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Postharvest losses in staple crops such as maize continue to undermine food 
security and farmers’ incomes in sub-Saharan Africa, despite the availability of 
safe and effective storage innovations like hermetic bags. Understanding how 
institutional support mechanisms influence the adoption of these technologies is 
critical for designing interventions that promote their widespread use. Among these 
mechanisms, training and access to credit play a vital role by helping to overcome 
knowledge gaps and financial constraints that often hinder the adoption of agricultural 
innovations. This study assessed how access to training and credit—individually and 
in combination—affects adoption intensity, measured as the proportion of maize 
stored in Purdue Improved Crop Storage (PICS) bags, among smallholder farmers 
in Tanzania. We applied a multivariate inverse probability weighting approach and 
Tobit model to household survey data from 908 households in two regions of 
Tanzania’s Southern Highlands. Results show that 45.4% of households used PICS 
bags for maize storage. Access to either training or credit increased PICS bag 
adoption intensity by 15.6 and 12.9%, respectively, compared with households that 
received no intervention. However, when both training and credit were provided 
together, adoption intensity rose by 36.6%. These findings highlight the importance 
of integrating training and credit to increase the proportion of maize stored in PICS 
bags. Efforts to promote hermetic storage technologies should include improving 
access to finance through both traditional and non-traditional approaches to 
optimize adoption intensity and further reduce postharvest losses.
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1 Introduction

Postharvest storage losses (PHL) are a major challenge among smallholder farmers in 
developing countries, including Tanzania (Abass et al., 2014; Kumar and Kalita, 2017). These 
losses reduce the market value of maize by approximately 15% in Tanzania (MoA, 2019). While 
Tanzania’s domestic food production is generally sufficient to meet its population’s 
consumption needs, PHL still contributes to periodic food shortages, leading the country to 
import food valued at over USD 200 million annually (Mutungi and Affognon, 2013). The 
Government of Tanzania recognizes that reducing PHL offers an excellent opportunity to 
reduce hunger. This is part of its commitment to the 2014 Malabo Declaration, specifically the 
third resolution, which commits Member States of the African Union to “halve the current 
levels of PHL by 2025” and the United Nations Sustainable Development Goals (SDGs), which 
call for reducing food losses along production and supply chains by 2030 (AUC, 2014; 
UN, 2015).
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Hermetic storage technologies (HSTs) have proven effective in 
minimizing maize PHLs (Villers et al., 2006; Mlambo et al., 2017; 
Abass et al., 2018). Prior to their introduction, farmers primarily relied 
on traditional storage methods such as woven sacks or local granaries, 
which provided limited protection against pests and often required the 
use of chemical pesticides. While these pesticides help reduce storage 
losses, they pose serious risks to human health and the environment 
due to their misuse and overuse. Moreover, traditional storage 
methods limit farmers’ ability to store maize for extended periods, 
leading to both economic and food security challenges. Hermetic 
storage technologies, including hermetic bags, are a viable alternative 
to traditional storage and chemical use. These technologies not only 
extend storage duration but also improve food safety by reducing 
reliance on harmful pesticides and mitigating aflatoxin accumulation 
(Walker et al., 2018).

To promote the adoption of hermetic bags, various interventions 
have been implemented across sub-Saharan Africa (Tefera et al., 2011; 
Foy and Wafula, 2016; Tanager, 2018; Baributsa, 2024), many of which 
focus on training to ensure proper and effective usage. Training has 
been particularly effective in addressing key barriers by enhancing 
farmers’ knowledge of postharvest management and promoting 
chemical-free storage solutions, such as Purdue Improved Crop 
Storage (PICS) bags. Studies have shown that training significantly 
increases farmers’ awareness, knowledge, and confidence in using 
hermetic storage methods (Moussa et al., 2011; Muriuki et al., 2016; 
Dhehibi et al., 2022). Training also leads to higher adoption rates and 
increases grain storage volumes (Moussa et  al., 2014; Zacharia 
et al., 2024).

Beyond training, access to credit also plays a critical role in 
facilitating the adoption of postharvest technologies (PHTs), hence 
improving food availability for household consumption and market 
sale (Rasanjali et al., 2021; Dube-Takaza et al., 2023; Esnaashariyeh 
et al., 2023; Rayhan et al., 2023; Regassa et al., 2023; Abate, 2024). 
Training and credit are complementary institutional mechanisms 
that address distinct yet interconnected barriers to adoption. 
Training enhances human capital by improving knowledge, 
reducing uncertainty about technology use, and lowering perceived 
risks. It may also reduce farmers’ reluctance to apply for loans. 
However, even trained farmers may face financial constraints. In 
such cases, credit acts as a financial enabler, allowing them to 
purchase PICS bags and alleviate time constraints associated with 
attending training, such as lost labor time. When provided together, 
training and credit can generate a synergistic effect. Training raises 
awareness and increases the willingness to adopt, while credit 
enhances the capacity to act. Therefore, examining their combined 
effect offers valuable insights into how integrated institutional 
support influences not only the decision to adopt a technology but 
also the extent of its use.

Despite this potential, few studies have examined the combined 
effects of training and credit on adoption intensity, measured not 
only by whether farmers adopt a technology but also by the extent 
to which they utilize it. Most previous adoption studies relied on 
binary adoption indicators, which can obscure meaningful 
variation in usage levels. This study addresses that gap by assessing 
how access to training, credit, and their combination affects PICS 
bag adoption intensity among maize farmers in Tanzania’s 
Southern Highlands. Adoption intensity is defined as the 
proportion of maize stored using PICS bags, providing a more 

nuanced measure than binary indicators. To account for potential 
selection bias, we  applied a Multivariate Inverse Probability 
Weighting (MIPW) estimator within a treatment effect framework, 
followed by a Tobit model to address the censored nature of the 
outcome variable (Manda et al., 2024). This approach allows us to 
estimate the causal impact of various intervention combinations—
training only, credit only, both, or neither—on continuous 
adoption levels.

The study focuses on maize because it is a key staple crop and 
source of income for smallholder farmers in Tanzania. Moreover, it is 
widely cultivated, heavily stored, and particularly susceptible to 
postharvest losses. Since smallholder farmers primarily use PICS bags 
for maize storage, this crop provides the most relevant measure of 
adoption intensity. Focusing on maize also provided sufficient 
observations of PICS bag usage in the study area. Since the 
introduction of PICS technology, many maize farmers in the region 
have received training and gained access to both formal and informal 
credit sources. This provided an ideal context for evaluating the 
combined effects of these interventions.

This study contributes to the literature in two key ways. First, it 
introduces a novel methodological approach by combining MIPW 
with a Tobit model, which improves estimation by addressing both 
selection bias and outcome censoring. Second, it offers a substantive 
contribution by moving beyond binary adoption metrics. It explores 
how institutional support—specifically training and credit—interacts 
to influence the depth of technology adoption among smallholder 
farmers. The findings have important implications for the design of 
policies and programs aimed at improving food security and reducing 
postharvest losses through broader and more intensive adoption of 
hermetic storage technologies.

The PICS bag is a triple-layer hermetic storage system that 
preserves maize without chemicals (Murdock et al., 2012). Since its 
introduction, the PICS bag has gained popularity due to its 
effectiveness in preserving maize quality and quantity (Mlambo et al., 
2017; Baributsa, 2024). PICS bags are favored over traditional storage 
methods as they require no chemicals, reducing health and 
environmental risks and preventing aflatoxin accumulation (Lane and 
Woloshuk, 2017; Dodds, 2020; Mutambuki and Likhayo, 2021). In 
addition, PICS bags reduce PHLs, increase farmers’ income (Adams 
et al., 2024), and minimize insect damage and weight loss (Dijkink 
et al., 2022; Odjo et al., 2022). With PICS bags, smallholder farmers 
can store their maize for extended periods, sell at higher prices, and 
improve food security (Alemu et al., 2021).

PICS bags have been widely disseminated across sub-Saharan 
Africa, including in Tanzania (Baributsa, 2024). Although adoption 
has increased, it varies by region, reaching 48% in Niger and 40% in 
Tanzania (Kotu et al., 2019; Rabé et al., 2021; Zacharia et al., 2024). 
Despite these gains, adoption remains below its potential due to limited 
awareness, unavailability in rural areas, high costs, and inadequate 
knowledge of proper usage (Moussa et al., 2014; Baributsa and Ignacio, 
2020; Martey et al., 2023; Nakoma et al., 2025). Importantly, measuring 
adoption solely by the number of users provides an incomplete picture, 
as it overlooks differences in storage intensity. For example, suppose 
farmer A has 10 tons of maize and stores 1 ton in PICS bags, while 
farmer B has 1 ton of maize and stores the entire amount in PICS bags. 
Although both farmers store the same quantity, farmer A’s adoption 
intensity is 10%, while farmer B’s is 100%. This example underscores 
the importance of measuring adoption intensity, or the proportion of 
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grain stored in hermetic bags, rather than simply the adoption rate, 
which counts the number of farmers using the technology.

The role of training in increasing maize storage in PICS bags is 
well-documented. Previous studies found that maize storage increased 
by 20% in Niger and 40% in Tanzania among PICS bag users, with 
training identified as a key driver of adoption (Moussa et al., 2014; 
Zacharia et al., 2024). Additionally, in Tanzania, providing loans to 
smallholder farmers increased the proportion of maize stored in PICS 
bags by 29% (Channa et al., 2022). To our knowledge, these are the only 
studies that specifically examine the effect of training or credit on maize 
storage in PICS bags. Building on this evidence, our study examines the 
effects of training and/or credit access on PICS bag adoption intensity. 
Using the MIPW method, we provide empirical insights into how these 
factors influence PICS bag adoption intensity among smallholder 
farmers in Tanzania’s Southern Highlands. The following sections cover 
methodology, results, discussion, and conclusions.

2 Materials and methods

2.1 Study area and sampling strategy

This study was conducted in the Rukwa and Ruvuma regions of 
Southern Tanzania in March 2024 (Figure 1). Each dot in Figure 1 

represents a district where the study was implemented. The figure was 
created using QGIS 3.26.2, a free and open-source Geographic 
Information System (GIS) software used for mapping and spatial data 
analysis. In this study, QGIS was employed to visualize the study area 
by importing the current shapefile of Tanzania to display regional and 
district boundaries. The software allowed for accurate layering and 
customization of geographic features relevant to the research. The GPS 
coordinates used in the map were collected during fieldwork using the 
SurveyCTO Computer-Assisted Personal Interviewing (CAPI) tool, 
which includes a built-in GPS locator. SurveyCTO, a digital data 
collection platform widely used in field research, facilitated the 
efficient and accurate capture of both survey responses and geographic 
location data. The coordinates were then added to the QGIS 
environment to mark the specific locations of the surveyed districts, 
resulting in a detailed and georeferenced map of the study area.

The selection of Rukwa and Ruvuma regions was deliberate and 
based on their relevance to the study’s focus on maize storage. These 
regions are among the top maize producers in Tanzania. According 
to the 2019/2020 Tanzania Agriculture Census, Ruvuma ranked first 
with a production volume of 498,685 tons, followed by Rukwa with 
338,988 tons (MOA, 2021). Since PICS bags are promoted for maize 
storage, these regions were considered ideal for capturing meaningful 
data on their adoption and use. Districts were selected based on the 
presence of well-organized producers’ organizations (POs) and their 

FIGURE 1

Study area in the Rukwa and Ruvuma regions of Tanzania. Each dot represents a district where the study was implemented.
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members’ willingness to participate in the study. The target 
population consisted of household members of POs and those in 
villages (non-PO members) in both regions, who were predominantly 
smallholder farmers. This aligns with the typical profile of maize 
producers in the Southern Highlands of Tanzania. The study used 
cross-sectional data to analyze the effect of access to training and 
credit on maize storage in PICS bags. Some households participated 
in a project that offered training on hermetic technologies to reduce 
storage losses and/or linked them to financial institutions for 
loan access.

Sampling was conducted in two stages. First, 60 eligible POs or 
villages (30 per region) were purposively selected with input from 
cooperative officers. In the second stage, 15 households per PO or 
village were randomly selected. To account for unequal probabilities 
of selection, sampling weights were applied in the analysis. These 
weights adjust for the fact that POs or villages may differ in size, 
ensuring that the resulting estimates are representative of the 
broader population. In addition, this approach helps control for 
institutional and geographical heterogeneity in the analysis, thereby 
enhancing the analytical balance and comparability of results across 
regions. Inclusion of sampling weights in regression analysis is 
widely recommended to correct for potential sampling bias. For 
example, Deaton (2019) emphasizes the importance of 
incorporating sampling weights when using survey data. Similarly, 
Winship and Radbill (1994) recommended using the appropriate 
weights in regression models. Solon et al. (2015) also provide a 
detailed discussion on when and how to use weights in regression 
analysis, emphasizing the importance of weights in achieving 
population-representative inferences.

Using sampling weights to correct for unequal sampling 
proportions is a common practice in health research. For example, a 
research by Mizinduko et al. (2020) who studied HIV prevalence and 
associated risks among female sex workers in Dar es Salaam, Tanzania, 
applied sampling weights to control for network size and clustering. 
Another study by Spittal et al. (2016) used sampling weights to adjust 
for varying population sizes across cities included in their survey. 
Following this approach, we calculated sampling weights as the inverse 
probability of selection from a PO or village, thereby correcting for 
differences in population size and ensuring representative results.

The household was the unit of analysis, reflecting decision-making 
practices in rural Tanzania. Surveys were administered to household 
heads rather than individuals, who are typically responsible for farm 
management and storage. When the household head was unavailable, 
the most knowledgeable adult involved in farming and storage 
decisions was interviewed as a proxy. While our target sample size was 
900 households (15 per each of the 60 POs or villages), the final usable 
sample consisted of 908 households. The inclusion of 8 additional 
households was a precautionary measure to safeguard against possible 
non-responses, refusals, or data loss during the cleaning process. 
During the analysis, we conducted robustness checks to assess the 
impact of including the additional 8 households by re-estimating our 
models using alternative samples. In both scenarios, households were 
randomly excluded from POs or villages where the extra sampling had 
taken place. The distribution of households across treatment groups 
remained consistent, and the estimated treatment effects showed 
minimal variation in both magnitude and statistical significance. The 
results confirm that our findings are robust to the inclusion or 
exclusion of the additional households.

The data were collected using an interview guide administered 
by trained and experienced enumerators who speak the local 
language and are familiar with the maize farming system. To ensure 
a logical flow and consistency, the interview guide was coded in 
SurveyCTO and pretested with a small sample of households from 
nearby villages with characteristics similar to the study areas. It 
gathered information on household types or “treatment”—variables 
(training and/or credit access), the outcome variable (proportion of 
maize stored in PICS bags), and household, farm, demographic, and 
institutional characteristics.

Households were categorized into four groups based on farmers’ 
choices rather than through a controlled (randomized) assignment. 
Classification was based on respondents’ self-reported answers to two 
key survey questions: (1) “Did you  receive formal training on 
postharvest management?” and (2) “Did you  receive credit for 
agriculture in the previous season (year before the survey)?” Based on 
responses to these questions, households were categorized into the 
following four groups: T0C0—those who received no training or 
credit, T1C0—those who received only training, T0C1—those who 
received only credit, and T1C1—those who received both training 
and credit.

2.2 Theoretical framework

This paper applies the Sustainable Livelihoods Framework (SLF), 
developed by DFID (1999), to explore how access to training and 
credit, as key institutional interventions, impacts the adoption 
intensity of the PICS bag. The SLF provides a comprehensive 
theoretical foundation for examining the multidimensional factors 
influencing the adoption intensity of agricultural innovations such as 
PICS among smallholder farmers. Within a broader vulnerability 
context and institutional environment, the SLF suggests that rural 
livelihoods are shaped by the interaction of five types of capital assets, 
which are human, financial, physical, natural, and social.

While the SLF provides a valuable lens for understanding 
livelihood dynamics, this study also draws on the capacity-building 
framework proposed by Lartey and Glaser (2024) to enrich the 
theoretical interpretation of training, credit, and institutional 
engagement in the PICS environment. In this context, capacity 
building refers to the process of strengthening the abilities of 
individuals, organizations, and systems to perform their functions, 
solve problems, and achieve sustainable outcomes. The framework 
identifies four interrelated levels of capacity building—individual, 
organizational, institutional, and environmental—that collectively 
determine the effectiveness and sustainability of technology 
adoption interventions.

At the individual level, capacity building focuses on enhancing 
farmers’ knowledge, skills, and decision-making competencies. 
Training represents a key investment in human capital, as it improves 
farmers’ technical understanding and cognitive capacity for effective 
postharvest management. Using PICS bags effectively requires proper 
grain drying, correct sealing, and good storage hygiene. Training 
enables farmers not only to become aware of these practices but also 
to internalize their value, translating knowledge into improved 
postharvest behaviors. This progression—from awareness to 
behavioral change—supports more consistent and sustained use of the 
technology, rather than one-time adoption. Moreover, trained farmers 
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often act as informal trainers within their communities, facilitating 
horizontal knowledge transfer and collective learning. In this way, 
individual capacity building extends into the social sphere, reinforcing 
community-level knowledge and skills. Capacity building extends 
beyond individual skill acquisition to include organizational and 
institutional strengthening (Pearson, 2011).

At the organizational level, capacity building involves reinforcing 
local structures that support technology dissemination and service 
delivery. Farmers’ groups, cooperatives, and community-based 
organizations play critical roles in coordinating training, managing 
bulk purchases of PICS bags, and serving as local distribution 
channels. Organizational capacity influences the efficiency of training 
delivery and the administration of credit schemes. Well-organized 
farmers’ groups, for instance, can negotiate better access to credit or 
establish vendor partnerships, thereby fostering economies of scale 
and greater trust in technology distribution system. Such 
organizational strengthening complements the human and financial 
capital dimensions of the SLF by institutionalizing support systems 
that sustain adoption beyond individual efforts.

At the institutional level, capacity building addresses the enabling 
systems—such as public extension services, private sector actors, 
NGOs, and community organizations—that shape the rules, 
incentives, and coordination mechanisms governing technology 
adoption. Access to credit is a critical element, as it directly enhances 
financial capital and mitigates one of the main barriers to PICS 
technology adoption among resource-constrained smallholders. 
Although PICS bags generate long-term savings by reducing losses 
and eliminating the need for chemical use, their initial cost can 
be prohibitive for some farmers. Credit access relaxes these financial 
constraints, enabling farmers to purchase multiple bags and potentially 
invest in complementary technologies such as elevated platforms or 
improved storage facilities. The integration of vendors, training 
institutions, and financial service providers reflects institutional 
capacity building, as these actors collectively establish reliable value 
chains and supportive infrastructure. Importantly, the interaction 
between financial and human capital is synergistic; farmers with 
access to both training and credit are more likely to make informed 
and financially viable decisions regarding the use of technology.

At the environmental (or systemic) level, capacity building 
pertains to the broader policy, market, and socioeconomic context 
that shapes the long-term sustainability of technological innovations. 
Natural capital, particularly landholding size and grain production 
volume, determines the scale of storage need and, consequently, the 
demand for PICS bags. Physical capital, including storage facilities and 
transportation infrastructure, affects the feasibility of hermetic 
storage. Social capital, expressed through participation in farmers’ 
groups, cooperatives, or informal networks, facilitates information 
sharing, credit access, and trust in new technologies. Coordinating 
these elements requires a supportive policy environment that 
promotes public–private partnerships and integrates PICS 
technologies into national extension systems. Strengthening systemic 
capacity at this level ensures that adoption is not only widespread but 
also resilient to market and institutional disruptions.

Integrating the capacity-building framework within the SLF 
provides a more holistic understanding of how different dimensions 
of capacity interact to influence adoption intensity. The SLF 
emphasizes the role of assets and institutions in shaping livelihood 
outcomes, while the capacity-building approach highlights the 

dynamic processes through which these assets and institutions are 
strengthened, aligned, and mobilized for sustainable change. Together, 
they demonstrate that the adoption intensity of PICS bags among 
smallholder maize farmers is not merely a function of access to 
training or credit, but rather a reflection of how these interventions 
build capacity across individual, organizational, institutional, and 
systemic levels.

From a policy perspective, this integrated view underscores that 
capacity building should be  treated as a deliberate, multilevel 
strategy within public programs promoting postharvest 
technologies—such as Tanzania’s National Postharvest Management 
Strategy (2019–2029). Embedding training, credit, and vendor 
participation within a structured capacity-building approach can 
enhance both the effectiveness and sustainability of PICS 
adoption initiatives.

2.3 Empirical model

Households with access to training and credit may differ 
systematically, as those seeking training might have decided to do so 
because they are more educated and motivated to seek knowledge 
(Wonde et al., 2023). Failing to account for these differences may lead 
to biased estimates. The treatment variable has four levels: no training 
or credit, training only, credit only, and both training and credit. 
We apply the MIPW with a Tobit model to address the selection bias, 
thus ensuring the validity of the effect estimates. The choice of the 
MIPW approach, followed by a Tobit model, was guided by the 
specific characteristics of our data, namely, a treatment variable with 
four levels and a left-censored outcome variable (Smale et al., 2018; 
Manda et  al., 2021). Applying the Tobit model also enables the 
inclusion of non-users in the analysis, which help maintain the 
integrity and representativeness of the sample.

We estimate the effects of access to training and/or credit on the 
proportion of maize stored in PICS bags using a three-step MIPW. First, 
we estimate the parameters of the propensity score model using the 
multinomial logit model. The propensity score approach handles 
non-random treatment assignment and multilevel treatment variables 
(Smale et al., 2018; Manda et al., 2021). We then calculate the Inverse 
Probability Weights (IPW) for each treatment level. The propensity 
score—the probability of accessing training and/or credit given observed 
characteristics ( ix )—is denoted in Equation (1):

	 ( ) ( )= = …0 .3|i r i ip x P T x 	 (1)

Where iT  denotes the status of a household i having access to 
neither training nor credit, training only, credit only, or both (training 
and credit), i.e., = …0 .3iT .

In the second step, we use the Tobit model for each treatment level 
to identify factors influencing the proportion of maize stored in PICS 
bags at that level, while adjusting for left censoring. The censoring 
arises due to limitations in measuring the proportion of maize stored 
in PICS bags for non-users. This censoring indicates that non-users 
have no observed maize stored in PICS bags, rather than being related 
to the treatment itself (training only, credit only, or both). In addition, 
the IPW is incorporated into the Tobit model for each treatment level 
to weight the maximum likelihood estimator.
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In the final step, we computed treatment-specific predicted mean 
outcomes of the proportion of maize stored in PICS bags. The average 
treatment effects (ATE) are computed as the differences in these 
outcomes using Equation (2):

	 ( )= − 0ii TATE E y y 	 (2)

Where 
iTy  represents the potential outcome (proportion of maize 

stored in PICS bags) for a household that has accessed either training, 
credit, or both and 0y  denotes the outcome for the control category 
(no access to training and credit). We obtain the Average Treatment 
effect on the Treated (ATT) by restricting the analysis to households 
that received training and credit.

The ATT can be defined using Equation (3):

	
 ( ){ }= − =



ˆ 0, Iii TT TATT E y y T T
	

(3)

Three treatment levels are required for the ATT: T̂  represents the 
potential outcome of the treated; the potential outcome of the control 
is denoted by 0, and =



T T  denotes the outcome restricted for 
individuals who received the treatment only 



T . Identifying the 
treatment effects relies on three assumptions: (i) conditional 
independence (CI), ensuring that observed covariates account for 
confounding factors, (ii) sufficient overlap, meaning all households 
have a probability of receiving any treatment level, and (iii) correct 
model specification, ensuring appropriate adjustment for left 
censoring. The overlap assumption is tested using density distributions 
to determine whether balancing has been achieved.

A Tobit regression model handles censored outcomes, such as the 
proportion of maize stored in PICS bags, which is only observed when 
a household adopts the PICS bag technology. Unlike standard linear 
regression, which assumes a continuous and uncensored outcome, the 
Tobit model appropriately accounts for partially observed or limited 
outcomes. Applying standard regression to censored outcome data will 
produce biased parameter estimates since it cannot fully account for 
the missing information on the outcome variable. While the MIPW-
Tobit approach used in this study helps mitigate bias from observed 
confounding effects and accounts for censoring in the outcome 
variable, it does not fully eliminate the potential bias arising from 
unobserved heterogeneity. Factors such as farmers’ risk preferences, 
motivation, or unmeasured access to networks may influence both the 
decision to access training and/or credit and the intensity of PICS bag 
adoption. Consequently, the findings should be  interpreted as 
associational rather than strictly causal, given the observational nature 
of the data. This limitation underscores the need for future research to 
validate these findings using experimental designs that can better 
account for endogeneity arising from unobserved factors.

The joint analysis of training and credit in this study is 
conceptually grounded in the Sustainable Livelihoods Framework 
(DFID, 1999), which emphasizes that access to multiple forms of 
capital, particularly human capital (e.g., training) and financial capital 
(e.g., credit) is essential for enabling sustainable livelihood outcomes. 
In the context of PICS bag adoption, training enhances farmers’ 
knowledge and awareness of storage technology, while credit eases 
liquidity constraints and boosts risk-bearing ability in using the 
technology. The synergistic effect of training and credit on the 

intensity of technology adoption stems from the financial management 
skills, insights, and knowledge acquired through training, which 
allows them to use their credit efficiently, leading to optimized 
adoption outcomes. As such, these two forms of capital are 
complementary, not merely additive: training without credit may 
increase awareness without the means to act, while credit without 
training may lead to misuse or underutilization of the technology. This 
conceptual relationship is supported by empirical studies that 
demonstrate how bundled interventions improve adoption outcomes. 
For example, Feder et al. (1985) highlight the importance of combining 
extension with financial support; Kassie et  al. (2013) show that 
adoption of sustainable agricultural practices is significantly enhanced 
when farmers have access to both knowledge and capital; and Addison 
et al. (2016) find that access to credit reinforces the effects of training 
among women adopters of improved rice technologies.

The selection of explanatory variables in our model was informed 
by existing literature on the adoption intensity of agricultural 
technologies (Table 1). Household characteristics such as age, gender, 
education level of the household head, and household size are 
commonly associated with adoption behavior (Wasiu and Adebayo, 
2015; Beshir et  al., 2022). Several studies have shown that older 
household heads are less likely to adopt technologies intensively, 
possibly due to risk aversion or lower adaptability (Acheampong et al., 
2021; Chigeto and Angelo, 2021). Household size, which reflects the 
availability of labor, is generally associated with higher adoption 
intensity. A larger plot size increases the likelihood of surplus 
production, thereby raising the demand for improved storage 
solutions, such as PICS bags. Similarly, livestock ownership enhances 
economic capacity, making it easier for households to afford multiple 
storage bags (Bekele et al., 2024).

Institutional factors, such as membership in farmer saving groups 
(e.g., VICOBA), promote adoption through collective action and 
social learning (Ghimire et al., 2015). Access to information, facilitated 
by tools like radio, cellphones, and television, also plays a role in 
technology uptake (Moussa, 2009; Muriuki et al., 2016; Milkias, 2020; 
Baributsa, 2022). The use of recommended agricultural inputs—such 
as improved seeds, fertilizers, herbicides, and pesticides—can lead to 
higher yields, thereby increasing the need for effective postharvest 
storage solutions. Financial indicators, such as bank account 
ownership or cash savings, reflect the ability to invest in technologies 
like PICS bags.

Awareness of aflatoxins is another important driver, as concerns 
about food safety often motivate the adoption of safer storage practices 
(Udomkun et al., 2018). Availability of PICS bag vendors enhances 
adoption intensity by ensuring easy access and reducing transaction 
costs (Moussa et al., 2014; Omotilewa and Baributsa, 2022). Finally, 
ownership of transport assets (i.e., bicycles and motorcycles) can 
minimize travel time and costs, improving farmers’ access to markets, 
training, and input suppliers—including PICS bag vendors—which 
may further influence adoption decisions (Matous et al., 2015).

3 Results

3.1 Descriptive results

Table 2 presents the descriptive statistics for the four treatment 
groups. Nearly half of the households had no access to either training 
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or credit, while about one-third had access to only one of the two. 
Notably, only 7% of households accessed both training and credit, 
highlighting a significant imbalance in the distribution of treatment 
groups. To address this imbalance and reduce potential estimation 
bias, we  applied Inverse Probability Weighting (IPW) using 
multinomial propensity scores. The distribution of the treatment 
groups before and after weighting is shown in Supplementary Figure S1. 
The chart illustrates that IPW substantially improved balance across 
the four treatment groups, supporting the validity of our estimation 
strategy by mitigating the effects of unequal group sizes.

Table 3 provides summary statistics by treatment groups. The 
results indicate that households without training or credit had the 
lowest proportion of maize stored in PICS bags. Households with 
access to training only or credit only had 20.9 and 25% of their maize 
stored in PICS bags, respectively. In contrast, those with both 
interventions stored higher proportions in hermetic bags, averaging 
25.7%. The adoption rate of PICS bags among households was 45.4%. 
On average, 87.1% of households were male-headed, 86.0% were 
married, and 74.2% had completed primary education. Households 
had an average of 5 members and farmed 3.67 acres. Most households 
used improved maize varieties (78%) and inorganic fertilizer (82.4%), 
while the use of herbicides and pesticides was relatively low at 36.3 and 
43.8%, respectively. Additionally, 73.4% of households relied on hired 
labor. Overall, asset ownership by the surveyed households was 
relatively low.

Regarding financial access, 45% of households earned income 
from livestock, 40.9% had a bank account, and 54.3% were members 
of Village Community Banks (VICOBA). Aflatoxin awareness was 
37.7%, the highest among those with access to credit only. While 
65.8% of households reported having sufficient cash savings, this was 
the lowest among those who had access to credit. Only 22.4% of 
households had access to PICS bag vendors, with the highest 
percentage among those who received credit only.

3.2 Determinants of the PICS bag adoption 
intensity

Table 4 presents the second-stage Tobit model estimates, while 
Supplementary Table S1 shows the first-stage multinomial logit 
results. The Tobit model results are valid when derived from 
observationally similar groups after propensity score reweighting. 
As shown in Figure 2, the overlap assumption holds after propensity 
score reweighting, confirming the appropriateness of the Tobit 
model for effect estimation. In addition, the model was correctly 
specified, with no evidence of multicollinearity, as the Variance 
Inflation Factor (VIF) values calculated using an OLS regression 
with the same set of independent variables were all below 5 across 
the different model specifications (no training or credit, training 
only, credit only, and both training and credit). We also assessed the 
potential risk of overfitting by comparing model fit across 
specifications with and without the binary variables. The full 
models that included the binary variables consistently exhibited 

TABLE 1  Variable definitions.

Outcome variable:

PICS bag adoption intensity: is the proportion of maize stored in the PICS bag, 

ranging between zero and one

Explanatory variables:

Age: Continuous variable indicating the age of the respondent.

Gender: Takes the value of one if the respondent is male and zero if she is a 

woman.

Marital status: Takes the value of one if the respondent is married and zero 

otherwise.

Education: Takes the value of one if the respondent has a primary education or 

less, and zero otherwise.

Household size: Continuous variable indicating the total number of people living 

in the household.

Household assets index: Continuous variable indicating household durable assets 

ownership

Total plot size: Continuous variable indicating the total land holdings in acres.

Maize variety: Takes the value of one if the household planted an improved variety 

and zero otherwise.

Inorganic fertilizer: Takes the value of one if the household applied inorganic 

fertilizer and zero otherwise.

Herbicide: Takes the value of one if the household applied herbicide and zero 

otherwise.

Pesticides: Takes the value of one if the household applied pesticides and zero 

otherwise.

Hired labor: Takes the value of one if the household hired labor and zero 

otherwise.

Livestock income: Takes the value of one if the household earned income from 

livestock and zero otherwise.

Bank account: Takes the value of one if the household head owns a bank account 

and zero otherwise.

VICOBA member: Takes the value of one if the household head is a member of a 

saving group (VICOBA) and zero otherwise.

Aflatoxin awareness: Takes the value of one if the household is aware of aflatoxin 

and zero otherwise.

Saved cash for household needs: Takes the value of one if the household saved cash 

and zero otherwise.

PICS bag vendors: Takes the value of one if the household has access to a local 

PICS bag vendor and zero otherwise.

Region: Takes the value of one if the household is from Rukwa and zero otherwise.

TABLE 2  Credit and/or training access among 908 households (HH) 
surveyed in the Rukwa and Ruvuma regions of Tanzania in 2024.

Treatment 
group

Abbreviation Frequency Percentage

No training or 

credit

T0C0 453 49.89

Training only T1C0 264 29.07

Credit only T0C1 127 13.99

Training and 

credit

T1C1 64 7.05

Total 908 100
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higher pseudo-R2 values, indicating better explanatory power, and 
lower log-pseudolikelihood values, suggesting an improved 
model fit.

Since this study focuses on the effects of the explanatory variables 
and treatment groups on the proportion of maize stored in PICS bags, 
we do not interpret the first-stage results. Instead, we analyze the 
findings separately for the four groups: no training or credit, training 
only, credit only, and both (training and credit).

Table 4 shows the factors influencing the proportion of maize 
stored in PICS bags. Households without training or credit tend to 
store a higher proportion of maize in PICS bags if they use improved 
maize varieties, apply pesticides on their maize farms, and have 
access to PICS bag vendors. Among those with training only, the 
proportion of maize stored in PICS bags increases for households 
that use inorganic fertilizers, utilize hired labor, have bank accounts, 
and have vendor access. At the same time, VICOBA membership 
reduces it. For credit-only households, the proportion of maize 
stored in PICS bags rises with herbicide use, VICOBA membership, 
and aflatoxin awareness, but declines as plot size increases and 
sufficient savings. For households with training and credit, the 
proportion of maize stored in PICS bags increases when the 
household head is female and married, the household utilizes hired 
labor, has a bank account, is aware of aflatoxins, and has access to a 
PICS bag vendor.

3.3 Effects of training and credit on 
adoption intensity

Table 5 shows the effects of access to training, credit, or both on 
the household’s proportion of maize stored in PICS bags, measured 
as the Average Treatment Effect on the Treated (ATT). If a household 
did not access training or credit, which serves as the baseline, the 
average proportion of maize stored in PICS bags was 8.7 percentage 
points. However, if a household accessed training only, the 
proportion of maize stored in PICS bags would increase by 15.6 
percentage points compared to the baseline. If a household accessed 
credit only, the proportion of maize stored in PICS bags would also 
increase by 12.9 percentage points relative to the baseline. The joint 
effect of training and credit resulted in the largest increase, raising 
the proportion of maize stored in PICS bags by 36.6 percentage 
points over the baseline.

3.4 OLS and fractional logit effects 
estimation results

To assess the robustness of the MIPW-Tobit model results, 
we  estimated Ordinary Least Squares (OLS) and Fractional Logit 
models, as presented in Table 6. For conciseness, we focus on the 

TABLE 3  Descriptive statistics of 908 households (HH) surveyed in the Rukwa and Ruvuma regions of Tanzania in 2024.

Variables Treatment group†

All T0C0 T1C0 T0C1 (remove 
the space)

T1C1

PICS bag adoption intensity 0.195 (0.01)†† 0.159 (0.02) 0.209 (0.03) 0.250 (0.04) 0.257 (0.06)

PICS bag adoption 0.454 (0.02) 0.383 (0.03) 0.499 (0.05) 0.543 (0.06) 0.514 (0.09)

Age 45.769 (0.63) 45.813 (0.89) 46.344 (1.16) 44.517 (1.55) 44.630 (2.37)

Gender 0.871 (0.02) 0.879 (0.02) 0.896 (0.03) 0.814 (0.05) 0.785 (0.08)

Marital status 0.860 (0.02) 0.871 (0.02) 0.875 (0.03) 0.800 (0.05) 0.811 (0.08)

Education 0.742 (0.02) 0.724 (0.03) 0.792 (0.04) 0.622 (0.06) 0.786 (0.08)

HH size 5.182 (0.09) 5.010 (0.13) 5.352 (0.16) 4.873 (0.20) 5.841 (0.44)

Household assets index −0.230 (0.06) −0.109 (0.08) −0.281 (0.14) −0.266 (0.14) −0.645 (0.18)

Total plot size 3.667 (0.16) 3.782 (0.29) 3.445 (0.21) 4.536 (0.55) 2.754 (0.25)

Maize variety 0.780 (0.02) 0.744 (0.03) 0.841 (0.03) 0.760 (0.06) 0.730 (0.09)

Inorganic fertilizer 0.824 (0.02) 0.817 (0.03) 0.842 (0.03) 0.879 (0.05) 0.694 (0.09)

Herbicide 0.363 (0.02) 0.354 (0.03) 0.361 (0.05) 0.500 (0.06) 0.219 (0.06)

Pesticides 0.438 (0.02) 0.373 (0.03) 0.519 (0.05) 0.354 (0.06) 0.560 (0.09)

Hired labor 0.734 (0.02) 0.705 (0.03) 0.730 (0.04) 0.842 (0.04) 0.756 (0.07)

Livestock income (1 = Yes, 0 = No) 0.450 (0.02) 0.457 (0.03) 0.455 (0.05) 0.407 (0.06) 0.453 (0.09)

Bank account 0.409 (0.02) 0.383 (0.03) 0.430 (0.05) 0.539 (0.06) 0.268 (0.07)

VICOBA member (1 = Yes, 0 = No) 0.543 (0.02) 0.533 (0.03) 0.453 (0.05) 0.790 (0.05) 0.662 (0.09)

Aflatoxin awareness 0.377 (0.02) 0.315 (0.03) 0.369 (0.04) 0.590 (0.06) 0.454 (0.09)

Saved cash for HH needs 0.658 (0.02) 0.717 (0.03) 0.730 (0.04) 0.358 (0.06) 0.418 (0.09)

PICS bag vendors 0.224 (0.02) 0.251 (0.03) 0.172 (0.03) 0.298 (0.06) 0.199 (0.05)

Region 0.435 (0.02) 0.428 (0.03) 0.441 (0.05) 0.304 (0.06) 0.649 (0.08)

Observations 908 453 264 127 64

†Treatment groups consisted of T0C0: No training or credit access, T1C0: Training only, T0C1: Credit only, and T1C1: Both training and credit. ††parentheses is the standard error.
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TABLE 4  Determinants of the proportion of maize stored in PICS bags among 908 households (HH) surveyed in the Rukwa and Ruvuma regions of 
Tanzania in 2024.

Variables Treatment groups†

T0C0 T1C0 T0C1 T1C1

HH head age 0.000 0.004 0.008 0.005

(0.003)†† (0.004) (0.005) (0.010)

HH head gender 0.209 0.275 0.464 −0.731**

(0.276) (0.259) (0.368) (0.313)

HH head marital status (1 = Married, 0 = Single) −0.151 0.000 −0.241 0.900***

(0.267) (0.189) (0.339) (0.317)

HH head education (1 ≤ Primary and below, 0 = otherwise) 0.029 0.041 0.060 −0.117

(0.085) (0.111) (0.149) (0.155)

Household size (number of people) 0.038 0.039 −0.048 0.033

(0.033) (0.026) (0.030) (0.044)

Household assets index 0.051 −0.017 0.076 −0.094

(0.034) (0.037) (0.067) (0.087)

Total plot size (acres) 0.002 0.015 −0.028** 0.008

(0.008) (0.013) (0.013) (0.029)

Type of variety (1 = Improved, 0 = Local) 0.423*** −0.198 0.024 −0.363

(0.134) (0.148) (0.190) (0.344)

Inorganic fertilizer (1 = Yes, 0 = No) 0.079 0.440** 0.396 −0.063

(0.188) (0.178) (0.287) (0.297)

Herbicide (1 = Yes, 0 = No) −0.050 0.063 0.363*** −0.031

(0.082) (0.100) (0.113) (0.194)

Pesticides (1 = Yes, 0 = No) 0.145* 0.001 −0.023 0.012

(0.081) (0.128) (0.143) (0.185)

Hired labor (1 = Yes, 0 = No) −0.048 0.319** 0.099 0.436**

(0.103) (0.142) (0.193) (0.189)

Livestock income (1 = Yes, 0 = No) −0.004 −0.125 0.048 0.220

(0.097) (0.088) (0.115) (0.160)

Bank account (1 = Yes, 0 = No) −0.039 0.348*** 0.153 0.568***

(0.087) (0.115) (0.111) (0.183)

VICOBA member (1 = Yes, 0 = No) 0.086 −0.362*** 0.204* 0.181

(0.080) (0.127) (0.122) (0.135)

Aflatoxin awareness (1 = Yes, 0 = No) −0.015 0.004 0.473*** 0.410**

(0.104) (0.101) (0.132) (0.193)

Saved cash for HH needs (1 = Yes, 0 = No) 0.030 −0.159 −0.292*** −0.145

(0.087) (0.115) (0.110) (0.141)

PICS bag vendors locally available (1 = Yes, 0 = No) 0.442*** 0.324*** 0.013 0.370**

(0.083) (0.097) (0.124) (0.151)

Region −0.543*** −0.118 −0.126 0.095

(0.111) (0.131) (0.166) (0.222)

Constant −0.823** −1.032*** −1.293*** −1.132*

(0.328) (0.354) (0.455) (0.573)

Observations 453 264 127 64

†Treatment groups consisted of T0C0: No training or credit access, T1C0: Training only, T0C1: Credit only, and T1C1: Both training and credit. †† in parentheses is the robust standard errors. 
***, **, and * indicate significance at the 0.01, 0.05, and 0.1 levels, respectively.
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treatment variables. The OLS results show that access to training and 
credit increases PICS bag adoption intensity by only 0.045 and 0.024, 
respectively, but neither estimate is statistically significant. In contrast, 
access to both training and credit increases it by 0.105, which is 
statistically significant. The final two columns of Table 6 report the 
coefficients and marginal effects from the fractional logit model. 
We interpret the results using the marginal effects. The marginal effect 
for training is 0.056, statistically significant, indicating that households 
with access to training have an adoption intensity that is 5.6 percentage 
points higher than those without. Similarly, households with access to 
both training and credit show an increase of 13.4 percentage points in 
adoption intensity compared to those without access. Additionally, 
we  conducted a sensitivity analysis by estimating parsimonious 
versions of the OLS and fractional logit models, excluding control 
variables. These results in Supplementary Table S2 are consistent with 
those in Table 6, further supporting the robustness of our findings and 
suggesting that selection bias is unlikely to be a major concern.

4 Discussion

This study examined the impact of training and credit on the 
proportion of maize stored in PICS bags among smallholder farmers 
in Tanzania’s Southern Highlands. Among households without 

training or credit, those using improved maize varieties and pesticides, 
as well as those with access to local PICS bag vendors, stored more 
maize in PICS bags. This suggests that households using improved 
seeds and pesticides were more likely to store larger quantities of 
maize in hermetic bags. Previous research showed that PICS bag users 
were 10 percentage points more likely to use improved seeds in the 
following season (Omotilewa et al., 2018). This use of PICS bags may 
be  driven by the higher susceptibility of improved seeds to pests 
during storage (Ricker-Gilbert and Jones, 2015). Access to PICS bag 
vendors is a critical factor influencing adoption intensity. Vendors 
located in or near local communities eliminate transportation barriers 
and reduce the time and cost of acquiring PICS bags (Omotilewa and 
Baributsa, 2022). Their presence in villages ensures a steady supply of 
hermetic storage technologies (HSTs); underscoring the importance 
of an effective supply chain for adoption (Dodds, 2020).

Among households that received training only, adoption 
intensity increased with the use of inorganic fertilizers, hired labor, 
bank account ownership, and access to PICS vendors. This finding 
suggests that training enhances farmers’ capacity to apply knowledge 
of improved postharvest practices, reflecting its role in individual-
level capacity building. Access to PICS vendors complements this 
process by strengthening supply-side capacity and ensuring that 
farmers can translate acquired knowledge into actual adoption 
decisions. Beyond the individual level, vendor participation 
contributes to organizational capacity building by improving local 
distribution systems, fostering business networks, and enhancing the 
responsiveness of the supply chain to farmers’ needs. Vendors serve 
as key intermediaries who not only supply PICS bags but also 
facilitate institutional learning by sharing product knowledge, 
providing demonstrations, and maintaining regular engagement with 
farmers. The interaction between training and vendor access 
underscores the importance of linking knowledge transfer with 
market availability. Together, these elements strengthen the 
institutional infrastructure necessary for sustained technology 
diffusion. This integrated approach fosters a more resilient and 
adaptive market system in which trained farmers are supported by 
capable organizations that can reliably supply, promote, and sustain 
the use of improved storage technologies.

In addition, commercially oriented farmers who use productivity-
enhancing technologies, such as inorganic fertilizers, are more likely 
to store larger quantities of maize in PICS bags. This finding aligns 
with previous studies showing that input-using households are more 
likely to adopt improved storage technologies, thereby increasing their 
storage intensity and enhancing food security (Omotilewa et al., 2018; 
Zacharia et al., 2024). The negative relationship between VICOBA 
membership and PICS bag adoption in the training-only group may 
reflect competing financial priorities. Although VICOBA membership 
offers financial benefits and promotes inclusion (Frisancho and 
Valdivia, 2020; Mponzi et al., 2023), the obligation to make regular 
contributions may limit time for training and reduce liquidity for 
investments such as PICS bags. This is consistent with evidence that 
savings obligations can limit technology adoption among resource-
constrained households (Carter et al., 2016).

Although access to credit alone is associated with an increase in the 
use of hermetic bags, its impact varies depending on household 
characteristics and resource constraints. Some households allocated 
credit to immediate production costs, while others expanded their 
storage capacity. Households using herbicides and those with VICOBA 
membership were more likely to benefit from credit, as these 

FIGURE 2

Balanced plots for the proportion of maize stored in PICS bags based 
on treatment groups consisted of no training or credit access, 
training only, credit only, and training and credit.

TABLE 5  Effects of training and credit on PICS bags adoption intensity 
among 908 households (HH) surveyed in both Rukwa and Ruvuma in 
2024.

Treatment 
groups

Potential mean 
outcome (No 

credit or 
training)

ATT†

No training or credit 0.087(0.04)††**

Training only 0.156** (0.05)

Credit only 0.129** (0.06)

Training and credit 0.366***(0.05)

†Average Treatment Effect on the Treated. ††in parentheses is the standard error of means. 
***, **, and * indicate significance at the 0.01, 0.05, and 0.1 levels, respectively.
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TABLE 6  Estimation results using OLS and fractional logit model for robustness check.

Variables OLS Fractional logit Marginal effects

Coefficients Coefficients

Training only 0.045 0.421* 0.056*

(0.029)†† (0.224) (0.030)

Credit only 0.024 0.153 0.019

(0.042) (0.274) (0.035)

Training and credit 0.125** 0.904** 0.134*

(0.062) (0.407) (0.068)

HH head age 0.000 0.004 0.001

(0.001) (0.007) (0.001)

HH head gender 0.032 0.206 0.028

(0.076) (0.600) (0.082)

HH head marital status (1 = Married, 0 = Single) 0.012 0.101 0.014

(0.073) (0.554) (0.075)

HH head education (1 ≤ Primary and below, 0 = otherwise) −0.012 −0.079 −0.011

(0.033) (0.222) (0.030)

Household size (number of people) 0.004 0.031 0.004

(0.008) (0.054) (0.007)

Household assets index −0.015 −0.127 −0.017

(0.013) (0.088) (0.012)

Total plot size (acres) 0.008** 0.044** 0.006**

(0.003) (0.018) (0.002)

Type of variety (1 = Improved, 0 = Local) −0.004 −0.030 −0.004

(0.034) (0.294) (0.040)

Inorganic fertilizer (1 = Yes, 0 = No) 0.057* 0.930** 0.126**

(0.034) (0.461) (0.062)

Herbicide (1 = Yes, 0 = No) 0.016 0.057 0.008

(0.030) (0.196) (0.027)

Pesticides (1 = Yes, 0 = No) 0.047 0.452** 0.061**

(0.031) (0.219) (0.030)

Hired labor (1 = Yes, 0 = No) 0.057* 0.567** 0.077**

(0.030) (0.276) (0.037)

Livestock income (1 = Yes, 0 = No) −0.010 −0.069 −0.009

(0.029) (0.198) (0.027)

Bank account (1 = Yes, 0 = No) 0.070** 0.489** 0.067**

(0.034) (0.217) (0.030)

VICOBA member (1 = Yes, 0 = No) −0.034 −0.172 −0.023

(0.030) (0.216) (0.029)

Aflatoxin awareness (1 = Yes, 0 = No) 0.037 0.237 0.032

(0.034) (0.221) (0.030)

Saved cash for HH needs (1 = Yes, 0 = No) −0.040 −0.356 −0.048

(0.032) (0.243) (0.033)

(Continued)

https://doi.org/10.3389/fsufs.2025.1677385
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Zacharia et al.� 10.3389/fsufs.2025.1677385

Frontiers in Sustainable Food Systems 12 frontiersin.org

complementary resources maximized its effectiveness for storage 
investments. These findings underscore the need for targeted policy 
interventions that address specific household barriers, as credit is most 
effective when paired with access to input markets and productive assets.

Beyond financial constraints, aflatoxin awareness also plays a key 
role in maize storage decisions, particularly among households with 
access to training or credit. Training not only increases farmers’ 
understanding of aflatoxin-related health risks but also strengthens 
their technical capacity to identify, prevent, and manage contamination 
through improved storage practices. This capacity building enhances 
farmers’ confidence and motivation to invest in PICS bags to ensure 
food safety and protect household health (Udomkun et  al., 2018; 
Walker et al., 2018). Similarly, access to credit is more likely to enhance 
financial flexibility for storage investments, especially for households 
already aware of aflatoxin risks, even without formal training.

Gender and marital status significantly influenced PICS bag 
adoption intensity among households with access to both training and 
credit. Married female-headed households exhibited higher adoption 
rates than unmarried male-headed households. This pattern reflects 
the complementary nature of these interventions: training enhances 
awareness and technical knowledge, while credit relaxes liquidity 
constraints, enabling households to act on knowledge gained. Female-
headed households often prioritize food security and postharvest loss 
reduction, making them particularly responsive to technologies that 
ensure grain safety and income stability (Doss, 2001; Moussa et al., 
2014; Moussa, 2009; Ragasa et al., 2013; Ibro et al., 2014; Swamy, 
2014). Credit access empowers women to make independent financial 
decisions and invest in productive technologies (Swamy, 2014). When 
combined with training, this empowerment effect is further reinforced 
(Kassie et al., 2014; Gartaula et al., 2025).

Beyond these household characteristics, social and cultural 
dynamics such as intra-household bargaining, labor allocation norms, 
peer influence, and community-level expectations likely shape 
adoption decisions in significant ways. Intra-household bargaining 
influences technology adoption by affecting how resources are 
negotiated and household needs are prioritized (Miura et al., 2020; 
Shibata et al., 2020), while social capital and community networks 
facilitate access to information and uptake of innovations (Ntume et al., 
2015; Crudeli et al., 2022). Community norms and expectations also 
shape farmers’ perceptions of acceptable practices, reinforcing adoption 
behaviors (Ninsiima et  al., 2025). Collectively, these dynamics 
underscore that both household characteristics and broader socio-
cultural factors are key determinants of PICS bag adoption.

Although descriptive statistics show a modest increase in the 
proportion of maize stored in PICS bags (25.7%) with training and 

credit, the ATT estimates reveal a stronger effect. Households receiving 
both interventions stored 36.6% more maize in PICS bags than those 
with neither, demonstrating a strong synergistic effect. While each 
intervention individually increases maize storage in PICS bags, their 
combined effect is significantly greater. This finding suggests that 
financial support alone is insufficient without the accompanying 
knowledge and skills imparted through training. Training serves as a 
critical capacity-building mechanism, enhancing farmers’ technical 
understanding, confidence, and ability to correctly use improved storage 
technologies. Conversely, training without access to finance may limit 
adoption if farmers lack resources to act on acquired knowledge (Harou 
et al., 2022). Consistent with previous studies, farmers are more likely 
to adopt and sustain innovations when they receive both training and 
financial support (Musara et al., 2010; Dhehibi et al., 2018; Dhehibi 
et al., 2022; Adhikari et al., 2024). Our results reinforce the theoretical 
proposition of the SLF that access to multiple, complementary livelihood 
capitals is necessary for technology adoption and sustainable behavior 
change (Feder et al., 1985; Kassie et al., 2013; Addison et al., 2016).

Access to finance is crucial for increasing maize storage in PICS 
bags, as financial constraints hinder investment in improved storage 
technologies. Farmers face challenges obtaining loans due to high 
borrowing costs, limited access to financial institutions, lengthy loan 
processing times, and strict collateral requirements (Balana et al., 2022; 
Khan et  al., 2024). Policies that promote financial inclusion, lower 
interest rates, and streamline loan application processes can improve 
credit access and increase PICS bag adoption. Credit may be accessed 
through both formal and informal channels, such as banks and savings 
groups, which provide liquidity to smallholder farmers.

Beyond traditional credit, subsidies can enhance maize storage in 
PICS bags, especially when combined with training. A study in Tanzania 
found that well-targeted financial interventions led to a 29% increase in 
maize storage in PICS bags (Channa et al., 2022). Development programs 
should integrate training with access to finance or subsidies to maximize 
the adoption of hermetic storage technologies. Smart input subsidies can 
mitigate financial risks and information gaps among farmers. They can 
accelerate the adoption of high-productivity technologies while avoiding 
market distortions and fostering innovation in the hermetic supply chain 
(George, 2011; Amaglobeli et al., 2024).

5 Conclusion

This study examined the impact of training and/or credit on PICS 
bag adoption intensity (i.e., the proportion of maize stored in PICS 
bags) among smallholder farmers in the Ruvuma and Rukwa regions of 

TABLE 6  (Continued)

Variables OLS Fractional logit Marginal effects

Coefficients Coefficients

PICS bag vendors locally available (1 = Yes, 0 = No) 0.158*** 0.917*** 0.125***

(0.035) (0.185) (0.024)

Region −0.109*** −0.882*** −0.120***

(0.035) (0.262) (0.035)

Constant −0.035 −3.858***

(0.077) (0.689)

Observations 908 908 908

†† in parentheses is the standard errors. ***, **, and * indicate significance at the 0.01, 0.05, and 0.1 levels, respectively.
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the Southern Highlands of Tanzania. Households with access to training 
or credit stored more maize in PICS bags than those without, whereas 
those with both interventions stored significantly higher proportions, 
indicating a strong synergistic effect. These findings suggest that 
although training or credit alone can enhance maize storage, their 
combination generates greater and more sustained adoption by 
simultaneously building capacity at the individual, organizational, and 
systemic levels. Regression results further support this relationship: as 
farmers strengthen their storage capacity, they tend to purchase more 
PICS bags in subsequent seasons, thereby reinforcing adoption.

Policy interventions should prioritize integrating technical 
training with financial services to strengthen farmers’ ability to adopt 
and sustain the use of improved storage technologies. Expanding 
access to affordable credit and savings can help smallholders overcome 
liquidity constraints while reinforcing organizational capacity through 
stronger vendor networks and service delivery systems. To ensure 
efficiency and long-term sustainability, scaling such interventions 
should be  guided by detailed cost and impact analyses covering 
training delivery, vendor expansion, and credit facilitation. A 
coordinated approach will help in designing interventions that 
simultaneously build farmers’ skills, institutional linkages, and market 
infrastructure, ensuring widespread PICS bag adoption.

Providing subsidies—either directly to smallholder farmers or 
indirectly through supply chain actors—can further improve access to 
PICS bags. Strengthening rural distribution networks is particularly 
important to reduce transportation costs, minimize delays, and ensure 
consistent product availability during peak demand periods. The 
proximity of vendors to farming communities not only lowers access 
barriers but also supports regular use of hermetic storage technologies. 
Additionally, bundling PICS bags with complementary inputs such as 
improved seeds can create synergies that boost productivity, reduce 
postharvest losses, and improve household food security. Addressing 
supply chain constraints alongside training and credit access is 
therefore essential to achieving long-term, scalable adoption.

Integrating these insights into Tanzania’s National Postharvest 
Management Strategy (2019–2029) could enhance program 
effectiveness by aligning farmers’ capacity financial access, and input 
availability. Strengthening coordination among training, credit, and 
vendor systems would build resilience and long-term adaptability across 
the postharvest sector. Methodologically, this study’s approach—
combining propensity score reweighting, selection bias correction, and 
censoring adjustments—provides a useful reference for future research 
on technology adoption using censored outcomes in quasi-experimental 
contexts. Nonetheless, its observational design leaves room for 
unobserved confounding. Future research should employ experimental 
designs to validate these findings and strengthen causal inference.

This study relied on a cross-sectional dataset with treatment 
groups based on self-reported access to training and credit facilities. 
Only a small proportion of households (7%) had access to both 
services, limiting the statistical power of interaction estimates. The 
study design also precluded independent verification of service 
quality and measurement of potential spillover effects. Although 
sample weights and rigorous estimation procedures were applied, 
the cross-sectional nature of the data limits causal inference. Future 
research should employ randomized controlled trials (RCTs) to 
strengthen causal identification and assess social diffusion effects 
more accurately. Incorporating spatial or network-based approaches 

would further enable researchers to capture geographic and social 
linkages among households, providing deeper insights into how 
training and credit interventions spread within communities.
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