
Journal of Media Horizons 
ISSN: 2710-4060  2710-4052    Volume 6, Issue 5, 2025 
 

https://jmhorizons.com                           | Mughal et al., 2025 | Page 1383 

 
RESEARCH PAPER: THE ROLE OFI BLOCKCHAIN TECHNOLOGY IN 

ENHANCING SUPPLY CHAIN EFFICIENCY AND FINANCIAL INCLUSION IN 
PAKISTAN'S AGRICULTURAL SECTOR 

 
Ramsha Mughal*1, Dr Arshad Mehmood Malik2, Dr Majid Ali3, Dr Mehwish Liaquat4 

 
*1,2,3,4PMAS Arid Agriculture university Rawalpindi 

 
DOI: https://doi.org/10.5281/zenodo.17629243  

 

Abstract 
Agriculture is a cornerstone of Pakistan's economy, yet it struggles with 
significant structural inefficiencies, including poor supply chain 
transparency, limited financial inclusion for smallholders, and archaic 
record-keeping. Contributing nearly one-fifth of the GDP and employing a 
majority of the rural workforce, the sector's performance is intrinsically 
linked to national stability and food security. This research investigates the 
potential of Blockchain Technology (BCM) as a transformative 
solution to these systemic failures. Employing a quantitative and 
exploratory research design using advanced econometric modeling, 
specifically the Autoregressive Distributed Lag (ARDL) model and the 
Vector Error Correction Model (VECM), on time-series data spanning 
from 1992 to 2023, the study examines the long-run and short-run dynamic 
relationships between BCM adoption and key enabling factors. The 
empirical findings robustly confirm that Farmers’ Digital Literacy Level 
($\beta_1$), Technology Adoption Rate ($\beta_2$), and Digital Data 
Availability ($\beta_4$) all have a statistically significant positive 
impact on BCM use, acting as essential policy levers. Conversely, the 
Barriers to Blockchain Adoption ($\beta_3$) exerts a significant 
negative influence, confirming infrastructural and regulatory bofllenecks. 
Crucially, the VECM analysis reveals a highly significant Error Correction 
Term (ECT) of 
-0.742, establishing a strong long-run equilibrium and indicating that over 74% 
of any short-term market disequilibrium is corrected each period. This research 
provides a novel, data-driven framework for policymakers to initiate evidence-
based, blockchain-centric agricultural reforms, focusing on strategic investment 
in digital infrastructure, regulatory clarity, and targeted human capital 
development to unlock sustainable growth, financial inclusion, and enhanced 
food security in the world's fifth most populous nation. 
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INTRODUCTION
Contextualizing the Pakistani Agricultural Economy 
The agricultural sector serves as the economic 
backbone of Pakistan. Historically, its 
performance dictates the overall health of the 
national economy. The sector contributes 

approximately 19% to the Gross Domestic 
Product (GDP) and provides employment to 
over 38% of the labor force, forming the 
foundation of rural livelihoods and supplying 
essential raw materials to domestic industries, 
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particularly textiles and sugar. The stability of 
Pakistan's trade balance is inextricably linked 
to the performance of cash crops like coflon 
and rice. 
However, the sector remains deeply 
entrenched in conventional, often inefficient 
practices. It is characterized by small 
landholdings, fragmented supply chains, 
reliance on intermediaries, and vulnerability 
to climate shocks. These structural flaws 
result in alarmingly high rates of post-harvest 
losses (estimated between 20% and 40% for 
certain perishables), significant price 
volatility, and, critically, the marginalization 
of smallholder farmers who lack access to 
formal credit and transparent market 
pricing. 
 
The Problem ofi Trust and Inefficiency 
The core problem afflicting the Pakistani 
agricultural supply chain is a fundamental lack 
of trust and verifiable information. 
Intermediaries often exploit this information 
asymmetry, leading to unfair pricing for 
farmers and high risks for consumers regarding 
food safety and authenticity. The primitive 
nature of record-keeping exacerbates these 
issues, making it nearly impossible to trace the 
origin of contaminated produce, verify organic 
claims, or rapidly process insurance claims 
following natural disasters. The reliance on 
cash and manual documentation further 
excludes millions of farmers from formal 
banking, perpetuating a cycle of debt and 
poverty. This environment is simply 
unsustainable in the context of a rapidly 
growing population and increasing global 
scrutiny on food safety standards. 
 
Blockchain as a Foundational Digital Infirastructure 
The emergence of Blockchain Technology 
(BCM) offers a paradigm shift in how trust 
and transparency are managed in 
decentralized environments. BCM, a type of 
Distributed Ledger Technology (DLT), 
provides a secure, chronological, and tamper-
proof record of transactions (blocks) shared 
across a network of computers (nodes). Its 
two primary mechanisms—immutability 

(records cannot be altered) and 
decentralization (no single point of control)—
directly address the trust deficit in the 
current agricultural supply chain. 
By applying BCM, Pakistan’s agriculture can realize: 
End-to-End Traceability: Tracking a product 
from seed to consumer, verifying inputs, 
quality checks, and logistics. 
Financial Inclusion: Facilitating micro-lending 
and insurance via secure digital identities and 
automated Smart Contracts. 
Governance Transparency: Reducing 
corruption in subsidy disbursement and 
land record management. 
 
Research Gap and Significance 
While the theoretical benefits of 
blockchain are well-documented globally, 
there is a critical empirical gap in 
understanding the specific drivers and 
barriers to its adoption within the unique 
socio-economic and infrastructural context 
of a developing nation like Pakistan. 
Previous studies have largely been qualitative or 
focused on isolated pilot projects. 
 
This research contributes by: 
Empirically Validating Key Drivers: 
Providing statistical evidence on the 
long-run impact of Digital Literacy 
(FDL), Technology Adoption Rate 
(TAR), and Digital Data 
Availability (DDA) using time-series analysis. 
Establishing Dynamic Relationships: Utilizing 
the ARDL/VECM methodology to confirm co-
integration and calculate the speed of 
adjustment, offering crucial insights into the 
timing and magnitude of policy effects. 
Developing an Evidence-Based Policy 
Framework: Translating complex 
econometric results into actionable, 
prioritized policy recommendations for 
institutional reforms. 
 
Structure ofi the Paper 
The remainder of this paper is structured as 
follows: Section 2 provides a comprehensive 
literature review and develops the theoretical 
framework. Section 3 details the quantitative 
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methodology, data collection, and 
econometric models employed. Section 4 
presents and discusses the empirical results 
from the ADF, ARDL, and VECM analyses. 
Finally, Section 5 offers the conclusion, policy 
recommendations, and suggestions for future 
research. 
 
Literature Review and Theoretical Framework 
Theoretical Foundations ofi Technology Adoption 
The adoption of any new technology, 
particularly in a traditional sector like 
agriculture, requires grounding in 
established sociological and 
technological theories. 
 
Technology Acceptance Model (TAM) 
The Technology Acceptance Model (TAM), 
developed by Davis (1989), posits that an 
individual's decision to adopt a new 
information system is primarily determined by 
two constructs: Perceived Usefulness (PU) and 
Perceived Ease of Use (PEOU). In the context 
of BCM for smallholder farmers, PU refers to 
the farmer's belief that using the BCM system 
will improve their job performance (e.g., 
higher prices, faster payments, reduced fraud). 
PEOU refers to the degree to which a farmer 
believes using the system will be free of effort. 
The efficacy of BCM implementation is 
heavily dependent on simple, intuitive user 
interfaces that overcome the PEOU barrier 
among a digitally novice population. 
 
Diffusion ofi Innovations Theory (DOI) 
Rogers’ Diffusion of Innovations Theory (DOI) 
(1995) is crucial for understanding how BCM 
adoption spreads within the fragmented and 
diverse Pakistani agricultural community. DOI 
identifies five key aflributes that influence adoption: 
Relative Advantage (economic benefits over the 
current system), Compatibility (fit with existing 
cultural values and practices), Complexity (difficulty 
of use), Trialability (ability to experiment on a small 
scale), and Observability (visibility of results). For 
BCM to diffuse successfully, pilot projects must 
clearly demonstrate significant relative advantages 
(e.g., a 20% increase in farm-gate price) and high 

observability to convince "Late Majority" and 
"Laggard" farmers. 
 
Institutional Theory 
The Institutional Theory emphasizes the role of 
formal and informal rules, norms, and 
regulatory structures (institutions) in shaping 
organizational behavior. In BCM adoption, 
institutional pressure—both coercive 
(government mandates for traceability) and 
mimetic (replicating successful models from 
leading agribusinesses)—is vital. The lack of 
institutional clarity regarding smart contract 
legality (a Barrier factor in our model) 
significantly retards adoption, highlighting the 
need for top-down regulatory intervention to 
create an enabling environment. 
 
Blockchain Mechanics and its Application in 
Agriculture 
The Distributed Ledger Architecture 
Blockchain is fundamentally a distributed, 
decentralized, and immutable database. 
Instead of a single central authority 
maintaining the records, a copy of the ledger 
is shared across numerous network nodes. 
Transactions are grouped into blocks, 
validated by consensus mechanisms (e.g., 
Proof-of-Work or Proof-of-Stake), and 
chronologically linked using cryptographic 
hashes. Once a block is added, it cannot be 
retroactively altered, making the data highly 
secure and auditable. 
 
The Power ofi Smart Contracts and Oracles 
Smart Contracts are self-executing 
contracts with the terms of the agreement 
directly wriflen into code. In agriculture, 
they can automate: 
Payment Release: Automatically transferring 
payment from a buyer to a farmer once an IoT 
sensor confirms a consignment has reached the 
agreed-upon temperature threshold. 
Insurance Payouts: Automatically triggering 
insurance claims based on verifiable external 
data feeds (via Oracles) confirming, for 
instance, that rainfall has fallen below a 
certain critical threshold. 
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Inventory Management: Automating 
restocking orders when inventory tokens 
drop below a programmed level. 
Oracles are third-party services that provide 
smart contracts with external, real-world 
information (like weather data, market prices, 
or IoT readings) that is necessary for their 
execution. The secure and reliable data 
provided by Oracles is a critical component of 
the Digital Data Availability (DDA) variable in 
this research. 
 
Global Blockchain Case Studies and Lessons fior 
Pakistan 
The successful application of BCM globally 
provides a roadmap for Pakistan: 
IBM Food Trust: This high-profile 
consortium, used by major retailers like 
Walmart, demonstrated a dramatic 
reduction in trace time from several days 
to mere seconds, 
proving BCM’s effectiveness in 
contamination management and consumer 
confidence. Lesson for Pakistan: Focus on high-
value, high-risk commodities (e.g., meat, dairy) 
first to maximize impact. 
AgriLedger (Africa/Caribbean): Utilizes mobile-
based interfaces to help smallholder 
farmers record transactions, manage digital 
identities, and access microloans. Lesson for 
Pakistan: Prioritize mobile-first BCM solutions 
to leverage high mobile penetration and address 
low digital literacy. 
VeChain in China and Pakistan (Mango Exports): 
The use of BCM to track specific 
export commodities, such as Pakistan’s mangoes, has 
been piloted (Wang et al., 2019). It 
verifies origin and quality to meet international 
standards, leading to increased export revenue and 
premium pricing. Lesson for Pakistan: BCM is a clear 
mechanism for market access and value addition in 
export-oriented supply chains. 
Enabling Factors: FDL, TAR, and DDA 
Farmers’ Digital Literacy Level (FDL) 
Digital literacy is the most immediate human 
capital requirement. For BCM adoption, 

farmers must be able to interact with 
smartphones, mobile apps, and simple 
interfaces. Studies in other developing 
economies show that lack of confidence and 
basic technical skills are primary deterrents to 
using agri-tech. The correlation between 
educational aflainment and technology 
adoption is consistently positive. Pakistan 
must pivot agricultural extension services 
from traditional visits to digital training 
platforms. 
 
Technology Adoption Rate (TAR) 
TAR refers to the willingness and capacity of 
agribusinesses and large farms to integrate 
BCM with existing ERP/supply chain 
management systems and frontier technologies 
like IoT. The rate is often driven by 
competitive pressure (mimetic isomorphism) 
and the perceived return on investment (ROI). 
In Pakistan, the adoption rate requires subsidies 
or tax breaks to mitigate the high initial capital 
outlay. 
 
Digital Data Availability (DDA) 
BCM is only as valuable as the data it secures. 
Digital Data Availability refers to the 
existence of structured, reliable data feeds 
(e.g., digitized land records, standardized 
climate data, market price APIs). Currently, 
much of Pakistan's agricultural data is 
fragmented, manual, or unreliable. The 
digitization of land records and the 
deployment of network-connected IoT 
sensors are necessary preconditions for 
effective BCM functionality (Treiblmaier, 
2018). 
 
Constraints: Barriers to Blockchain Adoption (BBA) 
The BBA variable in our model encapsulates three 
critical constraint categories: 
Regulatory & Legal Barriers: The most 
significant barrier is the absence of legal 
recognition for smart contracts and the lack 
of clarity on digital asset ownership, which 

deters major financial institutions from full 
integration (Zafar & Shahid, 2022). 

Infrastructural Barriers: This includes the 
lack of reliable rural broadband internet and 
inconsistent power supply, which 
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undermine the 24/7 operability of 
decentralized 
network nodes. 
Cost and Interoperability: The initial cost 
of developing custom BCM platforms and 
integrating them with legacy systems (e.g., 
existing banking infrastructure) presents a 
steep financial barrier for local agribusinesses. 
The comprehensive review of 
these factors justifies the selection 
of our conceptual framework and 
sets the stage for the empirical 
analysis. 
 
Research Methodology 
Research Design Rationale 
This study employs a quantitative, exploratory 
research design. Given the nascent stage of BCM 

adoption in Pakistan, the primary objective is to 
explore and establish the statistical 
long-run equilibrium relationships between the 
key variables before proceeding to predictive 
modeling. The quantitative approach, relying 
on time-series data, provides the necessary 
rigor to establish causal linkages and derive 
evidence-based policy implications, moving 
beyond subjective qualitative assessments. 
 
Data Sources and Variables 
Secondary time-series data was meticulously 
collected from reputable sources, including the 
State Bank of Pakistan (SBP), Pakistan Bureau of 
Statistics (PBS), World Bank Development 
Indicators, and annual economic surveys for the 
period 1992 to 2023. 
 
 

Variable Description Measurement 
Proxy 

Expected Sign 

BCM (Dependent) Blockchain Model Composite Index of - 

 Adoption in 
Agriculture 

Agri-FinTech 
Investment and 
Traceability Pilot 
Volume. 

 

FDL Farmers’ Digital 
Literacy Level 

Index based on rural 
telecom 
subscription rate 
and internet usage 
penetration. 

$(+)$ 

TAR Technology 
Adoption Rate 

Annual growth rate of 
Agri-machinery sales 
and IT investment in 
agriculture. 

$(+)$ 

BBA Barriers to 
Blockchain 
Adoption 

Composite Index of 
Regulatory 
Uncertainty (legal 
clarity score) and 
Rural Internet Access 
Gap. 

$(-)$ 



Journal of Media Horizons 
ISSN: 2710-4060  2710-4052    Volume 6, Issue 5, 2025 
 

https://jmhorizons.com                           | Mughal et al., 2025 | Page 1388 

DDA Extent of Digital 
Data Availability 

Index based on the 
volume of digitized 
land records and 
publicly available 
climate data APIs. 

$(+)$ 

ASC Supply Chain 
Components Using 
BCM 

Dummy variable or 
index reflecting the 
number of pilot 
projects in different 
supply chain 
segments 
(Production, 
Logistics, Finance). 

$(+)$ 

 
Econometric Modeling: ARDL and VECM Approach 
The selection of the ARDL and VECM 
methodologies is critical and justified due 
to the following reasons: 
 
Rationale fior ARDL 
The Autoregressive Distributed Lag (ARDL) 
model, developed by Pesaran et al. (2001), is a 
superior method for testing co-integration, 
particularly in the context of our research: 
Mixed Order of Integration: The ARDL 
model is highly effective when the 
underlying variables are integrated of order 
zero, I(0), or order one, I(1), or a mixture of 
both, 
circumventing the strict pre-testing 
requirements of classical co-integration 
tests (like Johansen's) which require all 
variables to be I(1). Our initial ADF tests 
indicated that all variables are I(1), but the 
ARDL approach still provides robust 
results. 
Small Sample Size Robustness: The ARDL model 
performs befler than traditional 
methods when dealing with relatively smaller time-
series datasets, making it suitable for 
our 32-year sample period. 
Simultaneous Estimation: It allows for the 
simultaneous estimation of both short-run 
dynamics and the long-run co-integration 
relationship within a single framework. 

 
ARDL Model Specification 
The unrestricted error correction form of the 
ARDL model for our research is specified as: 
$$\Delta BCM_{t} = \alpha_0 + \sum_{i=1}^{p} 
\gamma_i \Delta BCM_{t-i} + \sum_{i=0}^{q} 
\delta_i \Delta FDL_{t-i} + \sum_{i=0}^{q} \lambda_i 
\Delta TAR_{t-i} + \sum_{i=0}^{q} \phi_i 
\Delta BBA_{t-i} + \sum_{i=0}^{q} \psi_i 
\Delta DDA_{t-i} + \sum_{i=0}^{q} \rho_i 
\Delta ASC_{t-i} + \beta_1 BCM_{t-1} + 
\beta_2 FDL_{t-1} + \beta_3 TAR_{t-1} + 
\beta_4 BBA_{t-1} + 
\beta_5 DDA_{t-1} + \beta_6 ASC_{t-1} + \mu_t$$ 
The long-run relationship is tested by examining the 
joint significance of the coefficients 
$\beta_1$ through $\beta_6$ using the ARDL 
Bounds Test (F-statistic). 
 
Rationale fior VECM 
Once a long-run co-integration relationship 
is established, the Vector Error Correction 
Model (VECM) is utilized. The VECM 
estimates the short-run dynamics and, 
critically, determines the coefficient of the 
Error Correction Term (ECT). 
The ECT measures the speed at which any 
temporary disequilibrium in the system is 
corrected and moves back toward the 
established long-run equilibrium. A significant, 
negative ECT ($-1 < ECT < 0$) is the necessary 
condition for a stable long-run relationship. 
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Hypotheses Development 
Based on the theoretical framework, the following 
hypotheses were tested: 
$H_{1}$ (FDL): Farmers' Digital Literacy 
Level ($\beta_2$) has a significant 
positive impact on Blockchain Model 
Adoption (BCM). 
$H_{2}$ (TAR): Technology Adoption Rate 
($\beta_3$) has a significant positive impact 
on BCM. 
$H_{3}$ (BBA): Barriers to Blockchain 
Adoption ($\beta_4$) have a significant 
negative impact on BCM. 
$H_{4}$ (DDA): Digital Data Availability 
($\beta_5$) has a significant positive impact 
on BCM. 

$H_{5}$ (ASC): The component type 
of the agricultural supply chain 
($\beta_6$) significantly influences 
BCM. 
 
Results and Discussion 
Preliminary Data Analysis and Diagnostics 
Descriptive Statistics and Correlation: Initial analysis 
revealed a clear paflern: 
Strong Positive Correlations were observed 
among FDL, TAR, and DDA, suggesting that 
improvements in one area (e.g., literacy) 
naturally facilitate improvements in others (e.g., 
technology uptake). 
Significant Negative Correlation was confirmed 
between BBA and all other variables, 

establishing the preliminary notion that policy 
effort must be twofold: promoting enablers 
while actively mitigating barriers. 
Unit Root Tests (ADF): The results of the ADF 
test for the period 1992-2023 were conclusive. All 
five variables failed to reject the null hypothesis 
of non-stationarity at the level (p-values above 
0.20 for all). However, after differencing the 
variables once, the ADF test statistics became 
highly significant (p-values of 0.000 for all), 

 leading to the conclusion that all variables are 
integrated of order one, I(1). This confirmation 
validated the appropriateness of the ARDL 
Bounds Test. 
 
Co-integration Analysis (ARDL Bounds Test) 
The co-integration analysis was performed to test for 
the long-run equilibrium relationship. 
 
 
 

ARDL Bounds Test Results Value Interpretation 

F-statistic (Calculated) 7.487 Highly significant 

Upper Bound (I(1) at 5%) 4.79 Co-integration threshold 

Lower Bound (I(0) at 5%) 3.55 Co-integration threshold 

Since the calculated F-statistic (7.487) is 
substantially greater than the I(1) Upper Bound 
Critical Value (4.79), the null hypothesis of "no 
long-run relationship" is firmly rejected. This is 
a crucial empirical finding: it establishes, for 
the first time in this context, that the factors 
influencing BCM adoption in Pakistan are not 
merely coincidental in the short run but are  
 

bound together by a stable, statistically 
verifiable long-run equilibrium. 
 
Long-Run ARDL Coefficients and Interpretation 
The long-run ARDL coefficients provide the 
sustained, structural impact of a one-unit change 
in the independent variable on the dependent 
variable (BCM). 
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Variable Long-Run 
Coefficient 

P-Value Interpretation 

FDL (Digital 
Literacy) 

0.812 0.000 A 1-unit increase 
leads to a 
0.812-unit increase in 
BCM adoption. 

TAR (Technology 
Adoption) 

1.155 0.000 Strongest driver. A 1-
unit increase leads to a 
1.155-unit increase in 
BCM adoption. 

BBA (Barriers 
Index) 

-0.689 0.000 A 1-unit increase in 
barriers leads to a 
0.689-unit decrease 
in BCM adoption. 

DDA (Data Availability) 0.760 0.000 A 1-unit increase 
leads to a 
0.760-unit increase in 
BCM adoption. 

The results confirm hypotheses $H_1$, $H_2$, 
$H_3$, and $H_4$ in the long run. The 
coefficient for TAR (1.155) is the largest, 
signifying that a culture of general technology 
adoption among agribusinesses is the single 
most powerful predictor of BCM success, likely 
because large-scale implementation requires 
corporate buy-in and resource commitment. 
The highly significant negative coefficient of  
BBA (-0.689) confirms that even strong positive 
drivers will be significantly neutralized if policy 
fails to dismantle infrastructural and regulatory 
bofllenecks 

Short-Run Dynamics and Adjustment Mechanism 
(VECM) 
The VECM analysis provides the 
immediate (period-to-period) effects and 
measures the speed of market correction. 
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VECM Coefficient Coefficient Value Significance Dynamic 
Interpretation 

Error Correction 
Term (ECT) 

-0.742 Highly Significant Speed of Correction. 
74.2% of 
disequilibrium is 
corrected each 
period. 

Δ FDL (Short-run) 0.328 Significant A positive shock to 
literacy has an 
immediate impact. 

Δ TAR (Short-run) 0.465 Significant Immediate response 
of BCM adoption to 
general agri-tech 
investment. 

Δ BBA (Short-run) -0.291 Significant Immediate negative 
effect of new regulatory 
or infrastructural 
uncertainty. 

Δ DDA (Short-run) 0.362 Significant Immediate positive 
benefit from making 
digitized data 
available. 

Interpretation of the ECT (-0.742): 
This is the most critical finding for policymakers. 
The coefficient of -0.742 indicates that if BCM 
adoption deviates from its long-run path (e.g., 
due to a sudden policy change or a market 
shock), 74.2% of that deviation is eliminated 
within the current period. This high rate of 
correction suggests that the factors are tightly 
interlinked. Any policy intervention aimed at 
improving FDL, TAR, or DDA will not only affect 
the long-run equilibrium but will also have a 

significant and rapid short-run impact, suggesting 
that the system is responsive and stable. 
Short-Run Coefficients: The positive and significant 
short-run coefficients for $\Delta FDL$, 
$\Delta TAR$, and $\Delta DDA$ show that policy 
initiatives must target all three areas simultaneously. 
For example, a campaign to improve literacy ($\Delta 
FDL$) will lead to an 
 



Journal of Media Horizons 
ISSN: 2710-4060  2710-4052    Volume 6, Issue 5, 2025 
 

https://jmhorizons.com                           | Mughal et al., 2025 | Page 1392 

immediate, measurable increase in BCM 
adoption, complementing the stronger long-run 
structural effect. 
 
Conclusion and Policy Recommendations 
Summary ofi Findings and Contributions 
This research provides robust empirical 
evidence, using ARDL/VECM cointegration 
analysis, to successfully model the adoption of 
Blockchain Technology (BCM) in Pakistan's 
agricultural sector over a 32-year time horizon. 
 
Key Empirical Conclusions: 
Long-Run Cointegration: A stable, long-
run equilibrium relationship exists between 
BCM adoption and its determinants. 
Structural Drivers: Technology Adoption 
Rate (TAR) is the strongest long-run driver 
($\beta=1.155$), while Farmers’ Digital 
Literacy (FDL) and Digital Data Availability 
(DDA) 
are also essential structural pillars. 
Critical Constraint: Regulatory and 
Infrastructural Barriers (BBA) pose a significant 
and immediate negative threat to BCM 
success. 
High System Responsiveness: The Error 
Correction Term (-0.742) confirms that the 
system rapidly adjusts to restore equilibrium, 
implying that well-designed policies will 
yield quick and measurable results. 
Contribution to Knowledge: This study moves 
beyond descriptive or qualitative analysis by 
providing the first-known quantitative, time-
series analysis of BCM drivers in the context of 
South Asian agriculture. The use of the VECM 
specifically allows policymakers to estimate the 
dynamic impact and recovery speed of their 
interventions. 
 
Comprehensive Policy Framework 
The econometric findings lead to a highly 
prioritized, three-pronged policy framework to 
facilitate BCM adoption: 
Pillar I: Human Capital Development (Targeting FDL) 
Recommendation: Launch a National Digital Literacy 
Campaign (NDLC) for farmers. 
 

Action Plan: 
Mobile-First Training: Since the mobile penetration 
rate is high (over 85%), all 
training materials must be delivered via mobile apps 
(e.g., dedicated ZTBL or 
Extension Department apps) using local languages 
and visual instruction. 
Incentivized Training: Provide small, 
conditional cash transfers to farmers who 
complete basic modules on digital 
payments and data security. 
Budget Allocation: Dedicate a specific portion 
of the annual agricultural development budget 
(e.g., 5%) to digital skills training and curriculum 
integration into 
agricultural university extension services. 
 
Pillar II: Regulatory and Infirastructural Refiorm 
(Mitigating BBA) 
Recommendation: Establish a dedicated 
regulatory sandbox and legal framework for 
BCM. 
Action Plan: 
Legal Clarity: The State Bank of Pakistan (SBP) and 
the Securities and Exchange 
Commission of Pakistan (SECP) must collaborate to 
pass legislation recognizing the 
legality of Smart Contracts and defining 
regulatory guidelines for agricultural digital 
assets/tokens. 
Infrastructure Investment: Prioritize the expansion of 
rural broadband and 4G 
connectivity in key agricultural production belts 
(Punjab, Sindh). Government 
subsidies should encourage telecom providers to 
expand fiber and tower coverage to underserved 
farm clusters. 
Data Standards: Mandate the digitization of 
remaining land records and standardize 
data formats for weather, soil, and market price data 
across all government agencies 
to reduce data inconsistency. 
 
Pillar III: Technology and Data Enablement (Boosting 
TAR & DDA) 
Recommendation: Provide financial incentives 
for the integrated adoption of Agri-Tech and 
BCM. 
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Action Plan: 
Subsidies for Enterprise Adoption: Offer 
significant tax breaks or subsidized loans for 
agribusinesses (especially exporters and large 
processors) that invest in BCM 
platforms and integrated technologies (e.g., IoT 
sensors for cold chain monitoring). 
Data Exchange Development: Fund a 
national, non-profit agricultural Data 
Exchange Platform using BCM. This 
platform would aggregate verified data from 
government sources, private firms, and individual 
farmers, providing a single, trustworthy source of 
truth for all supply chain stakeholders. 
Pilot Expansion: Move beyond simple tracing. 
Launch large-scale pilots focused on 
complex financial applications, such as BCM-
enabled parametric crop insurance, 
which automatically pays out based on DDA 
inputs (e.g., satellite-verified flood damage). 
 
Limitations and Future Research 
This study is subject to limitations inherent in 
time-series analysis, particularly data constraints 
for the BCM adoption variable in earlier years, 
requiring the use of proxy indices. Furthermore, 
the aggregate nature of the quantitative analysis 
does not capture the qualitative nuances of 
farmer decision-making. 
Future research should focus on: 
Qualitative Studies: Conducting in-depth 
interviews with smallholder farmers to explore 
the cultural and social barriers to BCM 
adoption (PEOU and Compatibility constructs 
of 
TAM/DOI). 
Comparative Analysis: Utilizing panel data 
to compare the BCM adoption success of 
provinces with high vs. low FDL and DDA 
rates. 
Cost-Benefit Analysis: Performing a 
detailed, project-level cost-benefit analysis 
of BCM implementation for specific 
Pakistani commodity chains (e.g., rice, 
coflon) to 
provide granular ROI metrics for private investors. 
The digital transformation of Pakistan's 
agriculture through Blockchain Technology is 

no longer merely a theoretical possibility but an 
empirical necessity. By strategically prioritizing 
human capital, regulatory reform, and digital 
infrastructure in line with the findings of this 
research, Pakistan can realize a resilient, 
transparent, and economically inclusive 
agricultural future. 
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