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Sector: Challenges and Prospects
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Abstract

The employment of Artificial Intelligence (Al) 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 Al-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 Al-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 Al 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 Al This paper
concludes by giving a series of recommendations that are required to steer
the inclusive and timely implementation of Al across various facets of the
agriculture sector in Pakistan.

Keywords: Artificial Intelligence (Al), 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)? and employs around 37% of the workforce in the
country.?

Globally, there is a need to produce more food as the population is
projected to reach 9.7 billion by 2050.* 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.’ 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.®

In this situation, the prospect of employing Al 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

2 Pakistan Bureau of Statistics, “Agriculture Statistics,” Accessed July 15,2024,
https://www.pbs.gov.pk/content/agriculture-statistics

3 “Pakistan to deploy Al global experts in push to modernize agricuthe technology that
enables computers to perform problem-solving taskslture,” Arab News Pakistan, July
08,2025,
https://www.arabnews.com/node/2607352/pakistan

4 Mohammad Hadad, “World Population Day: What will the world look like in 2050?”
Al-Jazeera, July 11,2023,
https://www.aljazeera.com/news/2023/7/11/world-population-day-what-will-the-world-lo
ok-like-in-2050

> Khalid Saeed Watto, “Al in Agriculture,” DAWN, January 22,2024,
https://www.dawn.com/news/1807519

¢ Nabil Tahir, “Al farming for a greener tomorrow,” Express Tribune Magzine, July
07,2024,
https://tribune.com.pk/story/2477306/ai-farming-for-a-greener-tomorrow
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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 AL’ 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. Al 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 Al in agriculture has improved real-time monitoring,
harvesting, and crop marketing.®

Various variables regulate agriculture, including soil nutrients, crop
rotation, water, moisture, and weather patterns. While using these variables,
Al-based products can track crop productivity. Several solutions and
applications that employ Al 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.’

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

Pakistan’s Al industry is expected to grow by approximately 22.3% by
2030, reaching USD 2,693 million."" 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

7 Taneja Akiriti, Gayatri Nair,Manisha Joshi,Somesh Sharma,Sirabhi Sharna, et al,
“Artificial Intelligence: Implications for the Agri-Food Sector,” Agronomy 13, no. 5
(2023): 1-20, https://doi.org/10.3390/agronomy 13051397

8 Muhammad Bilal, Farva Rubab,Mubashir Hussain and Syed Adnan Raheel Shah,
“Agriculture Revolutionized by Artificial Intelligence: Harvesting the Future,” Biology
and Life Sciences Forum 30, n0.1(2023):1-4, https://doi.org/10.3390/xxxxx

®  Dr Gourav Shrivstava, “Role of Artificial Intelligence in Agriculture,” Sage University
Bhopal,
https://sageuniversity.edu.in/blogs/role-of-artificial-intelligence-in-agriculture

10 Dr Muhammad Shahid, “How Artificial Intelligence Could Unlock Productivity-Led
Growth in Pakistan,” Pen Forum, Januray 27,2026
https://penforum.org/2026/01/27/how-artificial-intelligence-could-unlock-productivity-led
-growth-in-pakistan/

' Arooj Zulfigar, “Pakistan Needs to Use Al for Sustainable Agriculture Growth,”
Independent News Pakistan, Feburary 07,2024,
https://www.inp.net.pk/article-detail/inp-wealthpk/pakistan-needs-to-use-ai-for-sustainabl
e-agricultural-growth
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towards the application of Al in farming practices.'? But, like the rest of the
world, Al 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 Al 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 Al in Pakistan’s agriculture sector. The paper will
conclude with recommendations for an inclusive and timely implementation of
Al across Pakistan’s agriculture sector.

Research Questions

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

i.  What are the challenges being faced by farmers in Pakistan?

ii. How is Al being applied to the various facets of the agriculture sector?

iii. What are the potential challenges and prospects of employing Al 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.

2 Ayesha Shahid, “Fertile Ground For AI: How Technology Is Reshaping Pakistan's
Agriculture,” Friday Times, January 20,2025,
https://thefridaytimes.com/20-Jan-2025/fertile-ground-for-ai-how-technology-is-reshaping
-pakistan-s-agriculture
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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.'

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

Yield Wheat Maize Sugarcane Rice
(tonnes/hectare)

Actual Yield  |2.25 177 48.06 2.88
Potential Yield | 6.86 9.20 300 5.20
Yield Gap in% | 67% 81% 84% 45%

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." According to the IMF, the annual availability per
capita of water deteriorated from 1500 cubic meters in 2019 to 1017 cubic
meters in 2021."° 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

13 Uferah Shafi, Rafia Mumtaz, Syed Ali Hassan, Syed Ali Raza Zaidi, Awais Akhtar,
Muhammad Moeez Malik, “Crop Health Monitoring Using loT-Enabled Precision
Agriculture,” in loT Architectures, Models, and Platforms for Smart City Applications, ed.
Bhawani Shankar Chowdhry, Faisal Karim Shaikh, Nacem Ahmed Mahoto (Hershey:
Engineering Science Reference, 2020), 135.

Imran Mukhtar, “With water scarce, Pakistan helps farmers grow more with less,”
Reuters, September 30,2020,
https://www.reuters.com/article/world/with-water-scarce-pakistan-helps-farmers-grow-mo
re-with-less-idUSKBN26L0BM/?utm_source=pocket saves

Rehan Zahid, “Artificial Intelligence in Agriculture,” Imarat Institute Policy Studies, June
10,2024,

https://iips.com.pk/artificial-intelligence-in-agriculture/
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freshwater, making it strenuous for the farmers to access clean water for
irrigation purposes.'®

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. !’
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.”'® 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.'”” 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.?

6 Zaigham Habib and Rubina Wahaj,” Water availability, use and challenges in Pakistan,”
(paper, Food and Agriculture Organization of the United Nations ,Islamabad, 2021),
https://openknowledge.fao.org/server/api/core/bitstreams/32a52de0-7299-4bb7-a889-9d9
7e913170a/content

17 Ibid.

8 United Nations Office for Disaster Risk Reduction, “Soil Degradation’” Accessed July 21
,2024,
https://www.undrr.org/understanding-disaster-risk/terminology/hips/en0005

1 Ministry of Climate Change, “Terrestrial Ecosystem,”
https://mocc.gov.pk/SiteImage/Misc/files/Chapter-03_3.pdf

20 Xuyan Yang, Qinke Yang, Haonan Zhu, Lei Wang, Chunmei Wang, Guowei Pang,
Chaozheng Du, Muhammad Mubeen, Mirza Waleed, and Sajjad Hussain. "Quantitative
evaluation of soil water and wind erosion rates in Pakistan," Remote Sensing 15, no. 9
(2023): 2404,
https://doi.org/10.3390/rs15092404
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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.?! 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.?

2.3. Climate Change

Around 60% of Pakistan’s population relies on rain-fed agriculture,
depending on predictable weather patterns.” According to the Global Climate
Risk Index, Pakistan is the fifth-most-vulnerable country to the effects of
climate change.? 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.”

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%.%

2l Zahid Baig, “Human activities degrade 46pc soil quality in Punjab: Report,” Business
Recorder, July 29,2023, https://www.brecorder.com/news/40255183

22 Staff Correspondent, “ Wrong application of fertilisers, pesticides ‘killing’ soil, experts
warn growers,” DAWN, December 7, 2020, https://www.dawn.com/news/1725030

23 Areeja Syed, Taqi Raza, Talha Tufail, , Neal Eash, “"Climate Impacts on the agricultural
sector of Pakistan: Risks and solutions," Environmental Challenges 6 (2022): 1-5,
https://doi.org/10.1016/j.envc.2021.100433

24 Pakistan Information Department, “Pakistan ranked 5th most vulnerable country to
climate change,”press release , April 17,2024,
https://pid.gov.pk/site/press_detail/25011#:~:text=The%20Ambassador%20further%20sai
d%20that,other%20developed%20and%20developing%20countries.

% Areeja Syed, Taqi Raza, Talha Tufail, , Neal Eash, “"Climate Impacts on the agricultural
sector of Pakistan: Risks and solutions," Environmental Challenges 6 (2022): 1-5,
https://doi.org/10.1016/j.envc.2021.100433

2 Shakeel Ahmad Rafay, “Climate change killing agriculture,” Express Tribune, June
6,2022,
https://tribune.com.pk/story/2360219/climate-change-killing-agriculture.
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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.”” 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.?®

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 Al in the Agriculture Sector

The use of Al 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 Al-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,
Al solutions are gradually being employed to help farmers address the impacts
of climate change and other farming-related challenges.”” The following are
some significant applications of Al 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

27 Abrar Chaudry, Nadiya Ayub, Climate Smart Agriculture in Pakistan, report (Washington
DC: International Center for Tropical Agriculture: World Bank ,2017),
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-06/CSA-in-Pakista
n.pdf

28 Faisal Mubeen, Sawaid Abbas,Bashir Ahmad, Abid Hussain, Aneel Salman,Sher
Muhammad, Muhammad Nawaz, et al, “"A framework fovr multi-sensor satellite data to
evaluate crop production losses: the case study of 2022 Pakistan floods," Scientific
Reports 13, no. 1 (2023):1-11, https://doi.org/10.1038/s41598-023-30347-y

2 SSM Sadrul Huda, Afsana Akhtar,et.al, “Artificial intelligence in agriculture across south
Asia: Technology adoption, improvements, and sustainability outcomes,” Sustainable
Futures 11(2026):101620
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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 Al algorithms
process images for crop monitoring, soil analysis, land mapping, predicting the
weather, identifying crop diseases and pest infections, and observing air
quality.®® Remote sensing is employed in the agriculture sector through
satellites and UAVs, among other platforms.*!

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 Al to facilitate crop monitoring and land
mapping.*

Similarly, various agricultural startups by private stakeholders are
pioneering the integration of Al 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 Al and satellite imagery to monitor large fields, assisting farmers
in making informed, data-driven decisions.*® Using satellite imagery, farmers
can also identify suitable land for cultivating any specific crop.**

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

30 GeoPard Agriculture, “Types Of Remote Sensing in Agriculture,” Accessed August 05,
2024,
https://geopard.tech/blog/types-of-remote-sensing-in-agriculture/

31 Dragonfly Aerospace, “7 Applications of Remote Sensing in Agriculture,” Accessed
August 5,2024,
https://dragonflyaerospace.com/remote-sensing-in-agriculture-what-are-some-applications
/

32 Pakistan Space & Upper Atmosphere Research Commission (SUPARCO), “Pakistan
Remote Sensing Satellite (PRSS-1),” Accessed July 30,2024,

Pakistan Remote Sensing Satellite (PRSS-1) | SUPARCO.

33 Nabil Tahir, “Al farming for a greener tomorrow,” Express Tribune Magzine, July
07,2024,
https://tribune.com.pk/story/2477306/ai-farming-for-a-greener-tomorrow

3 “Three ways to transform farming,” Express Tribune, July 01,2024
https://tribune.com.pk/story/2475461/three-ways-to-transform-farming
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capture high-resolution images that farmers use to monitor the stress and
variability of the crops throughout the crop growth cycle.>> 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.*® In
the same year, Syngenta, a Pakistani agricultural company, used drones to
spray pesticides on a 5,000-acre farm for the first time.>” 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.”® 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.” Owing to unpredictable weather patterns driven by climate change,
advanced technology is required to maximise crop production while
conserving water.

Al has been integrated into various irrigation systems. These smart
irrigation systems use Al-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.

3 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.

3¢ 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

3% 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

37
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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 Al 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.*

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.*!

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.* ML is the branch of Al that
uses computer programs to process data and learn without any human
supervision.*

In predictive analytics, Al-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

40 Usman Zafra, Muhammad Arshad, Muhammad Jehanzaib, “Sensor based drip irrigation to
enhance crop yield and water productivity in semi-arid climatic region of Pakistan,”
Pakistan Journal of Agricultural Research 57,no. 5 (2020) :1293-1301,
doi:10.21162/PAKJAS/20.83

41 APP, “Farmers thrive with drip irrigation,” Express Tribune, September 25,2023,
https://tribune.com.pk/story/2437613/farmers-thrive-with-drip-irrigation

4 Dr Kasim Raza Rizvi, Sarika Singh, Atul Kumar, “Predictive Analytics for Better Crop
Management and Production using Machine Learning, (paper presented at International
Conference on Emerging Trends in IoT & Computing Technologies, Lucknow, 2023)

4 Moiz u din Ahmad, Igbal Hussain, “Prediction of Wheat Production Using Machine
Learning Algorithms in northern areas of Pakistan” Telecommunications Policy 46, no.6
(2022) :102370,
https://doi.org/10.1016/j.telpol.2022.102370
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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 Al 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).*

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.*

3.4. Optimising the Supply Chain

Apart from significantly aiding farmers during the crop’s growth cycle,
Al also helps maintain the quality and safety of the final product by improving
efficiency in the farm-to-consumer supply chain. Al algorithms predict
demand, optimise the flow of work, and diminish waste to ensure the fresh and
safe provision of food to consumers.* 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.

Faheem Aslam, Aneel Salman, Inayat ullah Jan, “Predicting wheat production in Pakistan
by using an artificial neural network approach,”’Sarhad Journal of Agriculture 35, no. 4
(2019): 1054-1062,

doi:10.17582/journal.sja/2019/35.4.1054.1062.

Taimoor Hassan, “Bringing technology to farmers, Ricult maintains its strong growth
trajectory,” Profit, February 13,2021,
https://profit.pakistantoday.com.pk/2021/02/13/bringing-tagricultural sector in Pakistan
faces multiple constraints that hamper its abilityechnologyacross various aspects of the
agricultural sector and highlighted the further scope
for-to-farmers-ricult-maintains-its-strong-growth-trajectory/

4 Hassan Anwar, Talha Anwar, Gohar Mahmood, “Nourishing the Future: AI-Driven
Optimization of Farm-to-Consumer Food Supply Chain for Enhanced Business
Performance,” Innovative Computing Review (ICR) 3,n0.2
(2023):15-29,https://doi.org/10.32350/icr.32.02

45
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Moreover, the Al-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.*’

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

The above section explored the extent to which Al 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 Al

4.1. Challenges
4.1.1. High Cost of Implementation

The use of Al is at the heart of revolutionising modern farming into
more efficient, output-driven and sustainable farming.*® Despite Al’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 Al in their farming
practices, their number has soared in the past decade.” 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 Al-powered solutions.

4.1.2. Infrastructural Constraints

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

47 Gohar Ali Khan, “Al experts eye agricultural sector,” Express Tribune, December
12,2023, https://tribune.com.pk/story/2449721/ai-experts-eye-agriculture-sector

4 Ahmad Jamal,Hassan Raza, et al, “Al and Data Analytics for Precision Agriculture:
Current Progress and Future Directions,”Journal of Appropriate Technology for
Agriculture, Environment, and Developmen 2,n0.2,(April, 2025),pp 3-46.

4 Khalid Saeed Watto, “Al in Agriculture,” DAWN, January 22,2024,
https://www.dawn.com/news/1807519
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the rural areas is directly or indirectly related to the agriculture sector.*
However, many rural areas in the country lack the technological resources and
adequate Internet facilities.”’ According to the published Assessment by
USAID titled ‘Rapid Landscaping of Al in Agriculture in Pakistan,” 30-50
million people in Pakistan do not even have electric grids, and 20-30 million
have weak grids.” These infrastructure constraints act as a barrier against the
potential digitisation and, by extension, Al-related advancement in the sector.

4.1.3. Lack of Technical Expertise and Training

Pakistan is in the early stages of inculcating Al in the agriculture sector.
In this regard, there is a need for extensive testing of various Al-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 Al can make them apprehensive about
adopting technology in their farming practices.>

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.**

0 Pakistan Mouza Census, report (Lahore: Pakistan Bureau of Statistics,2020),

https://www.pbs.gov.pk/sites/default/files/agriculture/publications/mouza_census_2020/M
ouza_Census_2020 Country Report.pdf

Rehan Zahid, “Artificial Intelligence in Agriculture,” Imarat Institute Policy Studies, June
10,2024, https://iips.com.pk/artificial-intelligence-in-agriculture/

Josh Woodward, Rapid Landscaping of Artificial Intelligence in Agriculture in Pakistan,
report (Washington DC: USAID,2023),

https://pdf.usaid.gov/pdf docs/PA021F4T.pdf

Salman Raza , “Farmers face hefty challenges to Al adoption in agricultural sector,”
Associated Press of Pakistan, November 17
,2023,https://www.app.com.pk/features/farmers-face-hefty-challengAl-related research
conducted in academic institutions and its practical
implementationes-to-ai-adoptAl-related research conducted in academic institutions and
its practical implementationion-in-agriculture-sector-2/

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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4.1.5. Dearth of Academia and Industry Collaboration

Pakistan faces incompatibility between the Al-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 Al implementation in various sectors.

4.2. Prospects

Addressing the agriculture sector’s challenges is necessary to harness
the holistic benefit of Al-driven solutions. The prospect of utilising Al’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 Al 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 Al-driven solutions through targeted subsidies, low-interest
rate loans, and special grants.> 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 Al’s initial awareness and application in rural areas are
user-friendly, less expensive and easy to understand.®® 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 Al, the government should

% Rehan Zahid, “Artificial Intelligence in Agriculture,” Imarat Institute Policy Studies, June
10,2024, https://iips.com.pk/artificial-intelligence-in-agriculture/

%6 Muhamamd Mansa, “10 Productive Tips for Utilizing Al 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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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 Al 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 Al-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 Al 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
Al-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 Al system development. It will be pivotal in
providing tailored solutions to the farmers in the local language as per their
cultural context.”’

57 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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4.2.6. Leveraging International Support

There has been growing support from international stakeholders for
integrating Al into Pakistan’s agriculture sector. Many private organisations,
foreign governments, and research institutions are collaborating with peers in
Pakistan to tap the potential of Al 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 Al and innovative agriculture to
enhance bilateral relations in the domain of emerging technologies.*® 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 Al-driven
solutions into Pakistan’s agriculture sector.

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

Challenges Prospective Solutions

High cost of Implementation | ® 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 Al-driven solutions
should be user-friendly and
straightforward.

Technological Infrastructure | e Mitigating technological disparity by
Constraints extending Internet and broadband
services coverage in rural areas.

e [Establishing digital literacy centres to
assist farmers regarding the necessary
knowledge  related to Al-related
applications.

%8 “Pak-China Joint Lab for Al 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
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and Training

Lack of Technical Expertise | e

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 Al application in agriculture
by various agricultural research
institutes.

Robust awareness campaigns by the
government and the private sector to
make farmers less averse to Al-related
agricultural remedies.

Developing LLM in the local languages
to provide tailored solutions to the
farmers in their local language.

Industry Collaboration

Need for Local °
Developments
Dearth of Academia and °

Devising a framework including various
stakeholders to counter the
incompatibility between the Al-related
research done in academic institutions
and its scope of implementation in the
practical field.

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 Al 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 Al tools. Nonetheless, the successful implementation of Al
in agriculture depends on aligning this innovative technology with the
indigenous challenges faced by Pakistan’s farmers.
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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 Al-driven agricultural practices, such as
increased yields and more sustainable practices. The employment of Al 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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