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Introduction

 From 1947 to 1967, the political landscape in India was largely 
dominated by Indian National Congress (INC), as it accommodated diverse 
interests, effectively acting as both the ruling party and the dominant voice in 
Indian politics.2 The Congress party had garnered immense popularity under 
the leadership of Jawaharlal Nehru.3 Consequently, it was able to win first three 
general elections i.e., 1952, 1957 and 1962.4 Owing to INC’s continuous 
electoral success, the period from 1952 to 1967 has been described as the 
“Congress System”.5 However, Congress party’s dominance began to weaken 
following the death of Nehru in 1964.6 Importantly, the 1967 general election 
proved to be a watershed moment in the Indian electoral politics, as it marked 
the end of INC’s absolute, one-party dominance.7 For the first time, the 
Congress party had lost its absolute majority in several states, leading to 
non-Congress governments, often formed through coalition.8

 The emergence of Hindutva-based politics was able to pose formidable 
challenge to the Congress party’s pluralistic politics during the 1960s.9 Earlier, 
the Indian electoral politics used to revolve around sociodemographic markers 
such as caste, religion, language, and ethnicity.10 However, the introduction of 

Hindutva-based  politics during 1950s by the Bharatiya Jana Sangh (BJS) led 
to the fragmentation of the Indian electorate and created challenges for the 
Congress party’s pluralistic politics.11

 The transformation of the BJS into the Bharatiya Janata Party (BJP) in 
April 1980 signalled a strategic recalibration aimed at broadening electoral 
appeal while retaining its core ideological orientation. BJP emerged as the 
single largest party in 1996 general election with 161 seats and Atal Bihari 
Vajpayee as the Prime Minter of India. However, the Vajpayee government 
lasted only for 13 days because it failed to prove majority in the Lok Sabha.12 
BJP was able to once again form central government in 1998, in the form of 
National Democratic Alliance (NDA), with Vajpayee as Prime Minister. 
However, it barely lasted for 13 months, as it was defeated in a no-confidence 
motion in 1999 by a single vote, leading to fresh election.13 General elections 
were held in September–October 1999, a few months after the Kargil War. 
BJP-led NDA secured 298 seats, and was able to form a government under the 
premiership of Mr Vajpayee. Notably, Kargil War is accredited with shaping 
BJP’s 1999 election victory by giving nationalistic fervor to BJP’s election 
campaign.14 

 In 2014 general election, BJP achieved majority after securing 282 seats 
under the leadership of Narendra Modi. A clearly visible element of radical 
Hindu nationalism (Hindutva) has been incorporated into India’s already 
divisive political milieu post-Narendra Modi’s ascendancy in mainstream 
politics as the Prime Minister of India (2014–present).15 This transformation 

has resulted in altering the scope of electoral politics in India by shifting the 
focus away from broad-based pluralistic accommodation toward increasing 
Hindu majoritarianism.16

 Hindus form the largest religious group in India, constituting around 
79.8% of the Indian population, making religion a highly effective mobilizing 
factor in electoral politics.17 As a result, right-wing political parties, most 
notably the BJP, routinely invoke Hindutva to consolidate the Hindu vote.18 
Electoral campaigns in India increasingly rely on religious symbolism, 
nationalist slogans, and anti-Pakistan rhetoric to mobilize the majority 
electorate.19

 The political rise of Narendra Modi is closely linked to his ideological 
affiliation with Rashtriya Swayamsevak Sangh (RSS).20 Modi’s long 
association with RSS played a significant role in shaping his political 
worldview, which emphasizes Hindu majoritarianism, cultural nationalism, and 
a strong central state.21 These patterns laid the groundwork for the broader 
mainstreaming of Hindutva at the national level following his ascent to power. 
Narendra Modi’s tenure as the Chief Minister of Gujrat was marked by 
propagation of Hindu majoritarian politics, communal violence against 
Muslims, and the mainstreaming of right-wing Hindu nationalist groups.22 
These policies have continued while he has been in office as Prime Minister. 

 In 2024, Narendra Modi was sworn in as the Prime Minister of India for 
the third consecutive term.23 Since assuming office, Modi has overseen the 
normalization of Hindutva within India’s political and institutional 
frameworks. Policies, political discourse, and state practices increasingly 
reflect Hindu nationalist priorities, contributing to the erosion of secular norms 
and democratic pluralism. The incorporation of Hindutva into state power has 
not only reshaped domestic politics but also influenced India’s foreign policy 
orientation.24 Moreover, his aggressive military posturing towards India’s 
nuclear-armed neighbour, Pakistan, has also disturbed regional peace and 
security.25

 India’s relations with Pakistan have increasingly been shaped by 
domestic electoral considerations under Modi regime. During elections, 
nationalist rhetoric and aggressive military posturing toward Pakistan tend to 
intensify, serving as tools for political mobilization. Pakistan is repeatedly 
framed as a hostile adversary, allowing BJP leadership to rally domestic 
support and divert attention from internal challenges. This linkage between 
electoral politics and foreign policy increases the risk of miscalculation 
between the two nuclear-armed states and undermines crisis stability in the 
region. Importantly, elections in India have proved to be a bad time for regional 
peace and security.26

Research Questions

 The research questions include: (i) How and when did Hindutva emerge 
as a dominant ideological force in Indian electoral politics?; (ii) How Narendra 
Modi and BJP incentivize anti-Pakistan rhetoric during election campaigns to 

secure votes?; and (iii) How does Hindutva-driven foreign policy under 
Narendra Modi risk military conflict and crisis instability in South Asia?

Theoretical Framework

 The linkage between domestic politics and foreign policy is used in this 
paper to analyse the relationship between the domestic political factors such as 
leadership interests, election incentives and ideological narratives including 
Hindutva and how they shape India’s foreign policy, especially towards 
Pakistan. The paper has employed Constructivism to explain how ideas, 
identity, and perceptions of threat shape state behaviour. Contextually, 
Hindutva is not just an electoral tool but an identity-based worldview that 
defines who belongs to the nation and who is seen as the enemy, with Pakistan 
framed as a constant external threat. Together, this framework helps explain 
how India’s domestic electoral politics influence its foreign policy and military 
posture toward Pakistan.  

Methodology

 The paper adopts a qualitative and analytical methodology, integrating 
multiple sources of data to examine the linkage between domestic politics and 
strategic behavior. It conducts qualitative content analysis of political speeches, 
party manifestos, and official policy statements, with particular focus on 
references to Hindutva and anti-Pakistan rhetoric during elections. In addition, 
it relies on secondary data from scholarly literature, policy reports, and 
democracy indices to contextualize changes in India’s political environment 
and institutional landscape. Selected electoral and security-related episodes, 
such as general elections and two recent attacks by nuclear-armed India on 
nuclear-armed Pakistan are examined as case studies to illustrate the 
relationship between electoral politics and escalation dynamics. 

Scope and Limitations

 The paper examines the interplay between Hindutva ideology, electoral 
politics, and regional peace and security. It focuses on the period from 2014 to 
2025, corresponding to Narendra Modi’s tenure as Prime Minister, during 
which Hindutva has become deeply institutionalized within state structures and 
electoral discourse. The research focuses on India’s relations with Pakistan, 

given their history of conflict, nuclearization, and recurring crises, while 
acknowledging the broader South Asian context.

Historical Evolution of Hindutva in Indian Politics

 The Sanskrit term Hindutva (Hinduness) was first used by Bengali 
intellectual Chandranath Basu in 1892 to describe the cultural and civilizational 
essence of Hindu society.27 It remained largely a cultural connotation until the 
early twentieth century, when Vinayak Damodar Savarkar, an Indian ideologue 
and Hindu politician, transformed it into an explicitly political ideology. 
Savarkar, in his 1923 seminal work titled “Hindutva: Who is a Hindu?” defined 
the Indian nation in civilizational terms, asserting that India was fundamentally 
a Hindu homeland (Hindustan) bound together by shared ancestry, history, 
culture, and geography.28

 Savarkar made a deliberate distinction between Hinduism as a religion 
and Hindutva as a political ideology. This separation allowed Hindutva to 
function as a nationalist framework rather than a theological belief system. 
According to Savarkar, only those communities that regarded India as both 
their fatherland (Pitribhumi) and holy land (Punyabhumi) could be considered 
part of the nation. This definition implicitly excluded Muslims and Christians, 
whose sacred sites are situated outside India, unless they fully assimilated into 
Hindu cultural norms.29 This exclusionary conception of citizenship became a 
defining feature of Hindutva politics.

 Hindutva seeks to redefine Indian nationhood in explicitly Hindu 
civilizational terms. It promotes the idea that India is fundamentally a Hindu 
nation and that religious minorities, particularly Muslims, exist at the margins 
of this national identity. Unlike Hinduism, Hindutva functions as a political 
doctrine aimed at establishing Hindu supremacy within the state and society. 
Through selective interpretations of history and culture, it constructs narratives 
of historical victimhood and cultural threat, which are then mobilized for 
political purposes. As a result, electoral politics in India increasingly revolves 

around questions of identity rather than socio-economic development.30

 Hindutva also propounds the establishment of Akhand Bharat, a 
concept advocating for a greater India encompassing modern-day South Asia. 
The assertion is rooted in historical, cultural, and civilizational claims, 
promoted by Hindu nationalist groups, causing regional tensions.31 
Additionally, certain ideological and historical narratives advanced by RSS 
affiliated thinkers extend Akhand Bharat beyond South Asia to include parts of 
Central Asia and Southeast Asia, including Indonesia, Cambodia, and Thailand. 
The claim is not always territorial but civilizational, emphasizing the historical 
spread of Indic culture, religion, trade, and influence rather than modern 
political sovereignty.32 By invoking civilizational homogeneity across 
contemporary borders, it challenges the legitimacy of the post-colonial 
territorial order.33 For neighboring states, particularly Pakistan, such narratives 
are perceived as expansionist and irredentist, thereby generating insecurity and 
mistrust. Consequently, ideological assertions made for domestic consumption 
acquire regional significance and contribute to heightened tensions in South 
Asia.34

 The organizational expansion of Hindutva began with the formation of 
RSS in 1925 by Keshav Baliram Hedgewar. RSS was conceived as a cultural 
and paramilitary organization aimed at disciplining Hindu society and fostering 
a unified national consciousness.35 Rather than participating directly in 

electoral politics, the RSS focused on ideological training, grassroots 
mobilization, and social penetration. Over time, it has established a network of 
affiliated organizations, collectively known as the Sangh Parivar, which 
continues to exert significant influence over Indian electoral politics.36

 Hindutva remained marginal compared to the secular and pluralist 
nationalism promoted by the Congress party during the colonial period. 
However, the independence of India in 1947 and the ensuing communal 
violence had provided a fertile ground for Hindu nationalist propaganda.37 
These events reinforced claims that Hindu interests had been historically 
marginalized and that India required a strong Hindu-centric national identity.38 
The assassination of Mahatma Gandhi in 1948 by Nathuram Godse, a former 
RSS associate, led to the temporary banning of RSS, though the organization 
was reinstated within a year.39

 The political articulation of Hindutva gained momentum with the 
establishment of BJS in 1951 under Syama Prasad Mukherjee, a Hindutva 
activist. Although electorally insignificant for decades, BJS consistently 
advocated core Hindutva positions, including the abrogation of Article 370, the 
implementation of a uniform civil code, and the construction of a Ram temple 
in Ayodhya.40 Decades later, all these demands have seen the light of the day. 
The rebranding of BJS as BJP on 6 April 1980 marked a tactical shift toward 
electoral expansion without abandoning ideological commitments.41

 Hindutva gained traction during late 1980s and early 1990s through the 
Ram Janmabhoomi movement.42 The mobilization around the Ayodhya dispute 

culminated in the demolition of the Babri Masjid in December 1992, an event 
that fundamentally altered India’s political trajectory. It normalized religious 
polarization as an electoral strategy and consolidated Hindu nationalism as a 
dominant political force.43

Narendra Modi and the Mainstreaming of Hindutva

 Hindutva has increasingly become a decisive force in Indian electoral 
politics, particularly since the rise of Narendra Modi and the BJP to national 
prominence.44 It has evolved from an ideological undercurrent into the 
governing framework of the Indian state.45 BJP’s electoral dominance since 
2014 has enabled the institutionalization of Hindutva principles across society, 
secularism, economics, and diplomacy.46 While proponents describe Hindutva 
as a civilizational revival, critics argue that it has eroded India’s constitutional 
secularism, weakened democratic institutions, and marginalized religious 
minorities.47

 The V-Dem Democracy Report 2025 highlights a sustained 
deterioration in democratic standards in India, primarily attributing this decline 
to democratic backsliding during Narendra Modi’s era. The report identifies 
constraints on freedom of expression, systematic repression of civil society, 
restrictions on academic and cultural spaces, and the growing prevalence of 
disinformation and political polarization as major areas of concern.48

 Similarly, India has been classified as a “Flawed Democracy” by the 
Economist Intelligence Unit (EIU) in its Democracy Index 2024, primarily due 
to concerns over declining civil liberties, political culture, press freedom, and 
the erosion of democratic norms, despite regular elections.49

 The historical evolution of Hindutva thus reflects a broader shift in 
Indian politics from pluralist nationalism toward majoritarian rule.50 The 
ideological framing of India as a Hindu nation has provided strong electoral 
incentives by enabling political mobilization along religious identity lines. 
Hindu nationalist rhetoric has been strategically deployed to consolidate Hindu 
votes by reframing elections as civilizational contests rather than democratic 
competitions over governance and policy.51 This strategy has proven effective 
in a political environment where religious identity overlaps with electoral 
behaviour, allowing cultural majoritarianism to be translated into sustained 
political dominance.

 Election campaigns by BJP, under the leadership of Narendra Modi, 
have consistently combined Hindutva ideology with national security 
narratives, especially through anti-Pakistan rhetoric.52 Pakistan is frequently 
portrayed as both an external adversary and an internal ideological reference 
point, reinforcing Hindu nationalist claims of threat and unity.53 BJP’s electoral 
campaigns have increasingly emphasized militarized nationalism, particularly 
during periods of heightened India-Pakistan tensions. Such moments have been 
leveraged to shift public attention away from domestic issues toward questions 
of national security and identity, thereby strengthening the ruling party’s 
electoral position.54

 The expansion of Hindutva in electoral politics has been significantly 
amplified by the strategic use of media, including social media.55 The BJP’s 
sophisticated digital campaign machinery has transformed political 
communication in India, allowing ideological narratives to be disseminated 
rapidly across a broad audience.56 Social media platforms have been used to 
personalize political messaging, mobilize supporters, and marginalize 
dissenting voices. Encrypted messaging applications have further facilitated 
the circulation of polarizing content, misinformation, and communal 
narratives, often beyond the reach of regulatory oversight.57 At the same time, 
sections of the mainstream media have increasingly echoed government 
narratives, contributing to an information environment favourable to Hindu 
nationalist politics.58

BJP Electoral Gains through Hindutva Mobilization

 The general elections of 2014, 2019, and 2024 demonstrate the 
consolidation of Hindutva within India’s democratic framework. The 2014 Lok 
Sabha election marked the BJP’s emergence as a dominant national party, aided 
by a campaign that blended development promises with Hindu nationalist 
aspirations.59 The 2014 election results revealed that BJP’s main electoral base 
constituted the Hindu voters across almost all caste groups. Survey data from 
the Lokniti National Election Study (2014), conducted by a Delhi-based 
research institute named Center for Sustainable Development of Society 
(CSDS), show that about 54.1% of upper-caste Hindus, 42.1% of lower OBCs 
(Other Backward Classes), 30.2% of upper OBCs, 33.3% of peasant castes, 
37.5% of Scheduled Tribes, and 24.0% of Dalits voted for the BJP. Taken 
together, around 38–40% of all Hindu voters voted for BJP. Hindus made up 

around 90% of BJP’s total votes. These figures show that BJP’s 2014 landslide 
victory was primarily based on Hindu support.60

 In the 2019 Lok Sabha election, BJP achieved a historic electoral 
victory. It won about 37 percent of the national vote, which was the highest vote 
share received by any single political party in India since the 1989 general 
election. This vote share translated into 303 seats out of 543 in the Lok Sabha, 
allowing the BJP to form a government on its own for the second consecutive 
time. Compared to 2014, when the BJP won 282 seats with around 31 percent 
of the vote, the 2019 results showed a clear increase in both popular support 
and parliamentary strength. The outcome confirmed the BJP’s position as the 
dominant political force in India at the national level.61 The 2019 election 
further solidified BJP dominance, with heightened nationalist sentiment and 
security-driven discourse shaping voter behaviour.62

 In the 2024 Lok Sabha general election, the BJP-led NDA remained 
electorally strong, securing approximately 44.3 percent of the national popular 
vote and winning 293 of the 543 seats in the Lok Sabha. However, BJP alone 
had won only 240 seats, thereby losing its outright single-party majority 
compared with the 2019 election.63 Although BJP’s parliamentary majority was 
reduced, Hindutva and Pakistan-bashing remained central to campaign 
narratives, with continued emphasis on religious identity, nationalism, and 
perceived external threats.64

 Together, these election campaigns illustrate how Hindutva has evolved 
from a mobilizational strategy into a structural feature of Indian electoral 

politics, clearly reflected in the BJP’s sustained electoral dominance as 
evidenced by its Lok Sabha seats in 2014 (282), 2019 (303), and 2024 (240).65

Implications of Hindutva-based Electoral Politics for Regional Peace and 
Security

 There are significant implications of Hindutva-based electoral politics 
for South Asian peace and security. The growing entanglement of domestic 
electoral politics with regional security reduces the effectiveness of 
confidence-building measures and undermines crisis management 
mechanisms.66 As anti-Pakistan rhetoric by India becomes normalized and 
diplomatic engagement recedes, the region remains vulnerable to recurrent 
crises with escalation potential between the two nuclear-armed states.67 
Without efforts to decouple electoral incentives from security policy and 
restoring dialogue process, Hindutva-driven nationalism is likely to remain a 
key source of instability in South Asia.68

 The consolidation of Hindutva as a dominant political ideology in India 
has reshaped both domestic politics and regional strategic calculations, with 
profound implications for South Asian stability.69 Within India, Hindu 
nationalist discourse has become a central driver of electoral behaviour, 
providing incentives for leaders to mobilize religious identity in pursuit of 
political legitimacy.70 Electoral campaigns increasingly frame national 

elections as contests not merely over governance but also over the preservation 
of civilizational identity, encouraging assertive and divisive political 
strategies.71 

 This blending of ideology and politics has transformed India’s 
democratic process, embedding Hindu nationalist rhetoric into mainstream 
political practice and reinforcing societal polarization, particularly along 
religious lines. Religious minorities, especially Muslims and Christians, 
experience heightened marginalization and social insecurity, while democratic 
institutions and civil liberties face increasing constraints under the weight of 
partisan policy and regulatory pressure.72

 These domestic dynamics have a direct impact on India’s foreign policy 
behaviour. Indian electoral politics amplify incentives for leaders to adopt 
assertive posture toward Pakistan, framing security crises in ways that reinforce 
nationalist sentiment and consolidate domestic support.73 The recurring 
politicization of India-Pakistan relations by Narendra Modi and his party by 
boasting cross-border strikes, heightened military readiness, and inflammatory 
public rhetoric demonstrates how domestic electoral imperatives can constrain 
strategic flexibility and reduce incentives for de-escalation.74

 The interplay between Hindutva ideology, electoral incentives, and 
presence of nuclear weapons create a structural vulnerability in South Asian 
security, where conventional crises carry disproportionate escalation risk due to 
Narendra Modi’s irrational foreign policy choices.75

 Ideology and identity are central to these dynamics. Hindutva shapes 
both the perception of threats and the calculus of political legitimacy, 
encouraging leaders to act in ways that reinforce collective Hindu identity 
narratives rather than strictly pursuing pragmatic security objectives.76 This 
ideological lens has influenced policy toward Kashmir, Pakistan, and broader 
regional affairs, narrowing options for diplomacy while prioritizing assertive 
posturing. By linking domestic legitimacy to external assertiveness, Hindutva 
incentivizes confrontational strategies that constrain the normal functioning of 
crisis management mechanisms and confidence-building measures, further 
destabilizing an already volatile region.77

 The consequences extend beyond India-Pakistan relations to South Asia 
as a whole.78 The combination of politicized Hindu nationalism, 
Hindutva-based electoral politics, and nuclear weapons undermine long-term 
regional stability.79 The rise of Hindutva illustrates how domestic electoral 
politics, ideology, and identity can shape foreign policy in ways that amplify 
regional instability. By intertwining domestic political legitimacy with 
irrational strategic behaviour, the Indian state under Hindu nationalist influence 
has created structural pressures that limit diplomatic flexibility, increase crisis 
vulnerability, and pose challenges to strategic stability in South Asia. 
Understanding this interplay is essential for assessing India’s rogue strategic 
behaviour and its implications for regional peace and security.

Case Studies

 Pakistan-bashing has become a permanent feature of Indian election 
campaigns. The general elections of 2014, 2019 and 2024 illustrate the 

increasing use of anti-Pakistan rhetoric by Narendra Modi and BJP as a tool for 
electoral mobilization.80 In each election campaign, rhetoric around Pakistan 
was amplified to consolidate Hindu majority votes, creating a political 
environment in which assertive foreign policy was closely linked to domestic 
legitimacy.81 Importantly, such strategy highlights how domestic electoral 
politics influence foreign policy decisions, sometimes prioritizing short-term 
political gains over long-term strategic stability. Indian military attacks on 
Pakistan in February 2019 and May 2025 support these points.

Indian Attack on Balakot (February 2019): The Indian air attack on Balakot 
in February 2019, launched in the wake of Pulwama false-flag operation, serve 
as a critical example of the interplay between electoral politics and security 
operations. Coming just months before the general elections, the strikes were 
widely framed as a demonstration of India’s military resolve against Pakistan. 
While they reinforced BJP’s narrative of strong national leadership, they also 
escalated regional tensions, raising questions about the domestic political 
imperatives and their utility in strategic decision-making.82 Pakistan has 
repeatedly underscored that India has, time and again, resorted to orchestrating 
false flag operations to artificially create security crises for domestic political 
gains. Importantly, such incidents are staged to enable Indian political 
leadership to mobilize nationalist sentiment, consolidate domestic support, and 
divert attention from poor governance. The habit of blaming Pakistan without 
providing any evidence serves electoral objectives by reinforcing a hardline 
nationalist narrative.83

 The aerial combat on 27 February 2019 resulted in the downing of two 
Indian Air Force (IAF) aircraft by Pakistan Air Force (PAF), and the capture of 
an IAF pilot, Wing Commander Abhinandan Varthaman, by Pakistani security 

forces. The pilot was subsequently repatriated to India on 1 March 2019 as a 
goodwill gesture aimed at de-escalating the situation.84

 The alarming statement like the “Night of Massacre” (Qatal Ki Raat) by 
Narendra Modi and BJP politicians following the Balakot humiliation faced by 
IAF were deliberately leveraged to galvanize election‑time rhetoric by framing 
BJP government as decisive, strong, and capable of protecting national 
security.85 Narendra Modi and other BJP leaders highlighted the strikes as 
evidence of effective leadership and a proactive stance against Pakistan, 
portraying opposition’s criticism as unpatriotic appeasement.86 This rhetoric 
amplified nationalist sentiment, linked foreign policy decisions to domestic 
political credibility, and positioned BJP as the defender of India’s honour, while 
media coverage reinforced the perception of military success. By projecting the 
strikes as a symbolic achievement, BJP strengthened its electoral narrative and 
mobilized voter support around patriotism and national security during the 
2019 general elections.87

Pahalgam False-Flag Operation and Four-Day War (2025): The April 2025 
Pahalgam false-flag operation, followed by the Four-Day War initiated by 
nuclear-armed India against nuclear-armed Pakistan, represents the risks 
associated with politicized security narratives.88 The incident intensified 
nationalistic discourse and led to rapid military escalation. Coincidently, 
elections were to be held in India for the office of the vice president of India, 
Rajya Sabha, state legislative assemblies, and local bodies. Unsurprisingly, the 

BJP emerged victorious in all three major elections. The Four-Day War 
convincingly demonstrated Pakistan’s military superiority over India, 
evidenced by the failure of Operation Sindoor and the resounding success of 
Operation Bunyanum Marsoos and Marka e Haq. Pakistan was able to inflict 
significant losses on India, neutralizing its conventional military advantage and 
redefining conventional deterrence by establishing itself as a credible “peer 
competitor” capable of defeating the aggressor.89

 This case study underscores the dangers of linking domestic political 
agenda to irrational foreign policy decisions and military aggression against a 
nuclear-armed state, demonstrating how Hindu identity-driven electoral 
strategies can exacerbate regional instability and complicate crisis management 
in a nuclearized environment.90

 Collectively, these case studies illustrate a consistent pattern: domestic 
electoral considerations, particularly under Hindutva-influenced leadership, 
can incentivize assertive or high-risk foreign policy behaviour. The interplay of 
nationalist rhetoric, military operations, and electoral strategy not only shape 
India’s internal political landscape but also directly impact strategic stability in 
South Asia, heightening the possibility of miscalculations and conflict 
escalation.91

 The interplay between Hindutva-driven domestic politics in India and 
South Asian strategic stability has become increasingly consequential for 
regional peace and security, particularly in the context of India-Pakistan 
relations.92 The bilateral rivalry, rooted in unresolved core disputes like 
Kashmir and divergent national identities, has long been characterized by 

recurrent crises.93 Nuclearization introduced mutual deterrence, reducing the 
likelihood of full-scale war while simultaneously increasing the chances of a 
limited conflict and crisis instability.94 In this environment, domestic political 
incentives in India have emerged as a grave threat to regional peace and 
security.95

 The influence of Hindutva as a political ideology under Narendra Modi 
has resulted in a more assertive Indian posture toward Pakistan, particularly 
during election times.96 Military actions, publicized cross-border operations, 
and escalatory rhetoric by BJP leaders increasingly function as instruments of 
domestic political mobilization.97 

 India’s force modernization under Narendra Modi and his temptation to 
launch strikes inside Pakistan has undermined strategic stability in the region.98 
However, Pakistan’s Full Spectrum Deterrence (FSD) and Quid-Pro-Quo-Plus 
(QPQ+) policies have acted as stabilizing factors against India’s recent military 
misadventures.99 

 Contextually, Narendra Modi’s aggressive military posturing towards 
Pakistan, under the influence of Hindu nationalism, impacts crisis stability by 
compressing decision-making timelines and increasing the likelihood of 
misinterpretation.100

Conclusion

 The paper concludes that there is clear linkage between the 
Hindutva-driven electoral politics and anti-Pakistan rhetoric during elections in 
India. As a result, it exacerbates crisis instability and enhances the risk of 
military confrontation between the two nuclear-armed neighbours. Moreover, 
under Narendra Modi’s leadership, Hindutva has become a key instrument of 
electoral mobilization. The repeated use of anti-Pakistan rhetoric during 
election campaigns illustrates how foreign policy is increasingly used for 
domestic political gains. Transforming security concerns into a tool to secure 
votes heightens regional tensions, undermines confidence-building 
mechanisms, and complicates crisis management in South Asia. The fusion of 
electoral objectives with a Hindutva-driven nationalist foreign policy increases 
the likelihood of strategic miscalculations in a nuclearized environment, posing 
threat to regional and international peace and security.
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Abstract

The employment of Artificial Intelligence (AI) in the agriculture sector is 
revolutionising farming practices globally. These practices increase crop 
yield by minimising resource loss through targeted use of inputs, including 
water and fertilisers. With agriculture as its leading contributor to GDP, 
Pakistan needs to integrate AI-driven solutions to address the challenges 
this sector faces. Despite being the leading producer of various crops, 
Pakistan’s per-acre yield has been affected by several factors, including 
soil degradation, climate change and limited water resources. This 
situation necessitates the utilisation of AI-driven data to counter these 
challenges. This paper examines the prospect of Pakistan employing this 
technology across various agricultural domains. It highlights the current 
extent of AI applications, including remote sensing for crop management, 
smart irrigation, predictive analytics for weather forecasting and yield 
prediction and supply chain optimisation by various public and private 
stakeholders. It further sheds light on the various financial, administrative 
and social challenges hindering farmers’ adoption of AI. This paper 
concludes by giving a series of recommendations that are required to steer 
the inclusive and timely implementation of AI across various facets of the 
agriculture sector in Pakistan.

Keywords: Artificial Intelligence (AI), Agriculture, Pakistan, Crop Yield, 
Remote Sensing, Predictive Analytics, Smart Irrigation
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

Yield
(tonnes/hectare)

Actual Yield

Potential Yield

Yield Gap in%

Wheat

2.25

6.86

67%

Maize

1.77

9.20

81%

Sugarcane

48.06

300

84%

Rice

2.88

5.20

45%
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Muhammad Moeez Malik, “Crop Health Monitoring Using IoT-Enabled Precision 
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Bhawani Shankar Chowdhry, Faisal Karim Shaikh, Naeem Ahmed Mahoto (Hershey: 
Engineering Science Reference, 2020), 135.
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
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 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

Nausheen Mazhar, Safdar Ali, Kanwal Javaid, Muhammad Habib ur Rehman,Asif Sajjad, 
“Application of unmanned aerial vehicles (UAV) for precision agriculture, in selected 
wheat fields of Rajanpur”, Pakistan Geographical Review 76, no. 1 (2021): 213-223. 
Zahra Niazi, “Internet of Things (IoT) and Pakistan’s Agricultural sector”, Centre for 
Aerospace and Security Studies, May 16,2022,
https://casstt.com/Internet-of-things-iot-and-pakistans-agriculture-sector/ 
“Drone Farming in Pakistan,” Borgen Magazine, May 21, 2023,
https://www.borgenmagazine.com/drone-farming-in-pakistan/  
Aamir Saeed,  “Innovation buzz: Pakistani company uses drones to offer high-tech help to 
farmers,” Arab News, June 08,2023, https://www.arabnews.pk/node/2317866/pakistan 
Muhammad Abubakar, Muhammad Jehanzaib Masud,Shoib Saleem, Abdul Basit, Saddam 
Hussain, "Application of Sensor-Based Precision Irrigation Methods for Improving Water 
Use Efficiency of Maize Crop." Environmental Sciences Proceedings 23, no. 1 (2023): 
1-5, https://doi.org/10.3390/environsciproc2022023038

35

36

37

38

39

4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
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 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

Rehan Zahid, “Artificial Intelligence in Agriculture,” Imarat Institute Policy Studies, June 
10,2024,https://iips.com.pk/artificial-intelligence-in-agriculture/
Muhamamd Mansa, “10 Productive Tips for Utilizing AI for Agriculture in Rural areas of 
Pakistan,” LinkedIn, March 22,2024,
https://www.linkedin.com/pulse/10-productive-tips-utilizing-ai-agriculture-rural-muhamm
ad-masna-7qy0f/ 
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4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Josh Woodward, Rapid Landscaping of Artificial Intelligence in Agriculture in Pakistan, 
report (Washington DC: USAID,2023),
https://pdf.usaid.gov/pdf_docs/PA021F4T.pdf
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5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
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 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

“Pak-China Joint Lab for AI to intelligentize Pakistan’s agriculture,” The Nation, July 09, 
2024, 
https://www.nation.com.pk/09-Jul-2024/pak-china-joint-lab-for-ai-to-intelligentize-pakist
an-s-agriculture 

58

Challenges          Prospective Solutions

Employing cost-effective measures to 
help the farmers overcome the initial 
investment barriers to adopting this 
technology.

Granting targeted financial support to 
farmers, comprising funds, grants, and 
low-interest rate loans.

Initial awareness of AI-driven solutions 
should be user-friendly and 
straightforward.

●

●

●

Mitigating technological disparity by 
extending Internet and broadband 
services coverage in rural areas.

Establishing digital literacy centres to 
assist farmers regarding the necessary 
knowledge related to AI-related 
applications.

●

●

Technological Infrastructure 
Constraints

High cost of Implementation 

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Capacity building and skill development 
of the farmers through comprehensive 
education initiatives, organised 
according to each area's agricultural 
context.

Curation of training modules and 
curricula, for the small-scale farmers, 
focused on AI application in agriculture 
by various agricultural research 
institutes.

Robust awareness campaigns by the 
government and the private sector to 
make farmers less averse to AI-related 
agricultural remedies.

●

●

●

Lack of Technical Expertise 
and Training

Developing LLM in the local languages 
to provide tailored solutions to the 
farmers in their local language.

Devising a framework including various 
stakeholders to counter the 
incompatibility between the AI-related 
research done in academic institutions 
and its scope of implementation in the 
practical field.

●

●

Need for Local 
Developments

Dearth of Academia and 
Industry Collaboration

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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Introduction

 Hypersonic Weapons Technology (HWT) comprises missiles that can 
travel at speeds equal or above Mach 5 with high manoeuvrability. These 
systems are rapidly emerging as disruptive elements in global deterrence 
architecture.2 China and Russia have operationally deployed these systems 
while the United States, North Korea and Iran have tested or claimed to possess 
such systems. India also claims to have conducted a hypersonic test in 2024.3 
Since both India and Pakistan conducted nuclear tests in 1998, successive 
crises including the 1999 Kargil War and false flag operations such as the 2016 
Pathankot and Uri incidents, have repeatedly resulted in heightened escalation.4 
In each case, India blamed Pakistan and resorted to escalatory military 
measures that were intended to malign Pakistan and impose costs on it. 
However, air attack by India on 26 February 2019 on Balakot subsequent to 
Pulwama false flag operation and the May 2025 Four-Day War initiated by 
India following Pahalgam false flag operation have demonstrated that even 
limited strikes can lead to crisis instability.5 These crises have exposed the 
inadequacy of existing escalation control mechanisms in a nuclearised South 
Asia.

 The international hypersonic arms race thus carries huge significance 
for South Asian strategic stability. Notably, India’s pursuit of Hypersonic 
Technology Demonstrator Vehicle (HSTDV) program and BrahMos-II Mach 7 
cruise missile could spark an action-reaction cycle and trigger an arms race, 
raising risks of miscalculation.6 The existing scholarship has not fully 
examined this specific intersection of hypersonic technology and 
India-Pakistan escalation control mechanisms and how hypersonic weapons 
could upset the delicate crisis-management dynamics between the two 
nuclear-armed neighbours?  

 This research attempts to address existing gap by employing Escalation 
Control Theory (ECT) as its theoretical framework. ECT focuses on managing, 
limiting, or terminating armed conflict between adversaries to prevent the 
escalation, particularly nuclear warfare.7 Thomas Schelling famously argued 
that nuclear-armed adversaries can coerce or deter by carefully calibrated 
signalling and incremental threats.8 Herman Kahn and Glenn Snyder extended 
this by conceiving an “escalation ladder” of 44 rungs, ranging from diplomatic 
pressure up to nuclear use, which rational actors aim to climb cautiously to 
avoid total war.9 The theory assumes that leaders deliberately signal and 
exercise restraint at each rung to limit conflict.10 Its core insight is that 
technological or doctrinal shifts can either aid or undermine this control.11

 This paper hypothesises that India’s acquisition and operationalisation 
of hypersonic weapons shall enhance chances of inadvertent escalation in 
India-Pakistan crisis through three related mechanisms: 

compression of decision-time (inducing a short Observe, Orient, 
Decide, Act (OODA) loop that minimises deliberation time); 
decreased clarity in signalling (dual-capable delivery systems and 
unpredictable trajectories increasingly complicate assessments of 
intent and adversary calculations); and 
a higher threshold permeability (attack that can threaten C2 and 
survivable second-strike assets).

 Notably, as compared to the previous work which considers HWT as a 
major technical innovation, the novelty of this paper is both in 
operationalisation of ECT to four quantifiable variables: (i) signalling clarity; 
(ii) decision-time compression; (iii) ambiguity of intent; and (iv) threshold 
permeability. Charting these variables to observable crisis behaviour (alerts, 
information delays, delegated C2, asymmetric counters) and testing these 
linkages through process-tracing of the recent May 2025 Four-Day War and the 
2022 BrahMos missile launch. This is to demonstrate that hypersonic missiles 
not only modify deterrence, but also the mechanism by which they accomplish 

this with proximate, doctrinally opaque dyads and adopt Confidence Building 
Measures (CBMs) to counter the aforementioned risks.

Research Methodology 

 This study employs a qualitative process-tracing methodology to assess 
how hypersonic weapons may affect escalation control in the India-Pakistan 
dyad. The case selection is purposive, focusing on the 2022 BrahMos missile 
launch on Pakistan and the May 2025 war, as both illustrate how speed, 
ambiguity and limited decision time can strain crisis management even without 
hypersonic deployment. The analysis draws on open-source materials, 
including official statements, policy documents, credible media reports and 
scholarly and think-tank literature, to reconstruct escalation dynamics and 
identify causal mechanisms. A key limitation is the reliance on publicly 
available data, which may be incomplete or politically framed, and the inability 
to access classified decision-making processes. Accordingly, the study does not 
claim definitive causality but instead traces plausible pathways through which 
hypersonic capabilities could deteriorate existing deterrence vulnerabilities.

1. Escalation Control Theory

 ECT is rooted in the classic deterrence scholarship. Thomas Schelling, 
in his 1966 book titled “Arms and Influence”, has emphasised the “diplomacy 
of violence”, meaning states use military capabilities and the threat of 
escalation as bargaining tools.12 Herman Kahn, in his 1965 book titled “On 
Escalation: Metaphors and Scenarios”, mapped out a 44-rung “escalation 
ladder”, which includes scenarios ranging from minor hostile acts up through 
the nuclear exchange.13 Glenn Snyder’s Deterrence Theory highlighted that 
rational nuclear adversaries would avoid actions likely to spiral into all-out 
war.14 ECT analyses states’ ability and willingness to limit conflict escalation, 
for instance, in situations of high stakes conflict initiated by confrontations 
between nuclear armed adversaries.15 The theory elaborates the role of 
communication, signalling, and calibrated responses to control conflicts from 
escalating out of hands.16 Escalation, in the context of international relations, 

refers to response of adversaries to provocations with measures that are 
severely damaging, as they grow from mild to moderate to extreme, ultimately 
ending with full scale war.17 Escalation control that is effective attempts to 
break this cycle by reducing misunderstandings, miscalculations and 
unintended consequences.18

 ECT’s core assumptions state that decision-makers prefer to keep 
conflicts short of total war and can deliberately signal resolve or restraint at 
each escalation stage. Theoretically, a state can control how far a crisis 
escalates by calibrating threats and de-escalatory signals. For example, one side 
might publicly limit its demand or even allow mediation to signal that it does 
not seek a full-blown war, thereby giving adversaries room to de-escalate.

 Furthermore, ECT treats crisis as a dynamic “ladder” of conflict 
intensification, with each rung representing a higher level of violence. The 
theory’s value lies in mapping how states signal and respond at each rung. In 
the hypersonic age, this lens must incorporate new variables, especially 
decision‐time compression (a faster OODA loop) and signal ambiguity. 
Hypersonic weapons shrink decision time mainly due to their extremely high 
speed and manoeuvrability. An incoming strike from India to neighbouring 
Pakistan can hit in minutes, leaving virtually no time for leaders to observe, 
orient and deliberate. The ‘overlapping of clocks’ of ballistic, hypersonic and 
other threats, leaves little time to check consistency and political evaluation. In 
effect, decision thresholds become blurred and there is little temporal buffer 
against “launch‐on‐warning” postures.19

 Escalation control depends on decision cycles that permit calibrated 
signalling and reciprocal restraint. Compression of the OODA loop by 
high-speed systems reduces leaders’ time to interpret incoming data and select 
proportionate responses. When decision time collapses, decision-makers lean 
towards worst-case assumptions, raising the probability of rapid, inadvertent 
escalation, collapsing the escalation ladder.

 Signalling clarity is another important variable. As hypersonic weapons 
are dual-capable (capable of carrying both conventional or nuclear warheads) 

they can lead to deep levels of ambiguity.20 Even when the defender is under 
pressure, they cannot necessarily tell the intentions of an attacker based on the 
weapon used. Consequently, signalling can become extremely opaque, with a 
high-speed, low-altitude missile being able to camouflage a strategic 
decapitation strike as ordinary.21 In the absence of explicit channels of 
communication, states are likely to project worst-case intent. In South Asia, this 
is worsened by institutional gaps as India and Pakistan have “only a single 
operational hotline” and no formal comprehensive missile‐notification 
regime.22 The absence of strong crisis-communication (pre-emptive or 
otherwise) ensures that delays in the flow of information and 
misunderstandings are not exceptions but the rule.

 Hypersonic uncertainty also creates threshold permeability i.e., ease of 
crossing from a crisis into new territory (e.g. full-scale war or nuclear use).23 In 
South Asia, the ambiguity surrounding India’s nuclear doctrine already blurs 
this threshold.24 HWT threats to respective nuclear missile launch sites could 
further lower the threshold, incentivising a “use‐it‐or‐lose‐it” mentality.25 In 
crises, such doctrines compress decision space even further as Pakistan may 
feel forced to assume an Indian attack is imminent and compelled to respond in 
kind.

 Escalation theory variables can be operationalised in South Asia by 
observing concrete behaviour. Decision-time compression manifests in frantic, 
short-range missile exchanges and hair-trigger alerts. Signal ambiguity appears 
in the dual-use BrahMos and Shaurya missiles. Threshold permeability is 
evident in India’s so-called calibrated conventional strikes under its Pro-Active 
Strategy. Signalling clarity is hampered by scant crisis management channels. 
Although a hotline exists between the DGMOs, India rarely uses it. Apart from 
this, there is no direct political or early warning mechanism between the two 
countries. 

2. Hypersonic Weapons Technology

 HWT refers to missiles that combine very high speeds (generally above 
Mach 5) with manoeuvrability and precision.26 Unlike traditional ballistic 
missiles (which follow a high-arc flight) or cruise missiles (which fly at 
subsonic or supersonic speeds), hypersonic missiles use novel trajectories and 
propulsion. 

 Broadly, there are two categories of HWT: (i) Hypersonic Glide 
Vehicles (HGVs); and (ii) Hypersonic Cruise Missiles (HCMs).27 Technically, 
an HGV is carried to high altitude on a rocket booster. The Vehicle separates 
from booster at the end of boost phase, then glides through the upper 
atmosphere at hypersonic speeds, often performing extreme manoeuvrs.28 
Whereas, an HCM, by contrast, is powered throughout its flight by an 
air-breathing engine (typically a scramjet). Notably, both can reach speeds well 
above Mach 5.29

 
Figure 1: Example missile trajectories and radar coverage

(Source: Council on Geostrategy)
 

 Hypersonic weapons bring four disruptive traits: speed, 
altitude/trajectory, manoeuvrability and dual-use ambiguity. Broadly, these 
traits accelerate and complicate the escalation ladder. For example, speed 
reduces the reaction time for a proportional response to a few minutes.30 A 
Mach 8 cruise missile leaves an adversary only seconds to confirm intent and 
decide how to respond. Altitude and trajectory further complicate detection as 
hypersonic glide vehicles operate at lower, variable altitudes, exploiting radar 
gaps and prolonging identification. Moreover, Hypersonic weapons 
“undermine predictability by manoeuvring at high speed and variable altitude, 
stressing both tracking and interception systems”.31 Manoeuvrability also 
undermines defensive strategies. A missile that can shift course mid-flight 
denies defenders’ ability to assign a target set quickly, further compressing the 
OODA loop. Dual-capability ambiguity means every hypersonic launch may 
carry an unknown payload. Uncertainty over a weapon’s warhead can trigger a 
nuclear-armed country to launch its nuclear weapons out of caution. 

 Globally, major powers have pursued HWT in recent years. The US and 
Russia have focused on boost-glide HGVs (e.g. Russia’s Avangard deployed on 
SS-19 ICBMs), while China has tested both HGVs (DF-ZF) and HCMs.32 In 
November 2024, India announced the test-launch of its first long-range 
hypersonic missile (HCM prototype).33 A few days before Indian tests, China 
showcased a new glide vehicle and Russia was loading Avangard atop a heavy 
ICBM.34 The US also flew test vehicles under its Long-Range Hypersonic 
Weapon program. Taken together, the developments signalled an intensifying 
global hypersonic arms race. It also became apparent that hypersonic 
capabilities were no longer confined to superpower arsenals. Even developing 
countries like India aspired to join this “elite club”.35 Without equivalent 
advances in defensive systems, including space-based sensors or novel 
interceptors, such diffusion tends to destabilise deterrence as states may fear a 
first strike could be undetected or unstoppable. It is argued that:

High velocity compresses each rung of the escalation ladder. A 
hypersonic strike shortens decision windows from hours to minutes, 
making deliberate step-by-step escalation much harder to pace.36

Erratic flight paths break assumptions that prompt flexible responses. 
The attacker can choose new targets in-flight, which “creates 
dangerous ambiguity” about the strike’s intent.37

HWT often fly much lower than ICBMs, evading early-warning 
sensors. This further “reduces the reaction time” and can leave 
defenders uncertain until very late.38

When the same missile can be armed with conventional or nuclear 
warheads, deterrence signalling weakens. Observers “have no reliable 
way to discern whether an incoming hypersonic strike is intended to 
disable conventional forces or to deliver a strategic decapitation 
blow”.39

 In each scenario, the technical trait translates into an escalation risk: (i) 
faster speed compresses room for deliberation; (ii) manoeuvrability possesses 
the surprise element; (iii) low altitude can dodge early warning systems; and 
(iv) dual-use capability may lead to an inadvertent nuclear response. These 
scenarios are not unique to South Asia. Arguably, in US-Russia or US-China 
dyads, analysts have noted the similar dangers. For example, any hypersonic 
flight could “exacerbate fears of surprise attack” and leave “no time for 
signalling”.40 However, a 30‐minute ICBM flight time gives the US and Russia 
more cushion than South Asian adversaries, India and Pakistan, whose capitals 
are only minutes apart.41 Importantly, hypersonic speed and ambiguity 
accelerate escalations everywhere, but proximate rivals like India and Pakistan 
face the most acute compression of the ladder.

2.1. Hypersonic Weapons of India

 India has aggressively pursued hypersonic technology. The recent 
testing of a Mach 8 scramjet cruise missile under Project Vishnu demonstrates 

both range and dual-capability. India’s BrahMos-II, which is under 
development in collaboration with Russia, is projected to fly at Mach 7–8 over 
1,000–1,500 km, and its Shaurya solid-fuel rocket reached Mach 7.5 in trials.42 
India is also exploring unmanned hypersonic drones such as the RHH-150. 
Notably, most of these systems are dual-capable and can carry nuclear or 
conventional warheads. 

 India’s new platforms reflect a broader doctrinal evolution towards 
rapid and precise strikes under a “time-constrained escalation window”.43 
During the May 2025 Four-Day War, India tested this approach by using drones 
to locate and strike Pakistani air-defence radars (suppression of an adversary’s 
air defenses), then targeted Pakistani airbases with BrahMos missiles. The 
integration of such strikes with Intelligence, Surveillance and Reconnaissance 
(ISR) and drones suggests that India aimed to “disable Pakistan’s retaliatory 
infrastructure before full mobilisation”.44

 Importantly, India’s rapid force modernisation and its accelerated 
technological pace threaten regional peace and security.45 Practically, the Indian 
strategists might assume that speed and accuracy will discourage Pakistan 
without provoking it to use nuclear weapons.46

 India has also strengthened its command, control and security protocols 
to manage advanced weapons systems. In theory, the risks posed by India’s 
pursuit of hypersonic capabilities could increase pressure for highly centralised 
control and rapid decision-making, particularly given the shorter timeframes 
associated with hypersonic delivery.47 However, India’s strategic posture 
continues to emphasise deterrence through the threat of a survivable 
second-strike force rather than reliance on rapid first-strike hypersonic use.48

 India’s hypersonic arsenal, which is fast, dual-capable and integrated 
with drones, signals a posture of rapid retaliation. Its key escalation control 
objective is to convey India’s intent to Islamabad. Without clear signalling, 
even conventional hypersonic strikes could risk escalation to nuclear response.

2.2. Hypersonic Weapons of Pakistan

 By contrast, Pakistan currently has no declared hypersonic missile 
program. Pakistani analysts acknowledge that India’s hypersonic push puts 
pressure on Islamabad’s deterrent. Consequently, Pakistan could launch its own 
hypersonic effort for “tit‐for‐tat” parity.49 

 Pakistan’s inventory focuses on asymmetric counters: shoot-and-scoot 
SRBMs (e.g. NASR) and cruise missiles (Ra’ad, Babur) that can threaten 
high-value Indian assets.50 During May 2025 crisis, Pakistani leaders warned 
India against its strike vectors, reflecting reliance on real-time early warning 
systems.51

 If Pakistan were to field hypersonic weapons, the escalation calculus 
would shift. On the one hand, mutual possession could stabilise deterrence as 
India could no longer strike with impunity, and each side would fear the other’s 
hypersonic counter-strike.52 This symmetry might raise the effective nuclear 
threshold, since a pre-emptive attack by either invites immediate hypersonic 
retaliation. On the other hand, introducing hypersonic missiles on both sides 
could spark an arms race and reduce crisis stability; both might rush to launch 
on warning, further eroding decision time.

 Pakistan’s response is likely to be defensive or asymmetric measures. 
Acquiring advanced air defenses (China’s HQ-19 system) is one path, though 
such systems may struggle against manoeuvrable hypersonic missiles. Pakistan 
also emphasises mobility and redundancy as its SRBMs are road-mobile and its 
submarines carry cruise missiles (Babur) with sea-based second-strike 
capability. Command and control posture reflects these pressures. 

 Diplomatic and doctrinal measures are also part of Pakistan’s strategy. 
Pakistan supports comprehensive CBMs between the two nuclear-armed states. 
Arguably, the inclusion of HWT in verification regimes could “manage 
ambiguity before it becomes catastrophic”.53 However, Full Spectrum 
Deterrence (FSD) covers “the entire spectrum of threats” to national 
sovereignty and territorial integrity of Pakistan.54 In practice, Pakistan prefers 
signalling resolve (through military alerts or exercises) over triggering 
confrontation.55

 Pakistan’s strategic options include FSD, enhancing surveillance to 
avoid ambiguity and surprise, and pushing for crisis-management frameworks 
that can address the new escalation dynamics. However, the introduction by 
Pakistan of hypersonic missiles would serve as a means of strengthening 
deterrence in South Asia.

3. Implications of Hypersonic Weapons on Escalation Control in South 
Asia

 The introduction of HWT into South Asia fundamentally alters the 
variables that ECT identifies as critical. Hypersonic missiles travel well over 
Mach 5 with manoeuvring capability, drastically compressing decision times 
and blurring the intent of each strike. These attributes can undercut the 
signalling and measured escalation that ECT assumes as stabilising. Two recent 
India-Pakistan crises provide apt examples of how even in a non-hypersonic 
environment, the escalation control is precarious and addition of hypersonic 
speeds would augment this further.  

 The first is the launch of BrahMos supersonic missile on Pakistan by 
India in March 2022.56 The missile flew about 124 km in only 3 minutes 46 
seconds.57 This short flight time “left essentially no time for reaction or 
assessment”.58 In practical terms, Pakistani decision makers had only a few 
minutes to observe, interpret and respond, a classic decision time compression 

scenario.59 As ECT predicts, such compression crowds the OODA loop and can 
induce panic or hasty counter moves.60 Hypersonic missiles (which fly much 
faster) would shrink these windows even further, leaving virtually seconds to 
decide.

 Equally concerning was how ambiguous the incident appeared. Initial 
ground reports described it as a drone strike, but Pakistani officials later 
identified the crashed object as an Indian surface launched missile.61 This 
confusion epitomises ECT’s warning that signal clarity is degraded under 
HWT. In modern terms, many missiles (including BrahMos variants) are 
dual-capable and able to carry either conventional or nuclear warheads.62

 In the 2022 case, the BrahMos was unarmed, but its “supersonic” speed 
and erratic flight path generated intense alarm.63 Without clear communication, 
an inbound supersonic or hypersonic missile could be assumed to be a nuclear 
first-strike, a problem that could deepen with hypersonic weapons.64

 The second example is that of the May 2025 Four-Day War initiated by 
nuclear armed India against nuclear armed Pakistan which further illustrates 
these dynamics. During the war, India launched long-range precision strikes on 
Pakistani territory. Pakistan responded with artillery, missiles and drones.65 
Throughout this crisis, neither side resorted to any nuclear signalling. In other 
words, this war did not spiral uncontrollably into nuclear threats, a credit to 
deterrence. However, the speed and intensity of conventional operations came 
close to the risk zone.66

 For example, during Operation Sindoor, India deliberately hit deep 
targets in Pakistan, effectively “skipping intermediate rungs” of the escalation 
ladder.67 Advanced conventional systems (precision guided munitions, drones, 
supersonic BrahMos missiles) tried to overwhelm Pakistani air defenses in 
minutes but failed.68 Pakistan Air Force (PAF) defended by shooting down 7 
Indian fighter jets, including four Rafales.69 Notably, Fatah-I and Fatah-II, 
advanced guided rocket systems characterised by fast reaction, long-range, 
high accuracy and high-density firepower, also played a decisive role in 
overwhelming India, ensuring victory for Pakistan in the Four-Day War and 
failure of Operation Sindoor. 

 HWT’s implications were evident. Even though no hypersonic weapons 
were actually used, the prospect of such ultra fast, dual capable strikes 
compressed the decision space. As a Pakistani official warned during the crisis, 
conflicting media narratives and limited time were heightening “the grave risks 
of strategic miscalculation in a nuclearised environment”.70

 These cases highlight how the four ECT variables are disrupted even 
without the presence of hypersonic weapons technology in South Asia. In the 
future conflicts, if hypersonic weapons are introduced, following variables 
could be impacted:

Decision-time compression (extreme speeds give leaders only 
seconds–minutes to react)
Signalling opacity (high-speed, manoeuvring missiles, often 
dual-capable, make intent opaque)
Ambiguity of intent (conventional vs nuclear roles blur; every 
fast-moving projectile looks like a worst-case scenario)
Threshold permeability (quick, hard-to-intercept strikes on C2 or 
missile sites erode the barrier to nuclear exchange)

 Collectively, these effects mean that hypersonic weapons shrink the 
“ladder” of escalation so severely that traditional crisis-control mechanisms 
(hotlines, incremental signalling, etc.) may be rendered ineffective. The 2022 

BrahMos missile launch and 2025 aggression by nuclear-armed India against 
nuclear-armed Pakistan show how close the region came to the brink of a 
nuclear war. The use of hypersonic missiles would therefore heighten the risk 
of uncontrollable escalation in future conflicts.

3.1. Decision-time Compression

 Even current supersonic missiles like BrahMos reach the other side in a 
few minutes. Hypersonic weapons would cut that down to minutes or seconds, 
leaving little margin to collect information. The 2022 incident showed that 
leaders had only moments to track, interpret incoming data, and decide before 
impact.71 With HWT, the “OODA loop” is severely shortened, making careful, 
staged escalation almost impossible.

3.2. Signalling Opacity

 High speeds and low-altitude trajectories make missiles hard to track. In 
2022, even videos from the ground misidentified the projectile as a drone. 
Hypersonic glide vehicles would be far more difficult to detect and identify 
until the last minute. Moreover, most emerging hypersonic systems in South 
Asia will be dual-capable.72 Without prior agreements or notifications, any fast 
missile launch might be interpreted as a nuclear first strike rather than a 
conventional attack. This “deep ambiguity” of intent forces each side to assume 
the worst under pressure.73

3.3. Ambiguity of Intent

 Building on signalling issues, hypersonic weapons introduce severe 
uncertainty about the type of warhead. This exactly matches ECT’s concern 
that dual-use weapons blur intent.74 In the absence of robust communication 
channels, escalation control cannot happen. Analysts of the May 2025 crisis 
have noted that India’s emerging doctrine of “blistering speed” and advanced 
capabilities aims to pre-empt Pakistan’s retaliatory forces, compounding this 
ambiguity.75

3.4. Threshold Permeability

 Hypersonic strikes can target high-value assets (airbases, command 
bunkers) quickly, lowering the barrier between “conventional” and “nuclear” 
rungs on the escalation ladder. In May 2025, India attempted conventional 
strikes on Pakistan’s military bases.76 With hypersonic missiles, India poses a 
grave threat to Pakistan’s conventional and nuclear forces or C2 nodes within 
minutes. Islamabad may therefore feel constrained to respond quickly to 
prevent possible decapitating strikes from India.77 In practical terms, threshold 
permeability rises, crossing from a limited crisis into nuclear confrontation.

 Critically, both case studies saw no uncontrolled nuclear escalation. 
Pakistan did not convene its NCA or signalled any intent to use nuclear 
weapons. Nonetheless, these episodes were extremely fast-paced and 
confusing.78 The information “fog” was acute as leaders faced an “overload of 
inconclusive information” with only “mere minutes” to grasp reality.79 The 
situation was managed owing to Pakistan’s massive conventional counterpunch 
and the US mediation at Indian request. In future conflicts, if hypersonic 
weapons are deployed without new safety nets, a single misinterpreted launch 
could break the fragile control.

 In sum, the evidence confirms that HWT greatly magnifies South Asia’s 
escalation risks. Hypersonic weapons reduce reaction times and camouflage 
hostile intent, giving policymakers almost no breathing space to calibrate 
moves. Notably, hypersonic weapons “collapse normal decision time and blur 
signals,” threatening to swamp the traditional escalation ladder. The logical 
implication is that existing deterrence and crisis management mechanisms will 
be insufficient. Without improved transparency and communication (new 
hotlines, pre-notification agreements), even modest clashes could slide swiftly 
out of control. The deterrence in South Asia may soon have little margin for 
error. The BrahMos missile launch and May 2025 war illustrate current 
vulnerabilities, and indicate that hypersonic arms could turn any future conflict 
into a near “zero warning” spiral unless necessary safeguards are introduced.

4. Conclusion

 The analysis shows that the integration of hypersonic weapons into 
South Asia’s deterrence environment would fundamentally reshape the 
mechanisms through which crises escalate. Operationalising ECT into four 
variables, signalling clarity, decision-time compression, ambiguity of intent 
and threshold permeability, reveal that both the 2022 BrahMos missile launch 
and the May 2025 Four-Day War initiated by India exposed structural 
vulnerabilities that hypersonic systems would intensify. Even without nuclear 
signalling, rapid and precise conventional strikes compressed reaction time and 
created conditions in which misinterpretation could have carried strategic 
consequences. Thus, hypersonic capabilities would further reduce decision 
windows and complicate assessment of intent, placing additional stress on 
crisis-management processes.

 In conclusion, existing escalation-control arrangements are unlikely to 
remain adequate as regional militaries develop faster and more ambiguous 
strike options. Strengthening crisis stability will require targeted measures such 
as expanded test-notification regimes, more reliable senior-level 
communication channels and structured doctrinal transparency. Such steps 
would help mitigate the risks of miscalculation under time-compressed 
conditions. Without these adaptations, hypersonic proliferation may erode the 
limited space for calibrated signalling that currently helps to prevent crises 
from escalating beyond the conventional level.



1. Introduction

 Pakistan’s agriculture sector is the backbone of its economy, as arable 
land and water are the country’s principal resources. According to the Pakistan 
Bureau of Statistics (PBS), Agriculture constitutes around 24% of the Gross 
Domestic Product (GDP)2  and employs around 37% of the workforce in the 
country.3

 Globally, there is a need to produce more food as the population is 
projected to reach 9.7 billion by 2050.4 Similarly, Pakistan must enhance its 
food production to meet the growing demand, as the rest of the world does. 

 Although Pakistan is among the world's most significant agricultural 
countries, this sector faces various challenges that hamper productivity and 
sustainability. According to crop production data from the past two decades, the 
conventional farming methods employed by farmers are unable to tackle the 
pressing challenges of food security and rising production costs.5 Furthermore, 
the agricultural community in Pakistan faces significant challenges, including 
declining water levels, worsening climate change impacts, and soil 
degradation. Pakistan is a major producer of various crops; however, its 
per-acre yield is not up to international standards.6

 In this situation, the prospect of employing AI in Pakistan’s agriculture 
sector offers promising opportunities to increase yields using low-cost 
resources. It is the technology that enables computers to perform 
problem-solving tasks traditionally associated with humans.
sadas

 In 1965, Herbert Simon predicted that machines would one day perform 
the duties done by man. This prediction is now manifesting in contemporary 
times with the arrival of AI.7 It is transforming various sectors through its 
technological precision. In the agriculture sector, it helps farmers in making 
informed decisions to increase their output through various data-driven 
techniques. AI is being employed in the agriculture sector in both developed 
and developing countries; however, the extent of its application varies across 
countries. The use of AI in agriculture has improved real-time monitoring, 
harvesting, and crop marketing.8

 Various variables regulate agriculture, including soil nutrients, crop 
rotation, water, moisture, and weather patterns. While using these variables, 
AI-based products can track crop productivity. Several solutions and 
applications that employ AI in agriculture have been devised to assist farmers 
in precise and sustainable farming on issues ranging from crop management to 
soil health, time of harvesting, and plant diseases.9

 Pakistan’s growth arena faces a persistent productivity challenge. 
However, with the advent of AI, Pakistan has an opportunity to strategically 
integrate this technology into the agriculture sector for innovative and 
productivity-led growth.10

 Pakistan’s AI industry is expected to grow by approximately 22.3% by 
2030, reaching USD 2,693 million.11 Amidst this, Pakistan has the potential to 
explore integrating this technology into the agriculture sector to revolutionise 
crop production. Various startups and tech initiatives are shifting their focus 

towards the application of AI in farming practices.12 But, like the rest of the 
world, AI in Pakistan’s agricultural industry is still a developing technology 
and is likely to face internal challenges.

Research Methodology

 This research paper employs a qualitative method and uses secondary 
sources for data collection. For the secondary sources, various books, journal 
articles, working papers, theses, news articles, reports, and dissertations have 
been consulted. In applying this methodology, this paper will focus on: (i) Use 
of AI in Pakistan’s agriculture sector; (ii) Elucidating the challenges farmers 
face in Pakistan; (iii) Discussing various applications of this technology and 
their impact on farmers’ output; and (iv) Explaining the potential challenges 
and prospects of employing AI in Pakistan’s agriculture sector. The paper will 
conclude with recommendations for an inclusive and timely implementation of 
AI across Pakistan’s agriculture sector.

Research Questions

 The following are the questions that are aimed to be answered through 
this research:

What are the challenges being faced by farmers in Pakistan?
How is AI being applied to the various facets of the agriculture sector?
What are the potential challenges and prospects of employing AI in 
Pakistan’s agriculture sector?

2. Literature Reviewing the Challenges Faced by Pakistan’s Agriculture 
Sector

 The agriculture sector in Pakistan is a major driver of the country’s 
economy and a source of livelihood for millions. Nonetheless, it is inhibited by 
various issues that severely impact crop productivity and food security. There 
is a significant gap between the actual and potential yields of various crops. 

 The following table shows the statistics related to the yield gap of the 
most common crops from a study titled Crop Health Monitoring Using 
IoT-Enabled Precision Agriculture.13

Table 1: Gap between the Actual and Potential Yield of Various Crops

 Although various factors contribute to the issues faced by Pakistan’s 
agriculture sector, three significant challenges are water scarcity, soil 
degradation, and climate change.

2.1. Water Scarcity

 Water is one of the essential resources for human survival. In Pakistan, 
water scarcity is a pertinent challenge for farmers. Pakistan utilises around 90% 
of its water for agriculture.14 According to the IMF, the annual availability per 
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic 
meters in 2021.15 The available water resources are being utilised faster than 
they can be replenished. Groundwater is being used excessively, causing the 
mixing of fresh and saline zones and rendering them unsuitable for agricultural 
purposes. Moreover, agricultural residues from fertilisers, along with industrial 
and municipal waste, are also reducing the quality of the groundwater and the 

freshwater, making it strenuous for the farmers to access clean water for 
irrigation purposes.16

 Amidst these water shortages, farmers tend to grow cash crops, such as 
sugarcane and rice, which require relatively more water. Additionally, when 
water is readily available during the five months of the summer season, when 
70% of surface water flows are generated by melting glaciers and monsoon 
rains, farmers tend to over-irrigate their crops due to the uncertain pattern of 
water availability. However, it puts strain on already limited water resources.17 
In this context, efficient irrigation practices are needed to ensure that crops 
receive the necessary water.

2.2. Soil Degradation

 According to the United Nations Office for Disaster Risk Reduction 
(UNDRR), soil degradation is ‘the change in the soil health condition ensuing 
in the reduced capacity of the ecosystem to offer goods and services to its 
beneficiaries.’18 The biological, physical, and chemical degradation of soil 
reduces the amount of cultivable land per person.

 According to Pakistan’s Ministry of Climate Change, in South Asian 
countries, the annual cost of land degradation was around USD 10 billion, 
which was 2% of the region’s total GDP and 7% of its agricultural output. 
Moreover, in Pakistan, there are four major causes of overall soil degradation: 
water erosion, wind erosion, salinity, and waterlogging.19 76% of its area is 
subjected to wind and water erosion, covering 16 million hectares, which 
means that 1 million tons of fertile soil are lost every year.20

 Additionally, as per the Punjab State of Environment Report (2022) 
released by the Environment Protection Department of the Punjab province of 
Pakistan, various human activities have degraded 46% of soil quality in 
Punjab.21 Additionally, the total economic impact of land degradation in Punjab 
was estimated at USD 2,326 million across the rice-wheat, cotton-wheat, and 
mixed-cropping regions. Furthermore, according to several agricultural 
experts, the improper application of fertilisers and pesticides has also led to the 
decline in soil fertility. For several reasons, as mentioned above, the overall 
degradation of the soil quality ultimately leads to lower crop production.22

2.3. Climate Change

 Around 60% of Pakistan’s population relies on rain-fed agriculture, 
depending on predictable weather patterns.23 According to the Global Climate 
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of 
climate change.24 The constant global temperature increase alters precipitation 
patterns, impacting the monsoon cycle. The effects of climate change in 
Pakistan have manifested in a long-term reduction in monsoon rains, along 
with the melting of glaciers that supply 70% of river flows. The rising 
temperature and the change in the monsoon patterns have impacted the 
country’s leading crops, such as wheat, sugarcane, rice, and maize.25

 According to the Asian Development Bank (ADB), agricultural output 
in Pakistan is likely to decline by 8-10% by 2040 owing to climate change. The 
significant impact would be on wheat yields, which would be reduced by 6%, 
and on basmati rice yields, which would be slashed by 15-18%.26

 In Pakistan, it is common to experience severe droughts followed by 
devastating floods. This has resulted in low crop yields and damage to the 
irrigation system and food storage facilities. Moreover, the floods from 2010 to 
2014 damaged 4.3 million hectares of cropland.27 Similarly, during the floods 
of 2022, 57% of the cropland was affected in the rural areas of Sindh, which 
was 2.8 million hectares of agricultural area of the province out of the total 4.9 
million hectares.28

 These conditions have made overall farming risky in Pakistan. The 
challenges of declining water resources, intensifying climate change impacts, 
and widespread soil degradation necessitate the use of emerging technologies.

3. Employing AI in the Agriculture Sector

 The use of AI is opening new avenues of advancement across several 
sectors. In the same vein, its use in the agriculture sector is revolutionising the 
way farmers sow and harvest crops. Globally, it is being inculcated by 
countries in various aspects to adapt to sustainable farming practices. It also 
presents an opportunity for Pakistan to mitigate the challenges facing the 
agriculture sector by leveraging AI-driven decision-making. Pakistan can 
leverage this technology to monitor crop growth, improve irrigation precision, 
and employ predictive analytics for weather and yield forecasting. In Pakistan, 
AI solutions are gradually being employed to help farmers address the impacts 
of climate change and other farming-related challenges.29 The following are 
some significant applications of AI being explored by public and private 
stakeholders in the agriculture sector.

3.1. Remote Sensing for Crop Monitoring 

 Remote sensing is a technological field that involves collecting 
information about the Earth’s surface and other objects using airborne or space 

borne vehicles. It utilises sensors and devices such as drones, satellites, and 
aeroplanes to collect data from a distance. Remote sensing involves estimating 
radiation emitted and reflected by the land to construct an image. This 
technology has various applications in agriculture, where AI algorithms 
process images for crop monitoring, soil analysis, land mapping, predicting the 
weather, identifying crop diseases and pest infections, and observing air 
quality.30 Remote sensing is employed in the agriculture sector through 
satellites and UAVs, among other platforms.31

 Pakistan’s national space agency, Space and Upper Atmosphere 
Research Commission (SUPARCO), gathers crop statistics using satellite 
imagery to estimate crop area and yields. Pakistan launched its first remote 
sensing satellite (PRSS-1) in July 2018 from the Chinese Jiquan Satellite 
Launch Centre. For sustainable farming practices, the high-resolution satellite 
images can be processed using AI to facilitate crop monitoring and land 
mapping.32

 Similarly, various agricultural startups by private stakeholders are 
pioneering the integration of AI and satellite technology into farming practices. 
Farmdar, a leading agri-tech company, helps farmers adapt to climate change 
and boosts their crop production through its flagship product, CropScan. This 
product uses AI and satellite imagery to monitor large fields, assisting farmers 
in making informed, data-driven decisions.33 Using satellite imagery, farmers 
can also identify suitable land for cultivating any specific crop.34

 Moreover, the use of Unmanned Aerial Vehicles (UAVs) is also gaining 
traction in the agriculture sector. Through attached sensors and cameras, UAVs 

capture high-resolution images that farmers use to monitor the stress and 
variability of the crops throughout the crop growth cycle.35 These UAVs also 
help farmers use the optimum amount of fertilisers and pesticides. In 2020, the 
government announced that drones could be used in the agriculture sector.36 In 
the same year, Syngenta, a Pakistani agricultural company, used drones to 
spray pesticides on a 5,000-acre farm for the first time.37 Since 2020, another 
women-led company, Kalam4Solutions, has also been teaching Pakistani 
farmers (mainly in Punjab and KP districts) to use drones to spray pesticides 
and fertilisers.38 Many studies are also being conducted in Pakistani 
universities to compare the efficiency of UAV and satellite-based remote 
sensing imagery for monitoring crops.

3.2. Smart Irrigation System 

 Farmers in Pakistan have been using age-old irrigation techniques 
(flood irrigation), in which water flows like a sheet along the field. In flood 
irrigation, the water reaches the end of the field uncontrolled and causes 
waterlogging and over-irrigation of the crop, decreasing the overall yield of the 
crop.39 Owing to unpredictable weather patterns driven by climate change, 
advanced technology is required to maximise crop production while 
conserving water.

 AI has been integrated into various irrigation systems. These smart 
irrigation systems use AI-driven sensors and weather data to regulate the crops’ 
water requirements. The system tracks, analyses, and automates crop water 
consumption patterns. Some innovative irrigation methods include drip 
irrigation, automated sprinklers, and soil moisture-based irrigation systems.

 One method used by various farmers is drip irrigation. The drip 
irrigation system lets water trickle straight to the plant’s roots. In Pakistan, the 
integration of AI into drip irrigation is an emerging trend. According to a study 
conducted in 2020 by the Water Management Research Centre at the 
University of Agriculture, Faisalabad, a sensor-based drip irrigation system 
saved water and improved efficiency. Optimum results were achieved by 
watering 30% less than required and using 20% less fertiliser, which showed a 
good balance between crop yield and water savings.40

 The Punjab government has announced plans for various solar-powered 
drip and sprinkler irrigation systems. Moreover, under the International Water 
Management Institute (IWMI), solar-powered drip irrigation technology has 
been used by farmers in D.I. Khan, which has resulted in increased crop yield, 
the transformation of unused land, and diverse crop cultivation.41

3.3. Predictive Analytics for Forecasting

 Traditional crop management methods rely on historical practices and 
cannot integrate modern data sources, such as climate data and real-time sensor 
data. However, predictive analytics, stimulated by the Machine Learning (ML) 
algorithms, have transformed the scenario by learning the relationship between 
various variables and giving precise predictions.42 ML is the branch of AI that 
uses computer programs to process data and learn without any human 
supervision.43

 In predictive analytics, AI-driven algorithms analyse vast amounts of 
data on weather patterns, soil health, and historical crop performance to predict 
future outcomes. This helps farmers make data-driven decisions regarding their 
crop health from the pre-sowing to the market stage. Accurately forecasting 

various aspects of the crop can significantly benefit the agriculture sector. 

 Many studies in Pakistan have shown that farmers can make informed 
decisions by analysing various datasets and integrating real-time online sensor 
data. Various research institutes and agricultural universities in Pakistan are 
also working on projects integrating AI and ML for crop yield prediction. Some 
of the studies also explored the creation of a yield prediction model for wheat 
while using Aerial Neural Network (a type of ML).44

 Moreover, many agri-tech setups have expanded their services to 
Pakistani small-scale farmers by providing yield prediction and weather 
forecasting. One such setup, Ricult, is a platform related to data analytics that 
sources data from various stakeholders and then analyses it using an algorithm 
to predict the future of agricultural trends. One of their services involves aiding 
farmers in crop management by predicting weather patterns using historical 
data and other variables.45

3.4. Optimising the Supply Chain

 Apart from significantly aiding farmers during the crop’s growth cycle, 
AI also helps maintain the quality and safety of the final product by improving 
efficiency in the farm-to-consumer supply chain. AI algorithms predict 
demand, optimise the flow of work, and diminish waste to ensure the fresh and 
safe provision of food to consumers.46 It also helps identify the most efficient 
route for transporting agricultural goods to market, reducing transportation 
costs for farmers and ensuring timely delivery. Many digital platforms, such as 
Growtech services and Farmdar, provide real-time updates on market prices, 
demand, and suitable time to sell their crops.

 Moreover, the AI-controlled storage facilities can be calibrated to 
maintain optimal temperature and humidity for fruits and vegetables, 
preserving their freshness. This can further enhance the return on investment 
(ROI) for the farmers with the use of fewer resources.47

4. Challenges and Prospects of Employing AI in Pakistan’s Agriculture 
Sector

 The above section explored the extent to which AI is employed across 
various aspects of the agriculture sector and highlighted the further scope for its 
enhanced application. However, the agriculture sector in Pakistan faces 
multiple constraints that hamper its ability to leverage rapid technological 
advancements effectively. There is a pertinent question of whether Pakistan’s 
agriculture sector is technologically, socially, and financially ready to 
effectively employ AI.

4.1. Challenges 

4.1.1. High Cost of Implementation 

 The use of AI is at the heart of revolutionising modern farming into 
more efficient, output-driven and sustainable farming.48 Despite AI’s potential 
benefits for farmers in various domains, the initial cost of implementing and 
maintaining data services is too high. Although the country has a fair number 
of progressive farmers who have been early adopters of AI in their farming 
practices, their number has soared in the past decade.49 However, due to 
financial constraints, various small landholders cannot adapt modern 
technological applications in their farming practices. Many small-scale farmers 
face challenges with affordability and accessibility to AI-powered solutions.

4.1.2. Infrastructural Constraints

 To implement any AI-driven solution, it is vital to have an efficient 
Internet service infrastructure. As per the PBS, 64% of Pakistan’s population in 

the rural areas is directly or indirectly related to the agriculture sector.50 
However, many rural areas in the country lack the technological resources and 
adequate Internet facilities.51 According to the published Assessment by 
USAID titled ‘Rapid Landscaping of AI in Agriculture in Pakistan,’ 30-50 
million people in Pakistan do not even have electric grids, and 20-30 million 
have weak grids.52 These infrastructure constraints act as a barrier against the 
potential digitisation and, by extension, AI-related advancement in the sector. 

4.1.3. Lack of Technical Expertise and Training

 Pakistan is in the early stages of inculcating AI in the agriculture sector. 
In this regard, there is a need for extensive testing of various AI-related 
applications. In this regard, farmers, especially in remote rural areas, face the 
challenge of gaining adequate technical expertise to understand the data and 
insights presented by experts. Moreover, the lack of awareness among farmers 
regarding the potential benefits of AI can make them apprehensive about 
adopting technology in their farming practices.53

4.1.4. Lack of Quality Data

 Currently, Pakistan lacks the high-quality datasets required to make 
informed decisions and predictions. Although some government departments, 
such as the Punjab Agriculture Department, have collected soil data over the 
past 25 years, there are issues with the accuracy and classification of that data. 
Some private startups have initiated data collection while using their own 
innovative techniques.54

4.1.5. Dearth of Academia and Industry Collaboration

 Pakistan faces incompatibility between the AI-related research done in 
academic institutions and its scope of implementation in the practical field. 
Moreover, the brain drain of skilled graduates abroad is also hindering the 
progress of AI implementation in various sectors.

4.2. Prospects

 Addressing the agriculture sector’s challenges is necessary to harness 
the holistic benefit of AI-driven solutions. The prospect of utilising AI’s 
data-driven insights in the agriculture sector depends on substantial remedial 
measures that set the right direction for all stakeholders.

 The following recommendations aim to enhance the use of AI in 
Pakistan’s agricultural landscape.

4.2.1. Cost-Effective Measures 

 To reduce the high cost, the government could consider incentivising 
farmers to opt for AI-driven solutions through targeted subsidies, low-interest 
rate loans, and special grants.55 Furthermore, continuous financial support to 
small-scale farmers would help them overcome the initial investment barriers 
to adopting this technology. The government could also take measures to 
ensure that AI’s initial awareness and application in rural areas are 
user-friendly, less expensive and easy to understand.56 In the opposite case, 
farmers, especially small-scale farmers, may become averse to the technology 
due to their inability to understand it.

4.2.2. Addressing Technological Disparity

 Most of Pakistan’s farming communities reside in rural areas, which are 
lagging behind in overall development, including communication and Internet 
services. To ensure the inclusive integration of AI, the government should 

mitigate the technological disparity between rural and urban areas by 
expanding Internet and broadband service coverage in rural areas. Moreover, 
the government should focus on establishing digital literacy assistance centres 
in rural areas to inculcate the necessary knowledge of AI applications and their 
use. In this regard, the local government system can be pivotal in providing the 
assistance required to build technological awareness among small-scale 
farmers.

4.2.3. Capacity Building and Skill Development

 To reap the benefits of AI-driven agricultural solutions, stakeholders in 
this sector need to build their capacity to navigate the complexities associated 
with various applications. Additionally, comprehensive educational initiatives 
should be organised according to each area’s agricultural context. The curation 
of training modules and curricula focused on AI application in agriculture by 
various agriculture research institutes can pave the way for farmers’ 
understanding of the issue.  The government, with the help of the private sector, 
can also initiate robust awareness campaigns that are curated as per the 
knowledge gap of each area.

4.2.4. Producing Required Skills

 The government should devise a framework that brings together 
various stakeholders to bridge the gap between the skills being produced and 
their market utility. Although universities have supported and initiated various 
AI-related research programs and degrees, there is a need to focus on producing 
the knowledge and skills that can be applied in the field.

4.2.5. Need for Local AI-Development

 Pakistan needs to focus on developing large language models (LLMs) 
in local languages to advance AI system development. It will be pivotal in 
providing tailored solutions to the farmers in the local language as  per their 
cultural context.57

4.2.6. Leveraging International Support

 There has been growing support from international stakeholders for 
integrating AI into Pakistan’s agriculture sector. Many private organisations, 
foreign governments, and research institutions are collaborating with peers in 
Pakistan to tap the potential of AI in crop monitoring, resource optimisation, 
and yield forecasting. For instance, USAID has worked on numerous projects 
in this regard and has issued various landscape assessment reports. Moreover, 
China has recently established joint labs on AI and innovative agriculture to 
enhance bilateral relations in the domain of emerging technologies.58 However, 
Pakistan still has a long way to become well-versed in the dynamics of 
agricultural technological innovation. It must foster more global partnerships 
to access technological expertise and knowledge for integrating AI-driven 
solutions into Pakistan’s agriculture sector.

Table 2: Summary of the Challenges and Prospects of Employing AI in 
Pakistan’s Agriculture Sector

Source: Author’s Compilation

5. Conclusion

 Pakistan’s agriculture sector significantly contributes to the national 
economy. The country is considered one of the top producers of wheat and rice 
globally. Despite its strong agricultural foundation, Pakistan faces several 
challenges, such as climate change, soil degradation, and water scarcity, that 
adversely affect the productivity and long-term sustainability of its agriculture 
sector. The advent of AI is transforming the functioning of various sectors, 
including agriculture. Like the rest of the world, Pakistan has the opportunity 
to revitalise its agricultural practices through data-driven decision-making 
enabled by various AI tools. Nonetheless, the successful implementation of AI 
in agriculture depends on aligning this innovative technology with the 
indigenous challenges faced by Pakistan’s farmers. 

In this regard, there is a need to address the technological, financial, 
administrative and social constraints that pose potential barriers to the effective 
implementation of AI in Pakistan’s agriculture sector. The government, 
therefore, has a role to play in addressing the aforementioned challenges 
through a range of measures, including low-cost initiatives, enhanced capacity 
building, addressing data regulatory challenges, and garnering international 
support to reap the benefits of AI-driven agricultural practices, such as 
increased yields and more sustainable practices. The employment of AI in the 
agriculture sector is a need of the hour. However, the proactive involvement of 
the government is essential to ensure that this process is timely, inclusive and 
effective for delivering tangible benefits to the country’s farmers.
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Introduction

 Hypersonic Weapons Technology (HWT) comprises missiles that can 
travel at speeds equal or above Mach 5 with high manoeuvrability. These 
systems are rapidly emerging as disruptive elements in global deterrence 
architecture.2 China and Russia have operationally deployed these systems 
while the United States, North Korea and Iran have tested or claimed to possess 
such systems. India also claims to have conducted a hypersonic test in 2024.3 
Since both India and Pakistan conducted nuclear tests in 1998, successive 
crises including the 1999 Kargil War and false flag operations such as the 2016 
Pathankot and Uri incidents, have repeatedly resulted in heightened escalation.4 
In each case, India blamed Pakistan and resorted to escalatory military 
measures that were intended to malign Pakistan and impose costs on it. 
However, air attack by India on 26 February 2019 on Balakot subsequent to 
Pulwama false flag operation and the May 2025 Four-Day War initiated by 
India following Pahalgam false flag operation have demonstrated that even 
limited strikes can lead to crisis instability.5 These crises have exposed the 
inadequacy of existing escalation control mechanisms in a nuclearised South 
Asia.

 The international hypersonic arms race thus carries huge significance 
for South Asian strategic stability. Notably, India’s pursuit of Hypersonic 
Technology Demonstrator Vehicle (HSTDV) program and BrahMos-II Mach 7 
cruise missile could spark an action-reaction cycle and trigger an arms race, 
raising risks of miscalculation.6 The existing scholarship has not fully 
examined this specific intersection of hypersonic technology and 
India-Pakistan escalation control mechanisms and how hypersonic weapons 
could upset the delicate crisis-management dynamics between the two 
nuclear-armed neighbours?  

 This research attempts to address existing gap by employing Escalation 
Control Theory (ECT) as its theoretical framework. ECT focuses on managing, 
limiting, or terminating armed conflict between adversaries to prevent the 
escalation, particularly nuclear warfare.7 Thomas Schelling famously argued 
that nuclear-armed adversaries can coerce or deter by carefully calibrated 
signalling and incremental threats.8 Herman Kahn and Glenn Snyder extended 
this by conceiving an “escalation ladder” of 44 rungs, ranging from diplomatic 
pressure up to nuclear use, which rational actors aim to climb cautiously to 
avoid total war.9 The theory assumes that leaders deliberately signal and 
exercise restraint at each rung to limit conflict.10 Its core insight is that 
technological or doctrinal shifts can either aid or undermine this control.11

 This paper hypothesises that India’s acquisition and operationalisation 
of hypersonic weapons shall enhance chances of inadvertent escalation in 
India-Pakistan crisis through three related mechanisms: 

compression of decision-time (inducing a short Observe, Orient, 
Decide, Act (OODA) loop that minimises deliberation time); 
decreased clarity in signalling (dual-capable delivery systems and 
unpredictable trajectories increasingly complicate assessments of 
intent and adversary calculations); and 
a higher threshold permeability (attack that can threaten C2 and 
survivable second-strike assets).

 Notably, as compared to the previous work which considers HWT as a 
major technical innovation, the novelty of this paper is both in 
operationalisation of ECT to four quantifiable variables: (i) signalling clarity; 
(ii) decision-time compression; (iii) ambiguity of intent; and (iv) threshold 
permeability. Charting these variables to observable crisis behaviour (alerts, 
information delays, delegated C2, asymmetric counters) and testing these 
linkages through process-tracing of the recent May 2025 Four-Day War and the 
2022 BrahMos missile launch. This is to demonstrate that hypersonic missiles 
not only modify deterrence, but also the mechanism by which they accomplish 

this with proximate, doctrinally opaque dyads and adopt Confidence Building 
Measures (CBMs) to counter the aforementioned risks.

Research Methodology 

 This study employs a qualitative process-tracing methodology to assess 
how hypersonic weapons may affect escalation control in the India-Pakistan 
dyad. The case selection is purposive, focusing on the 2022 BrahMos missile 
launch on Pakistan and the May 2025 war, as both illustrate how speed, 
ambiguity and limited decision time can strain crisis management even without 
hypersonic deployment. The analysis draws on open-source materials, 
including official statements, policy documents, credible media reports and 
scholarly and think-tank literature, to reconstruct escalation dynamics and 
identify causal mechanisms. A key limitation is the reliance on publicly 
available data, which may be incomplete or politically framed, and the inability 
to access classified decision-making processes. Accordingly, the study does not 
claim definitive causality but instead traces plausible pathways through which 
hypersonic capabilities could deteriorate existing deterrence vulnerabilities.

1. Escalation Control Theory

 ECT is rooted in the classic deterrence scholarship. Thomas Schelling, 
in his 1966 book titled “Arms and Influence”, has emphasised the “diplomacy 
of violence”, meaning states use military capabilities and the threat of 
escalation as bargaining tools.12 Herman Kahn, in his 1965 book titled “On 
Escalation: Metaphors and Scenarios”, mapped out a 44-rung “escalation 
ladder”, which includes scenarios ranging from minor hostile acts up through 
the nuclear exchange.13 Glenn Snyder’s Deterrence Theory highlighted that 
rational nuclear adversaries would avoid actions likely to spiral into all-out 
war.14 ECT analyses states’ ability and willingness to limit conflict escalation, 
for instance, in situations of high stakes conflict initiated by confrontations 
between nuclear armed adversaries.15 The theory elaborates the role of 
communication, signalling, and calibrated responses to control conflicts from 
escalating out of hands.16 Escalation, in the context of international relations, 

refers to response of adversaries to provocations with measures that are 
severely damaging, as they grow from mild to moderate to extreme, ultimately 
ending with full scale war.17 Escalation control that is effective attempts to 
break this cycle by reducing misunderstandings, miscalculations and 
unintended consequences.18

 ECT’s core assumptions state that decision-makers prefer to keep 
conflicts short of total war and can deliberately signal resolve or restraint at 
each escalation stage. Theoretically, a state can control how far a crisis 
escalates by calibrating threats and de-escalatory signals. For example, one side 
might publicly limit its demand or even allow mediation to signal that it does 
not seek a full-blown war, thereby giving adversaries room to de-escalate.

 Furthermore, ECT treats crisis as a dynamic “ladder” of conflict 
intensification, with each rung representing a higher level of violence. The 
theory’s value lies in mapping how states signal and respond at each rung. In 
the hypersonic age, this lens must incorporate new variables, especially 
decision‐time compression (a faster OODA loop) and signal ambiguity. 
Hypersonic weapons shrink decision time mainly due to their extremely high 
speed and manoeuvrability. An incoming strike from India to neighbouring 
Pakistan can hit in minutes, leaving virtually no time for leaders to observe, 
orient and deliberate. The ‘overlapping of clocks’ of ballistic, hypersonic and 
other threats, leaves little time to check consistency and political evaluation. In 
effect, decision thresholds become blurred and there is little temporal buffer 
against “launch‐on‐warning” postures.19

 Escalation control depends on decision cycles that permit calibrated 
signalling and reciprocal restraint. Compression of the OODA loop by 
high-speed systems reduces leaders’ time to interpret incoming data and select 
proportionate responses. When decision time collapses, decision-makers lean 
towards worst-case assumptions, raising the probability of rapid, inadvertent 
escalation, collapsing the escalation ladder.

 Signalling clarity is another important variable. As hypersonic weapons 
are dual-capable (capable of carrying both conventional or nuclear warheads) 

they can lead to deep levels of ambiguity.20 Even when the defender is under 
pressure, they cannot necessarily tell the intentions of an attacker based on the 
weapon used. Consequently, signalling can become extremely opaque, with a 
high-speed, low-altitude missile being able to camouflage a strategic 
decapitation strike as ordinary.21 In the absence of explicit channels of 
communication, states are likely to project worst-case intent. In South Asia, this 
is worsened by institutional gaps as India and Pakistan have “only a single 
operational hotline” and no formal comprehensive missile‐notification 
regime.22 The absence of strong crisis-communication (pre-emptive or 
otherwise) ensures that delays in the flow of information and 
misunderstandings are not exceptions but the rule.

 Hypersonic uncertainty also creates threshold permeability i.e., ease of 
crossing from a crisis into new territory (e.g. full-scale war or nuclear use).23 In 
South Asia, the ambiguity surrounding India’s nuclear doctrine already blurs 
this threshold.24 HWT threats to respective nuclear missile launch sites could 
further lower the threshold, incentivising a “use‐it‐or‐lose‐it” mentality.25 In 
crises, such doctrines compress decision space even further as Pakistan may 
feel forced to assume an Indian attack is imminent and compelled to respond in 
kind.

 Escalation theory variables can be operationalised in South Asia by 
observing concrete behaviour. Decision-time compression manifests in frantic, 
short-range missile exchanges and hair-trigger alerts. Signal ambiguity appears 
in the dual-use BrahMos and Shaurya missiles. Threshold permeability is 
evident in India’s so-called calibrated conventional strikes under its Pro-Active 
Strategy. Signalling clarity is hampered by scant crisis management channels. 
Although a hotline exists between the DGMOs, India rarely uses it. Apart from 
this, there is no direct political or early warning mechanism between the two 
countries. 

2. Hypersonic Weapons Technology

 HWT refers to missiles that combine very high speeds (generally above 
Mach 5) with manoeuvrability and precision.26 Unlike traditional ballistic 
missiles (which follow a high-arc flight) or cruise missiles (which fly at 
subsonic or supersonic speeds), hypersonic missiles use novel trajectories and 
propulsion. 

 Broadly, there are two categories of HWT: (i) Hypersonic Glide 
Vehicles (HGVs); and (ii) Hypersonic Cruise Missiles (HCMs).27 Technically, 
an HGV is carried to high altitude on a rocket booster. The Vehicle separates 
from booster at the end of boost phase, then glides through the upper 
atmosphere at hypersonic speeds, often performing extreme manoeuvrs.28 
Whereas, an HCM, by contrast, is powered throughout its flight by an 
air-breathing engine (typically a scramjet). Notably, both can reach speeds well 
above Mach 5.29

 
Figure 1: Example missile trajectories and radar coverage

(Source: Council on Geostrategy)
 

 Hypersonic weapons bring four disruptive traits: speed, 
altitude/trajectory, manoeuvrability and dual-use ambiguity. Broadly, these 
traits accelerate and complicate the escalation ladder. For example, speed 
reduces the reaction time for a proportional response to a few minutes.30 A 
Mach 8 cruise missile leaves an adversary only seconds to confirm intent and 
decide how to respond. Altitude and trajectory further complicate detection as 
hypersonic glide vehicles operate at lower, variable altitudes, exploiting radar 
gaps and prolonging identification. Moreover, Hypersonic weapons 
“undermine predictability by manoeuvring at high speed and variable altitude, 
stressing both tracking and interception systems”.31 Manoeuvrability also 
undermines defensive strategies. A missile that can shift course mid-flight 
denies defenders’ ability to assign a target set quickly, further compressing the 
OODA loop. Dual-capability ambiguity means every hypersonic launch may 
carry an unknown payload. Uncertainty over a weapon’s warhead can trigger a 
nuclear-armed country to launch its nuclear weapons out of caution. 

 Globally, major powers have pursued HWT in recent years. The US and 
Russia have focused on boost-glide HGVs (e.g. Russia’s Avangard deployed on 
SS-19 ICBMs), while China has tested both HGVs (DF-ZF) and HCMs.32 In 
November 2024, India announced the test-launch of its first long-range 
hypersonic missile (HCM prototype).33 A few days before Indian tests, China 
showcased a new glide vehicle and Russia was loading Avangard atop a heavy 
ICBM.34 The US also flew test vehicles under its Long-Range Hypersonic 
Weapon program. Taken together, the developments signalled an intensifying 
global hypersonic arms race. It also became apparent that hypersonic 
capabilities were no longer confined to superpower arsenals. Even developing 
countries like India aspired to join this “elite club”.35 Without equivalent 
advances in defensive systems, including space-based sensors or novel 
interceptors, such diffusion tends to destabilise deterrence as states may fear a 
first strike could be undetected or unstoppable. It is argued that:

High velocity compresses each rung of the escalation ladder. A 
hypersonic strike shortens decision windows from hours to minutes, 
making deliberate step-by-step escalation much harder to pace.36

Erratic flight paths break assumptions that prompt flexible responses. 
The attacker can choose new targets in-flight, which “creates 
dangerous ambiguity” about the strike’s intent.37

HWT often fly much lower than ICBMs, evading early-warning 
sensors. This further “reduces the reaction time” and can leave 
defenders uncertain until very late.38

When the same missile can be armed with conventional or nuclear 
warheads, deterrence signalling weakens. Observers “have no reliable 
way to discern whether an incoming hypersonic strike is intended to 
disable conventional forces or to deliver a strategic decapitation 
blow”.39

 In each scenario, the technical trait translates into an escalation risk: (i) 
faster speed compresses room for deliberation; (ii) manoeuvrability possesses 
the surprise element; (iii) low altitude can dodge early warning systems; and 
(iv) dual-use capability may lead to an inadvertent nuclear response. These 
scenarios are not unique to South Asia. Arguably, in US-Russia or US-China 
dyads, analysts have noted the similar dangers. For example, any hypersonic 
flight could “exacerbate fears of surprise attack” and leave “no time for 
signalling”.40 However, a 30‐minute ICBM flight time gives the US and Russia 
more cushion than South Asian adversaries, India and Pakistan, whose capitals 
are only minutes apart.41 Importantly, hypersonic speed and ambiguity 
accelerate escalations everywhere, but proximate rivals like India and Pakistan 
face the most acute compression of the ladder.

2.1. Hypersonic Weapons of India

 India has aggressively pursued hypersonic technology. The recent 
testing of a Mach 8 scramjet cruise missile under Project Vishnu demonstrates 

both range and dual-capability. India’s BrahMos-II, which is under 
development in collaboration with Russia, is projected to fly at Mach 7–8 over 
1,000–1,500 km, and its Shaurya solid-fuel rocket reached Mach 7.5 in trials.42 
India is also exploring unmanned hypersonic drones such as the RHH-150. 
Notably, most of these systems are dual-capable and can carry nuclear or 
conventional warheads. 

 India’s new platforms reflect a broader doctrinal evolution towards 
rapid and precise strikes under a “time-constrained escalation window”.43 
During the May 2025 Four-Day War, India tested this approach by using drones 
to locate and strike Pakistani air-defence radars (suppression of an adversary’s 
air defenses), then targeted Pakistani airbases with BrahMos missiles. The 
integration of such strikes with Intelligence, Surveillance and Reconnaissance 
(ISR) and drones suggests that India aimed to “disable Pakistan’s retaliatory 
infrastructure before full mobilisation”.44

 Importantly, India’s rapid force modernisation and its accelerated 
technological pace threaten regional peace and security.45 Practically, the Indian 
strategists might assume that speed and accuracy will discourage Pakistan 
without provoking it to use nuclear weapons.46

 India has also strengthened its command, control and security protocols 
to manage advanced weapons systems. In theory, the risks posed by India’s 
pursuit of hypersonic capabilities could increase pressure for highly centralised 
control and rapid decision-making, particularly given the shorter timeframes 
associated with hypersonic delivery.47 However, India’s strategic posture 
continues to emphasise deterrence through the threat of a survivable 
second-strike force rather than reliance on rapid first-strike hypersonic use.48

 India’s hypersonic arsenal, which is fast, dual-capable and integrated 
with drones, signals a posture of rapid retaliation. Its key escalation control 
objective is to convey India’s intent to Islamabad. Without clear signalling, 
even conventional hypersonic strikes could risk escalation to nuclear response.

2.2. Hypersonic Weapons of Pakistan

 By contrast, Pakistan currently has no declared hypersonic missile 
program. Pakistani analysts acknowledge that India’s hypersonic push puts 
pressure on Islamabad’s deterrent. Consequently, Pakistan could launch its own 
hypersonic effort for “tit‐for‐tat” parity.49 

 Pakistan’s inventory focuses on asymmetric counters: shoot-and-scoot 
SRBMs (e.g. NASR) and cruise missiles (Ra’ad, Babur) that can threaten 
high-value Indian assets.50 During May 2025 crisis, Pakistani leaders warned 
India against its strike vectors, reflecting reliance on real-time early warning 
systems.51

 If Pakistan were to field hypersonic weapons, the escalation calculus 
would shift. On the one hand, mutual possession could stabilise deterrence as 
India could no longer strike with impunity, and each side would fear the other’s 
hypersonic counter-strike.52 This symmetry might raise the effective nuclear 
threshold, since a pre-emptive attack by either invites immediate hypersonic 
retaliation. On the other hand, introducing hypersonic missiles on both sides 
could spark an arms race and reduce crisis stability; both might rush to launch 
on warning, further eroding decision time.

 Pakistan’s response is likely to be defensive or asymmetric measures. 
Acquiring advanced air defenses (China’s HQ-19 system) is one path, though 
such systems may struggle against manoeuvrable hypersonic missiles. Pakistan 
also emphasises mobility and redundancy as its SRBMs are road-mobile and its 
submarines carry cruise missiles (Babur) with sea-based second-strike 
capability. Command and control posture reflects these pressures. 

 Diplomatic and doctrinal measures are also part of Pakistan’s strategy. 
Pakistan supports comprehensive CBMs between the two nuclear-armed states. 
Arguably, the inclusion of HWT in verification regimes could “manage 
ambiguity before it becomes catastrophic”.53 However, Full Spectrum 
Deterrence (FSD) covers “the entire spectrum of threats” to national 
sovereignty and territorial integrity of Pakistan.54 In practice, Pakistan prefers 
signalling resolve (through military alerts or exercises) over triggering 
confrontation.55

 Pakistan’s strategic options include FSD, enhancing surveillance to 
avoid ambiguity and surprise, and pushing for crisis-management frameworks 
that can address the new escalation dynamics. However, the introduction by 
Pakistan of hypersonic missiles would serve as a means of strengthening 
deterrence in South Asia.

3. Implications of Hypersonic Weapons on Escalation Control in South 
Asia

 The introduction of HWT into South Asia fundamentally alters the 
variables that ECT identifies as critical. Hypersonic missiles travel well over 
Mach 5 with manoeuvring capability, drastically compressing decision times 
and blurring the intent of each strike. These attributes can undercut the 
signalling and measured escalation that ECT assumes as stabilising. Two recent 
India-Pakistan crises provide apt examples of how even in a non-hypersonic 
environment, the escalation control is precarious and addition of hypersonic 
speeds would augment this further.  

 The first is the launch of BrahMos supersonic missile on Pakistan by 
India in March 2022.56 The missile flew about 124 km in only 3 minutes 46 
seconds.57 This short flight time “left essentially no time for reaction or 
assessment”.58 In practical terms, Pakistani decision makers had only a few 
minutes to observe, interpret and respond, a classic decision time compression 

scenario.59 As ECT predicts, such compression crowds the OODA loop and can 
induce panic or hasty counter moves.60 Hypersonic missiles (which fly much 
faster) would shrink these windows even further, leaving virtually seconds to 
decide.

 Equally concerning was how ambiguous the incident appeared. Initial 
ground reports described it as a drone strike, but Pakistani officials later 
identified the crashed object as an Indian surface launched missile.61 This 
confusion epitomises ECT’s warning that signal clarity is degraded under 
HWT. In modern terms, many missiles (including BrahMos variants) are 
dual-capable and able to carry either conventional or nuclear warheads.62

 In the 2022 case, the BrahMos was unarmed, but its “supersonic” speed 
and erratic flight path generated intense alarm.63 Without clear communication, 
an inbound supersonic or hypersonic missile could be assumed to be a nuclear 
first-strike, a problem that could deepen with hypersonic weapons.64

 The second example is that of the May 2025 Four-Day War initiated by 
nuclear armed India against nuclear armed Pakistan which further illustrates 
these dynamics. During the war, India launched long-range precision strikes on 
Pakistani territory. Pakistan responded with artillery, missiles and drones.65 
Throughout this crisis, neither side resorted to any nuclear signalling. In other 
words, this war did not spiral uncontrollably into nuclear threats, a credit to 
deterrence. However, the speed and intensity of conventional operations came 
close to the risk zone.66

 For example, during Operation Sindoor, India deliberately hit deep 
targets in Pakistan, effectively “skipping intermediate rungs” of the escalation 
ladder.67 Advanced conventional systems (precision guided munitions, drones, 
supersonic BrahMos missiles) tried to overwhelm Pakistani air defenses in 
minutes but failed.68 Pakistan Air Force (PAF) defended by shooting down 7 
Indian fighter jets, including four Rafales.69 Notably, Fatah-I and Fatah-II, 
advanced guided rocket systems characterised by fast reaction, long-range, 
high accuracy and high-density firepower, also played a decisive role in 
overwhelming India, ensuring victory for Pakistan in the Four-Day War and 
failure of Operation Sindoor. 

 HWT’s implications were evident. Even though no hypersonic weapons 
were actually used, the prospect of such ultra fast, dual capable strikes 
compressed the decision space. As a Pakistani official warned during the crisis, 
conflicting media narratives and limited time were heightening “the grave risks 
of strategic miscalculation in a nuclearised environment”.70

 These cases highlight how the four ECT variables are disrupted even 
without the presence of hypersonic weapons technology in South Asia. In the 
future conflicts, if hypersonic weapons are introduced, following variables 
could be impacted:

Decision-time compression (extreme speeds give leaders only 
seconds–minutes to react)
Signalling opacity (high-speed, manoeuvring missiles, often 
dual-capable, make intent opaque)
Ambiguity of intent (conventional vs nuclear roles blur; every 
fast-moving projectile looks like a worst-case scenario)
Threshold permeability (quick, hard-to-intercept strikes on C2 or 
missile sites erode the barrier to nuclear exchange)

 Collectively, these effects mean that hypersonic weapons shrink the 
“ladder” of escalation so severely that traditional crisis-control mechanisms 
(hotlines, incremental signalling, etc.) may be rendered ineffective. The 2022 

BrahMos missile launch and 2025 aggression by nuclear-armed India against 
nuclear-armed Pakistan show how close the region came to the brink of a 
nuclear war. The use of hypersonic missiles would therefore heighten the risk 
of uncontrollable escalation in future conflicts.

3.1. Decision-time Compression

 Even current supersonic missiles like BrahMos reach the other side in a 
few minutes. Hypersonic weapons would cut that down to minutes or seconds, 
leaving little margin to collect information. The 2022 incident showed that 
leaders had only moments to track, interpret incoming data, and decide before 
impact.71 With HWT, the “OODA loop” is severely shortened, making careful, 
staged escalation almost impossible.

3.2. Signalling Opacity

 High speeds and low-altitude trajectories make missiles hard to track. In 
2022, even videos from the ground misidentified the projectile as a drone. 
Hypersonic glide vehicles would be far more difficult to detect and identify 
until the last minute. Moreover, most emerging hypersonic systems in South 
Asia will be dual-capable.72 Without prior agreements or notifications, any fast 
missile launch might be interpreted as a nuclear first strike rather than a 
conventional attack. This “deep ambiguity” of intent forces each side to assume 
the worst under pressure.73

3.3. Ambiguity of Intent

 Building on signalling issues, hypersonic weapons introduce severe 
uncertainty about the type of warhead. This exactly matches ECT’s concern 
that dual-use weapons blur intent.74 In the absence of robust communication 
channels, escalation control cannot happen. Analysts of the May 2025 crisis 
have noted that India’s emerging doctrine of “blistering speed” and advanced 
capabilities aims to pre-empt Pakistan’s retaliatory forces, compounding this 
ambiguity.75

3.4. Threshold Permeability

 Hypersonic strikes can target high-value assets (airbases, command 
bunkers) quickly, lowering the barrier between “conventional” and “nuclear” 
rungs on the escalation ladder. In May 2025, India attempted conventional 
strikes on Pakistan’s military bases.76 With hypersonic missiles, India poses a 
grave threat to Pakistan’s conventional and nuclear forces or C2 nodes within 
minutes. Islamabad may therefore feel constrained to respond quickly to 
prevent possible decapitating strikes from India.77 In practical terms, threshold 
permeability rises, crossing from a limited crisis into nuclear confrontation.

 Critically, both case studies saw no uncontrolled nuclear escalation. 
Pakistan did not convene its NCA or signalled any intent to use nuclear 
weapons. Nonetheless, these episodes were extremely fast-paced and 
confusing.78 The information “fog” was acute as leaders faced an “overload of 
inconclusive information” with only “mere minutes” to grasp reality.79 The 
situation was managed owing to Pakistan’s massive conventional counterpunch 
and the US mediation at Indian request. In future conflicts, if hypersonic 
weapons are deployed without new safety nets, a single misinterpreted launch 
could break the fragile control.

 In sum, the evidence confirms that HWT greatly magnifies South Asia’s 
escalation risks. Hypersonic weapons reduce reaction times and camouflage 
hostile intent, giving policymakers almost no breathing space to calibrate 
moves. Notably, hypersonic weapons “collapse normal decision time and blur 
signals,” threatening to swamp the traditional escalation ladder. The logical 
implication is that existing deterrence and crisis management mechanisms will 
be insufficient. Without improved transparency and communication (new 
hotlines, pre-notification agreements), even modest clashes could slide swiftly 
out of control. The deterrence in South Asia may soon have little margin for 
error. The BrahMos missile launch and May 2025 war illustrate current 
vulnerabilities, and indicate that hypersonic arms could turn any future conflict 
into a near “zero warning” spiral unless necessary safeguards are introduced.

4. Conclusion

 The analysis shows that the integration of hypersonic weapons into 
South Asia’s deterrence environment would fundamentally reshape the 
mechanisms through which crises escalate. Operationalising ECT into four 
variables, signalling clarity, decision-time compression, ambiguity of intent 
and threshold permeability, reveal that both the 2022 BrahMos missile launch 
and the May 2025 Four-Day War initiated by India exposed structural 
vulnerabilities that hypersonic systems would intensify. Even without nuclear 
signalling, rapid and precise conventional strikes compressed reaction time and 
created conditions in which misinterpretation could have carried strategic 
consequences. Thus, hypersonic capabilities would further reduce decision 
windows and complicate assessment of intent, placing additional stress on 
crisis-management processes.

 In conclusion, existing escalation-control arrangements are unlikely to 
remain adequate as regional militaries develop faster and more ambiguous 
strike options. Strengthening crisis stability will require targeted measures such 
as expanded test-notification regimes, more reliable senior-level 
communication channels and structured doctrinal transparency. Such steps 
would help mitigate the risks of miscalculation under time-compressed 
conditions. Without these adaptations, hypersonic proliferation may erode the 
limited space for calibrated signalling that currently helps to prevent crises 
from escalating beyond the conventional level.


