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This study examines the impact of information and communication technology
(ICT) adoption on food security in emerging seven countries: namely China, India,
Indonesia, Russia, Mexico, Brazil, and Turkey from 1995 to 2019. To obtain robust
findings, we deploy several econometric approaches, including the Westerlund
ECM co-integration test, PMG method, and D-H causality test. This research paper
presents significant findings through the utilization of panel co-integration tests
as the primary estimation techniques. The findings from the PMG method reveal
that increases in usage of Mobile phone and Internet access significantly boost
long-term food security by 0.092 and 0.036%, respectively. In addition, the findings
from the Dumitrescy—Hurlin causal relationship test show a bidirectional causal
relationship between Mobile phone use and food security but a unidirectional
causality from Internet use to food security. Furthermore, the impact of ICT on
food security is more prominent in the long run than in the short run. The current
study’s conclusions have significant policy implications for the E7 countries. For
example, the E7 countries should invest in ICT to gain future benefits. Authorities
in the countries should develop and implement policies that encourage Mobile
phone and Internet use in rural areas. Such a promotion will strengthen the
farming system while also increasing sustainable food production.

KEYWORDS

internet technology, Mobile phone, food production, food security, emerging
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Introduction

The advent of information and communications technology (ICT) had a profound impact
on various industries worldwide, including agriculture, which was not immune to its
far-reaching effects (Chandio et al., 2024). The rapid growth of the world population has led
to an increased demand for food, hence necessitating the urgent need to improve agricultural
output (Chandio et al., 2023a; Farooq et al., 2023; Khan et al., 2022). This concern is
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particularly relevant to the Emerging 7 (E7) economies, namely,
“China, India, Indonesia, Russia, Mexico, Brazil, and Turkey;” which
are marked to become major markets by 2050 (PwC, 2017). Nations
distinguished by rapid economic advancement and burgeoning
influence on the global platform hold a pivotal position in the realm
of global food provisioning. Consequently, grasping the implications
of ICT on food productivity within such economies bears significant
ramifications of significant magnitude.

Agriculture stands as the foundation of the E7 markets, employing
sizable influence over their Gross Domestic Product (GDP) and
employment backdrop. Particularly, in India, farming sector hires
more than 50% of rural labor force and contributes about 17% to the
overall GDP (Baig et al., 2023). Similarly, in China, despite the quick
developments of industrialization, agriculture remains a vital sector,
sustaining employment for nearly 25% of the population (Chandio
etal, 2023b). Likewise, farming sector has a fundamental role in the
profitable outlook of the remaining E7 countries. In this context, food
productivity appears as an utmost indicator of agricultural sector
vitality. The expansion of food productivity has emerged as an
imperative priority within these economies, aimed at ensuring food
security, alleviating poverty, and targeting sustainable development.

In the current times, the attention has progressively transformed
toward the role of ICT in the farming sector. Encircling a diverse range
of technologies, covering from traditional media for instance radio and
television to cutting-edge systems like geographic information systems,
remote sensing, and mobile applications, ICT shows the potential to
revolutionize the agricultural industry. By yielding timely and precise
information, enhancing market accessibility, and optimizing resource
utilization efficiency, ICT emerges as promising in reshaping
agricultural practices. However, despite its growing importance, there
exists a lack of comprehensive studies revealing the applications and
influences of ICT within the agricultural sector of E7 markets.

The transformative influence of ICT on augmenting agricultural
productivity and food provisioning has acquired substantial scholarly
attention in recent times. The integration of ICT into farming practices
has been associated with intensified efficiency and productivity, adopting
advancements in the landscape of food security (FS) (Aker, 2011; Bimber,
2003). Technologies such as Mobile phones, Internet, and satellite
imagery have led a revolution in agricultural practices, empowering
farmers with access to precise information regarding weather patterns
and optimal farming techniques (Aker and Mbiti, 2010).

Despite the hopeful prospects offered by ICT, the agricultural
domain within the E7 economies meets a numerous of challenges that
hinder the realization of its full potential benefits. These challenges
involve deficiencies in infrastructure, limited digital literacy among
farmers, and inadequate policy frameworks. In addition, the impact
of ICT on food productivity is not uniform and is subject to disparities
influenced by factors such as the type of technology deployed, the
contextual nuances of its utilization, and the distinct characteristics of
each economy’s agricultural sector. Against this backdrop, empirical
investigation requires a thorough exploration of these complexities,
aiming to provide insights into how ICT can effectively augment food
productivity within the E7 economies.

Preceding studies into the influence of ICT on agriculture have
returned varied outcomes. While certain studies have uncovered
advantageous effects, including enhanced access to market
intelligence, increased adoption of optimal agricultural practices, and
high productivity (Armenta-Medina et al., 2020; Toriyama, 20205
Zhang et al., 2016), others have shed light on the challenges and
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constraints associated with ICT integration in agriculture. These
challenges embrace issues of accessibility, affordability, and usability
(Ma and Zheng, 2022; Rahman et al., 2023). However, extant studies
have focused on the adoption of ICT, rather than exploring into its
direct impact on food productivity. In the context of the E7 countries,
research remains relatively limited. Although a few studies probed into
the role of ICT in agriculture in individual E7 countries, such as
(Zhang et al., 2021; Zheng et al., 2021) for China and (Balkrishna
et al,, 2020) for India, a comprehensive analysis covering all the E7
countries is noticeably lacking. Consequently, a comprehensive
research in this area, focusing on the impact of ICT on food yield,
is required.

Mobile phone users, Internet users, and cereal output in the
emerging markets are depicted in Figures 1-3. Figure 1 shows that the
number of mobile users grew during the period in the seven emerging
economies; however, most of the nations demonstrated a stabilization
or a slight decrease in mobile phones between 2015 and 2019. This
result may be attributed to market saturation in a country that has
mobile phones in large numbers. Similarly, Figures 2, 3 show that,
except in Turkey and Indonesia, a gradual increase in the number of
internet users and cereal output can be seen in the E7 countries. The
graphs indicate that the sharp rise in the number of internet and
mobile phones signaled a dramatic shift in the socioeconomic
landscape of emerging nations. An analysis of this technological wave,
in conjunction with cereal production, can reveal deep insights into
the connection between technology and food supply. The selection of
the emerging economies, covering diverse dynamics such as economic
development, population growth, and environmental conditions, can
offer a unique chance to understand the complex nature of FS issues.

Significance of the study

The implications of this study extend to policy and practice. By
furnishing evidence for the influence of ICT on food productivity in
the E7 economies, this research can provide crucial insights that can
inform policy decisions on the interplay between ICT and agriculture.
Policymakers can leverage the insights to design and implement
strategies that can promote the effective utilization of ICT in the
agricultural sector and thus augment food productivity and fortify FS
and sustainable development. This study adds a few new things to the
related literature. Firstly, this research examines the impact of Mobile
phone use on FS by incorporating agricultural factors as control
variables, specifically, harvested area, fertilizer consumption,
agricultural employment, and cereal yield. Secondly, this research also
scrutinizes the influence of the Internet access on FS in the E7
economies. Thirdly, this study uses serval econometric techniques,
including the second-generation panel unit root tests-CADF, panel
co-integration method-Westerlund ECM, PMG method, and D-H
causality test for panel data estimation. Lastly, this study provides
actionable recommendations to policymakers and practitioners,
illuminating how they can harness ICT to augment food productivity.

The sections of the study in coming part are designed as follows:
Section 2 offers a detailed literature review, encapsulating the
evolution of ICT in agriculture and prior research on its impact on
agricultural productivity; Section 3 elucidates the methodology
adopted for this study, encompassing the data sources and analytical
techniques employed; and Section 4 presents the empirical outcomes,
followed by discussions about it. The study goes further in Section 5,
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FIGURE 2
Internet users in E7 economies. Source: World Bank Data.

where the main findings are sum up, the consequences for policy and
practice are illustrated, and future research avenues are discussed
in detailed.

Theoretical outlook and empirical
review of literature

A great deal of theoretical and empirical research on how ICT
may improve FS can be seen in recent literature. FS means that there
is always enough food available for everyone to eat in quantities that
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are both sufficient and healthy (Manikas et al., 2023). The word ICT’
is used to refer to a wide range of technologies that make it easier to
create, save, transmit, and process information and communicate
(Ahmad et al,, 2022; Gonzalez et al., 2022). ICT can potentially
improve FS by empowering farmers, consumers, traders, and
policymakers to access timely and accurate information, improve
market efficiency and transparency, optimize resource allocation and
utilization, and foster innovation and learning (Anser et al., 2021;
Ayim et al,, 2022). However, the impact of ICT on FS is not uniform
and depends on several factors, such as the type of technology used,
the context of its application, the characteristics of the users, and the
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institutional and policy environment (Biswal and Jenamani, 2018).
Therefore, a comprehensive and systematic framework is needed to
capture the multidimensional and multifactorial nature of ICT
impact on FS.

In the recent years, the role of ICT in farming sector has been a
subject of intensive inquiry. The evolution of ICT in agriculture, as
elucidated by Maarsingh et al. (2023), demonstrated a trajectory from
rudimentary tools for record keeping and weather forecasting in the
early 20th century to sophisticated systems for precision farming and
remote sensing in the 21st century. The authors contended that the
adoption of ICT substantially amplified agricultural output and food
production, albeit not without challenges, such as the digital divide
and imperative for tailored training and education for farmers. For
example, Paul et al. (2023) scrutinized the differential effects of ICT,
energy intensity, urbanization, and inequality on agricultural output
in a sample of 20 Asia-Pacific nations spanning the period from 1990
to 2020. Existing research endeavors have consistently evidenced that
fluctuations, whether favorable or adverse, stemming from ICT,
energy intensity, and the process of urbanization, exert an extended
asymmetric influence on the efficacy of agricultural activities. The
findings indicated that the implementation of ICT and efficient energy
management in the agricultural sector can greatly enhance
agricultural production.

An empirical research accompanied by Qiubo et al. (2020) on
farming sector investigated the effects of ICT on total factor
productivity (TFP) from 2004 to 2016. The findings of the study
showed that ICT has the likelihood to boost agricultural TFP by
improving agricultural technical efficiency. Very recently, an
empirical study conducted by Domguia and Asongu (2022)
inspected the interconnection between ICT and agricultural
productivity in 18 countries in Sub-Saharan Africa. Their
research spanned the period from 1990 to 2014, and they found
evidence suggesting that the presence of ICT, including internet
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access and mobile and fixed-line telephone usage, had a positive
and beneficial effect on agricultural production. The study
conducted by Chandio et al. (2022) scrutinized the influences of
ICT on cereal productivity in seven Asian markets from 2000 to
2018. The study’s observed outcomes suggest that the utilization
of ICT has the potential to enlarge cereal productivity. The
investigation described above collectively indicate that the use of
ICT into agricultural practices has the potential to significantly
enhance food yield.

Mittal (2012) emphasized the potential of modern ICT in the
context of developing countries, specifically in relation to agricultural
development within smallholder agriculture of India. The research
highlighted the significance of ICT in providing farmers with essential
resources such as market information, weather forecasts, and
agricultural guidance. This, in turn, can contribute to improved
productivity and higher revenue levels. The impact of ICT on
agricultural productivity has generally been proven to be auspicious, as
discerned by Spielman et al. (2021). The authors’ review of extant
studies on the subject demonstrated that the magnitude of influence
varies, contingent on the type of ICT deployed and the context in which
it was operationalized. The review also underscored the imperative for
in-depth inquiry to reveal the mechanisms through which ICT can
influence productivity and identify the most efficacious modes for
implementing and employing ICT in diverse agricultural settings. The
transition from the Green Revolution to the Digital Revolution in
agriculture was profoundly impacted by ICT. Abdulai (2022) argued
that ICT plays an indispensable role in this transition by enabling
efficient and sustainable farming practices. The author furnished
numerous case studies illustrating how ICT has been harnessed to
augment food production, encompassing the utilization of remote
sensing for crop monitoring and digital platforms for farm management.

When we look at the studies on the impact of ICT on food
production in developing economies, we see that there are more
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narrow studies. Emerging economies often grapple with distinct
challenges in the adoption and implementation of ICT in
agriculture, including limited infrastructure, restricted technology
access, and farmers’ dearth of technical expertise. Such challenges
can curtail the efficacy of ICT in increasing food production and
agricultural productivity. Nonetheless, evidence shows that, when
effectively implemented, ICT can exert a positive influence on food
production in emerging economies. For instance, mobile phones
have been deployed to furnish farmers with access to market
information, weather forecasts, and agricultural advice, resulting in
heightened productivity and increased income (Aker, 2011).
Similarly, digital platforms have facilitated connectivity between
farmers and buyers/suppliers, thereby reducing transaction costs
and ameliorating market access (Nakasone, 2013). However, a deep
probe is warranted to comprehend the specific mechanisms through
which ICT can augment food production in emerging economies
and discern the barriers to ICT adoption and implementation in
such contexts. The increasing importance of the concept of FS,
especially in the face of major challenges such as climate change and
population growth, makes such a study even more important.
Hence, based on the above background of the empirical review of
relevant literature, this research posits the following hypotheses:

Hypothesis 1: Mobile phone use significantly boosts food security
in E7 economies.

Hypothesis 2: Internet use significantly enhances food security in
E7 economies.

10.3389/fsufs.2025.1496295

Research gap

Despite the growing body of research on the use of ICT in
farming sector, studies that particularly look at how ICT affects
food productivity in the E7 economies are notably lacking. The
majority of research focuses on either a single nation or one
technology, failing to take into account the complexity and diversity
of the E7 economies. Additionally, there is a lack of a thorough and
comprehensive framework that can take into consideration the
different aspects and factors that influence how ICT affects food
production. By undertaking a cross-country comparative
examination of the effect of ICT on food productivity in the E7
nations using a multidimensional and multifactorial methodology,
this study seeks to close this gap. This research also addresses the
following research questions: Does the usage of Mobile phone boost
food security in the E7 economies? How does Internet access
influence food security in the E7 economies? Do production factors
enhance food security in the E7 economies? Figure 4 shows the
determinants of food production.

Methodology
Dataset and econometric model
This research investigates the influence of ICT on FS in the E7

nations, including “China, India, Indonesia, Russia, Mexico, Brazil,
and Turkey, throughout the time span from 1995 to 2019 (see
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TABLE 1 Definition and data source of variables.

Variables Definition Source
Food security Food production index (100 in 2014-2016); proxy for food security WDI
Mobile phone Mobile cellular subscriptions (per 100 people) WDI
Internet Individuals who use the Internet (% of population) WDI
Harvested area Harvested area (hectares) WDI
Fertilizer consumption Fertilizer usage (kg per hectare of arable land) WDI
Employment Employment in agriculture (% of total employment) WDI
Cereal yield Cereal production (kg per hectare) WDI

Figure 5). Table 1 shows the abbreviations and data sources of the
examined variables. This study uses the food production index as the
dependent variable and Mobile phone use and Internet use as the
fundamental independent variables. In addition, this study uses
harvested area, fertilizer consumption, employment in agriculture,
and cereal yield as the control variables. Data on all variables used in
the analyzes were compiled from the World Bank database.

The main purpose of this study is to reveal the FS situation of the
E7 countries and analyze how a modern and sustainable agricultural
economy can be achieved in the countries in light of the selected
indicators. In this study, the relationship between some selected
indicators and FS was tried to be examined using two different models.
The models created for the context are as follows in Equations 1, 2:

Model 1:

lnFS,-t = ﬂit + ﬂllﬂMOBn + ﬂ2lﬂHAit + ﬂ}lﬂFEth
+ ,B4lnEMBt + IBS]I’!CY;; + &jt (1)

Model 2:
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+ BalnEMPE,; + BsinCY + £i )

where FS, MOB, INT, HA, FER, EMP, and CY denote food
security, Mobile phone use, Internet use, harvested area, fertilizer
usage, agricultural employment, and cereal yield, respectively.
Figure 6 depicts the flowchart of panel data estimations for
E7 economies.

Methodological framework

Cross-sectional dependence (CSD) tests

Whether or not the horizontal CSD between the series is
considered can significantly affect the results (Breusch and Pagan,
19805 Pesaran, 2004). Therefore, before the analysis, the existence
of horizontal CSD in the series and co-integration equation
should be tested. This factor should be considered when choosing
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FIGURE 6
Flowchart of panel data estimations.

Breusch-Pagan LM Test
Pesaran scaled LM Test
Bias-corrected scaled LM Test
Pesaran CD Test

e LLC panel unit root test
IPS panel unit root test
CADF panel unit root test

Westerlund cointegration test
Kao cointegration test

Pooled mean group/
autoregressive distributed lag
(PMG/ARDL) model

D-H panel causality test

the unit root and co-integration tests; otherwise, the analysis may
yield erroneous results. The existence of horizontal CSD can
be tested with alternative methods, such as the Breusch and Pagan
(1980) Lagrang multiplier (LM) test; Pesaran (2004) scaled LM_
test, and Pesaran CSD test (Pesaran et al., 2008). The mathematical
expression of the CSD test is as follows in Equation 3:

TS ay | veon
CSD= |[——— pii IN(0,1)4,j (3)
N(N_l) i=1 j=i+l !

Second-generation stationary tests

Once the horizontal common stochastic trends have been
assessed, it is imperative to examine the stationarity of the
variables. The subsequent empirical analysis entails examining the
stationarity property of the variables. The stationarity of the
variables is tested in this work using “cross-sectional Im-Pesaran—
Shin (CIPS) and cross-sectional augmented Dickey-Fuller
(CADF)” panel unit root tests, as suggested by Pesaran (2007). The
mathematical representation of the CADF panel stationarity test is
given by the following equation:
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At = O + it p-1 + Aie—1 + Tib Y- j + Eit 4)

When one more lag value (t — 1) is added to this equation,
Equation 4 will be formed, as follows in Equation 5:

p P
Afis = 8+ $ifis1 + HiZe1 + D AT+ D i +Eir (5)
=0 j=0

After this step, the CIPS unit root test can be expressed, as follows
in Equation 6:

n
CIPS =N"> "4 (N.T) (6)
i=0

where 4; (N,T ) indicates the panel CADF; thus, it can be replaced
in a new function as in Equation 7:

n
CIPS = N™"Y CADF; 7

i=1
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Panel cointegration test

As suggested by Westerlund (2007), the probability values
obtained from the “bootstrap” distribution can account for the
horizontal CSD, which are shown in the table. Once the examination
of the stationarity of the series has been done, the selection of the
appropriate cointegration test is determined based on the acquired
information. The sort of panel cointegration test to be undertaken is
contingent upon the degree of stationarity exhibited by the variables,
as assumed in the analysis. In order to derive the panel test statistics
for the Westerlund cointegration test, the estimation of the following
model is undertaken in Equation 8:

q q
+Zoi,jAX i1+ ZCDi,jAYi,zq +&ig (8)
=1 =0

To test whether a co-integration relationship exists we estimated
Equations 9, 10 as follows:

n

s v
N,ZSE('%)

Gi= 9

1 & Ty,
Ga=—) —* (10)
’ NiSvi(1)

The hypothesis are as follows:

« HO:y; = 0, no co-integration exists for all the cross-sections.
o Hl:y; <0, co-integration exists for some cross-sections.

In case Ho rejected, it indicates that a co-integration relationship
exists between the variables for at least one horizontal section.

In the next stage, the error correction coefficient in the entire panel
and its standard error are calculated in Equations 11, 12 as follows.

Vi
Pi =
A SE(7) (11)
v
R = T (12)

The hypothesis are as follows:

« HO:y; = 0, no co-integration exists for all the horizontal sections.
« HI: y; =
horizontal sections.

¥ < 0, co-integration exists for all the
Rejecting the null hypothesis means that there is a cointegration

between all variables.

PMG long run panel estimation

In this work, the PMG estimate approach described by Pesaran
et al. (1999) was employed to analyze the interactions among the
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variables under consideration. This approach demonstrates enhanced
efficiency and consistency in both short run (SR) & long run (LR)
estimation. The technique discussed in the preceding study is
commonly utilized for estimating panel datasets. According to Pesaran
and Smith (1995), the PMG estimator is known for its ability to
generate dependable and effective parameter estimates. Notably, this
approach eliminates the need for pre-testing the order of integration,
namely whether the variables are stationary (I (0)) or possess a unit
root (I (1)). Therefore, this study employed the aforementioned
methodology to investigate the enduring and immediate effects of ICT
on FS in the E7 nations. Equation 13 presents the long-term
autoregressive distributed lag (ARDL) model in the specified sequence:

P q
ALI’IFSI‘[ =a; + ZﬂijLnFSit—j + ZY,-jcS,-t_j + & (13)
k=1 k=0

The time frame and cross-sectional unit are denoted by ¢ and i,
while 9j; indicates the exogenous variables LnMOB/LnINT, which
represent the Mobile phone/Internet use, LnHA (agricultural
LnFER LnEMP
(employment in agriculture), and LnCY (cereal yield), respectively.

harvested area), (fertilizer consumption),
Moreover, p and g represent the lag orders and ¢;; stands for the error
term. The SR estimation of the variables, following Equation 14 is

formulated as:

p
ALnFSj; = ¢+ Y QjALnFS;_;
k=1

q
+ZZUA517*] +7],'jECTt,1 + &it (14)
k=0

Results and discussion

Table 2 shows the descriptive statistics of the examined variables.
The mean value of FS is 82.945 with a standard deviation of 16.391,
while the mean value of MOB and INT is 59.144 and 23.419. It shows
that the adaptation of Mobile phone is higher in E7 economies,
however the infrastructure of Internet access needs improvement. The
descriptive statistics of other variables show that the mean values of
HA, FER, EMP, CY are 412, 155.091, 28.011, and 3,447.396. Moreover,
Figures 7, 8 reveal that Mobile phone usage and Internet usage are
significantly correlated with FS.

Checking the CSD of the data is imperative. Thus, in this
investigation, various CSD tests are employed, including the
“Breusch-Pagan LM, Pesaran scaled LM, Pesaran CD, and bias-
corrected scaled LM tests.” The CSD test outcomes are detailed in
Table 3. The calculated results validate the presence of CSD in the
dataset, and at the 1% significance level, all variables exhibit
statistical significance. Therefore, the outcomes validate the
existence of CSD among FS, Mobile phone use and Internet use,
harvested area, fertilizer consumption, employment in agriculture,
and cereal yield.

Table 4 presents the outcomes of the Levin-Lin-Chu (LLC) and
IPS panel unit root tests. In the LLC test, only LnFS, LnFER, and
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TABLE 2 Descriptive statistics of variables (without log).

10.3389/fsufs.2025.1496295

FS MOB INT HA FER EMP CcY
Mean 82.94503 59.14490 23.41921 41,294,573 155.0915 28.01166 3,447.396
Median 81.21000 59.70119 14.52000 19,611,226 125.9661 24.06000 3,131.800
Maximum 115.7000 165.6610 82.64216 1.04E+08 464.7764 61.76000 6,265.900
Min 48.84000 0.007955 0.004955 8,766,907. 10.02125 5.830000 1,255.400
Std. Dev. 16.39170 49.85516 23.95536 35,590,587 115.3057 16.12940 1,229.086
Skewness 0.048500 0.369619 0.800762 0.769549 0.999783 0.476829 0.495170
Kurtosis 2.089874 1.964556 2.328060 1.834274 3.349931 1.928821 2.177079
Jarque Bera 6.108507 11.80240 21.99444 27.18141 30.04689 14.99815 12.08937
Probability 0.047158 0.002736 0.000017 0.000001 0.000000 0.000554 0.002370
Sum 14,515.38 10,350.36 4,098.362 7.23E+09 2,7141.01 4,902.040 60,3294.3
Sum Sq. Dev. 46,751.69 432,483.5 99,851.49 2.20E+17 2,313,400. 45,267.40 2.63E+08
Sample size 175 175 175 175 175 175 175
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FIGURE 7
Link between Mobile phone use and food production index.

LnCY are stationary at I (1), and LnMOB, LnINT, LnHA, and LnEMP
are stationary at I (0) and I (1). The IPS test obtains the same results
as the LLC test. The dependent variable LnFS is I (1) in the LLC and
IPS tests; thus, it is a necessary condition for the PMG model. The
outcomes of both tests are also verified by using the CADF unit root
test (see Table 5).

Once the panel data stationarity has been confirmed, it is
necessary to examine the long-term co-integration between the series.
The Westerlund ECM panel cointegration tests are performed in
relation to this matter. The findings for Models 1-2 are presented in
Table 6, providing evidence that supports the existence of
co-integration. This research also employs the Kao panel cointegration
test to check the robustness of the findings of the Westerlund ECM
test. The outcomes are reported in Table 7, confirming that there is a
long-term connection between the variables.
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In this study, the PMG estimate method, as introduced by Pesaran
et al. (1999), is employed to examine the effects of explanatory
variables on FS in the selected E7 economies, both in the LR and
SR. The empirical results of the PMG estimation for (Model 1), both
in the SR and LR, are displayed in Table 8. Figure 9 shows the main
findings of long-run estimate for Model 1. The results of the PMG
estimate reveal that Mobile phone use improves FS in both LR and
SR. The coefficients of Mobile phone use are positive concerning
FS. Therefore, a 1% increases in the usage of Mobile phone in farming
would lead to improves FS by 0.09 and 0.01% in E7 countries. The
association between Mobile phone usage and FS suggests that the
utilization of ICTs significantly promotes sustainable food production
and contemporary agriculture. Furthermore, the adoption of ICT is
often regarded as a crucial means to enhance farmers’ income and
improve their overall wellbeing (Zhang et al., 2021; Zheng et al., 20215
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Link between Internet use and food production index.
TABLE 3 CSD tests outcomes.
LnFS LnMOB LnINT LnHA LnFER LnEMP Ln
Breusch—Pagan LM test
T-statistics 455.949 502.923 509.669 64.146 299.275 453.694 440.119
p-values 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pesaran scaled LM test
T-statistics 66.034 73.282 74.323 5.577 41.858 65.686 63.591
p-values 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bias-corrected scaled LM test
T-statistics 65.888 73.136 74.177 5.431 41.712 65.540 63.445
p-values 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pesaran CD test
T-statistics 21.312 22.423 22.575 —0.634 17.130 21.259 20.955
p-values 0.000 0.000 0.000 0.526 0.000 0.000 0.000

TABLE 4 Results of the LLC and IPS.

LLC test IPS test Decision
LnF$ 1.92413 —4.14420%%* 1.65919 —4.69702%% 1(1)
LnMOB —4.41019%%% —1.42156* —5.02885%# —3.14250%%* 1(0);1(1)
LnINT —5.94681%%% —1.85132%* —3.84342%4 —2.36502%%* 1(0);1(1)
LnHA —1.56169* —2.82443%5* —2.97015%# —5.54126% %% 1(0);1(1)
LnFER —0.04972 —3.34972% ~1.07017 —5.63628%% 1(1)
LnEMP —2.84753% % —4.27166%%* —1.33289* —4.30014%* 1(0)1(1)
LnCY 1.87005 —3.638477* —0.81528 —5.66577%%% 1(1)

#k #% and ** indicate levels of significance at “p < 1%, p < 5%, and p < 10%, respectively’
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TABLE 5 Results of the CADF.

10.3389/fsufs.2025.1496295

Decision

LnFS —1.498 0.763 —2.972%%% 0.000 1(1)
LnMOB —2.508%%* 0.021 —3.185%#%* 0.000 1(0);1(1)
LnINT —2.573%#% 0.013 —4.380%** 0.000 1(0);1(1)
LnHA —1.272 0.909 —2.719%#% 0.004 1(1)
LnFER —1.191 0.940 —3.597%** 0.000 1(1)
LnEMP —2.485%#* 0.024 —2.338%%* 0.057 1(0);1(1)
LnCY —2.221 0.105 —3.706%** 0.000 (1)
PV is the p-value & *** and ** Indicate levels of significance at p < 1% and p < 5%, respectively.
TABLE 6 Westerlund cointegration tests.
Statistic Stat Z R-PV Decision
Model 1
Gt —3.721%%% —3.959 0.007 Co-integrated
Ga —8.443%#* 1.130 0.013 Co-integrated
Pt —9.868*#* —4.001 0.007 Co-integrated
Pa —12.578%%* —-1.513 0.000 Co-integrated
Model 2
Gt —2.877* —-1.763 0.084 Co-integrated
Ga —7.420%%% 1.483 0.016 Co-integrated
Pt —5.745 —0.628 0.112 Not-co-integrated
Pa —6.348 0.560 0.124 Not-co-integrated

R-PV is robust p-value, *** and * indicate levels of significance at p < 1% and p < 10%, respectively.

TABLE 7 Kao co-integration test (Robustness checking).

t-Statistic Prob.

Model 1

ADF —3.872493 0.0001
Residual variance 0.000851

HAC variance 0.001071

Model 2

ADF —3.454348 0.0003
Residual variance 0.000823

HAC variance 0.000892

Zou and Mishra, 2022). Our empirical results are in line with Chandio
et al. (2022), Onyeneke et al. (2023), and Paul et al. (2023). Cai et al.
(2022) shown that the adoption of Mobile & Internet in China has a
substantial impact on the extent of technology adoption. Furthermore,
the degree to which technology is adopted is also influenced by factors
such as educational attainment, training, the proportion of income
derived from litchi farming, utilization of guidebooks, and
membership in agricultural cooperatives. The findings from
disaggregated studies provide more evidence to support the notion
that the adoption of Mobile & Internet has a beneficial influence on
the adoption of technologies that require significant capital and labor
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resources. A study in the context of Ghana, Issahaku et al. (2018)
revealed that the usage of Mobile phone considerably improves
agricultural output. The Mobile phone, in a more precise manner,
enhances the output of user-farmers by a minimum of 261.20 kg/ha
during each production season.

The significance and favorable impact of agricultural land on FS
are evident in both the SR and LR. The findings indicate that the
availability of agricultural land has a positive impact on FS. An
increase of 1% in agricultural land has been found to have a positive
impact on FS, resulting in a respective rise of 0.30 and 0.21%. The
findings suggest that the cultivation of agricultural land has a
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TABLE 8 ARDL-PMG estimates for Model 1.

10.3389/fsufs.2025.1496295

Coef. SE T-stat Prob.
LR estimation
LnMOB 0.092641 %% 0.008345 11.10100 0.0000
LnHA 0.304688* 0.153248 1.988201 0.0490
LnFER 0.203889%7% 0.079484 2.565152 0.0115
LnEMP —0.112417 0.092831 —1.210987 0.2283
LnCY 0.187569 0.154724 1.212280 0.2278
SR estimation
ECM (-1) —0.162429% 0.092322 -1.759376 0.0810
D (LnMOB) 0.017622 0.011041 1.595967 0.1131
D (LnHA) 0.214534% 0.109243 1.963827 0.0518
D (LnFER) -0.013178 0.027900 —0.472338 0.6375
D (LnEMP) 0.137750 0.085086 1.618949 0.1081
D (LnCY) 0.309491 %% 0.084445 3.664996 0.0004
Constant —0.583055 0.364311 —1.600432 0.1121

*, %% and *** Indicate level of significance at p < 1%, p < 5%, and p < 10%, respectively.
Main explanatory Mobile phone
variable (+ive)

Food security

FIGURE 9
Main long-run findings for Model 1.

Control variables

Harvested area
(tive)

Fertilizer use
(+ive)

Employment in
agriculture (-ive)

Cereal yield
(+ive)

significant role in enhancing FS in E7 nations. This finding is similar
to the finding of Anh et al. (2023), Farooq et al. (2023), Gul et al.
(2022a), Gul et al. (2022b), Nouman et al. (2022).

The utilization of fertilizer has a good long-term effect on food
production, but conversely, it has a detrimental SR impact. The
coeflicient of fertilizer usage in the long run, which is 0.20, suggests
that a 1% increase in fertilizer usage leads to a corresponding 0.20%
increase in food production. This finding aligns with the findings
reported by Zhang et al. (2022a). The proper use of fertilizer is

Frontiers in Sustainable Food Systems

essential for optimizing crop yield, as it serves as a crucial ingredient
in promoting plant growth and development. Fertilizer is a crucial
component in the cultivation and development of plants (Zhang
et al., 2022b).

Cereal production is a fundamental for promoting the FS. It is
observed that cereal production has positive and significant impact on
FS. The coefficients of cereal production both in the long and SR,
which are 0.18 and 0.30, indicate that a 1% increases in food
production would lead to promote FS by 0.18 and 0.30%. In the
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industry of agricultural systems, the adoption of modern agricultural
technology, enhanced cultivation techniques, financial accessibility,
environmentally conscious investments in agriculture, and
technological advancements collectively contribute to the
enhancement of food production and the assurance of FS (Affoh et al,
2022; Chandio et al., 2022).

Table 9 presents the robustness of the long run association
between FS and its linked variables. This research employs the FMOLS
and DOLS methods to further explore the long run estimations of the
connection between variables, and the robustness results of both
approaches are consistent with the findings obtained from the ARDL
procedure. The robustness results reveal that all variables are
statistically significant in the FMOLS regression except HA. Mobile
phone use and other production factors positively and significantly
boot food security in E7 economies. The results obtained from
FMOLS and DOLS are robust and reliable.

The empirical outcomes of the PMG estimation for (Model 2) are
presented in Table 10. The estimated coefficients of LnINT, LnHA,
LnFER, and LnCY are statistically significant at 1% significance level;
expect LnEMP in the long term, respectively. Figure 10 shows the
major long-run findings for Model 2.

TABLE 9 Robustness checking for Model 1.

10.3389/fsufs.2025.1496295

The long-term findings verify that Internet use is highly likely
to boost FS in E7 countries. These findings also indicate that a 1%
upsurge in Internet use would increase FS by 0.03%. However, in
the SR Internet use adversely influence FS. This outcomes
supports earlier study of Kaila and Tarp (2019), who found that
there is a positive correlation between Internet connectivity and
a 6.8% increase in the overall volume of agricultural productivity.
Additionally, it was discovered that this outcome is demonstrated
by a heightened level of fertilizer utilization efficiency. The
research results also demonstrate a higher degree of statistical
significance among households in younger age groups. The
emergence of the Internet has had a disproportionately positive
impact on the underdeveloped provinces in the northern region
of Vietnam. In a recent study conducted by Chandio et al. (2023b),
who found that Internet usage has a considerable positive impact
on FS in China. The utilization of the Internet promotes the
engagement of farmers in the procurement of inputs, as well as the
buying and selling in the market, thereby reducing the traveling
expenses (Cai et al., 2022; Zheng et al., 2021). The usage of the
Internet is a very effective technological advancement and
innovative instrument that farmers can easily adopt in order to

Variables FMOLS method DOLS method
Coefficient Coefficient

LnMOB 0.010859 0.0982 0.018316 0.0083
LnHA 0.038991 0.7036 0.061075 0.6366
LnFER 0.328754 0.0000 0.299709 0.0000
LnEMP —0.126030 0.0926 —0.026090 0.8054
LnCY 0.469089 0.0000 0.714745 0.0001
R-squared 0.898988 0.995129
Adjusted R? 0.891865 0.979857

TABLE 10 Results of ARDL-PMG for Model 2.
Variables Coef SD T-stat Prob.
LR estimation
LnINT 0.036798% 0.003971 9.267555 0.0000
LnHA 0.3292037%% 0.089244 3.688798 0.0003
LnFER 0.3402917%% 0.056537 6.018883 0.0000
LnEMP 0.108120 0.083512 1.294672 0.1979
LnCY 0.7064337% 0.139277 5.072141 0.0000
SR estimation
ECM (-1) —0.170947% 0.061683 —2.771360 0.0065
D (LnINT) —0.003437 0.008524 —0.403266 0.6875
D (LnHA) 0.203211% 0.106442 1.909115 0.0586
D (LnFER) —0.023128 0.030075 —0.769005 0.4434
D (LnEMP) 0.138025% 0.064990 2.123772 0.0357
D (LnCY) 0.26694477% 0.101456 2.631129 0.0096
Constant —1.533280% 0.597188 —2.567500 0.0115

* and **Indicate level of significance at p < 1%, and p < 5%, respectively.
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Main long-run findings for Model 2.
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TABLE 11 Robustness checking for Model 2.

Variables FMOLS method DOLS method
Coefficient Coefficient

LnINT 0.027631 0.0000 0.027154 0.0161
LnHA 0.161091 0.0775 0.086213 0.4969
LnFER 0.283971 0.0000 0.263504 0.0003
LnEMP —0.045489 0.4998 —0.019345 0.8529
LnCY 0.437718 0.0000 0.755654 0.0000
R-squared 0.919046 0.993541

Adjusted R? 0.913337 0.973291

derive additional advantages from its implementation (Rahman
etal, 2023; Zhang et al,, 2023). In addition, the Internet use may
also facilitate the acquisition of novel agricultural knowledge and
foster efficient information exchange among farmers, hence
enhancing agricultural productivity and augmenting income
levels (Kaila and Tarp, 2019; Onyeneke et al., 2023; Oyelami
et al.,, 2022).

In the LR and SR, the association between agricultural
harvested area and FS is statistically significant and positive at 1
and 5% significance levels, meaning that agricultural harvested
area significantly promotes FS. Specifically, a 1% increase in
agricultural harvested area would lead to improve FS by 0.32 and
0.20%. The results infer that agricultural land is a crucial factor in
improving FS in E7 countries. This finding is similar to the
findings of Affoh et al. (2022) and Pickson et al. (2022).

In the long-term, the association between fertilizer usage and
FS is statistically significant and positive at the 1% significance
level, showing that fertilizer use significantly increases FS. To
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be more specific, a 1% increase in fertilizer use would result in a
0.34% increase in FS. This finding supports Baig et al. (2023).
Since fertilizer is the actual production and plant development
component. Hence, proper fertilizer application is primarily
essential to improve crop yields.

In addition, at the 1 and 5% significance levels, the estimated
LR and SR coefficients of employment in agriculture and cereal
production are positive and statistically significant. According to
these findings, a 1% increase in agricultural and cereal production
employment would raise FS by 0.10, 0.13, 0.70, and 0.26%,
respectively. Agricultural labor and food production can
be considered as playing an essential role in ensuring FS in E7
countries. Such findings are also visible in the earlier literature
(Affoh et al., 2022; Akhtar and Masud, 2022; Anh et al., 2023;
Bhardwaj et al., 2022; Ozdemir, 2022).

The current study re-estimates the long run regression results
of the PMG method by using the FMOLS and DOLS regression
methods. The results of the robustness tests are shown in Table 11.
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TABLE 12 DH causality test outcomes.

10.3389/fsufs.2025.1496295

Null hypothesis W-stat. Zbar stat. Prob. Remarks
LnMOB < LnFS 2.86192 2.74135 0.0061 LnMOB <= LnFS$
LnFPI ¢ LaMOB 2.62017 2.36410 0.0181

LnINT < LnFS 3.49573 3.73045 0.0002 LnINT = LnFS
LnFPI ¢ LnINT 1.52711 0.65831 05103

LnHA < LnFS 570569 7.17920 7.E-13 LnHA < LnFS
LnFPI < LnHA 5.85648 7.41451 LE-13

LnFER & LnFS 2.34830 1.93983 0.0524 LnFER <= LnFS
LnFPI ¢ LnFER 4.82361 5.80267 7.E—09

LnEMP < LnFS 2.66919 2.44059 0.0147 LnEMP <= LnFS
LnFPI % LnEMP 4.85580 5.85289 5.E-09

LnCY ¢ LnFS 2.22687 1.75032 0.0801 LnCY < LnFS
LnFPI < LnFS 7.83381 105002 0.0000

We can see that the regression results of the FMOLS method are
positive and significant except EMP. This means that Internet use
and other variables can improve food security in E7 countries.

Although this study reveals the LR and SR dynamics and
co-integration between Mobile phone use, Internet use, harvested
area, fertilizer consumption, employment in agriculture, cereal
yield, and FS, it does not verify the causality movement. To
elucidate the directionality of causality between the variables, this
study employs the Dumitrescu-Hurlin (DH) panel causality test.
Table 12 delineates the diverse pathways of the causal nexus
between the variables. The findings demonstrate a bidirectional
link between Mobile phone use and FS, which is consistent with
the outcomes obtained by previous studies. Furthermore,
bidirectional causality is observed between harvested area,
fertilizer consumption, employment in agriculture, cereal yield,
and FS. The results confirm that Mobile phone use, agricultural
cultivated land, fertilizer use, agricultural employment, and cereal
production play a key role in promoting FS and achieving the
SDGs in the E7 economies.

Conclusion,
limitations o
research path

Policy implications,
the study, and future

Conclusion

The present study explores the influence of ICT on FS in the E7
countries from 1991 to 2019. In addition, this study develops two
models to answer the research questions. The first model examines the
relationship between FS, as the dependent variable, and Mobile phone
use, as the main proxy for ICT, in the LR and SR. The second model
examines the relationship between FS and Internet use, as the proxy
for ICT, in the LR and SR. In both models, agricultural variables are
added as the controls, namely, harvested area, fertilizer usage,
agricultural employment, and cereal yield. The data of all the variables
are obtained from the World Bank. This study conducts CSD and
stationary tests and the PMG estimation proposed by Pesaran et al.
(1999) as the primary estimation methods.
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The analysis results provide some interesting findings.
Through the first model, this study demonstrates that Mobile
phone use can improve FS in the LR and SR. Specifically, a 1%
increase in Mobile phone usage in farming will improve FS by
0.09% in the SR and by 0.01% in the long run in the sample
countries. The relationship between Mobile phone usage and FS
suggests that the utilization of ICT can significantly promote
sustainable food production and contemporary agriculture. In
addition, some of the control variables are statistically significant.
That is, in the first model, harvested area and fertilizer
consumption are positively and statistically significantly affecting
FS in the long run in the sample countries. Meanwhile, in the SR,
harvested area and cereal yield are positively and statistically
significantly affecting FS in the sample countries.

In the second model, Internet use will likely promote FS in the
E7 countries more in the long run than in the SR. Specifically, a
1% increase in Internet usage will enhance FS by 0.03% in the long
run. However, in the SR, Internet use will negatively influence
FS. Moreover, some of the control variables are statistically
significant. This study also re-estimated the long run association
between the variables by using the FMOLS and DOLS and verified
the same findings of the PMG method. In addition, the DH causal
relationship test demonstrates a bidirectional causal relationship
between Mobile phone use and FS but a unidirectional causal
relationship from Internet use to FS.

Policy implications

The results show that ICT can benefit FS more in the long run
than in the SR. ICT will have a positive impact on FS in the long
run; thus, the E7 countries should invest in ICT to reap its benefits
in the future. Specifically, authorities in the countries should
formulate and implement policies that can promote Mobile phone
and Internet use. Such a promotion will accelerate infrastructure
development to support ICT, such as strong networks, fast
bandwidth speed, and affordable Mobile phones. From the business
perspective, authorities should encourage firms, especially those in
the food sector, to utilize Mobile phones and the Internet in
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distributing their final goods or selling their food, which can
reduce transportation costs, final prices, and overall consumer
surplus. Furthermore, the government should support the
development of a web marketplace and encourage firms to utilize
the platform.

In addition to Mobile phone use and Internet use, policies to
increase harvested areas and cereal yields are important. To achieve
such goals, fertilizer use should be increased to increase harvested
areas and cereal yields. Such efforts are expected to accelerate the
positive impact of Mobile phone use and Internet use on FS in the long
run. Furthermore, labor policies supporting agricultural employment
are crucial to strengthen the impact of Internet use on FS. Thus,
authorities must maintain price stability in the agricultural sector to
stabilize agricultural employees’ income and maintain employment in
the sector. The results of the causality test reveal that agricultural
employment and FS have a bidirectional causal relationship; thus,
public policies
be prioritized.

strengthening the agricultural sector must

Limitations of the study

This study has some limitations. First, this study uses only
two ICT variables, namely, Mobile phone use and Internet use, as
proxies for ICT in the sample countries, which may be considered
as limited. Other variables can be used to measure ICT accurately,
such as the number of households or individuals with a computer,
the volume of online traffic, or the proportion of ICT costs in the
total average income. However, owing to various constraints, this
study used only the two variables. Second, though the sample
period is 1991-2019, future studies can extend the study period
up to 2023 based on the data availability. Lastly, this study
incorporates agricultural factors as control variables, including
agricultural cultivated land, fertilizer use, and agricultural
employment, however other critical factors influencing food
security, such as climate change, capita/machinery, water
application, political stability, and economic policies can
be considered in further investigation in Asian developing
countries. Future research should address the aforementioned
issues and limitations.

Future research path

This study lays a solid foundation for future research to
understand the impact of ICT on FS. However, future studies can
improve this study to a certain extent. First, future studies can
expand this research by elaborating on the proxies for either FS or
ICT. From the perspective of ICT, technology-related proxies can
be developed by incorporating variables such as the number of
households or individuals with a computer, the volume of online
traffic, the proportion of ICT costs in the total average income, and
so on. Furthermore, future studies can aggregate multiple
ICT-related variables into a single index using principal component
analysis (PCA), then incorporate the PCA index into the model.
Similarly, other FS metrics can be employed, such as the proportion
of malnourished adults or children in the total population, or
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poverty-related variables, as the controls, in the model. Second,
future studies can compare panel versus individual regressions to
measure the impact gap between individual countries and group
countries. Although the sample countries are categorized into a
single group, some of the countries may be more developed than
the others (e.g., China vs. Mexico). Panel versus individual
regressions can also be compared to ensure that policy
recommendations for one country are not identical to those for
another country. Last, future studies should conduct robustness
tests by generating models with alternative key independent
variables or by incorporating external shocks, such as the 1997
Asian crisis or 2008 global financial crisis.
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