reported

substantial gains in food security from adopting improved rice varietal technologies in Southern Africa.

Table 4.6 presents the POM results for Household Dietary Diversity (HDD), Women Dietary Diversity

(WDD) and Child Dietary Diversity (CDD), providing a comprehensive understanding of the nutritional
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diversity dimension of food security. If all households were non-adopters, average HDD, WDD and CDD
would be at 41.2%, 25.3%, and 8.1%, respectively. These findings are consistent with Chirwa et al. (2021a),
who highlighted the limited nutritional diversity associated with traditional farming systems. Conversely,
adoption of AGRA varietal seed technology would result in substantial improvements, with average HDD
rising to 46.3%, WDD to 28.1%, and CDD to 10.2%. These findings align with Fadare et al. (2020), who
emphasized the link between technology adoption and enhanced nutritional outcomes at the household level.
Adoption of the Jasmine-85 variety would lead to an average HDD of 41.8%, WDD of 30.2%, and CDD
of 15.3%, while adoption of the Digang variety would result in average HDD of 45.3%, WDD of 33.5%,
and CDD of 13.2%. These varietal-specific impacts align with the findings of Kwakwa et al. (2022), which
demonstrated that adoption of improved rice varieties contributes to substantial gains in dietary diversity,

albeit with variations across varietal types.

Table 4.6: Potential Outcome Means for Each Adoption Group: Food Security”

HDD WDD CDD
Treatment Level Mean Std. Error Mean Std. Error Mean Std. Error
Non-Adoptors 0.412*** 0.007 0.253*** 0.011 0.081*** 0.012
AGRA 0.463*** 0.009 0.281*** 0.013 0.102*** 0.010
Jasmine-85 0.418*** 0.012 0.302*** 0.016 0.153*** 0.013
Digang 0.453*** 0.008 0.335*** 0.010 0.132%** 0.009

Source: Field Survey (2021)
*p<0.10, ** p < 0.05, *** p<0.01

The results underscore the significant potential of improved rice varietal seed technologies to enhance
household food security rural rice-farming households in Northern Ghana. The findings highlight the
importance of promoting targeted adoption strategies to optimize food availability, accessibility, and
nutritional diversities. Future policy interventions should consider the differential impacts of varietal

technologies to maximize the welfare gains for smallholder rice farmers in Ghana and beyond.

4.5.2 Estimated Treatment Effect Parameters: Average Effects on Food Availability

The treatment effect parameters for the adoption of improved rice varietal seed technologies on household
food availability are presented in Table 4.7. The findings provide robust evidence on the differential impacts
of adopting different varietal seed technologies. These impacts are explored for three varietal seed AGRA,
Jasmine-85, and Digang.The adoption of AGRA and Jasmine-85 varietal seed technologies significantly
increased household food availability by 3.0% and 4.3%, respectively, compared to non-adopters of
improved rice varietal technologies. Among the varieties assessed, Jasmine-85 demonstrated the greatest
positive impact on food availability, highlighting its superior productivity-enhancing attributes. These
findings align with the work of Fadare et al. (2020), which emphasized the substantial gains in household

welfare resulting from the adoption of highly adaptable seed varieties. In contrast, the adoption of the

100



Digang variety did not yield any significant increase in household food availability, a result consistent with

Kwakwa et al. (2022), who reported mixed impacts of certain rice varieties on household food outcomes.

The analysis further reveals that adopters of the AGRA and Jasmine-85 varieties outperformed non-adopters
by 3.9% and 6.5%, respectively, across the entire population of rice-farming households. These significant
increases in household food availability underscore the potential of varietal technologies to address food
insecurity at scale. Specifically, if non-adopters were to adopt the AGRA variety, an increase of 2.2% in
household food availability could be realized. Similarly, non-adopters could experience a substantial 4.8%
gain in food availability if they adopted Jasmine-85. These findings reaffirm the technological superiority of
Jasmine-85, consistent with Chirwa et al. (2021a), who highlighted varietal-specific impacts on agricultural

productivity and household food security.

Table 4.7: Average Effects of m relative to [ Food Security®

Household Food Availability

m I ~mil 7A_ml _alm
AGRA Non-Adoptors 0.030* 0.039** 0.022*
(0.017) (0.014) (0.011)
Jasmin-85 Non-Adoptors 0.043** 0.065*** 0.011
(0.021) (0.018) (0.018)
Digang Non-Adoptors 0.016 0.022 0.022
(0.018) (0.013) (0.016)
Jasmine-85 AGRA 0.035** 0.026 0.048***
(0.012) (0.018) (0.010)
Digang AGRA 0.030** -0.016 0.006***
(0.011) (0.014) (0.001)
Digang Jasmine-85 0.033 -0.042% 0.016
(0.027) (0.017) (0.0134)

Standard errors in parentheses

Note: m denotes treatment group and ! denotes the comparison group.
4™ denotes ATT; #™ denotes ATE and 4™ denotes ATU.
*p<0.10, ** p < 0.05, *** p < 0.01

The comparative effects of varietal adoption provide additional insights. Adopting Jasmine-85 over AGRA
results in a statistically significant gain of 3.5% in household food availability for adopters, while non-
adopters could achieve an even higher gain of 4.8% by switching to Jasmine-85. Conversely, the adoption
of Digang over AGRA results in a modest gain of 3.0% for adopters but only a marginal increase of 0.6%
for non-adopters, indicating limited scalability of the Digang variety. Moreover, the adoption of Digang
instead of Jasmine-85 results in a negative gain of 4.2% in household food availability for adopters. These
results are consistent with the findings of Okoruwa et al. (2023), who emphasized that not all improved seed

varieties are equally effective across diverse agro-ecological contexts.
These results underscore the critical importance of promoting targeted varietal seed technology adoption
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based on their specific impacts on food availability. Jasmine-85 stands out as the most promising technology
for enhancing household food security, particularly in Northern Ghana. However, the mixed results for the
Digang variety indicate the need for careful varietal selection and contextual evaluation. Policymakers
should focus on scaling up the adoption of high-performing varieties like Jasmine-85 while providing

technical support to maximize their benefits.

4.5.3 Estimated Treatment Effect Parameters: Average Effects on Food Accessibility

The estimated treatment effect parameters presented in Table 4.8 provide robust insights into the impacts
of adopting improved rice varietal seed technologies on household food accessibility. The results highlight
the differential effects of three prominent varietal technologies: AGRA, Jasmine-85, and Digang. Adoption
of the AGRA varietal technology significantly increased household food accessibility by 14.6%, making
it the most impactful among the three technologies evaluated. Jasmine-85 and Digang varieties also
contributed positively, with significant gains of 10.9% and 9.2%, respectively, compared to households that
did not adopt any improved varieties. These findings align with the conclusions of Fadare et al. (2020),
who documented that varietal seed adoption leads to substantial welfare improvements, particularly in
food accessibility. The superior performance of AGRA in improving food accessibility underscores its
adaptability to local agro-climatic conditions and the relative efficiency of its productivity-enhancing traits,

as also reported by Chirwa et al. (2021a).

Table 4.8: Average Effects of m relative to [: Food Security”

Household Food Accessibility

m l &ml 7A_ml _,?lm
AGRA Non-Adoptors 0.146*** 0.065* 0.072***
(0.030) (0.025) (0.020)
Jasmin-85 Non-Adoptors 0.109*** 0.087** 0.006***
(0.036) (0.030) (0.002)
Digang Non-Adoptors 0.092*** 0.082*** 0.027**
(0.032) (0.024) (0.011)
Jasmine-85 AGRA 0.087** 0.022 0.004
(0.034) (0.030) (0.011)
Digang AGRA 0.098* 0.017 0.039***
(0.048) (0.024) (0.013)
Digang Jasmine-85 0.089* -0.005 0.010
(0.047) (0.030) (0.014)

Standard errors in parentheses

Note: m denotes treatment group and ! denotes the comparison group.
4™ denotes ATT; #™ denotes ATE and —4'™ denotes ATU.

* p<0.10, ** p < 0.05, *** p < 0.01

Across the entire population of rice-farming households, the gains in household food accessibility due to the

adoption of AGRA, Jasmine-85, and Digang varieties were 6.5%, 8.7%, and 8.2%, respectively. Notably,
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non-adopters of these technologies could achieve a 7.2% increase in food accessibility if they adopted the
AGRA variety. Similarly, the adoption of Jasmine-85 and Digang varieties by non-adopters could yield
potential increases of 0.6% and 2.7%, respectively. These results resonate with Kwakwa et al. (2022), who

found that varietal-specific interventions can narrow food accessibility gaps for vulnerable households.

When comparing the performance of varietal technologies, Jasmine-85 offered an 8.7% increase in food
accessibility over AGRA for adopters, whereas Digang demonstrated a 9.8% increase over AGRA for the
same group. However, for non-adopters, switching to Digang from AGRA would yield a gain of 3.9% in
food accessibility. Finally, a notable increase of 8.9% in food accessibility was observed for adopters who
chose Digang over Jasmine-85, suggesting that Digang may exhibit higher benefits in specific household
contexts despite its lower baseline performance relative to AGRA. These findings are consistent with
Okoruwa et al. (2023), who emphasized the importance of varietal specificity in achieving optimal impacts

on household welfare metrics.

These findings provide valuable insights for policy-makers and development practitioners. The significant
gains observed across all three technologies affirm the critical role of varietal adoption in enhancing
household food accessibility in rice-farming households. Policies aimed at scaling up the adoption of
AGRA and Jasmine-85 varietal seed technologies should be prioritized to maximize food accessibility
improvements. Additionally, targeted interventions to improve the performance and adoption of the Digang
variety could further optimize its potential benefits, especially for non-adopters transitioning to improved

varieties.

4.5.4 Estimated Treatment Effect Parameters: Average Effects on HDD, WDD and CDD

The findings in Table 4.9 underscore the substantial and multidimensional impact of varietal seed
technology adoption on dietary diversity and household welfare, as reflected in Household Dietary
Diversity (HDD), Women Dietary Diversity (WDD) and Child Dietary Diversity (CDD). These results
contribute significantly to the discourse on how agricultural innovations, particularly the adoption of
improved seed varieties, can enhance nutritional outcomes and household resilience among smallholder
rice farmers in Northern Ghana. The adoption of AGRA and Digang varietal seed technologies was
associated with significant increases in HDD. Specifically, households adopting AGRA and Digang
technologies experienced gains of 4.0% and 4.3%, respectively, compared to non-adopters. These gains
were consistent across the entire population of rice-farming households, where the adoption of AGRA and
Digang varieties yielded increases in HDD by 5.2% and 4.1%, respectively. For non-adopters, the gains in
HDD, had they adopted these technologies, were estimated at 3.3% and 2.2%, respectively. Interestingly,
the adoption of Jasmine-85 relative to AGRA revealed mixed outcomes. While adopters of Jasmine-85

experienced a 4.0% improvement in HDD compared to AGRA adopters, a negative gain of 4.5% was
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observed across the entire population of adopters. However, non-adopters would have realized a positive
HDD gain of 1.9% had they chosen Jasmine-85 over AGRA. This suggests heterogeneity in the benefits
derived from Jasmine-85 adoption, which may be contingent on other contextual or household-specific
factors. Comparatively, choosing Digang over Jasmine-85 led to a consistent gain in HDD for adopters
(3.6%) and non-adopters (3.1%), indicating that Digang is potentially more effective at enhancing
household dietary outcomes. These findings align with the conclusions of recent studies on the role of
improved seed varieties in enhancing dietary diversity. For example, Lu et al. (2021) demonstrated that
the adoption of improved rice varieties significantly improved household food security in Northern Ghana,

highlighting the role of such technologies in diversifying diets and enhancing nutritional outcomes.

Women Dietary Diversity (WDD), a critical indicator of nutritional security and gendered welfare
outcomes, also benefited significantly from varietal seed adoption. Households adopting Digang varietal
seed technology recorded a WDD gain of about 6.5%, relative to non-adopters. Across the entire
population, adopting Jasmine-85 and Digang resulted in 4.9% and 8.1% increases, respectively, in WDD
for adopters and a 5.2% increase for non-adopters had they adopted Digang. When comparing the
gains associated with different varieties, Jasmine-85 over AGRA observed a 7.3% WDD improvement for
adopters, with a further 2.9% gain for non-adopters had they adopted Jasmine-85 over AGRA. Furthermore,
adopting Digang over AGRA resulted in a 5.2% increase in WDD for adopters and 6.2% for non-adopters,
emphasizing Digang’s superior performance in enhancing women’s dietary outcomes. Again, the adoption
of Digang over Jasmine-85 resulted in gains of 6.7% for adopters and 4.0% for non-adopters. These
findings reflect the importance of varietal characteristics and household adoption decisions in shaping
nutritional outcomes for women. These results are consistent with Mansaray & Jin (2020), who observed
significant improvements in food security and dietary outcomes among rice-farming households in Sierra
Leone adopting improved rice varieties. They highlighted the gendered dimensions of food security,
where women disproportionately benefit from technological adoption due to their role in household food

management and consumption.

The adoption of varietal seed technologies also demonstrated significant positive impacts on child nutrition,
as measured by CDD. Adopters of Jasmine-85 experienced a 5.3% increase in CDD compared to non-
adopters, with gains increasing to 7.3% across the entire population of adopters. Non-adopters could have
improved their children’s dietary diversity by 6.3% had they adopted Jasmine-85. Similarly, adopting the
Digang varietal seed technology increased CDD by 5.8% for adopters relative to non-adopters. Across the
entire population, the adoption of Digang resulted in a 5.1% increase in CDD for adopters, while non-
adopters could have realized a 4.0% improvement in CDD had they adopted Digang. Comparative analyses
revealed that adopting Jasmine-85 over AGRA led to a 3.9% increase in CDD for adopters, with gains

for non-adopters reaching 4.6%. Likewise, Digang adoption over AGRA resulted in a 4.5% increase in
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Table 4.9: Average Effects of m relative to [: Food Security®

m l aml ~ml _alm
Household Dietary Diversity (HDD)
AGRA Non-Adoptors 0.040*** 0.052*** 0.033***
(0.014) (0.011) (0.027)
Jasmin-85 Non-Adoptors -0.012 0.007 -0.012
(0.017) (0.014) (0.011)
Digang Non-Adoptors 0.043*** 0.041*** 0.022***
(0.015) (0.011) (0.004)
Jasmine-85 AGRA 0.040** -0.045*% 0.019**
(0.015) (0.015) (0.007)
Digang AGRA 0.032 -0.011 0.040
(0.025) (0.012) (0.035)
Digang Jasmine-85 0.036" 0.034* 0.031**
(0.019) (0.014) (0.013)
Women Dietary Diversity (WDD)
AGRA Non-Adoptors 0.007 0.028 0.001
(0.022) (0.018) (0.014)
Jasmin-85 Non-Adoptors 0.022 0.049* 0.020
(0.025) (0.020) (0.020)
Digang Non-Adoptors 0.065*** 0.081*** 0.052***
(0.021) (0.016) (0.007)
Jasmine-85 AGRA 0.073*** 0.021 0.029***
(0.023) (0.021) (0.006)
Digang AGRA 0.052% 0.053** 0.062%
(0.029) (0.017) (0.028)
Digang Jasmine-85 0.067** 0.032 0.0370**
(0.031) (0.019) (0.011)
Child Dietary Diversity (CDD)
AGRA Non-Adoptors 0.017 0.021 0.011
(0.022) (0.015) (0.008)
Jasmin-85 Non-Adoptors 0.053*% 0.073*** 0.063**
(0.025) (0.018) (0.022)
Digang Non-Adoptors 0.058** 0.051*** 0.0407
(0.023) (0.015) (0.021)
Jasmine-85 AGRA 0.039** 0.0 0.046*
(0.019) (0.017) (0.025)
Digang AGRA 0.045% 0.030 0.054*
(0.028) (0.014) (0.028)
Digang Jasmine-85 0.049* -0.022 0.011
(0.027) (0.016) (0.008)

Standard errors in parentheses

Note: m denotes treatment group and ! denotes the comparison group.
4™ denotes ATT; # denotes ATE and —4'™ denotes ATU.

*p<0.10, ** p<0.05, *** p<0.01
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CDD for adopters and a 5.4% increase for non-adopters. Finally, adopting Digang over Jasmine-85 was

associated with a 4.9% gain in CDD for adopters and a 4.0% gain for non-adopters.

These findings corroborate those of Lu et al. (2021), who reported that improved rice varieties significantly
enhanced child dietary outcomes by increasing household food availability and access. The study
underscores the potential of such technologies to address child malnutrition and improve overall household

welfare.

4.6 Test of Covariate Balance for Selection Bias Reduction

The analysis of covariate balance in the adoption of rice varietal seed technologies provides significant
insights into the robustness of the propensity score weighting approach used. The pre-adoption
characteristics of rice-farming households in the four groups—non-adopters and adopters of AGRA,
Jasmine-85, and Digang varieties—revealed considerable imbalances before weighting, as indicated by
absolute standardized mean differences (see Table 4.10). Specifically, 13 of the 42 covariates exceeded the
0.25 threshold recommended by Rubin (2001), signifying notable disparities. These imbalances underscore
the potential biases in comparing groups without adjusting for confounding factors, as noted in agricultural

technology adoption literature (Ali et al., 2020a; Rayhan et al., 2023).

Table 4.10: Unadjusted Pre-Adoption Covariates for Adoptors and Non-Adoptors of IRV Technology
Absolute Standardized Difference

Variables Control AGRA  Jasmine-85  Digang AGR vs. Jasmine-85  Digang vs.
Control vs. Control Control
Gender 0.900 0.900 0.960 0.927 0.000 0.236 0.095
Age 42.153 41.353 41.400 41.067 0.056 0.052 0.073
Household Size 5.800 6.513 6.413 6.080 0.202 0.182 0.080
Experience 14.093 14.573 14.320 14.867 0.042 0.020 0.065
Education 0.327 0.313 0.287 0.300 0.028 0.087 0.057
Credit 0.073 0.073 0.053 0.127 0.000 0.082 0.178
FBO 0.213 0.260 0.227 0.260 0.110 0.032 0.110
Extension 0.353 0.620 0.587 0.440 0.552 0.479 0.177
Farm Size 4.377 6.800 4.667 5.466 0.551 0.079 0.260
Fertilizer Use 0.673 0.213 0.313 0.400 1.041 0.769 0.568
Machinery 0.367 0.493 0.493 0.393 0.257 0.257 0.055
Owns Land 0.660 0.780 0.773 0.727 0.269 0.253 0.144
Early Maturity 0.480 0.520 0.540 0.487 0.080 0.120 0.013
High Yielding 0.300 0.273 0.287 0.253 0.059 0.029 0.104

Source: Field Survey (2021)

Post-weighting results in Table 4.11, however, reveal substantial improvements in covariate balance,
with all absolute standardized mean differences reduced to below the 0.25 threshold. This aligns with
recommendations by Linden & Samuels (2013), who emphasized the importance of achieving covariate
balance in propensity score analyses for valid causal inferences. Such improved balance enhances
the reliability of the estimated treatment effects, as supported by recent studies evaluating agricultural

interventions (Kondylis et al., 2022). The findings are consistent with recent research on the adoption
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of high-yielding varieties and other agricultural technologies. For instance, a study in Bangladesh found
that interventions incorporating proper balancing methods effectively eliminated biases in estimating the
impact of rural credit on the adoption of rice varieties (Rayhan et al., 2023). Similarly, Ali et al. (2020a)
highlighted the importance of balancing covariates to accurately assess the impact of fertilizer adoption

programs in sub-Saharan Africa.

Table 4.11: Adjusted Pre-Adoption Covariates for Adoptors and Non-Adoptors of IRV Technology
Absolute Standardized Difference

Variables Control AGRA Jasmine-85 Digang AGR vs. Jasmine-85  Digang vs.
Control vs. Control Control
Gender 0.953 0.940 0.953 0.952 0.057 0.006 0.004
Age 41.758 41.550 41.758 41.770 0.015 0.023 0.001
Household Size 6.008 6.352 6.008 6.102 0.099 0.123 0.027
Experience 15.380 14.646 15.380 15.997 0.061 0.052 0.049
Education 0.292 0.381 0.292 0.303 0.189 0.035 0.024
Credit 0.059 0.045 0.059 0.071 0.061 0.066 0.049
FBO 0.253 0.221 0.253 0.246 0.074 0.056 0.016
Extension 0.502 0.558 0.502 0.558 0.112 0.038 0.112
Farm Size 5.203 6.615 5.203 5.552 0.098 0.180 0.078
Fertilizer Use 0.397 0.413 0.397 0.393 0.031 0.004 0.009
Machinery 0.385 0.455 0.385 0.419 0.140 0.146 0.069
Owns Land 0.764 0.752 0.764 0.731 0.028 0.018 0.076
Early Maturity 0.487 0.552 0.487 0.493 0.131 0.124 0.012
High Yielding 0.307 0.253 0.307 0.223 0.119 0.075 0.191

Source: Field Survey (2021)

The implications of these results are far-reaching. They not only validate the methodological rigour of
using propensity score weighting but also emphasize the critical role of balanced covariates in deriving
reliable policy insights. Given the strong covariate balance achieved, the subsequent impact evaluation of

rice varietal adoption on productivity and household welfare yielded credible and actionable findings.

4.7 Key Constraints Affecting Adoption of Varietal Rice Seed Technology

The constraints to the adoption of varietal rice seed technology in the Northern Region of Ghana provide a
comprehensive understanding of the barriers limiting the productivity and welfare benefits associated with
improved rice varieties. This study identified and ranked 11 constraints using Garrett’s Ranking Technique,
which prioritizes constraints based on their perceived severity by rice farming households. Table 4.12
highlights the rankings, with high input costs emerging as the most pressing constraint, followed by lack of
financing, unclear government policies, inadequate markets, insufficient access to extension services, and
lack of access to farm machinery. These constraints resonate with findings in recent agricultural research,

illustrating the systemic challenges in the adoption of agricultural innovations.

High input costs emerged as the most significant constraint with a mean score of 67.29. The predominance
of imported inputs such as agrochemicals and fertilizers, coupled with exchange rate fluctuations,

exacerbates the financial burden on rice farmers. This finding aligns with recent studies in similar
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contexts. For instance, Ouma et al. (2022) reported that input price volatility significantly constrained
smallholder farmers’ adoption of climate-resilient seed varieties in sub-Saharan Africa. Addressing input
cost challenges requires concerted efforts, such as subsidies or price stabilization policies, to make inputs

more affordable and accessible.

The second-ranked constraint, with a mean score of 58.51, highlights the critical role of access to finance
in agricultural technology adoption. Limited access to credit impedes farmers’ ability to procure essential
inputs, resulting in suboptimal productivity. This finding is consistent with Asamoah et al. (2022), who
reported that financial constraints significantly hinder technology uptake among smallholder farmers in
Ghana. Policy interventions such as microfinance programs tailored to rice farmers’ needs and crop

insurance schemes could mitigate this challenge, enabling greater adoption rates.

Table 4.12: Major Constraints Affecting Adoption of Varietal Rice Seed Technology

Constraints Mean Score Rank
High cost of Inputs 67.29 1
Lack of access to credit 58.51 2
Lack of clear government policies and incentives 54.17 3
Inadequate market for local rice 51.94 4
Inadequate access to extension services 48.50 5
Lack of access to farm machinery 4791 6
Theft 47.15 7
Difficulty in accessing seeds 46.45 8
Human epidemic/disease (COVID-19) 46.26 9
Land turner challenges 45.11 10
Skilled labour unavailability 44.31 11

Source: Field Survey (2021)

The absence of clear and effective government policies was ranked third, with a mean score of 54.17. While
the Ghanaian government provides fertilizer subsidies, their timing and delivery are often misaligned with
farmers’ needs, reducing their effectiveness. Farmers emphasized the need for more comprehensive policy
support, including financial assistance to upgrade operations. Similar concerns were highlighted by Zakaria
et al. (2021), who emphasized the importance of coherent policy frameworks in fostering the adoption of
improved rice varieties in sub-Saharan Africa. Strengthening subsidy programs and integrating them with

broader support mechanisms could enhance policy impact.

Ranked fourth, with a mean score of 51.94, the limited market for locally produced rice poses a significant
challenge to adoption. Farmers face difficulties in marketing their rice due to competition from imported
varieties and insufficient post-harvest infrastructure. As emphasized by Nyamekye et al. (2023), investments
in grain quality improvement and marketing infrastructure are critical to enhancing the competitiveness of
local rice. Initiatives such as government procurement programs targeting local rice and collaborative efforts

with value chain actors can expand market opportunities and incentivize adoption.
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With a mean score of 48.50, inadequate extension services were identified as the fifth most significant
barrier. Extension agents play a crucial role in disseminating knowledge about improved agricultural
practices, but the low extension worker-to-farmer ratio in Ghana’s Northern Region limits their reach.
Anang & Asante (2020a) also reported similar findings, emphasizing the need for increased investment
in extension services to promote the adoption of modern agricultural technologies. Strengthening extension

systems through digital platforms and community-based approaches could address these challenges.

The sixth-ranked constraint, with a mean score of 47.91, reflects the mechanization gap in the region. Rice
farming households rely heavily on manual labour, which increases production costs and limits scalability.
Access to machinery such as tractors, harvesters, and dryers is critical for improving productivity and grain
quality. As highlighted by Asante et al. (2018a), the mechanization of rice farming can significantly reduce
labour costs and enhance competitiveness. Policy initiatives promoting shared access to machinery through

cooperatives or rental schemes could alleviate this barrier.

Other constraints include theft (ranked seventh) and difficulty in obtaining seeds (ranked eighth). External
shocks such as pandemics, land tenure issues, and skilled labor shortages were also identified. Short-
term land leases restrict farmers’ long-term planning, affecting their ability to adopt and sustain improved
technologies. Addressing land tenure security is critical, as highlighted by Agyei-Holmes & Boakye-
Yiadom (2023), who found that secure land rights significantly influence technology adoption in Ghanaian

agriculture.

The findings underscore the multifaceted barriers to adopting rice varietal seed technologies. High input
costs and financial constraints require coordinated interventions, including subsidies, affordable credit
facilities, and exchange rate stabilization measures. Enhancing access to markets through infrastructure
development and institutional procurement policies can boost local rice competitiveness. Strengthening
extension services and promoting mechanization through public-private partnerships are also critical.
Addressing systemic issues such as land tenure security and farmer cooperatives will ensure the

sustainability of these interventions.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND POLICY RECOMMENDATIONS

5.1 Introduction

This chapter summarises the study and draws conclusions from the major findings based on the study’s

hypothesis. It also includes policy recommendations for policy interventions based on the major findings.

5.2 Summary of the Study

Rural poverty is exacerbated by low agricultural productivity, high post-harvest losses, and poor farm
product marketing. Low productivity is exacerbated by the use of traditional farming methods or
technologies, poor soil fertility, unreliable rainfall patterns, high input costs, poor seed quality, and a
lack of credit facilities. These major impediments have resulted in food shortages, underdevelopment of
farms or agribusinesses, low farm incomes, food insecurity, and poor nutritional status, particularly among
children, increasing the vulnerability of the rural farm household population to poverty. The transition
from traditional rice varieties to improved rice varieties represents a technological shift in rural smallholder
rice production. However, available technologies and resource constraints limit the options available to
rural rice-farming smallholder households. Agriculture technology, such as high-yielding seed varieties, is
critical to reducing poverty, hunger, and ensuring food security in developing countries where agriculture is
the primary source of income. This study examined the impact of rice varietal seed technology adoption on
the productivity, annual household income, and household food security of rural rice-farming households

in Ghana’s Northern Region by testing the following underlying hypotheses:

i. Household, institutional, and farm-specific factors, as well as varietal attributes, significantly

influence the adoption of improved rice seed technologies.

ii. Adopting rice varietal seed technology significantly enhances productivity and household income of

smallholder rice farmers in the region.
iii. Improved rice varietal seed technology adoption enhances household food security.

iv. Adoption of rice varietal seed technology in the region is not hindered by financial, policy, or market

constraints.

The study employed survey data obtained from rice-farming households in Ghana’s northern districts of

Kumbungu, Tolon, and Savelugu, where the indicator variable is a nominal multivalued treatment indicator.

The estimation approach used in this research is an extension of the doubly robust ATE and TT

estimation methods from a binary treatment situation to a multivalued treatment case with the Conditional
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Independence Assumption (CIA). It combines the regression correction and weighting approaches. Model
specifications for the conditional mean functions are required for the regression adjustment, and model
specifications for the Generalized Propensity Scores (GPS) are required for the weighting technique. The
combination of the two techniques has the benefit of consistently estimating the treatment parameter of
interest even if one of the models is misspecified. The work specifies the estimation technique explicitly
and obtains the parameters’ asymptotic distribution. The findings generalise Hirano & Imbens (2001);

Wooldridge (2007)’s investigations on multivalued treatment variables.

It is more common to assess the impact of improved rice varietal seed technology adoption as a binary
treatment effect. However, the study anticipated that accounting for the multivalued nature of varietal
seed technology adoption (where a rice-farming household could adopt AGRA rice, Jasmine-85, Digang,
or choose not to adopt any at all) can provide additional insights on the impact of improved varieties on

productivity, income, and household food security.

To ensure that the overlap assumption was not broken, a test was run. Furthermore, the study investigated
covariate balancing and selection bias reduction. After weighing, the test confirmed that all absolute
standardised mean differences of the pre-adoption characteristics or covariates were significantly closer

to zero, with no standardised mean difference value exceeding 0.25.

Given the treatment indicator’s nominally multivalued nature, a multinomial logistic regression model was
used to build the GPS and the marginal probabilities of the factors identified to influence the adoption of
improved varietal rice seed technologies. For each treatment arm, the Potential Outcome Mean (POM) was
calculated. In order to determine the impacts, pairwise comparisons were performed between all adoption

groups.

The study found that household-specific factors such as the gender of the household head influenced
adoption of the Jasmine-85 variety while positively influencing adoption of the Digang variety. Household
size influenced AGRA variety adoption negatively while positively influencing Digang variety adoption.
Experience in rice production had a negative impact on the adoption of the Digang variety but had no effect
on the adoption of the AGRA and Jasmine-85 varieties. Finally, the household head’s formal education
status was found to positively influence the adoption of the Jasmine-85 variety but had no significant
influence on the adoption of the AGRA and Digang varieties. According to the study’s findings, institutional
and farm-specific factors such as credit availability influenced the adoption of the AGRA and Digang
varieties, respectively. Again, FBO membership had a negative impact on AGRA variety adoption while
having a positive impact on Jasmine-85 variety adoption. Access to extension influenced Jasmine-85
and Digang variety adoption positively, but negatively influenced AGRA variety adoption. Furthermore,

farm size influenced Jasmine-85 variety adoption while negatively influencing Digang variety adoption.
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According to the study’s findings, fertiliser use by rice farming households influenced adoption of the
AGRA variety positively but negatively influenced adoption of the Jasmine-85 and Digang varieties. Finally,
the study’s findings on institutional and farm-specific factors revealed that access to farm machinery and
land ownership positively influenced adoption of the Jasmine-85 and Digang varieties, but negatively
influenced adoption of the AGRA variety. In terms of varietal attributes or trait-specific factors, the study
found that the early maturity trait positively influenced Digang variety adoption and negatively influenced
AGRA variety adoption. Finally, the results show that the high yielding trait influenced the use of AGRA

and Digang varieties.

The study found that adopters of the AGRA, Jasmine-85, and Digang varieties experienced productivity
and annual household income gains of approximately 580.60 kg/ha, 277.63 kg/ha, and 254.66 kg/ha,
respectively, when compared to their counterpart rice farming households who did not adopt any of the
varietal technologies at all. Similarly, adopters of AGRA, Jasmine-85, and Digang varietal technologies
received approximately GHS 699.68, GHS 414.60, and GHS 357.69 more in annual household income
than counterpart rice farming households who did not adopt any of these improved varietal rice seed
technologies. According to these findings, adopters of the AGRA variety gained the most in productivity
and annual household income, followed by Jasmine-85, and Digang adopters gained the least in productivity

and annual household income.

Concerning the effects of variety adoption on household food security, the study’s findings show that
adopting the AGRA and Jasmine-85 varieties increased adopters’ household food availability by 3.0%
and 4.3%, respectively, compared to non-adopters. Adoption of the AGRA, Jasmine-85, and Digang
varieties, on the other hand, increased adopters’ household food accessibility by 14.6%, 10.9%, and 9.2%,
respectively, compared to non-adopters. It is worth noting that adopters of the AGRA variety experience the
greatest increase in household food accessibility, followed by adopters of the Jasmine variety, with Digang

adopters experiencing the least increase in household food accessibility.

Adoption of the AGRA and Jasmine-85 varieties increased adopters’ HDD by 4.0% and 4.3%, respectively,
compared to non-adopters of the improved varietal seed technologies, while only adoption of the Digang
variety increased adopters” WDD by 6.5% compared to non-adopters. In terms of the impact of variety
adoption on CDD, evidence from the study shows that only Jasmine-85 and Digang adopters experienced a
CDD gain of about 5.3% and 5.8%, respectively, when compared to non-adopters of the improved varietal

seed technologies.

Finally, the study discovered that the top six most important constraints preventing rice-farming households
in the three districts from adopting rice varietal seed technologies were high input costs, a lack of access to

credit, a lack of clear government policies and incentives, an inadequate market for local rice, insufficient
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access to extension services, and a lack of access to farm machinery, while theft and difficulty in accessing
seeds were the seventh and eighth most important constraints. Other barriers to the adoption of improved
varietal seed technologies identified by rice farming households as less important included human epidemics

and diseases (e.g., the COVID-19 pandemic), land tenure issues, and a lack of skilled labour.

5.3 Conclusion of the Study

The study established that the adoption of improve varietal seed technologies by rice-farming households is
significantly influenced by specific household characteristics, including the gender of the household head,
household size, years of experience in rice production, and the formal education level of the household
head. These characteristics shape the decision-making processes and readiness of households to adopt
these improved technologies. Furthermore, factors related to accessibility and resources, such as access
to financing, membership in Farmer-Based Organizations (FBOs), access to extension services, land size
or farm size, use of fertilizer, access to farm machinery, and farmland ownership, were identified as key
in determining the likelihood of adoption. Varietal attribute characteristics, particularly early maturity and

high yield traits, were also found to play a significant role in influencing these decisions.

The analysis further revealed that households adopting enhanced varietal seed technologies such as AGRA,
Jasmine-85, and Digang achieved higher outcomes in terms of productivity and annual household income
compared to non-adopters. Notably, these gains were observed both within specific adopter groups and
across the general population of rice-farming households in the Northern Region, encompassing the districts
of Kumbungu, Tolon, and Savelugu. Additionally, adopters of AGRA and Digang improved varietal seeds
demonstrated enhanced household food availability, with these benefits surpassing those experienced by
non-adopters. Across the population, households employing AGRA and Digang varieties consistently
exhibited greater improvements in food security metrics than their counterparts who did not adopt these

improved technologies.

Household food accessibility also saw substantial gains among adopters of the enhanced varietal seed
technologies.  Specifically, users of AGRA, Jasmine-85, and Digang varieties experienced notable
improvements in food accessibility compared to non-adopters, with consistent performance advantages
observed across the entire population of rice-farming households. Evaluating dietary diversity outcomes,
the study highlighted that households adopting AGRA and Digang varieties recorded significant
improvements in Household Dietary Diversity (HDD). These gains were not only evident within
the specific groups of adopters but also observed relative to the broader population of non-adopters.
Furthermore, the adoption of the Digang variety was particularly instrumental in improving Women

Dietary Diversity (WDD), with adopters consistently outperforming non-adopters in this regard.

Similarly, significant improvements in Child Dietary Diversity (CDD) were associated with the adoption of
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Jasmine-85 and Digang varieties. Households employing these technologies achieved superior outcomes in
CDD compared to non-adopters, both within the selected study group and across the entire population of
rice-farming households in the Northern Region. The study’s findings underscore the critical role of these
improved varietal technologies in advancing dietary diversity metrics, thereby contributing to broader food

security and nutritional goals.

Despite the evident benefits of adopting enhanced varietal seed technologies, the study identified six primary
constraints that hinder their widespread adoption among rice-farming households in the study districts.
These include the high cost of inputs, limited access to credit facilities, the absence of clear governmental
policies and incentives to support adoption, an inadequate market for locally produced rice, lower access to
extension services, and limited access to agricultural machinery. Among these, high input costs emerged
as the most significant barrier, reflecting broader structural and financial challenges faced by farmers.
Conversely, less critical constraints included theft, difficulties in acquiring seeds, human epidemics and

illnesses such as the COVID-19 pandemic, land tenure issues, and a shortage of skilled labour.

The overarching conclusion of the study aligns with the broadly held view that the adoption of improved
rice varieties is a cornerstone for enhancing productivity, food security, and income generation among rice
farmers in Ghana and other developing economies. The observed positive impacts on productivity, income,
and food security metrics underscore the transformative potential of these technologies. These findings
reinforce the necessity of prioritizing policies and interventions that support the adoption of improved rice
varietal seed technologies. Specifically, addressing the key constraints identified in the study is critical to

enabling broader adoption and ensuring the sustainability of these benefits.

The study’s results further emphasize the importance of government support in fostering an enabling
environment for the adoption of enhanced varietal technologies. Increased investment in agricultural
extension services, provision of financial incentives, and development of markets for local rice are crucial
to addressing the barriers faced by farmers. Such efforts would not only enhance the adoption rates of
improved rice varieties but also contribute to the broader goals of agricultural transformation, poverty

reduction, and food security in Ghana.

In conclusion, the study provides robust evidence supporting the adoption of improve rice varietal seed
technologies as a viable strategy for addressing productivity and food security challenges among rice-
farming households. The findings highlight the multifaceted benefits of these technologies, while also
underscoring the need for targeted interventions to address the systemic constraints impeding their adoption.
By fostering a supportive policy and institutional environment, stakeholders can unlock the full potential
of these technologies to drive sustainable agricultural development and improve the livelihoods of rural

households.
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5.4 Policy Recommendations

The study strongly advocates for targeted government interventions through the Ministry Of Food
and Agriculture (MOFA) and other agricultural development organizations to address farm-specific
and institutional determinants that influence the adoption of varietal seed technologies by rice-farming
households. These interventions should aim to build upon the positive trends in varietal seed adoption,
thereby fostering improvements in rice productivity across the Northern Region and beyond. Enhanced
focus on these factors will ensure a more systematic promotion of technological adoption tailored to the

specific needs and conditions of rice-farming households.

Expanding access to extension services is paramount, as these services play a critical role in equipping rice-
farming households with the requisite knowledge to make informed production decisions. To this end, the
grain development division of MOFA should prioritize increasing the number of extension agents dedicated
to rice production in each district. This expansion should be accompanied by intensive capacity-building
initiatives to equip extension agents with the skills to provide both technical and educational support.
Extension officers must focus on disseminating improved rice farming techniques and the importance
of Farmer-Based Organization (FBO) membership. Their role as educational facilitators is critical in
bridging knowledge gaps, enabling farming households to adopt better management practices that optimize

productivity and income.

The study underscores the need for extension agents and stakeholders to intensify efforts in sensitizing
rice-farming households about the benefits of adopting technologies that enhance productivity and income.
Specifically, MOFA extension agents should actively support farmers in the appropriate application of
recommended quantities of improved varietal seeds and complementary inputs. Empirical evidence from
this study suggests that such practices significantly bolster productivity, annual household incomes, and
food security outcomes for farming households. Strategic capacity-building and demonstration programs

can enhance farmers’ understanding of these technologies, ensuring their effective application.

Encouraging membership in self-help groups and FBOs is a pivotal recommendation derived from the
findings. Membership in these organizations provides access to essential resources, including technical
support, credit facilities, and pooled resources, which are instrumental in facilitating the acquisition of
improved seeds and inputs. The positive association between FBO membership and improved adoption rates
of enhanced varietal technologies highlights the critical role of collective action in overcoming adoption

barriers.

Rice-farming households must also be incentivized to scale up their production levels by adopting
productivity-enhancing methods. This involves the integration of effective management practices designed

to optimize resource utilization and achieve higher yields. The study emphasizes the importance of
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continuous engagement with crop research institutes and development organizations to create and
disseminate varietal seed technologies aligned with national agricultural development initiatives. These
institutions should focus on developing adaptive seed varieties that address the unique agro-ecological

challenges faced by rice farmers, thereby enhancing resilience and productivity.

The persistent challenges faced by rice farmers in adopting advanced agricultural technologies require
robust policy measures to mitigate these barriers. MOFA should implement targeted policies aimed at
improving access to critical assets, including financial capital, markets, extension services, farm machinery,
and infrastructure. Promising policy initiatives could encompass subsidized credit schemes, investment in
rural market infrastructure, and the establishment of mechanization centres to ensure the availability and
affordability of farm machinery. Such measures are instrumental in fostering an enabling environment that

supports the widespread adoption of improved varietal seed technologies.

Additionally, the study highlights the necessity for integrated policy frameworks that address both price and
non-price constraints. Financial incentives, coupled with improved market access and enhanced service
delivery mechanisms, can significantly influence adoption rates. Policymakers must also consider the
socio-economic diversity among farming households to tailor interventions that are inclusive and equitable.
Strengthening institutional frameworks to streamline the provision of extension services and ensuring the

alignment of agricultural policies with farmer needs are critical steps in this direction.

Ultimately, the study affirms that the adoption of enhanced varietal seed technologies holds transformative
potential for rice farming in Ghana. By addressing the multifaceted barriers to adoption, government and
institutional stakeholders can unlock the full potential of these technologies, contributing to sustainable

agricultural development and improved livelihoods for rice-farming households.

5.5 The Study’s Contributions to Knowledge

This study contributes significantly to the discourse on agricultural technology adoption by providing a
nuanced understanding of the direct impact of improved rice varietal seed adoption on both productivity
and household welfare in Northern Ghana. Through a region-specific lens, it offers critical insights into
how rice farmers in this area engage with modern agricultural practices, thereby contributing to the broader

conversation about technology adoption in low-income, developing economies.

The study’s primary contribution lies in its examination of the specific factors that influence the adoption
of rice varietal seed technology in Northern Ghana. By focusing on the socio-economic, institutional, and
environmental characteristics unique to the region, it provides empirical evidence that helps identify the
barriers and facilitators to the widespread use of improved seed varieties. These findings fill a crucial gap

in the literature by offering context-specific data that are often absent in studies that generalize adoption
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trends across diverse regions. This regional specificity enhances the relevance and applicability of the
study’s results to the particular challenges faced by farmers in Northern Ghana, such as inconsistent rainfall,

limited access to inputs, and insufficient extension services (Adams & Smith, 2019; Owusu et al., 2020).

Additionally, the study highlights the key challenges impeding the adoption of improved rice seed
technologies in the Northern Region, particularly the high costs of seed and the inadequacy of support
systems, such as extension services and access to credit. These challenges are critical determinants of
the extent to which technology adoption can occur, and the study provides empirical evidence to support
this assertion. By identifying these constraints, the research calls attention to the pressing need for policy
interventions that address these barriers, particularly through mechanisms that can reduce the cost of inputs,
enhance the accessibility of support services, and ensure the long-term sustainability of rice production in

the region (Ali et al., 2020a).

One of the study’s notable contributions is its provision of valuable context-specific evidence that can
guide policy formulation and inform the design of interventions tailored to the needs of rice farmers in
the Northern Region of Ghana. Given the region’s unique agricultural challenges and its significance to
the national economy, the study offers a critical foundation for developing targeted interventions that can
effectively increase rice productivity and improve household welfare. For example, findings regarding
the challenges related to seed costs and limited support systems suggest that government policies should
prioritize initiatives aimed at reducing seed costs, improving access to financing, and enhancing the
reach of agricultural extension services (Nyantakyi-Frimpong et al., 2019). Moreover, by contextualizing
the findings within the specific socio-economic environment of Northern Ghana, the study provides an
evidence-based framework for designing regionally tailored programs that can lead to better adoption

outcomes and higher agricultural productivity.

Furthermore, the study’s contribution extends beyond the immediate context of Northern Ghana. By
demonstrating the impact of improved seed adoption on agricultural productivity and household welfare,
it offers a model for similar regions facing analogous challenges. The findings can inform broader policy
discussions on the adoption of agricultural technologies in sub-Saharan Africa, where many farmers still
rely on traditional seed varieties. This study thus enriches the literature on agricultural innovation, adoption,
and development by providing an empirical example of how region-specific factors influence the outcomes

of technology adoption in a rural African context (Asare et al., 2020; Essilfie, 2018).

In summary, this study’s contribution is twofold: it offers in-depth, region-specific insights into the factors
that influence the adoption of rice varietal seed technology and its outcomes on productivity and welfare,
and it identifies the key barriers that hinder technology uptake. The study’s findings provide a foundation

for designing targeted policy interventions aimed at improving adoption rates, which, in turn, can enhance
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agricultural productivity and household welfare in Northern Ghana. By situating these findings within the
broader discourse on agricultural technology adoption, the study provides valuable evidence that can inform

both local and national policy decisions, with implications for other regions facing similar challenges.
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MODULE 1. HOUSEHOLD-LEVEL QUESTIONNAIRE

[Enum: To be administered to single or two members in the household who are most knowledgeable about the household’s rice production activities]

SECTION A. HOUSEHOLD IDENTIFICATION

Questions to be answered by enumerator Answer Codes
Al. What sampling group does the HH belong to? 1=AGRA Growers, 2=Jasmine 85 Growers, 3=Digang
Growers, 4=Traditional Variety Growers

A2. GPS coordinates of homestead:

A3. Respondent’s status 1=Consented to interview 2=Refusal (replaced) 3=
Non-contact (replaced); 4=Replacement household
A4. Name of Enumerator: AS. Date of Interview: / /2021
A6. Village (see code) A7. District (see code)
A8. Region (see code)
A9. Start time of Interview: A10. End time of Interview:
I W W W B
Questions to be answered by respondents (this questionnaire can be answered by HH Answer Codes

head, spouse or jointly, or any member/s knowledgeable about rice production)
A10. Respondent 1 Name

Al1. Respondent tel. number

A12. What is the respondent 1’s gender? 1=Male, 0=Female

A13. Relationship with household head? 1=HH head, 2=spouse, 3=child, 4=Other (specify)
Al4. Respondent 2 Name

A15. Respondent 2 tel. number

A16. What is the respondent 2’s gender? 1=Male, 0=Female

A17. Relationship with household head? 1= HH head, 2=spouse, 3=child, 4=Other (specify)
Questionnaire checked by Name of supervisor:

supervisor:

135



SECTION B. HOUSEHOLD SOCIO-ECONOMIC CHARACTERISTICS

Table BA. Please list the HH head, the spouse/s and all other ADULT HH members who are 16 years and older (from oldest to youngest) (HH members = people who
live, sleep and eat in the household as well as people who lived, slept and are in the household for at least 6 months for at least 3 days a week in the past year)

BI. B2. B3. B4. BS. B6 B7 B8 B9. BI10.
HH Name Age Gender Relation Marital What is the Can [NAME] Primary Secondary
member to HH status highest level read or write Occupation/Type | Occupation/ Type of

head of schooling in English? of Work Work
[NAME] has
attended?
ID Code In 0=male | RELATE 1 = Married/ EDUCATION | 1= Cannot OCCUPATION OCCUPATION
years | 1= CODE consensual CODE read and write | CODE CODE
female union 2 = Can write

2 = Single only

3 = Separated 3 =Canread

4 = Divorced only

5 = Widowed 4 = Can read

and write
1
2
3
4
5
6
7
8
9
10
RELATE CODE: 1=HH head /2 = Spouse / 3 = child (including in-law) / 4 = Brother or sister (and in-law) / 5 = Father or mother (and in-law) / 6 = Niece or nephew (and in-law) / 7 =
Cousin (and in-law)/ 8 = Grandchild / 9= Other (specify)

SCHOOL CODE: 1 = No schooling / 2 = Primary school / 3 = Junior Secondary School / 4 = Senior Secondary School / 5 = Polytechnic / 6 = Undergraduate / 7 = Postgraduate / 8 =
Doctorate Degree / 9 = Other (specity)

OCCUPATION CODE: 1 = None / 2 = Rice farming / 3 = Farming other crops / 4 = Agro-processing / 5 = Trading or aggregation of crops / 6 = Paid employment on other HH’s farm / 7 =
Paid employment off-farm (civil service, private INSTpany) / 8= Self-employed or business ventures / 9 = others (specify)

Table BB. How many children are living in the household?

Bll. B12.
Age group Female Male
Age 0-5
Age 6-15
B13. Since when has the HH head lived in this village? 1=Since (year) 2=Since birth  >>> skip to BI5.
B14. Where is the HH head originally from? (district) (region) (country)
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B15. What is main ethnicity within the HH?
1=Akan; 2= Dagao (Dagarti); 3=Ewe; 4=Ga-Adangbe; 5=Guan; 6 = Gurma; 7=Mole-Dagbane; 7 = Sissaala; 8= Waala; 9= Other (specify)

B16. What is the main religion in the HH? 1=Christian-Protestant (incl. Methodist, Anglican and Baptist) 2=Christian-Catholic 3=Christian-Pentecostal 4=Seven Day
Adventist 5=Muslim 6=Traditional 7=Other (specify)

B17. Did you or any household member ever held a political office? 1=Yes 0=No
B18. Did you or any household member ever held a traditional office (paramount chief, sub-chief, queen mother, family head, Tendana, other)? 1=Yes 0=No
B19. Do you or any household member has relatives that held a political office? 1=Yes 0=No

B20. Do you or any household member has relatives that held a traditional office (paramount chief, sub-chief, queen mother, family head, Tendana, other)? 1=Yes 0=No

137



SECTION C: KNOWLEDGE ABOUT RICE VARIETIES

Table C. Please list all the varieties of rice that you know of (either you planted in the past or have heard about from others) /[Enum: Make sure the main rice grower or the
manager of the rice plots under consideration will answer this question. List all varieties they mention, then ask questions for each variety.]

Variety How long you Did you ever If C3=1, what years did you grow this variety? If C3=0 or CS5 is not present, main
ID have plant them? reason for not growing it or not
(see known them 1=Yes, 0=No Year started Year ended growing (if still growing it anymore
VARIETY (number of growing growing, please indicate (see REASON CODE)
CODE) years) “present”)
Cl1. C2. C3. C4. Cs. Ce.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
19
20

VARIETY CODE: 1=AGRA rice; 2= JASMINE 85 (SAR-RICE 2; Gbewaa; Lapez); 3= DIGANG (also called Abirikukuo or Aberikukugo); 4=NERICA 1; 5=NERICA 2; 6= NABOGO RICE;
7=KATANGA RICE; 8= OTOOMU (TOX 3377); 9= GRUG7; 10= EMO TEAA (IDSA85); 11=Marshall (Amankwatia); 12=Wakatsuki (Bouake 189); 13= Bodia (ITA-320); 14= Sakai (ITA-
324); 15=FARO 15; 16=GR 17 (IET 2885); 17=GR 18 (Afife); 18=GRUG7; 19=GR 19 (C168); 20=GR 20 (IR 1750-F5-B5) SR; 21=GR 21 (TOX 515-19-SLR); 22= TOX 3108 (Sikamo; GR
22); 23=indigenous/local/traditional; 24=do not know; 25=Other (specify)

REASON CODE: 1=low yield performance; 2=not drought resistant; 3=has some characteristics that I do not like; 4=difficult to get seed or do not know where to find seed; S=expensive seed;
6=do not know much about it; 7=I am waiting for my neighbors or other farmers to try it first before I try it; 8=poor germination; 9=other (specify)

C7. Did you grow more than one variety in the last 3 years? Yes = 1; No = 0 (If No, go to C.9)

C8. If you grew more than one variety in the last 3 years, what was the most important reason for doing so? (MULTIPLE CODE)

MULTIPLE CODE: 1 =to experiment with or tray a new variety / 2 = Could not obtain enough seeds of just one variety / 3 = Learnt that better varieties are available / 4 = the new variety was
given to me for free or as a gift / 5 = the cost of seed of the previous variety was too expensive / 6 = the seed of the previous variety was of poor quality / 7 = the previous variety gave a poor
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yield / 8 = the previous variety was susceptible to disease / 9 = the previous variety was not resistant to flood / 10 = the previous variety was not resistant to drought / 11 = the previous variety
spoiled easily when stored / 12 = minimize risk by growing multiple varieties / 13 = Other (specify)

C9. In the past 5 years, were there field trials or farm demonstrations of rice in your area or that you have participated in or observed? Yes = 1 No = 0 >>> if No, proceed to
Cl1

C10. Kindly describe the farm demos or field trials you are aware of or that you have participated in in the past 10 years.

Trial Year Plot area Elll?: area What technol(()sg;stoEr énglt\llagirggl; p(rjag]t)i%e)s were tested? Name all rice varicties used (sce VARIETY CODE)
(see [Enum: Do not,read o.ut.choi.ces; choose thf one L,,I osest [Enum: Do not read out choices; make sure to have least 2 varieties
%%IE’? to respondents’ descrip tsl;:; %}70t, choose “other” and per trial (at least 1 treatment and 1 control)]
CODE) Tech. 1 Tech. 2 Tech. 3 Var. 1 Var. 2 Var. 3 Var. 4 Var. 5
1
2
3
4
5
6
7
8
9
10

AREA UNIT CODE: 1=Acres; 2=Hectares; 3=Poles; 4=Rope; 5=Arm stretch; 6=Square meters; 7=Square yards; 8=Square feet; 9=Others (specify)

VARIETY CODE: 1=AGRA rice; 2= JASMINE 85 (SAR-RICE 2; Gbewaa; Lapez); 3= DIGANG (also called Abirikukuo or Aberikukugo); 4=NERICA 1; 5=NERICA 2; 6= NABOGO RICE;
7= KATANGA RICE; 8= OTOOMU (TOX 3377); 9= GRUGT7; 10= EMO TEAA (IDSAS5); 11=Marshall (Amankwatia); 12=Wakatsuki (Bouake 189); 13= Bodia (ITA-320); 14= Sakai (ITA-
324); 15=FARO 15; 16=GR 17 (IET 2885); 17=GR 18 (Afife); 18=GRUG7; 19=GR 19 (C168); 20=GR 20 (IR 1750-F5-B5) SR; 21= GR 21 (TOX 515-19-SLR); 22= TOX 3108 (Sikamo; GR
22); 23=indigenous/local/traditional; 24=do not know; 25=Other (specify)

TECHNOLOGY CODE: 1=crop rotation; 2=minimum tillage; 3=zero tillage; 4=conservation agriculture; S5=organic farming; 6=fertilizer use; 7= burying of fertilizer; 8=intercropping with
leguminous crops; 9=integrated soil fertility management; 10=new variety; 11=row planting; 12=pest management; 13=weed management; 14=other (specify)

C11. What do you know about “hybrid seed” or “hybrid rice”? Please tell us things you have heard or know about hybrid rice. [Enum: Do not read out choices. Choose
the codes closest to the responses. Check all that applies]

1.

2.
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HYBRID CODE: 1=high yield; 2=cannot be recycled or reused for next season (or if it is recycled, yield will be very low); 3=rich in nutrients; 4=expensive; 5= harmful to
the environment; 6= [Enum: if 2 is selected, proceed to C15]

C12. Can you reuse the seed of hybrid rice for next season or next year’s planting? Yes=1; No=0
C13. Are hybrid rice varieties harmful to the environment (soil, other crops, animals or humans)? Yes = 1; No =0
C14. When did you first hear about hybrid rice? (number of years ago)

C15. From whom did you learn about hybrid rice? (SOURCE OF INFORMATION CODE)

SOURCE OF INFORMATION CODE: 1=lead farmer or model farmer in the village; 2=another farmer/relative/friend, 3=farmer organization or association, 4= aggregator, 5S=MoFA
extension agent; 6=input or seed dealer, 7=grain market, 8=radio; 9=TV ; 10=newspaper; 11=Masara scheme; 12=other outgrower schemes; 13=ADVANCE project; 14=other
projects/programs; 15=other (specify )

C16. Of the varieties you know of or have planted in the plant, please identify which ones are hybrid rice? [check all that applies IN Table C] [Enum: CAPI to show filled
out Table C]
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SECTION D. RICE PLOTS

Table DA. Please list all the plots on which you grew rice in 2020 or 2021 (from largest to smallest plot). [Erum: Plot=parcel of land in a given location. Plots may be
subdivided into distinct sections, distinguishable by different crops, varieties, inputs, and management practices. If there are distinct sections in a plot, please record
them separately]

2020 2019
Plot Plot Rice Is this If D4=1 Number Main rice Color Is this If Rice Was It Number Main rice Color Was this If
area area on inter- (intercropp of varieties (see plot/ Dl1=1, on this this Dl14=1, of varieties (see plot/ D21=1,
unit this cropped? | ed), please varieties planted COLOR section what plot? inter- estimate | varietie planted COLOR section what
(see plot? 1=Yes estimate % planted (see CODE) under program 1=Yes croppe % of s (see CODE) undera | program
code) | 1=Ye 2=No of plot size in this VARIETY a , project 2=No d? plot size | planted variety project, , project
I s allotted for plot/ CODE) project or (If not 1=Yes allotted in this code) program or
2=No rice section s scheme? >> 2=No for rice plot/ scheme? | scheme?
D . _
af progra (see next section (1=Yes, (see
No m or SCHEM line) 0=No) scheme
go to schem E code)
D.13) e? CODE)
1 2 1 2 1=Yes, 1 2 1 2
0=No
DI. D2. D3. D4. D5. D6. D7. | D8 | D9 | DI DI11. DIi2. D13. D14. DI15. Dil6. DI DI DI D2 D21. D22.
0 7 8 9 0

S —=| O] o 9| | | K| W] | —

AREA UNIT CODE: 1=Acres; 2=Hectares; 3=Poles; 4=Rope; 5=Arm stretch; 6=Square meters; 7=Square yards; 8=Square feet; 9=Others (specify)

COLOR CODE: 1=White; 2=Brown

VARIETY CODE: 1=AGRA rice; 2= JASMINE 85 (SAR-RICE 2; Gbewaa; Lapez); 3= DIGANG (also called Abirikukuo or Aberikukugo); 4=NERICA 1; 5=NERICA 2; 6= NABOGO
RICE; 7= KATANGA RICE; 8= OTOOMU (TOX 3377); 9= GRUG7; 10= EMO TEAA (IDSA85); 11=Marshall (Amankwatia); 12=Wakatsuki (Bouake 189); 13= Bodia (ITA-320); 14=
Sakai (ITA-324); 15=FARO 15; 16=GR 17 (IET 2885); 17=GR 18 (Afife); 18=GRUG7; 19=GR 19 (C168); 20=GR 20 (IR 1750-F5-B5) SR; 21= GR 21 (TOX 515-19-SLR); 22= TOX 3108
(Sikamo; GR 22); 23=indigenous/local/traditional; 24=do not know; 25=Other (specify)

SCHEME CODE: 1=Masara, 2=nucleus farmer or aggregator (specify name), 3=input or seed dealer (specify name), 4=Bank or financial institution (specify name), 5=project (specify name); 6=Other (specify)
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Table DB. Please describe the source of information and seed for all rice plots/sections in 2020 and 2019.

Plot/ 2020 2019
section
D Is this % of Main Where did you Where did IfD27=1 Will Was % of Main Where did you Where did If D35=1
for seed | harvest rice learn about this you you this for | harvest rice learn about this you
or for that is variety variety? acquire plant seed or that variety variety? acquire
grain? sold? planted (SOURCE OF the seed? - the for was planted (SOURCE OF the seed? -
(1=seed, [Enum: | INFORMATION | (SOURCE | How | Wheredid | gsame grain? sold? | [Enum: | INFORMATION | (SOURCE | How | Where did
2=grain) copy] CODE) OF SEED many you variety | (1=seed, copy] CODE) OF SEED many you
CODE) years originally in the 2=grain) CODE) years originally
have acquire next have acquire
you the seed? | geason? you the seed?
been (SOURCE 1=Yes, been (SOURCE
reusing | OF SEED 0=No reusing | OF SEED
it? CODE) it? CODE)
D23. D24. D25. D26. D27. D28. D29. D30. D31. D32. D33. D34. D35s. D36. D37.
1
2
3
4
5
6
7
8
9
10
SOURCE OF INFORMATION CODE: 1=Masara Outgrower; 2=Outgrower of Akati; 3=Outgrower of Dori; 4=Outgrower (do not know the scheme); 5=another farmer (not Outgrower), 6=farmer organization or
association, 7=nucleus farmer/aggregator, 8=project/program officers/agents, 9=MoFA extension agent; 10=input or seed dealer, 11=grain market, 12=radio; 13=TV ; 14=newspaper; 15=other (specify
)
SOURCE OF SEED CODE : 1=saved seeds from last season's harvest, 2=another farmer, 3=farmer organization or association, 4=nucleus farmer/aggregator, 5=project/program officers, agents, 6=MoFA extension
agent; 7=input or seed dealer, 8=grain market, 9=other (specify )

D38. Compared to the total rice area cultivated now, what was the land area cultivated under rice five years ago? Unit?

| AREA UNIT CODE: 1=Acres; 2=Hectares; 3=Poles; 4=Rope; 5=Arm stretch; 6=Square meters; 7=Square yards; 8=Square feet; 9=Others (specify)

D39. Did you have enough land for growing rice in 2019? Yes=1; No=0
D40. Did you have enough land for growing rice in 2020? Yes=1; No=0
D41. If you would like to expand your rice farm for the next season, how easily can you find land to do so? 1=very easy, 2=easy; 3=difficult, 4=very difficult
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SECTION E: PLOT-LEVEL INFORMATION

[Enum: please choose 1 largest rice plot or distinct section under scheme and 1 largest non-scheme rice plot or distinct section in 2020; if no plot or distinct section under scheme, choose
1 largest with hybrid rice and 1 largest non-hybrid rice plot or distinct section in 2020; if no plot or distinct section under scheme or with hybrid rice, choose 2 largest plots or distinct
sections in 2020. Plots for 2019 are the same as plots for 2020]

Table EA. Please tell me who manages or make decisions about these rice plots.

First plot Second plot
2020 2019 2020 2019

Plot ID (copy plot ID from section D) (CAPI programming)

E1. Who manages and decides on production and input use for this plot? (see HH member code)
E2. Number of years in farming /[Enum: Ask also for 2019 if plot manager is different]

E3. Number of years in rice production /[Enum: Ask also for 2019 if plot manager is different|

Table EB. Please describe the plot characteristics.

First plot Second plot

Plot ID (copy plot ID from section D) (CAPI programming)

GPS coordinates (CAPI — will be entered later)

Size of plot based on GPS device measurements (CAPI — will be entered later)

E4. Minutes from home to plot (walking)

ES5. Minutes from field to nearest motorable road (walking)

E6. Minutes from field to nearest tarred road (walking)

E7. When was the plot acquired? (year)

E8. Who in the household acquired this plot? (see HH member code)

E9. How was this plot acquired? (see land code)

E10. What type of ownership document do you (or any member of your household) have for this land? (1=none; 2=registered deed; 3=unregistered deed;
4=invoice or sales; 5=indenture; 6=Other (specify)

E11. In the last 5 years, was there any dispute or conflict on this plot? [1=Yes; 0=No)

E12. How long do you think you could leave the land alone (i.e. fallow) without the risk of losing it? (In number of years)

E13. What are the things that you are doing to ensure that you do not lose the land (ask all, check all the applies) (SECURITY CODE)

E14. Before 2020, how many years this entire plot has been fallowed in the last 10 years? (number)

E15.a Which year did the last fallow start?

E15.b Which year did the last fallow end?

E16. What is the previous year’s crop (in 2019)? [See CROP CODE]

E17. Before you had applied fertilizer, how would you rate the inherent soil fertility in this plot? from 1 to 5, 1=not fertile and 5=very fertile

E18. Slope (1=flat, 2=gentle, 3=steep, 4=undulating, 888=do not know) (show illustration)

E19. % of plot area that is considered steep?

E20. Is waterlogging a problem? 1=YES 0=NO (If no >>> E22)

E21. % of plot area where waterlogging is a problem?

E22. Is erosion a problem? 1=YES 0=NO (If no >>> E.24)

E23. % of plot area where erosion is a problem?

E24. Source of water? (1=permanent stream, 2=dugout /tubewell, 3=irrigation scheme, 4=water reservoir, 5=direct rain, 6=from homestead for water of
spraying; 7=other)
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SECTION F. LAND PREPARATION AND PLANTING PRACTICES

Please tell me about your land preparation and planting practices.

Fist plot (section)

Second plot

2020

2019

2020

2019

Plot ID ( CAPI copy plot ID) (CAPI programming)

F1. What are the land preparation practices for this plot? (choose all that applies) (see PREPARATION CODE) [Enum: please read all choices to
respondents]

F2. When you needed tractor or power tiller, did you have it the time you needed it? 1=Yes 0=No

F3. If no, how many days did you have to wait?

F4. What land management practices were adopted in to this plot? [check all that applies] (see MANAGEMENT CODE)

F5. Did you use or retain vegetative cover, crop residue or mulch (green manuring)? 1=YES, 0=NO

F6. Did you plant in rows or line? 1=YES, 0=NO

F7. How many seeds planted per hole?

F8. Did you practice crop relay or planted cover crop (such as mucuna)? 1=YES, 0=NO

F9. Did you grow other crops (such as vegetables) during dry season? 1=Yes 0=No (If no >>>to F.11)

F10. What crop/s were planted during dry season? (see CROP CODE) (check all the applies)

LS TR e MANAGEMENT CODE
1=Slash&burn (I

2=Herbicide application )

3=Ploughing with power tiller or tractor S

4=Ploughing with ox 3=Bunding

5=Tilling land with hoe 4=Pit planting

6=Harrowing 5=Flat (no ridges, no mounds, no pits)
7=Zero tillage (no disturbance of the soil) 6=Other (specity)

8=Minimum tillage (little disburbance of the soil)

9=Other (specify)
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SECTION G. INPUT USE AND COST

Table GA. How much inputs were used and how much were the costs per acre of this plot? [Enum: Record ACTUAL quantity of input applied and actual payment (in cash or in-kind).
Record in acre. For Column B (COST), if payment was done in-kind (e.g., bag of grain harvested), estimate value using actual output price received. If inputs are bundled (cannot estimate cost

per input), please record the quantity and unit, and write “B” under cost, then proceed to G2 after filling out G1. |

G2/

G2J

First plot First plot
2020 2019
Quantity Unit Cost per unit Total cost Did you Quantity Unit Cost per unit Total cost Did you
(UNIT CODE) (cedi) PER receive part or (cedi) PER receive
[Enum: Write B ACRE all of this on [Enum: Write B ACRE part or all
if input is (cedi) credit? if input is (cedi) of this on
bundled, and Yes=1 bundled, and credit?
record terms of No=10 record terms of Yes=1
repayment in repayment in No=0

Plot ID (copy from section D) CAPI

Seed

- Subsidized seed

- Commercial

- Seed provided by scheme

Fertilizer application 1 (specify type
(see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Fertilizer application 2 (specify type
(see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Fertilizer application 3 (specify type
(see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Herbicide

- Commercial

- Herbicide provided by scheme

Pesticide/insecticide

Manure

Land rental (including payment for
sharecropping)

Materials (sacks, others)

- Commercial

|
i
i
(1iL]
1]

- Provided by scheme
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Rental of power tiller/tractor/animal traction

- Commercial

- Provided by scheme

Rental for transportation from plot to home

Rental for transportation from home to market

Other marketing costs (trader, market tax,
loading of shelled rice into trucks, etc.)

Shelling/milling

- Commercial

- Herbicide provided by scheme

Fertilizer code: 1=NPK15-15-14; 2=NPK20-20

-20; 3=Sulphate of ammonia; 4=Urea; 5=Sulfan; 6=Foliar; 7=Winner; 8=Actyva 9=Others (specify)

Second plot Second plot
2020 2019
Quantity Unit Cost per unit Total Did you Quantity Unit | Cost per unit Total Did you
(UNIT CODE) (cedi) cost receive part (cedi) cost receive
[Enum: Write PER or all of this [Enum: Write PER part or
B ifinputis ACRE on credit? B ifinput is ACRE all of
bundled, and (cedi) Yes=1 bundled, and (cedi) this on
record terms No=0 record terms credit?
of repayment of repayment Yes=1
in G2] in G2 No=0
A B AxB A B AxB

Plot ID (copy from section D) CAPI

Seed

- Subsidized seed

- Commercial

- Seed provided by scheme

Fertilizer application 1 (specify type
) (see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Fertilizer application 2 (specify type
) (see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Fertilizer application 3 (specify type
) (see code)

- Subsidized fertilizer

- Commercial

- Fertilizer provided by scheme

Herbicide

- Commercial
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- Herbicide provided by scheme

Pesticide/insecticide

Manure

Land rental (including payment for
sharecropping)

Materials (sacks, others)

- Commercial

- Provided by scheme

Rental of power tiller/tractor/animal
traction

- Commercial

- Provided by scheme

Rental for transportation from plot to home

Rental for transportation from home to
market

Other marketing costs (trader, market tax,
loading of shelled rice into trucks, etc.)

Shelling/milling

- Commercial

- Herbicide provided by scheme

| Fertilizer code: 1=NPK15-15-14; 2=NPK20-20-20; 3=Sulphate of ammonia; 4=Urea; 5=Sulfan; 6=Foliar; 7=Winner; 8=Actyva 9=Others (specify)

G1. Did you received inputs in bundle and the required repayment is also in bundle (cannot separate cost for each input) on one of these two rice fields in 2020 or 2019?

1=Yes, 0=No (If No >>>>to Table GC)

Table GB. Which inputs were provided under scheme for these rice plots? [Enum: Only for rice plots in Table GA with inputs provided under scheme]

First plot Second plot
2020 2019 2020 2019

Plot ID (copy plot ID) CAPI

[Enum: make sure that the inputs recorded here are only those that cannot be costed since they were Quantity | Unit | Quantity | Unit | Quantity | Unit | Quantity | Unit
provided in bundle| (unit (unit (unit (unit

code) code) code) code)

G2. Seed

G3. Fertilizer 1 (specify type ) (see fertilizer code)

G4. Fertilizer 2 (specify type ) (see fertilizer code)

GS. Fertilizer 3 (specify type ) (see fertilizer code)

G6. Herbicide

G7. Others (specify)
G8. What is the required repayment for this bundle of inputs?

Fertilizer code: 1=NPK15-15-14; 2=NPK20-20-20; 3=Sulphate of ammonia; 4=Urea; 5=Sulfan; 6=Foliar; 7=Winner; 8=Actyva 9=Others (specify)

Unit code: 1=kg, 2=liter, 3=bottle, 4=gram, 5=50-kg bag of fertilizer; 6=50-kg bag of rice grain; 7=100-kg bag of rice grain, 8=other (specify)
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Table GC. How did you experience access to inputs for your rice production in 2020 and 2019?

2020

2019

Seeds | Herbicides,

pesticides

Tractor
services

Mineral | Manure

fertilizer

Labor

Seeds

Mineral | Manure

fertilizer

Herbicides,
pesticides

Tractor
services

Labor

G9. | Was the [input] available at the
time you needed it? Yes= 1 ; No =

0

G10. | Were you able to buy as much
[input] you needed and could pay

for? Yes=1;No=0

G11. | Were you able to buy as little
[input] as you wanted? Yes=1 ;

No=0

G12. | Were you able to buy the type of
[input] you wanted? Yes=1 ; No =

0

G13. | How would you rate the quality of
[input] available? 1. Good, no
problem; 2. Some problems; 3.

Poor, serious problems

Table GD. Please rate how serious you experience constraints for your rice production concerning:

Constraint | Constraint Is this a serious constraint for you?
number (rate 1=not serious; S=very serious)
GD1 Lack of clear government policies and incentives

GD2 Inadequate market for local rice

GD3 High cost of inputs

GD4 Lack of access to credit

GD5 Theft

GD6 Inadequate access to extension services

GD7 Difficulty in accessing seeds

GDS8 Lack of access to farm machinery

GD9 Difficulty in accessing land (i.e., land tenure challenges)

GD10 Skilled labour unavailability

GD11 Human epidemic/disease (e.g., COVID-19)

G14. From all the constraints mentioned above (table GD, can you name the six most pressing constraints (in order of importance)?

Nk v =
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SECTION H: HIRED LABOR

HI. Did you hire labor for your rice plots (= people paid in cash or in-kind) in 2020 or 2019? 1=YES, 0=NO >>>>>> If NO, proceed to SECTION 1
[Enum: Make sure to include family members that receive a payment in cash or in kind for their work on the farm. DO NOT include exchange labor]

[Enum: Values are total for this plot] First plot (2020) First plot (2019)

How How many On average, In total, how much did How How many On In total, how much did

many days did how many you pay to Complete this many days did average, you pay to Complete this
people those people hours did activity? (cedi) [Enum: if | people those people how many activity?? (cedi) [Enum:
did you take to they work in-kind, ask respondent did you take to hours did if in-kind, ask respondent

hire? Complete per day? to estimate the value| hire? Complete they work to estimate the value]
_? Cash In-kind _? per day? Cash In-kind

H2. H3. H4. HS. H6. H7. H8. H9. H10. H11.

Plot ID (Copy from section D) CAPI

Plot acreage (copy from section D and remind

interviewee) CAPI

Land preparation

Planting

Fertilizer applications

Herbicide application

Pesticide application

Manure application

Weeding

Harvesting

Transporting

Drying and other postharvest activities

[Enum: Values are total for this plot] Second plot (2020) Second plot (2019)

How How many On average, In total, how much did How How many On In total, how much did
many days did how many you pay to Complete this many days did average, you pay to Complete this
people those people hours they activity? (cedi) /[Enum: if | people those people how many | activity? (cedi) [Enum: if
did you take to worked per in-kind, ask respondent did you take to hours they in-kind, ask respondent
hire? Complete day? to estimate the value] hire? Complete worked per to estimate the value]

_ Cash In-kind ? day? Cash In-kind

H12. H13. H14. HI15. HI1e6. H17. H18. HI19. H20. H21.

Plot ID (Copy from section D) CAPI

Plot acreage (copy from section D and remind
interviewee) CAPI

Land preparation

Planting

Fertilizer applications

Herbicide application

Pesticide application
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Manure application

Weeding

Harvesting

Transporting

Drying and other postharvest activities

SECTION I: FAMILY LABOR

I1. Did you use (free) family labor for your rice

lots in 2020 or 2019? 1=YES, 0=NO,

>>>>if NO, proceed to SECTION J

[Enum: Values are total for this plot] First plot (2020) First plot (2019) Second plot (2020) Second plot (2019)
How How On How How On How How On How How On
many many average, many many average, many many average, many many average,
people days did how people days did how people days did how people days did how
did you those many did you those many did you those many did you those many
hire? people hours hire? people hours did hire? people hours did hire? people hours did
take to they take to they take to they take to they
Complete | worked Complete | work per Complete | work per Complete | work per
? per day? ? day? ? day? ? day?
12. 13. 14. 15. 16. 17. 18. 19. 110. I11. 112. 113.
Plot ID (Copy from section D) CAPI
Plot acreage (copy from section D and remind
interviewee) CAPI
Land preparation
Planting
Fertilizer applications
Herbicide application
Pesticide application
Manure application
Weeding
Harvesting
Transporting
Drying and other postharvest activities
SECTION J: COMMUNAL/EXCHANGE LABOR
J1. Did you use Communal/exchange labor for your rice plots in 2020 or 2019? 1=YES, 0=NO, >>>>If NO, proceed to SECTION K
Enums: Values are total for this plot] ‘ First plot (2020) First plot (2019) Second plot (2020) Second plot (2019)
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How How many On average, How How many On How How many On How How many On
many days did those how many many days did average, many days did average, many days did average,
people people take to hours they people those people | how many people those people | how many people those people | how many
did you Complete worked per did you take to hours they did you take to hours they did you take to hours they
hire? _? day? hire? Complete worked per hire? Complete worked per hire? Complete worked per
_? day? _? day? _? day?
J2. J3. J4. J5. J6. J7. J8. J9. J10. JI1. J12. J13.

Plot ID (Copy from section D) CAPI

Plot acreage (copy from section D
and remind interviewee) CAPI

Land preparation

Planting

Fertilizer applications

Herbicide application

Pesticide application

Manure application

Weeding

Harvesting

Transporting

Drying and other postharvest
activities
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SECTION K: HARVEST AND UTILIZATION

[Enum: Values are total for the plot]

First plot

Second plot

2020

2019

2020

2019

Plot ID (copy here) CAPI

Plot acreage (copy here and remind respondent) CAPI

K1 | Total output of rice grain : (quantity )

K2 | Total output of rice grain: Unit (1=50-kg bag; 2=100-kg bag; 3=Other (specify)

K3 | How was the actual rice yield INSTpared to your expectations at the start of the season? (CODE APPRECIATION)
How was the rice grain harvest utilized? Please estimate %:

K4 % sold

K5 % consumed as food

K6 % used of livestock

K7 % used as seed for next planting

K38 % used as gifts

K9 | When did you harvest your rice? (MONTH CODE - select all that apply)

K10 | When did you sell your rice? (MONTH CODE — select all that apply)

K11 | Price of output during month 1 (cedi per unit)

K12 | To whom/where did you sell? (SALES CODE - select all that apply)

K13 | Price of output during month 2 (cedi per unit)

K14 | To whom/where did you sell? (SALES CODE — select all that apply)

K15 | Price of output during month 3 (cedi per unit)

K16 | To whom did you sell the rice grain? (SALES CODE - select all that apply)

K17 | How were the actual prices of rice per bag INSTpared to your expectations at the start of the season? (CODE APPRECIATION)

K18 | Average distance to the buyer/s above? (Quantity)

K19 | Unit of distance ( 1=km, 2 = mile, 3 = minutes walking , 4 = hours walking)

K20 | Was the rice grain picked-up at homestead or farm by the buyer or you transported to the buyer? 1=picked-up; 2=transported;3=both; 4=other (specify)

K21 | If you did not sell to the above current buyers, who would be the alternative buyer of your rice grain? (SALES CODE — select all that apply)

K22 | Distance to this alternative buyer? (Quantity)

K23 | Distance unit ( 1= km, 2 = mile, 3 = minutes walking , 4 = hours walking)

K24 | How did you bag/package the harvest? (PACKAGE CODE)

K25 | Did you store rice? 1=Yes, 0=No (If No >>>> to K34)

K26 | If YES, what is the storage space? (STORAGE CODE — select all that apply)

K27 | Did you treat stored rice with chemical? 1=YES, 0=NO

K29 | Did you pay for storage? 1=YES, 0=NO

K30 | If YES, how much did you pay for storage? (cedi)

K31 | For how many months did you store rice?

K32 | Is this intercropped? Yes or no

K33 If yes, what crops? (see crop codes)

K34 What is the estimated proportion of land cultivated with intercrop 1?

K35 What is the total output for the intercrop 1 (kg/plot)

K36 % sold

K37 Price sold to (cedi/kg)
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K38 What is the estimated proportion of land cultivated with intercrop 2?

K39 What is the total output for the intercrop 2? (kg/plot)

K40 % sold

K41 Price sold to (cedi/kg)

K42 What is the estimated proportion of land cultivated with intercrop 3?

K43 What is the total output for the intercrop 3? (kg/plot)

K44 % sold

K55 Price sold to (cedi/kg)

SALES CODE: 1=Masara association; 2=Cooperatives or farmers’ organizations; 3=Aggregators/traders; 4=Processors; 5=Projects/programs; 6=MOFA; 7=Other farmers; 8=Consumers; 9=Others

(specify)

MONTH CODE: 1= January; 2= February; 3= March; 4 = April; 5=May; 6=June; 7=July; 8=August; 9=September; 10=October; 1 1=November; 12= December

APPRECIATION CODE: 1. Much better than expected; 2. Somewhat better than expected; 3. About what I expected; 4. Somewhat less than expected; 5. Much less than expected.

SECTION L: PARTICIPATION IN OUTGROWER SCHEMES

L1. Have you ever participated in any Outgrower scheme or contract farming for any crop with aggregator, company, bank or buyer? 1=Yes, 0=No >>> if No, proceed to L3
L2. For which crop? (see CROP CODE)

L3. Have you ever tried to join a scheme / contract farming arrangement, but were refused? 1=Yes, 0=No

L4. Why were you refused? (REFUSAL CODE)
REFUSAL CODE: 1= Past history of default ; 2= the size of rice farm is not large enough; 3= my total production of rice is not large enough; 4= no other farmers to form a joint
liability group; 5= no or not enough collateral; 6= located too far from scheme or contract farmer; 7= other (specify )

L5. For rice, have you ever participated in any Outgrower scheme with aggregator, company, bank or buyer? 1=YES, 0=NO >>>> if No, proceed to section M

Please mention all the schemes related to rice that you have participated in during the past 3 years.
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Scheme
1

Scheme
2

Scheme
3

Scheme
4

Scheme
5

L6 Name of scheme/aggregator/INSTpany/buyer (see scheme code)

L7 Contact details (phone number):

L8 When did you start with this project or scheme?
What encouraged you to participate in the scheme at the start? (see participation reason code) (list first three)

L9 1.

L10 | 2.

L11 | 3.

L12 | Were you required to form a group with other farmers to be able to participate in this scheme?

L13 | How many acres of land was used for this scheme?

L14 | Are you still participating in this scheme? 1=Yes, 0=No

L15 | Ifyes, please record/link to plot ID

L16 | If No, when did you exit? (year)

L17 | Why did you exit? (see code)

L18 | Written or oral contract? 1=written, 2=oral contract

L19 | What inputs were provided? (see input code)

L20 | Are the prices in inputs provided fixed before the start of the season? 1=YES 0=No

L21 | Are the prices of output/grain harvest fixed before the season starts (1), variable according to market prices (2), or variable
depending on quality (3)?

L22 | Are you required to sell all output to scheme? 1=Yes 0=No

L23 | Ifno, Is there a minimum quantity you must sell to scheme? 1=Yes 0=No

L24 If yes, what is the minimum quantity?

L25 | If no, if you would want to, can you sell all your output to the scheme? 1=Yes 0=No

L26 | Is there a quality requirement? 1=Yes 0=No

L27 | Ifyes, what is the quality requirement? (see quality code) (check all)

L28 | Are technical assistance or extension services provided under this scheme? 1=Yes 0=No

L29 | How often were technical assistance or agricultural advice provided last 2 year (2019-2020)?

L30 | Ifyes, what technologies or management practices were promoted? (see technology code)

L31 | What are the terms of default or inability to repay under the project or scheme? (see default) (check all)

L32 | Since you started with the project or scheme, were there periods of loan default or inability to pay back? 1=YES 1=No
If YES, for how many years (since you started with the project or scheme)?

L33 | If YES, what were the reasons for the default or inability to pay?

L34 | 1

L35 | 2

L36 | 3

L37 | Do you plan to continue with this scheme in 2016? 1=YES, 0=No

L38 | How long you would like to remain in the scheme?

L39 | How long you expect you would be allowed or be able to participate in the scheme?

L40 | How long he/she expects the scheme in the village?

L41 | Rate your satisfaction with this scheme? 1=not satisfied, 2=somewhat satisfied; 3=satisfied; 4=very satisfied

What are the areas/aspects of the scheme that can currently be improved?
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L42 | 1

L43 | 2

L44 | 3

INPUT CODE: 1=fertilizer; 2=seed; 3=herbicide; 4=tractor services; S=shelling services; 6=technical assistance/extension services; 7=Other (specify)

TECHNOLOGY CODE: 1=crop rotation; 2=minimum tillage; 3=zero tillage; 4=conservation agriculture; 5=organic farming; 6=fertilizer use; 7= burying of fertilizer; 8=intercropping with
leguminous crops; 9=integrated soil fertility management; 10=new variety; 11=row planting; 12=pest management; 13=weed management; 14=other (specify)

| QUALITY CODE: 1=well-dried rice; 2=uniform color; 3=brown color; 4=white color; 5=other (specify)

contract or agreement the following year; 6=pay in terms of household assets; 7=resort to court; 8=other (specify)

DEFAULT CODE: 1=pay in cash that same year; 2=pay in other crops that same year; 3=pay in rice the following year; 4=pay in rice grain the following year; 5=non-renewal of

delivery of inputs; 6=timely access to tractor services; 7=access to technical assistance or extension services; 8=other (specify)

PARTICIPATION REASON: 1=access to fertilizer through credit; 2=access to preferred seed; 3=have buyers or market for rice grain; 4=stable price of rice grain; 5=timely

L44. Are there any other schemes that you know of but that you were not part of? Yes=1; No =0 if no, proceed to section N

L45. If yes, please name the schemes:

Name of scheme | Things you know of heard of about . . . Are you thinking
of participating
in this scheme in
the future?
1=Yes 0=No

1

2

3
>>>>> proceed to Section N
SECTION M. KNOWLEDGE ABOUT OUTGROWER SCHEMES
[Enum; To be answered only if L5=0]
M1. Do you know or heard of any Outgrower scheme or contract farming for any crop? 1=Yes 0=No (If no >>>> to section N)
M2. Do you know or heard of any Outgrower scheme or contract farming for rice? 1=Yes 0=No (If no >>>> to section N)
Table MA. Please list which Outgrower schemes you know of:

Name of scheme | Crop | Things you know of heard of about . . . Are you thinking

of participating
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in this scheme in
the future?
1=Yes 0=No

BN (=

SECTION N. PROJECTS/PROGRAMS

N1. Have there been any projects or programs implemented in this village in the past 3 years? Yes = 1 No = 0 (If no >>>> to Section O)

Table NA. Please name all projects and programs implemented in village during the past 3 years:

Project/program (name, Name the Description Year the Yearthe | Isit Did it Are inputs or | How relevant were | Rate how you or
title, general description) | implementing or of the project/ project/ related | promote services the inputs/services | your household
funding project/ program program | torice? | hybridrice | provided? provided benefitted from
organization/s program started ended (Yes= | varieties? 1=Yes, (1=not relevant, 2 | this project or
(check all 1; No = through grant | somewhat program.
that applies) 0) or free inputs | relevant; (1=no benefit;
If No, provided; 2= 3=relevant, 4=very | 2=some benefit;
(see go to Yes, through | relevant) 3= benefitted; 4=
PROJECT next credit; 3=No benefitted a lot)
CODE) line

PROJECT CODE: l=agriculture; 2=livelihoods; 3=sanitation; 4=water; S5=health and nutrition, 6=education, 7=road, 8=other infrastructure; 9=training and capacity building;

10=other (specify)
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SECTION O. SOCIAL NETWORKS AND SOURCES OF INFORMATION
O1. Where do you get most of your farming advice from? (ADVICE CODE)

ADVICE CODE: 1= MOFA; 2= lead or model farmer in the village; 3=Other farmers (small-scale, <5 ha) 4= Other farmer (medium scale, 5-50 ha); 5=Other farmers (large scale, >50 ha)
6=FBO/Cooperative; 7=input dealers; 8=Masara scheme 9=aggregators, 10=ADVANCE; 11 =other NGO/Project,; 12=radio; 13=TV, 14=print media; 15=other (specify)

02. How many hybrid rice farmers do you know?

Table OA. Kindly describe distance to nearest MOFA extension agent, Outgrower technical officer and nucleus farmer/aggregator, and technical advice provided.

2020

2019

2015 (5
years ago)

MOFA extension agent

03 | Distance to nearest MOFA extension agent?

04 | Distance unit? (1=km; 2=mile)

05 Did you receive advice on rice? 1=Yes; 0=No >>> if no, proceed to O10

06 | How often did you receive advice in the year [...]?

07 | On which technology or subject did you receive advice? (TECHNOLOGY CODE)

08 | Rate the usefulness of the information provided. (1=not useful; 2= somewhat useful; 3=useful; 4=very useful)

09 | Did you act onit? 1=YES 0=NO

QOutgrower technical officer

010 | Distance to nearest Outgrower officer?

O11 | Distance unit? (1=km; 2=mile)

012 | Did you receive advice on rice? 1=Yes; 0=No >>>if no, proceed to O17

013 | How often did you receive advice in the year [...]?

014 | On which technology or subject did you receive advice? (TECHNOLOGY CODE)

015 | Rate the usefulness of the information provided . (1=not useful; 2= somewhat useful; 3=useful; 4=very useful)

016 | Did youact onit? 1=YES 0=NO

Nucleus farmer/aggregator

017 | Distance to nearest nucleus farmer/aggregator?

018 | Distance unit? (1=km; 2=mile)

019 | Did you receive advice on rice? 1=Yes; 0=No >>>if no, proceed to 024

020 | How often did you receive advice in the year [...]?

021 | On which technology or subject did you receive advice? (TECHNOLOGY CODE)

022 | Rate the usefulness of the information provided . (1=not useful; 2= somewhat useful; 3=useful; 4=very useful)

023 | Did you act on it? 1=YES 0=NO

TECHNOLOGY CODE: 1=crop rotation; 2=minimum tillage; 3=zero tillage; 4=conservation agriculture; 5=organic farming; 6=fertilizer use; 7= burying of fertilizer; 8=intercropping with
leguminous crops; 9=integrated soil fertility management; 10=new variety; 11=row planting; 12=pest management; 13=weed management; 14=weather; 15=land rights/tenure; 16=INSTmunal labor;

17=ploughing/tractor services; 18=water/irrigation; 19=storage; 20=harvesting method; 21=market information or prices; 22= other (specify)
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024. How many rice Outgrower do you know in your village or other villages? What varieties, technologies or management practices have you followed/adopted from them?

Number of What rice Since when? What rice technologies or Since when? (year)
Outgrower that | varieties did you (year) management practices did
you know of follow/adopt from you follow or adopt from

any of them? any of them? (check all)

(check all)

Outgrower of scheme 1 (Please state name)

Outgrower of scheme 2 (Please state name)

Outgrower of scheme 3

Other (specify)

25=0ther (specify)

VARIETY CODE: 1=AGRA rice; 2= JASMINE 85 (SAR-RICE 2; Gbewaa; Lapez); 3= DIGANG (also called Abirikukuo or Aberikukugo); 4=NERICA 1; 5=NERICA 2; 6= NABOGO RICE; 7= KATANGA
RICE; 8= OTOOMU (TOX 3377); 9= GRUG7; 10= EMO TEAA (IDSA85); 11=Marshall (Amankwatia); 12=Wakatsuki (Bouake 189); 13= Bodia (ITA-320); 14= Sakai (ITA-324); 15=FARO 15; 16=GR 17 (IET
2885); 17=GR 18 (Afife); 18=GRUG7; 19=GR 19 (C168); 20=GR 20 (IR 1750-F5-B5) SR; 21= GR 21 (TOX 515-19-SLR); 22= TOX 3108 (Sikamo; GR 22); 23=indigenous/local/traditional; 24=do not know;

TECHNOLOGY CODE: 1=crop rotation; 2=minimum tillage; 3=zero tillage; 4=conservation agriculture; S=organic farming; 6=fertilizer use; 7= burying of fertilizer; 8=intercropping with

leguminous crops; 9=integrated soil fertility management; 10=new variety; 11=row planting; 12=pest management; 13=weed management; 14=weather; 15=land rights/tenure; 16=INSTmunal labor;

17=ploughing/tractor services; 18=water/irrigation; 19=storage; 20=harvesting method; 21=market information or prices; 22= other (specify)

Table OB. Name a maximum of three persons to whom you talk frequently about agricultural decisions

Contact
1

Contact
2

Contact
3

025 | Name

026 | What is the relation of this person to you? (1) Family / extended family, (2) other farmers / friends, (3) aggregator (specify), (4) others (specify)

027 | Does this person belong to the same cooperative or association as you? 1=Yes, 0=No

028 | Does this person belong to the same church or faith as you? 1=Yes, 0=No

029 | Does this person participate in contract farming or Outgrower scheme? 1=Yes, 0=No (If no, go to O30)

030 | If yes, when did that person join the contract or scheme? 1=Before, 2=simultaneously or 3=after you?

031 | Does this person grow hybrid rice?

032 | If yes, when did that person started growing hybrid rice? 1=Before, 2=simultaneously or 3=after you?

033 | Is s/he adopting improved technologies or management practices? 1=Yes, 0=No

034 | Did s/he change technologies/practices in the last 5 years? 1=YES 0=NO

035 | Do you seek advice from this person? 1=Yes, 0=No

036 | How often do you communicate with this person? (times per month)

037 | What things have you learned from him/her? Referring to technologies or practices? (TECHNOLOGY CODE)

038 | What is the main thing that you would like to emulate from this farmer? TECHNOLOGY CODE

039 | What topics you discuss? TECHNOLOGY CODE

TECHNOLOGY CODE: 1=crop rotation; 2=minimum tillage; 3=zero tillage; 4=conservation agriculture; S5=organic farming; 6=fertilizer use; 7= burying of fertilizer; 8=intercropping with

leguminous crops; 9=integrated soil fertility management; 10=new variety; 11=row planting; 12=pest management; 13=weed management; 14=weather; 15=land rights/tenure; 16=INSTmunal labor;

17=ploughing/tractor services; 18=water/irrigation; 19=storage; 20=harvesting method; 21=market information or prices; 22= other (specify)

Table OC. Please mention all associations or organizations in which you or anyone in the household are or were a member of in the past 3 years:
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Name

Type (association code - Check
all that apply)

First year of
membership

Last year of
membership
(if still
member,
please write
9999)

Reason for
joining
(see reason
code)

Membership fee

GHC

Frequency (1=monthly,
2=yearly; 3=one-time
membership fee)

Services
derived
(see service
code)

Satisfaction:

1=not satisfied,
2=somewhat satisfied;
3=gatisfied,;

4=very satisfied

ASSOCIATION code: 1=cooperative; 2= farmer-based organization; 3=women’s group; 4=youth group; S=church-based or faith-based organization; 6=water-user association;
7=village savings and loans association; =8=other (specify)

Reason code: 1=information; 2=marketing; 3=credit; 4=outgrower scheme; 5=easier access to inputs; 6=access to farm labor; 7=social learning/social capital; 8=training; 9=others
(specify)

Services code: 1=information/training; 2=marketing; 3=credit; 4=fertilizer; 5=seed; 6=other inputs; 7=labor; 8=others (specify)
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SECTION P. OTHER CROPS

P1.In 2020 or 2019, were there any other plots/sections that you cultivated, owned or controlled, but that were not mentioned above as rice fields? Yes=1. No=0
(If No, to P.2)

Table PA. Please list all the plots/ sections that you cultivated in 2020 and/or 2019, but that were not mentioned above as rice fields.
2020 2019

Total Area Unit (see code) Mode of acquisition When did you acquire Crops (CROP Crops (CROP
(LAND CODE) this land (year) CODE - check CODE - check
all) all)

Plot Al
Plot A2
Plot A3
Plot A4
Plot A5
Plot A6
Plot A7
Plot A8
Plot A9
Plot A10

Area Unit: 1=Acres; 2=Hectares; 3=Poles; 4=Rope; 5=Arm stretch; 6=Square meters; 7=Square yards; 8=Square feet; 9=Others (specify)

LAND CODE: 1=Inherited land;2 = Outright purchase; 3=Given free from chief (allocated skin land or INSTmunity land) 4=Given free by relatives (allocated family land); 5= Given free by government (allocated
government land); 6=rented (with rental fee); 7=borrowed (for free use); 8=Sharecropping agreement with landowner; 9=just walked in (e.g., cleared virgin land); 10=Other (specify)

P2. What is the % of rice in all the land/plot cultivated in 20207 2019?

P3. In 2020 or 2019, were there any other plots/sections that you owned or controlled, but did not cultivate (including land rented out, sharecropped out, borrowed out, left under
fallow, and excluding the rice plots and other crops listed above) ? Yes=1; No=0
(If No, to P.5)

P4. What is the total land area of these other plots/sections that you owned or controlled, but did not cultivate?

Area Unit: 1=Acres; 2=Hectares; 3=Poles; 4=Rope; 5=Arm stretch; 6=Square meters; 7=Square yards; 8=Square feet; 9=Others (specify)

P.5 Was there any other land that you were cultivating or controlling in the past 5 years, but that you were not cultivating in 2020 or 2019? Yes=1. No=0
(If No, to Section Q)
Other land cultivated in 2010: (quantity) (UNIT CODE)

Other land controlled but not cultivated in 2010: (quantity) (UNIT CODE)

SECTION Q: HOUSEHOLD INCOME DURING LAST 12 MONTHS

Table QA. Please provide an estimation of other income sources for your household during the past 12 months
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income sources

QL.

Q2.

Did you

receive any

income from

[Source]

What was the total annual income from [income source] for your household

over the last 12 months?

1=Yes

0=No >>
next source

Ghana Cedi

income from sales of other crops (not rice)

Livestock/fisheries income

income from forest products (timber, wild fruits ...)

Labour income (agriculture)

Labour income (non-agriculture)

Salary employment (government or private sector)

Artisan and other businesses and trade

Remittances (foreign and domestic)

Cash transfers

Rent (Land, House, etc.)

— =l | |u [ [w o |—

— O

Other (please specify)

Q3. For the income from crops, list the 3 most important crops, in order:

1.
2.
3.
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CROP CODE

FIELD CROPS

1=Bambara beans 11=Kenaf
2=Cassava 12=Rice
3=Citronella 13=Millet
4=Cocoyam/Taro 14=Pepper (hot)
5=Cotton 15=Pigeon peas
6=Cowpeas 16=Pumpkin
7=Flowers 17=Rice
8=Ginger 18=Sisal
9=Groundnuts 19=Sorghum
10=Jute 20=Soyabean

21=Sugarcane
22 =Sweet potato
23=Tobacco
24=Watermelon
25=Yam
26=potato
TREES
27=Avocado
28=Banana
29=Cashew
30=Cocoa

31=Coconut 41=Plantain
32=Coffee 42=Rubber
33=Cola 43=Shea-nut
34=Lime 44=Sweet berry
35=Mango 45=Dawadawa
36=Nutmeg 46=Neem
37=0il-palm 47=Fig
38=Oranges 48=Kapok
39=Paw-paw 49=Acacia
40=Pineapples VEGETABLES

50=Asian vegetables

51=Cabbage
52=Carrots
53=Cucumber
54=Garden eggs
55=Groundnuts, fresh
S56=Lettuce

57=Rice, fresh
58=Melon (agusi)
59=Okra

60=Onions

61=Pepper (black)
62=Pepper (sweet)
63=Pumpkin leaves
64=Shallots
65=Talinum leaves
66=Tomato

67=Yellow melon
68=Henna

69=Hibiscus

70=Other crops (specify

Q4. For income from other things (not cropping income), list the two most important sources

1.
2

ININSTE CODE: 1= Selling animals (livestock or fishing), 2= salary, 3=hired labour, 4=trading, 5=food seller, 6=craft (carpenter, tailor, etc.), 7=remittances, 8=rents, 9=others

(specify )

SECTION R. HOUSEHOLD FOOD SECURITY

Q No. | Question and filters Code
AVAILABILITY [Months of Adequate Household Food Provisioning]
R.1 Now I would like to ask you about your household’s food supply during different months of the year. When responding to these questions, please think back over the last
12 months, from now to the same time last year.
Were there months, in the past 12 months, in which you did not have enough food to meet your family’s needs?
PLACE 1 IN THE BOX IF THE RESPONDENT ANSWERS YES. PLACE 0 IN THE BOX IF THE RESPONSE IS NO.
[....]
IF NO, END
HERE
R.2 If yes, which were the months in the past 12 months during which you did not have enough food to meet your family’s A. January [.....]
needs? B. February [....]
C. March [.....]
DO NOT READ THE LIST OF MONTHS ALOUD. PLACE 1 IN THE BOX IF THE RESPONDENT IDENTIFIES D. April [....]
THAT MONTH AS ONE IN WHICH THE HOUSHOLD DID NOT HAVE ENOUGH FOOD TO MEET THEIR E. May [.]
NEEDS. IF THE RESPONDENT DOES NOT IDENTIFY THAT MONTH, PLACE 0 IN THE BOX. F. June [...]
USE A SEASONAL CALENDAR IF NEEDED TO HELP RESPONDENT REMEMBER THE DIFFERENT MONTHS. G. July [..]
PROBE TO MAKE SURE THE RESPONDENT HAS THOUGHT ABOUT THE ENTIRE PAST 12 MONTHS. H. August [..]
I. September [.....]
J. October [.....]
K. November [.....]
L. December [.....]
ACCESSIBILITY [Household Food Insecurity Access Scale]
Q No. | Questions | Response options | Code
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R3 In the past four weeks, did you worry that your household would 0=No (Skip to Q4)

not have enough food? 1=Yes

R.3a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.4 In the past four weeks, were you or any household member not able | 0=No (Skip to Q5)

to eat the kinds of foods you preferred because of a lack of 1=Yes
resources?

R.4a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.5 In the past four weeks, did you or any household member have to 0=No (Skip to Q6)

cat a limited variety of foods due to a lack of resources? 1=Yes

R.5a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.6 In the past four weeks, did you or any household member have to 0=No (Skip to Q7)

eat some foods that you really did not want to eat because of a lack | 1=Yes
of resources to obtain other types of food?

R.6a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.7 In the past four weeks, did you or any household member have to 0=No (Skip to Q8)

eat a smaller meal than you felt you needed because there was not 1=Yes
enough food?

R.7a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.8 In the past four weeks, did you or any other household member 0=No (Skip to Q9)

have to eat fewer meals in a day because there was not enough 1=Yes
food?

R.8a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.9 In the past four weeks, was there ever no food to eat of any kind in | 0=No (Skip to Q10)

your household because of lack of resources to get food? 1=Yes

R.9a How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.10 In the past four weeks, did you or any household member go to 0=No (Skip to Q11)

sleep at night hungry because there was not enough food? 1=Yes

R.10a | How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

R.11 In the past four weeks, did you or any household member go a 0=No (finished)

whole day and night without eating anything because there was not
enough food?

1=Yes
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R.11a

How often did this happen? 1=Rarely (once or twice in the past 4 weeks)
2= Sometimes (3-10 times in the past 4 weeks
3= Often (more than 10 times in past 4 weeks)

ACCESSIBILITY [Reduced Coping Strategies Index]

R.12

In the past 7 days, if there have been times when you did not have enough food or money to buy food, how often has your household had to:

a. Rely on less preferred and less expensive foods?

b. Borrow food, or rely on help from a friend/relative?

c. Limit portion size at mealtimes?

d. Restrict consumption by adults in order for small children to eat?

e. Reduce number of meals eaten in a day?

— i —
e e e e

UTILIZATION [Household Dietary Diversity Score]

Q No. | Questions and filters | Code
R.13 I would like to ask you about the types of foods that you or anyone else in your household ate yesterday during the day and at night, whether at home or outside the home.
READ THE LIST OF FOODS. PLACE 1 IN THE BOX IF ANYONE IN THE HOUSEHOLD ATE THE FOOD IN QUESTION, PLACE 0 IN THE BOX IF NO ONE IN
THE HOUSEHOLD ATE THE FOOD.
A. CEREALS [corn/maize, rice, wheat, sorghum, millet or any other grains or foods made from these, e.g. bread, noodles, porridge or other grain products, or insert [-..]
local foods e.g. porridge]
B. ROOTS AND TUBERS + PLANTAINS [cassava, yam, cocoyam, potatoes, plantain, or other foods made from roots or tubers] [.....]
C. VITAMIN A RICH VEGETABLES AND TUBERS [pumpkin, carrot, or orange flesh sweet potato, and other locally available vitamin A rich vegetables (e.g. red [.....]
sweet pepper)
D. DARK GREEN LEAFY VEGETABLES [dark green leafy vegetables such as nkontomire and locally available vitamin A rich leaves such as cassava leaves, [-..]
spinach, etc.]
E. OTHER VEGETABLES [other vegetables (e.g. tomato, onion, eggplant, cabbage, cucumbers, garlic, green pepper, mushroom, onion) and other locally available [....]
vegetables]
F. VITAMIN A RICH FRUITS [mango, pawpaw and 100% fruit juice made from these and other locally available vitamin A rich fruits] [.....]
G.  OTHER FRUITS [other fruits: apple, pear, banana, cashew nut fruit, coconut flesh, guava, pineapple, tangerine, watermelon, including wild fruits and 100% fruit [....]
juice made from these]
H. FLESH MEAT [beef, pork, lamb, goat, rabbit, wild game, chicken, duck, other birds] [.....]
L ORGAN MEAT [organ meat such as liver, kidney, heart, or other organ meat] [.....]
J. EGGS [eggs from chicken, ducks, guinea fowl or any other] [.....]
K.  FISH AND SEAFOOD [fresh or dried or smoked fish or shellfish] [.....]
L. LEGUMES, NUTS AND SEEDS [dried beans, dried peas, lentils, nuts, egushie/melon seed, seeds or foods made from these (e.g. peanut butter)] [.....]
M. MILK AND MILK PRODUCTS [milk, yogurt, cheese or other milk products] [.....]
N.  FATS AND OILS [oil, fats or butter added to food or used for cooking] [.....]
0. SWEETS [sugar, honey, sweetened juice drinks, sugary foods such as chocolates, candies, cakes and cookies] [.....]
P. SPICES, CONDIMENTS, BEVERAGES [spices (e.g. pepper and salt) condiments (e.g. hot sauce), coffee, tea, alcoholic beverages] [.....]
Women Dietary Diversity Score
R.14 I would like to ask you about the types of foods that women between 15 — 49 years in your household ate yesterday during the day and at night, whether at home or

outside the home.
READ THE LIST OF FOODS. PLACE A [ IN THE BOX IF WOMEN IN THIS GROUP IN THE HOUSEHOLD ATE THE FOOD IN QUESTION, PLACE A 0 IN
THE BOX IF OTHERWISE.

A. STARCHY STAPLES[Cereals and roots & tubers + plantain] Refer to B.13 A & B for examples

B. DARK GREEN LEAFY VEGETABLES [rkontomire and cassava leaves, spinach, etc.]

C.  VITAMIN A RICH FRUITS AND VEGETABLES [Vitamin A rich vegetables and tubers and Vitamin A rich fruits + red palm oil] Refer to B.13 C & F for
examples
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D. OTHER FRUITS AND VEGETABLES [other fruits, including wild fruits and 100% fruit juice made from these and other vegetables (e.g. tomato, onion, eggplant, [.....]
etc.)
E.  ORGAN MEAT [organ meat such as liver, kidney, heart, or other organ meat] [....]
F.  MEAT AND FISH [beef, pork, lamb, goat, wild game, chicken, etc. and fish (fresh or smoked)] [....]
G.  EGGS [eggs from chicken, ducks, guinea fowl or any other] [.....]
H. LEGUMES, NUTS AND SEEDS [dried beans, dried peas, lentils, nuts, egushie/melon seed, seeds or foods made from these (e.g. peanut butter)] [.....]
L. MILK AND MILK PRODUCTS [milk, yogurt, cheese or other milk products] [.....]
Children under 5 years [Ask only about children below the ages of 5 years]
R.15 Child 1 Child 2 Child 3
Sex of child [1=Male 2=Female] [ | | | [ |
Age of child (in months) |.....| months |.....| months |.....| months
Did the child receive breast milk yesterday? [0=No 1=Yes] [ | l...... | [ |
How many times did the child receive breast milk yesterday? [ | l...... | [ |
How many times did the child receive food yesterday? [ | [ | [ |
R.16 What food items did any of your children, below 5 years, eat yesterday during the day and at night, whether at home or outside the home? PLACE 1 IN THE BOX IF
CHILDREN IN THIS GROUP ATE FOOD AND 0 IF OTHERWISE.
A.  Cereals [bread, rice, maize, wheat, sorghum, millet, noodles, porridge, etc. + biscuits] |
B. Roots and tubers + plantain e
C.  Milk and milk products, yogurt
D. Legumes and nuts [beans, peas,nuts] e e
E. Meat, liver, kidney, chickenand fish e e
F. Eges 'S T TS Y. e
G.  Vitamin A rich fruits and vegetables [mango, pawpaw, carrots, red sweetpepper]
H.  Other fruits and vegetables [Fruits: apple, pear, banana, coconut flesh, guava, pineapple, tangerine, watermelon + vegetables: cabbage, cucumbers, eggplant, garlic, |  |......
green pepper, mushroom, onion, tomato]
L. Tea . ... - 0 4 4
J. Infant foryla s
K. Vitamins and mineral supplements e
SECTION S. ASSETS

[Enum: Read out list of assets and record a yes or no. Once all assets are recorded, ask the questions about each asset that follows.]

Table SA. Kindly describe your dwelling and source of drinking water, toilet, lighting and cooking fuel.

Question Answer Code
S1. How many bed/ living rooms does the house have? Numbers
(Note: include detached rooms in same household but not
kitchen and bathrooms!)
S2. What type of house does the HH occupy? 1 = Permanent house / 2 = Semi-permanent house / 3 = Temporary house / 4 = Other (specify)
S3. When did the HH move into this dwelling? Year
S4. What is the ownership status of dwelling? 1 =Owned / 2 = Provided free by employer / 3 = Provided free by owner / 4 = Rented from
private owner / 5 = Rented from govt. or public ownership / 6 = Subsidized by employer /
7 = Family house / 8= Other (specify)
S5. Did you build the dwelling? 1=Yes/2=No
Se. What type of roofing material is used in main house? 1 =Wood / 2 = Corrugated metal sheets / 3 = Thatch or palm leaf / 4 = Concrete or cement / 5 =
Slate or asbestos / 6 = Tiles / 7 = Other (specify)
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S7. What type of flooring does the dwelling have? 1 = Concrete or cement / 2 = tiles/ 3 = Earth or mud brick / 4 = Wood /
5 = Stones / 6 = Other (specify)

S8. What is the main construction material for the main walls of the 1 = Concrete or cement / 2= earth, mud or mud brick / 3 = wood / 4 = stones / 5 = Other

dwelling? (specify)

S9. What is the main source of drinking water? 1 = Pipe inside house / 2 = Pipe outside house / 3 = Tanker service / 4 = River or stream /
5 =Bore hole / 6 = Well / 7 = Dugout or pond or dam / 8 = Other (specity)

S10. | What is the distance to the drinking water source? In m maybe easier in minutes walking

S11. | What kind of toilet does the HH use? 1 = Flush toilet / 2 = Pit latrine / 3 = Ventilated Improved Pit Latrine (VIP) / 4 = Bucket latrine /
5 = Other (specify)

S12. | Where is the toilet located? 1 = Inside house (exclusive) /2 = Inside house (shared) / 3 = Outside house (exclusive) /
4 = Outside house (shared) / 5 = Other (specify)

S13. | Main source of lighting? 1 =Kerosene / 2 = Electricity / 3 = Gas lamp / 4 = Solar energy / 5 = Lamp with battery / 6 = No
light / 7 = Other (specify)

S14. | Main type of cooking fuel? 1 = Charcoal / 2 = Firewood / 3 = Gas / 4 = Electricity / 5 = Paraffin or Kerosene / 6 =Solar /

7 = Coconut husk / 8 = Millet straw / 9 = Other (specify)

Table SB. Which of the following assets does the household own?

RI15. R16. R17. RI15. R16. R17.
Asset Number Number Number Number Number Number
owned in | owned in owned in owned owned in owned in
2020 2019 2015 (5 in 2020 2019 2010 (5 years
years ago) ago)
1 | Motor vehicle 16 | Refrigerator
2 | Motorbike 17 | Gas stove
3 | Bicycle 18 | Microwave
4 | Farm equipm. (non-mechan.) 19 | Sewing machine
5 | Farm equipm. (mechanized) 20 | Generator
6 Sprayer 21 | Water pump
7 TV Set 22 | Water Tank
8 | Radio 23 | Jewelry
9 | CD Player 24 | Oxen and cattle
10 | Satellite dish 25 | Other large livestock (donkey)
11 | Washing machine 26 | Small livestock (goats, pigs, sheep)
12 | Telephone 27 | Chicken, ducks, turkey
13 | Air con 28 | Other
14 | Fan 29 | Other
15 | Freezer 30 | Other

167




SECTION T. HOUSEHOLD EXPENDITURE
Table TA. Food consumption

Food Item (eaten at home or outside)

How many days did
your household
consume [FOOD
ITEM] in the last 7
days? [write 0 if they
did not consume]

Have members of your
household purchased or
spent money on any [FOOD
ITEM] in the last 4 weeks?
1=YES 0=No

How much did your
household pay in total for
[FOOD ITEM] in the last 4
weeks? (Ghana Cedi)

A | RICE

B OTHER CEREALS - rice, wheat, millet, sorghum, barley, oats/breakfast cereals, and other (include
grains and flours)

C BREAD & PASTA — bread, cake, biscuits, buns, pasta/macroni, other

D CASSAVA

E OTHER ROOTS & TUBERS - potatoes, sweet potatoes, arrow roots, yams, crisps, cooking banana,
other

F LEGUMES/PULSES/BEANS (fresh & tinned) —grams, black grams (njahi), peas, groundnut,
cowpeas, other

G VEGETABLES (fresh & tinned) — leafy vegetable, onions/lecks, cabbages, carrots, tomatoes,
spinach, kale-sukuma wiki, capsicums (pilipili hoho), cucmuber, french beans, lettuce, courgette,
celery, mushrooms, cauliflower, aubergines (bringanya), pumpkins, okra, squashes, coriander leaves
(dania), others

H MEAT (fresh & tinned) — beef, minced meat, pork, mutton/goat meat, chicken, camel meat, offals
(liver, kidney, matumbo), sausage, bacon, ham/salami, corned beef, other

I FISH (fresh & tinned) — small or large fish, dried/smoked fish, prawns/sea foods, other

J DAIRY PRODUCTS — milk, UHT milk, milk (condensed/powder), yogurt, fresh cream, cheese,
fresh cream, cheese, eggs, other

K OILS & FATS — butter, ghee from milk, margarine, cooking fat, cooking oil, lard, peanut butter,
other

L FRUITS (fresh & tinned) — ripe banana, oranges, pawpaws, avocado, mangoes, pineapples, passion
fruits, pears, plums, apples, lemons, grapefruit, strawberries, other berries, melons, grapes, coconut,
fruit juices, other

M | JAMS, HONEY, SWEETS AND CANDIES - jams, marmalade, honey, chocolate, sweets, candy,
sugar cane, soda, chocolate or cocoa preparations, other

N BEVERAGES - coffee, tea

) Other (specify)

Table TB. More frequent expenditure

Yes=1;No=0

In the last 30 days did your Amount spent on [item] in the
household spend money on [item]? last 30 days? (cedi)

Average monthly expenditure for the

last 12 months (cedi)

Fuel (firewood, charcoal, kerosene, gas)

Transport expenses

Communication (cell phone, airtime, calling)

Cultural/religious activities (e.g. church)
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Utilities and maintenance costs (electric bill, water)
Other, specify

Table TC. Less frequent expenditure

Expenditure item In the last 12 months, did your household spend money on [item]? What was your household's total
1 =Yes 0 =No if No => next [item] expenditure on [item] over the last 12
months? (cedi)

Clothes and shoes (including school uniforms)

School fees and other educational expenses

Social events (wedding, funeral, etc)

Housing improvement (latrine, new roof, etc)

Human Health expenses (medication, consultation, hospitalization)

Other 1, specify

Other 2, specify

SECTION U. SHOCKS IN THE PAST 3 YEARS

Did you experience any adverse shocks that | In which year did you experience this shock (2018 to present)? (list all relevant years)
affected crop production/livestock in the (Year)
Shock past 3 years? Such as ----------
1=Yes 2=No 2 go to next shock
SHOCK T1. T2. T3. T4.

Drought/irregular rain 1
Floods/landslide (due to heavy 2
Human epidemic/disease 3
Livestock disease 4
Devastating crop pest/disease 5
Death 6
Theft 7
Unusually high food prices 8
Conflict/civil unrest/violence 9
Earthquake 10
Fire 11
Other (specify) 12

SECTION V. LOANS & CREDIT

V1.Did you ever apply for a loan or credit (in cash or in-kind) to support your farming activities in the last two years (2019-2020) including from outgrower schemes, friends,
family, moneylenders, aggregator, buyers, association, bank, and other financial institutions? I=Yes 0=No (If yes >>>to Table UA, question U3)

V2. Why did you not try to obtain a loan in the last two years? (LOAN CODE) (Go to section W)
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LOAN CODE: 1= No need for loan; 2 = Inadequate collateral; 3= Had outstanding loan; 4=Past history of default ; 5=Interest rates too high; 6=Lenders not located nearby;

7=Procedures too cumbersome; 8= other (specify)

Table VA. Please list all persons, groups or institutions to whom you applied for a loan in 2020 or 2019

1=Friends or family

1=Purchase fertilizer

2=Cooperative/farmer organization

2=Purchase seed

3=Aggregator, trader, buyer (not under scheme)

3=Purchase herbicides/pesticides/other chemicals

4=Private moneylender

4=Purchase of farm equipment

5=Employer

5=Pay for tractor or shelling services

6=Commercial bank

6=Payment for labor (including food and labor related expenses)

7=Microfinance institution

7=Payment for land rental services

8=Non-governmental or faith-based organization / church

8=Home food consumption purchases

9=Government or district body-run program

9=Payment of school fees

10=Other projects

10=Medical expenditures

11=Masara Outgrower scheme

11=Other (specify)

12=Other Outgrower scheme

13=Other (specify)

SECTION W. SAVINGS HISTORY, TIME PREFERENCE, RISK AVERSION & ASPIRATION WINDOW

[Enum: To be asked separately to managers or decision makers of 2 focus rice plots, if two different persons] -> CAPI

W1. Respondent ID

(HH member ID code)
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From whom did When did you apply for this loan? Did you get the loan? IfUe=1, Did you obtain the amount What was the Was collateral required
you attempt to Year 1=Yes ‘What was the value of this you wanted to? main use of the | to obtain this
get loan or 2=No = go to next loan/credit excluding Yes= 1 (= the preferred loan? loan/credit?
credit (in cash M h potential lender (next | interest (GHC equivalent amount) (see loan use 0=No; 1=Yes;
or in kind)? ont line) if it was in-kind)? (GHC) No=0 (= less than the codes) 2=Group security
(see lender preferred amount)
code)
U3 U4. U5 U6 U7 U8 U9 Ul10

1

2

3

4

5

6

7

8

LENDER CODE: LOAN USE CODE:

Reasons for saving

1= Day-to-day household expenses

2= Conducting business

3= Purchasing, constructing or improving housing

4= Education




W2. Do you save your money? I=Yes 0=No = Ifno, SkiptoV6

How do you What is the approximate value of
save your savings which you currently have in this
money? Do | What is the main type of savings
SAVING Method you ...... ? purpose of this .
saving? (Enumerator: if respondent does not
1=Yes know, they should estimate approximate
2=No 2go to See reason codes value)
next method
W3. W4, W5,
Deposit money into a bank 1

Save with a savings society or group in the Community

Save with another financial institution

Save with Susu collectors

Purchase small animals

Purchase large animals

Keep money in the household

(N[ W]

Other (specify)

W6. Imagine that someone gives you 500 New GHC, but you can only spend it one of four ways. Which of the following options would you choose?
1=You can spend it on immediate consumption

2=You can buy farm input B that assures you will get 550 New GHC after 1 year

3=You buy farm input C that assures you will get a total of 650 New GHC after 2 years

4=You buy a farm input D that assures you will get a total of 800 New GHC after 3 years

W7. Now suppose the extra 500 New GHC is from the sale of your own farm output, say due to a bumper harvest, but still you are only allowed to spend it in one of four ways:
Which of the following options would you choose?

1=You can spend it on immediate consumption

2=You can buy farm input B that assures you will get 550 New GHC after 1 year

3=You buy farm input C that assures you will get a total of 650 New GHC after 2 years

4=You buy a farm input D that assures you will get a total of 800 New GHC after 3 years

W38. Suppose you are given two options of receiving income: either you choose receive it tomorrow or in a month. If you wait a month, you will receive more. Would you prefer

to receive:
A 100 GHC tomorrow or 105 GHC in a month?
1. 100 tomorrow [go to B]
2. 105 in a month [go to V9]
(B) And if it was 100 GHC tomorrow or 110 GHC in a month?
1. 100 tomorrow [go to C]
2. 110 in one month[go to V9]

©) And if it was 100 GHC tomorrow or 120 GHC in a month?
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1. 100 tomorrow [go to D]
2. 120 in a month [go to V9]
(D) How much should we give you so that you can wait a month? (GHCO)

W9. Imagine that you could choose one of the following bags of rice seeds. Each bag contains rice seeds that will produce different harvest of rice the following year depending on
the weather. Which seed would you choose? (use visual aids)
1. Seeds which can produce stable 10 bags per acre regardless of the weather
2. Seeds which can produce 7 bags per acre (during bad weather) or 20 bags per acre (during good weather)
3. Seeds which can produce 4 bags per acre (during bad weather) or 30 bags per acre (during good weather)
4. Seeds which can produce 0 bags per acre (during bad weather) or 40 bags per acre (during good weather)

Table WA. How connected are you outside of your village? [Enum: To be asked separately to managers or decisionmakers of 2 focus rice plots, if two different persons]

Decision Decision
maker 1 maker 2
Plot decision maker  (see HH member ID)
W10 | How often do you listen to the radio? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
WI11 | how often do you watch television? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
W12 | How often do you go to nearest town? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
W13 | How often do you travel outside the District? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
W14 | How often do you travel outside the Region? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
W15 | Have you ever lived more than 6 months outside this 1=Yes 0= No
District?
W16 | Have you ever lived more than 6 months outside this 1= Yes 0=No
Region?
W17 | How often you talk on the telephone? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
W18 | How often you go to nearest market? 1=Every day 2=At least once a week 3=At least once a month 4=At least once a year 5=Never
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APPENDIX II: Focus Group Discussion Guide

SECTION A: Factors Affecting Adoption of Improved Varietal Rice Seed Technologies
1. Can you tell me about some of the:

(a) Socio-economic factors that influence your decision to adopt improved varietal rice seed

technologies?

(b) Institutional and farm-specific factors that influence your decision to adopt improved varietal

rice seed technologies?

(c) Varietal trait attributes that affect your decision to adopt improved varietal rice seed

technologies?

2. Can you share with me some of the key/major constraints that hinder your adoption of improved

varietal seed technologies and how does each place a hindrance to adoption.?

3. Kindly tell me some of the coping strategies you have been using to manage these constraints/challenges.

SECTION B: Access to Seeds and other inputs, and institutional support

1. How do you manage to acquire the seeds you have been cultivating be it improved or local varietal

seeds?
2. How easy or difficult it is for you to acquire seeds and other necessary inputs for your farming?

3. How do you mostly obtain assistance from your farmer groups (i.e., FBO) or any Outgrower scheme

to acquire your seeds and other inputs for your production (if any)?

4. How have you been obtaining support from the extension service agents in your district/community.

How often do you have the opportunity to engage with an extension agent?

5. Do you receive any form of education or training about the about agronomic practices for your rice

farming activities?

6. What arrangement or mechanisms/avenues do farmers of your kind obtain easy and cheap credit

support for your farming investment?

7. Do you have any means of obtaining information about how you can acquire improved seeds in your

community/district?

8. Can you share with me some of the training(s) you have ever received about the best postharvest

practices for the handling and storage of your rice farm produce (if any)?
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9. Can you tell me some of the processing facilities or infrastructure in place for you to get your harvest

well processed (if any)?

10. Let’s talk about marketing. Can you share with me how you get your rice harvest marketed? Tell me

how you get them transported to nearby potential markets.

11. Are there any information or concerns you would want to share with us about access to seeds, other

inputs and institutional support you require for your rice farming activities?

SECTION C: Perceived Benefits from adopting improved varietal rice seeds (Adopters only)

1. Are there any perceived benefits you can share with me about the improved variety you are

cultivating?

2. Specifically, can you share with me if you have been observing some positive difference in your

harvest since you started cultivating the improved variety you are currently using?

3. What advice do you have for farmers who do not adopt improved rice varieties?
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APPENDIX III: In-depth Interview Guide

University of Ghana, Legon
College of Basic and Applied Sciences

Department of Agricultural Economics and Agribusiness

Dear Sir/Madam,

This study aims to understand how varietal seed technologies can enhance productivity and household
welfare in Ghana. This study will particularly look at the role of varietal seed in improving productivity
and household welfare in the Northern Region of Ghana. The study is being conducted by a student from
the Department of Agricultural Economics and Agribusiness at the University of Ghana, in partial

fulfilment for the award of a PhD degree in Applied Agricultural Economics and Policy.

Your view or response as a research scientist, an extension agent, certified seed seller/supplier, input
dealer, aggregator or a processor is highly needed to confirm or verify/authenticate findings from rice
farming households. Your response or views will be extremely important for our breeders and agronomists
who make sure that they develop varieties and agricultural management practices that solve the constraints
and technological adoption challenges of rice farmers in the region. Your responses are very useful to this
study and will be KEPT STRICTLY CONFIDENTIAL. Your responses will be summarized along with other

600 farming households in the Northern Region.
Thank you.

SECTION A: Factors Affecting Adoption of Improved Varietal Rice Seed Technologies
1. Can you tell me about some of the:

(a) Socio-economic factors that influence farmers adoption decision of improved varietal rice seed

technologies?

(b) Institutional and farm-specific factors that influence farmers adoption decision of improved

varietal rice seed technologies?

(c) Varietal trait attributes that affect farmers adoption decision of improved varietal rice seed

technologies?

2. Comparing the improved, and indigenous varieties, can share your view of which farmers are really

using or cultivating and why do you think so?

3. Generally, what do farmers usually look for in rice varietal seeds before adopting any of them?
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SECTION B: Access to Seeds and other inputs, and institutional support

1.

10.

11.

12.

Can you tell us how you think farmers access the improved rice seed for their production?

Do you educate them on where and how they can access these improved seeds, and possibly the

original once?

Can you tell me about the measures you have put in place to enable farmers have easy access to

these improved seeds.

Looking at the sparse nature of the northern region, can tell us how you are able to reach or visit
farmers the way you would have wanted? And if so, can you share with us how you are able to

manage that?

With your experience, are often able to reach individual farmers just us you are able to reach farmers

that belong to farmer groups?

Can you tell us if your outfit has any challenges that inhibit you from doing your work the way it
ought to be done? If any, can you tell us how you are able to manage the limited resources at your

disposal to help these farmers the best way you can?

Do you have occasions you routinely meet farmers and educate or train them on how to acquire

these improved seeds and other necessary complementary inputs for their production?

. Considering the resource constraints you usually encounter, are you often able to visit rice farms in

you district to share some good agronomic or cultural practices with farmers. If so, can you share

with us how farmers usually receive these information you share with them?

Do you sometimes receive resource support from institutions or organizations other than
government? If so, can you please share with us how often you receive these supports. Tell us also

the primary purpose of these private institutions or organizations.

Do you receive any form of education or training about these improved varieties of which you also
teach farmers about? If so, can you share with us how you think these trainings are benefiting you

and your work duties?

Let’s talk about marketing. Can you share with me how you might have been assisting your rice

farmers to market their harvest?

Are there any information or concerns you would want to share with us about your work, and the
support you think rice farmers jurisdiction require for them to achieve their optimum yield or

productivity?
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APPENDIX IV: An Estimate from the Statistical Power Analysis

alpha power N N1 N2 N3 N4 delta Var_m
.05 .8 600 150 150 150 150 .1352 8368
.05 .81 600 150 150 150 150 .1368 8564
.05 .82 600 150 150 150 150 .1384 8768
.05 .83 600 150 150 150 150 .1401 8981
.05 .84 600 150 150 150 150 .1418 9206
.05 .85 600 150 150 150 150 .1437 9442
.05 .86 600 150 150 150 150 .1455 9692
.05 .87 600 150 150 150 150 .1475 9958
.05 .88 600 150 150 150 150 .1496 10242
.05 .89 600 150 150 150 150 .1518 10547
.05 .9 600 150 150 150 150 .1542 10878
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