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Preface to “The 1st International Precision

Agriculture Pakistan Conference 2022 (PAPC

2022)—Change the Culture of Agriculture”

The first international Precision Agriculture Pakistan Conference (PAPC), in 2022, was held

in person at PMAS-Arid Agriculture University Rawalpindi (PMAS-AAUR), Pakistan. The PAPC

provided opportunities to local researchers to collaborate with national and international researchers

in the field of Digital and Precision Agriculture through oral and poster presentations, exhibits, field

demonstrations, as well as discussions and the exchange of information. The world’s leading Precision

and Digital Agriculture researchers from Canada, China, the USA, Australia and Turkey gave keynote

addresses during the PAPC in 2022. The conference introduced new ideas, solutions and research in

the agricultural sector, especially considering global climate change, which have been published in

this book.

Qamar Zaman, Muhammad Jehanzeb Masud Cheema, Muhammad Naveed Tahir, Shoaib Rashid

Saleem, Tahir Iqbal, Saddam Hussain, Muhammad Umair, and Muhammad Naveed Anjum

Editors
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Abstract: Smart-farming practices can help to overcome the impacts of soil and crop variability on
crop yield. This article studies the impact of fertilization treatment on the production of a major
oilseed crop, mustard (Brassica campestris L.), in an arid region of Pakistan. Soil-nutrient sampling
was performed, using 20 × 20 m grids to characterize and quantify the variation of mustard yield
and soil nutrients. Based on the results of a significant correlation between yield and soil nutrients,
management zones (MZs) were developed that use Variable Rate Fertilization (VRF) to increase crop
production and profitability while reducing environmental risk.

Keywords: smart farming; spatial variability; management zones; Variable Rate Fertilization; arid

1. Introduction

Sustainable agricultural-production systems are necessary to feed the global popula-
tion, as it is projected to increase by 35% in 2050, which requires a 70–100% increase in food
production, and there is an insistent demand to develop this production more efficiently [1].

Mustard (Brassica) is a major oilseed crop grown in Pakistan, but production capacity is
limited in Pakistan, despite having huge potential. Therefore, edible-oil import is necessary,
which hast cost millions of dollars for many years [2].

Agriculture management in semi-arid and arid regions faces a lot of challenges, be-
cause soils are highly variable due to unpredictable rainfall, in terms of both amount and
intensity [3]. The precise application of fertilizers can be improved by site-specific nutrient
management (SSNM), especially for crops such as rice, maize, wheat, etc. SSNM is a
component of precision agriculture (PA), and it helps in improving Nutrient Use Efficiency
(NUE) in soil and crops [4].

Therefore, it is necessary to implement efficient techniques to accurately measure
variations in soil properties within the field and to draw precise Management Zones
(MZs) [5]. To achieve this goal, it is important to explore the crop-production potential,
quantify yield gaps, identify limiting variables for enhancing mustard yield, and develop
MZs for the precision application of fertilizer.
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2. Methodology

A mustard field (1 ha, 33◦6′50′ ′ N 73◦0′57′ ′ E) was selected during the mustard grow-
ing season 2021–2022 at the University Research Farm “Koont”, PMAS-Arid Agriculture
University Rawalpindi, to investigate the spatial variation effect on mustard yield. The
selected field had been under uniform management for the past few decades. Soil variation
was studied in the selected field, using grids and soil-nutrient samples, e.g., nitrogen (N),
phosphorus (P), and potassium (K), which were recorded with the help of a proximal sensor
from each georeferenced grid-point. Yield was measured manually with a hand sickle.
The collected data were organized for statistical and geostatistical analysis. The proposed
methodology is shown in Figure 1.

Figure 1. Schematic flow diagram of the proposed methodology.

Descriptive statistics and multivariate geostatistical methods were used to determine
the existence and pattern of spatial variability in the selected fields. Descriptive statistics
were utilized to calculate the coefficient of variance (CV), which defines the existence of
spatial variability in the mustard field, by using Minitab 21 statistical software (Minitab,
LLC, State College, PA, USA). Geostatistical analysis was performed using ArcGIS 10.8
software, and semivariogram parameters were estimated, which were used to define the
pattern of variability by the kriging interpolation technique. Different models, such as the
exponential, circular, spherical, and Gaussian semivariogram models were tested, to find
the parameters of the semivariogram nugget, sill, and range [6].

3. Results

3.1. Interpolation of Soil Nutrients and Mustard Yield

There was significant spatial variation in the mustard field, as evidenced by the kriged
interpolated maps of sol nutrients and mustard yield, requiring the establishment of MZs
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for site-specific nutrient management. Higher values of nutrients were mostly observed on
the south sid, and lower values on the central and north sides of the field, as indicated in
Figure 2.

 
(a) (b) 

 
(c) (d) 

Figure 2. Kriged maps of soil nutrients and crop yield for the mustard crop, (a) N; (b) P; (c) K;
(d) Crop Yield.

The visualization of the maps revealed that variation in soil properties caused substan-
tial variation in yield. The high-yielding values were observed on the north-south side of
the field, and low values were on the northwest side of the field. The results of interpolated
maps suggested moderate-to-high variation in nutrients and mustard yield.

Delineation of MZs for Mustard Crop

The clustered soil nutrients and mustard-yield data were imported into ArcGIS 10.8
software to analyze and develop the MZs. The developed MZs, on the basis of clusters, were
classified into four productivity zones: very poor, poor, medium, and good for mustard, as
shown in Figure 3.

The delineated MZs showed different productivity levels within a field, which required
variable-rate fertilizer-application to improve the mustard yield. A higher productivity
level was observed on the southeast side of the field. The southwest and the middle of the
field had average productivity, whereas the northern side had extremely low productivity.
Developed MZs can be used for site-specific soil- and crop-sampling, significantly reduc-
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ing farm-production costs while protecting the environment from the harmful effects of
chemical fertilizer. The authors in [7] summarized how the developed MZs can reduce the
over- and under-application of fertilization for wild blueberries, which reduces the cost of
production of the farm and increases the yield. Up to 40% of agrochemicals was saved by
the accurate appliication of fertilizer according to the developed MZs [8].

Figure 3. Delineated MZs for precise application of fertilizer in the mustard crop.

4. Conclusions

Soil-sampling planning and management of mustard crops is significantly assisted by
an understanding of soil parameters. Cluster analysis could provide a method for plan-
ning and organizing the spatial variability of soil parameters and crop production within
individual fields. Input-use efficiency, production costs, and environmental advantages
could all improve with the implementation of MZs-based variable-rate fertilizers. To better
understand the effect of climate change on crop-production variability and to determine
whether or not MZs have the opportunity to conduct site-specific nutrient management, it
would be useful for future research to correlate soil attributes with climate change.
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Abstract: Climate change poses a significant challenge to food security. Several traditional approaches
are available to prevent food insecurity in climate change scenarios, such as modifications in crop
practices, altering field management systems, and climate-smart farming measures. Recently, preci-
sion agriculture practices are becoming a more popular way of farming that might help to overcome
climate risk and reduce food insecurity. Precision agriculture is a tool for monitoring the food supply
chain and managing both the amount and quality of agricultural products. Thus, this work seeks to
synthesize and discuss the research related to the importance of a precision agriculture system in
preventing food insecurity in the context of a developing countries such as Pakistan. The study is
based on the narrative literature review.

Keywords: food security; precision agriculture; adaptive strategies; climate change

1. Introduction

Food insecurity through climate change can occur directly through the changes in
ecological parameters and indirectly through disturbances in the economic growth and
reduction in agricultural products [1]. The global climate change influences on food produc-
tion and distribution are more severe in developing countries than in developed countries.
Many adaptations and mitigation techniques, such as improving seed quality, modifying
cropping practices, introducing new varieties, and improving irrigation techniques, are
available to improve food production during the climatic shift [2]. However, these tech-
niques could not improve much yield. There is a need for an integrated approach that
improves the yield without compromising the environment. Thus, precision agriculture is
the sole solution to this problem [3]. Precision agriculture is a collection of technologies that
integrate sensors, information systems, advanced equipment, and well established manage-
ment to maximize productivity through reducing variation and uncertainty in agricultural
systems [4]. Adapting agricultural inputs within a field to site-specific conditions allows
for a more efficient allocation of energy, which helps to preserve ecological integrity while
improving the food production system [5]. The precision agriculture strategies not only
improve the economic condition of the farmers but also reduce the negative impacts of ex-
tensive agriculture practices on the environment. Moreover, this study fulfills the literature
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gap of relationship of the tradition agriculture practices with precision agriculture. This
study examines the potential of available mitigation and adaptation approaches to prevent
food security in climate change situations. Furthermore, it also explores the importance of
precision agriculture technologies in elimination of food insecurity in Pakistan.

2. Methodology

This study reviewed the secondary published data from different reliable sources to
identify the influence of climate change on food security. To critically analyses the situation
in developing countries such as Pakistan, the authors carried out a desk review of the
relevant reports, projects, papers, and web-based publications related to food availability,
accessibility, and usage in developing countries and Pakistan.

3. Global Food Security and Climate Change

Climate change has an impact on both food security and the lives of farmers in-
volved in agricultural systems. It also influenced the value chains of the agricultural
systems. According to the report, about 70% of the total global population lives in some
countries/territories experiencing a food crisis, including Afghanistan, the Democratic
Republic of the Congo, Sudan, Ethiopia, northern Nigeria, Yemen, Pakistan, the Syrian
Arab Republic, South Sudan, and Haiti [6]. The global prevalence of hunger is alarmingly
high. According to the report, food insecurity levels in 2021 were higher than any pre-
viously recorded, with about 193 million people in need of immediate assistance across
53 countries/territories. An increase of approximately 40 million people was reported in
2020 [6].

The main drivers of food insecurity in developing countries are societal conflicts,
economic shocks, and weather extremes. According to Figure 1, 139.1 million people in
53 countries are facing food crises caused by conflicts, 23.5 million by weather extremes,
and 30.2 million by economic shock in developing countries [7]. Pakistan already has
a high rate of food insecurity, and the recent floods have just exacerbated the situation
in the country. According to global food hunger index, Pakistan lies at 92 of a total of
116 countries [6].

Figure 1. Global food crisis [6].

4. Mitigation and Adaptation Measures for Sustainable Agriculture

To deal with food insecurity caused by climate change, various mitigation and adapta-
tion measures are available, such as usage of precision agriculture technologies [8], crop
varieties that can withstand climate change, improved agronomic techniques, water and
irrigation conservation measures, a diverse agricultural economy, and agroforestry, which
is stated by the studies. However, the implications of these techniques are limited to specific
areas and conditions.
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5. Recent Advances in Precision Agriculture Technologies

Scientists from all over the globe have been trying to find different ways to solve the
problem of food insecurity. The ideal alternative to reduce the risk of food insecurities is
“precise agriculture”. Precision agriculture integrates sensors, information systems, and
improved equipment (see for details in Figure 2) and guides the management to maximize
agricultural system productivity without damaging the environment.

Figure 2. Role of precision agriculture in sustainable agriculture production.

The large-scale application of precision agriculture not only revolutionizes the agricul-
ture systems of developing countries, but it also prevents the further degradation of the
environment. Adoption of precision agriculture can provide the following benefits:

• Precision agriculture provides more efficient use of resources, which improves the long-
term viability of food production without compromising environmental standards.

• Precision agriculture allows for the management of both the quantity and quality of
agricultural products by paying close attention to the whole food production chain.

• Precision agricultural technologies, according to current research, can reduce produc-
tion costs by up to 20% while increasing productivity and protecting the environment.

• To meet the challenges of fluctuating weather and rising food demand, precision
agriculture seeks to invigorate the combination of farm improvement and climate
susceptibility [9].

Climate change poses an ever-increasing danger to the billions of people around the
globe whose livelihoods depend on agriculture production. These changes could slow a
country’s economic growth, halting the progress it has made over many years. Precision
agriculture technologies are already used in developed countries. Developing countries
are also attempting to apply these technologies in the true sense by capitalizing on their
technologies, seeking new sources of funding, promoting climate-smart methods, and
allowing the institution to operate [1].

The precision agriculture management system adoption is suggested for developments
in both conventional agricultural technology (such as tractors, crop genetics, equipment,
herbicides, and fertilizers) and information technology (such as GNSS, sensors, computer
processing capabilities, telematics, and variable rate technology). The use of precision
agriculture technology in crop management systems is a great addition to any conven-
tional farm [4]. With precision agriculture, farmers may apply inputs in a more targeted
manner, leading to increased yield, lower cost, more consistent output, and fewer negative
environmental impacts [10].

6. Recommendations

Food security is a challenge for developing countries. There is a need for policy
guidance regarding the modern agriculture system in developing countries such as Pak-
istan. Moreover, the government should promote the interdisciplinary efforts of academic
research with industrial linkages to promote the adoption of precision agriculture at the
farm level.

7. Conclusions

Food security is a challenge for developing countries, as food insecurity is rising with
climate shifts. The catastrophic events now frequently occur due to the climate shift, further
exacerbating the condition. Several mitigation and adoption approaches are available
to overcome the food security issues, especially those caused by climatic changes, i.e.,
the introduction of modified crop varieties, implementation of soil conservation meth-
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ods, efficient irrigation management techniques, renewable energy, etc. Thus, precision
agriculture technologies could provide a better solution for sustainable crop yield while
improving the quality to meet the rising demand of the population without compromising
the environment.
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Abstract: Smart farming and precision agriculture rely on the different components of IoT, such as
sensors, drones, and robotic devices. IoT in agriculture is the network of interconnected devices
that corresponds in real time, simultaneously, to gather, analyze, and transfer the data, which,
ultimately, generate a decision to be taken by the farmer. The availability of the 4G/3G does not
support the precision practices in real time due to the bandwidth, connectivity, and the speed of
data-transfer issues. Further, 5G technology in the agricultural sector has put its greater influence in
real-time monitoring, unmanned aerial vehicles, virtual consultation and predictive maintenance,
artificially intelligent robotics, and data analytics and cloud repositories. Conclusively, the speed,
connectivity, scalability and processing power, and limitations can be overcome with the availability
of 5G structures.

Keywords: 5G; precision agriculture; 6G; real-time monitoring

1. Introduction

Agriculture is the main source of survival for all living beings on Earth. The systemic
production of crop plants via the integration of modern technological advancements can
mitigate the upcoming disasters of food security and hunger risk. The technological integra-
tion of smart agriculture, precision agriculture, 5G, and IoT can boost farm practices at the
level of automation that can transform a decision-support system to optimize operations [1].
The evolutionary period of agriculture has reached the level of digital agriculture, named
as “Agriculture 4.0” or digital agriculture (Figure 1) [2]. Developing countries are lacking
in the adaptation of digital agriculture due to their limited sources.

Cellular communications and internet connectivity for modern times require fast
services for heavy files of data transfer with high speed. These targets are now made
possible to achieve by the modern fifth-generation (5G) networks, with the characteristics
of achieving universal connectivity, minimum latency, and, specifically, with the highest
rate of data transfer [3]. Although the technology is moving towards the next phase of
the novel state-of-the-art sixth-generation (6G) network, currently, the global system is
running on 5G. The IoT is completely dependent on the availability of interconnected
devices that can collect, analyze, and transfer data in real time. The use of IoT in agriculture
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is advancing rapidly with the advent of 5G because IoT devices can perform long-range
operations rapidly and reliably. Thus, 5G technology in the agricultural sector has put its
greater influence in real-time monitoring, unmanned aerial vehicles, virtual consultation
and predictive maintenance, artificially intelligent robotics, and data analytics and cloud
repositories (Figure 2) [4].

 
Figure 1. The evolutionary phases of agriculture [2].

Figure 2. 5G technology in the agriculture sector [4], copyright permission: License Number:
5411150959041; License date: 17 October 2022; Licensed Content Publisher: Elsevier.

2. Application of 5G in Agriculture

The conventional methods of agriculture are being adapted toward the new era of
smart farming, which enables the production of higher yields of crops and less human
interference. The components of smart farming, including sensors, collect large amounts
of data and transfer them remotely in real time. This 5G technology fulfils the demand of
smart farming by predicting and preventing the crops from disease damage using mobile
phones. Not only this but 5G in agriculture has enormous applications, such as unmanned
aerial vehicles, monitoring in real time, climate change mitigations, visual monitoring
and predictive measures, artificially empowered robotics, and data analytics and cloud
repository. Automated driving systems, such as autosteering tractors, deep learning, and
cloud-based mobile applications, connected with 5G can further alleviate the yield outputs
by many folds with maximized efficiency from farmers. Full exploration of 5G technology
will define the overall productivity of precision agriculture over time [5] (Table 1).
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Table 1. Exploration of 5G and 6G technology in agricultural systems.

Agricultural Tasks Why 5G and 6G?

Real-time monitoring

Energy efficiency
Device density & data volume

Ultralow latency
Reliability

UAVs

High data rate
Ultralow latency

Energy consumption
Security

Augmented reality and virtual reality High data rate
Low latency

Virtual consultation and predictive maintenance
High data rate

Ultralow latency
Reliability

AI-driven robots

High data rate
Low latency
Reliability

Low energy consumption
Security

Data analytics and repository

High data rate
Ultralow latency

Reliability
Security

3. Related Work

Although developed countries are working on 5G and IoT devices in agriculture
collectively to obtain their massive benefits for quantity and quality enhancements of crops,
researchers are still working in the developing regions of the world to obtain the maximum
output from IoT devices used in the field. The requirements of smart farming and precision
agriculture were analyzed to integrate them with 5G technology for better production [4].
A protype of sustainable greenhouse was designed and implemented in Nigeria to assess
the performance of IoT devices interconnected with 5G for an information-processing
framework. The framework developed the artificial methods for reasoning and imaging
that ultimately improved the high quality of cultivation management and ease of access to
the greenhouse technology [6].

The integration of artificial intelligence and a wireless communication system was
performed in the MERLIN project in India that made efficient use of 5G/6G and IoT devices.
The project was run to develop a technology solution, which used cloud-based databases,
namely supervised and semi-supervised, to obtain data and further process them for
decision making. The decision-support system can be automated, which can improve the
production and yield of the crop plants and make efficient use of remote sensors and IoT
integrated with 5G/6G [7]. Smart farming was further enhanced by performing agricultural
management and focusing on the development of smart systems using 5G mobile networks.
The smart system was able to transfer data at a high speed, up to 20 Gbps. This system can
link the enormous amount of IoT devices in a square kilometer [8].

Implementation of 5G/6G technology in Colombia boosted the use of IoT applications
and increased the demand for digital agriculture. The scenarios were developed for 5G/6G
usage with various bands of frequencies, their applications, and use in the farmland
activities. The rural-area-based scenarios in Colombia were developed in real time for data
acquisition by integrating 5G with the interconnected devices of Mobile edge and robotics
that produced significant results for crop development in the remote areas of villages [8,9].

15



Environ. Sci. Proc. 2022, 23, 3

4. Challenges and Future Perspective of 5G

IoT-based devices are interconnected and wirelessly connected in a smart farm system
through the availability of 4G/3G/NB-IoT. Smart devices are available for the transfer,
collection of the data, precise analyses, estimation, and production of decision-supported
results in farmlands. However, the networking system that interconnects these sensory
systems possesses some limitations that bar the full use of precision farming technologies.
The most significant limitation is the operational region because developing countries,
such as Pakistan, lack the coverage of wireless networks in remote areas. City areas face
the problem of connectivity, quality of services, channel conditions, and fluctuations in
data-transfer rates in 4G. Another issue is the battery longevity, which is drained due to the
multiple antennas and transmitters attached to the devices. IoT devices, such as robotics,
drones, and field sensors, are operated remotely and remain for a longer time in the field,
so cannot be sustained with the varying connectivity in 4G networks.

The connectivity issues, most importantly, hinder the advancements of precision
agriculture in developing and underdeveloped regions of the world. Currently, the sensors
on drones acquire images from the field and then are transferred to sprayer drones. If 5G
technology is available, it can perform real-time image collection and spot spraying can be
performed without lagging. Speed, connectivity, scalability, and processing power are all
limitations that can be overcome with the availability of 5G structures. The global word is
the old concept, while 5G is the future of the world that will soon be running every single
industry for human beings.
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Abstract: The depletion of usable agricultural lands has brought up a scenario of vertical farming.
This type of farming is mostly considered soil-less farming in the vertical direction. Three of the
commonly used soil-less ways for vertical farming include hydroponic, aeroponic, and aquaponic.
Although it is not very popular in developing countries, investment has been made by many European
counties and efforts to use vertical farming as a commercial product are on the path to success. Food
security issues can be addressed through this farming type as well.

Keywords: soil-less agriculture; vertical farming; food security

1. Introduction

The growth in population around the globe is demanding living space and land to
grow food and food products. The fertility of agricultural land is decreasing day by day
due to the excessive use of synthetic chemicals such as fertilizers, pesticides, insecticides,
etc. Researchers are working on soil-less and less space-consuming solutions to grow
plants. One of the solutions consists of vertical farming in which plants can be grown in
a space that is not of particular advantage, such as used shipping containers, buildings
on damaged lands, or warehouses [1]. Although this kind of farming does not require a
large space to develop, the environmental parameters need to be strictly monitored. The
controlled environment for vertical farming needs to be fulfilled with monitored nutrients,
temperature, and light.

Vertical farming practices do not require soil particularly, so plantation can go in
an upwards direction in the form of layers and sometimes reach up to multistory levels
(Figure 1) [2]. There are several types of vertical farming but three of them are commonly
used soil-less methods including hydroponic, aeroponic, and aquaponic. Hydroponic
farming is the technique of growing plants in water. The nutrients are continuously
monitored and are provided only in calculated amounts. Aeroponic farming systems do
not even need a water medium to grow plants. This system only uses a mist or spray
of nutrients in the root growth chamber. Aeroponic farming can even save up to 90% of
the water as compared to hydroponic. Aquaponic systems are only used for fast-growing
crops because this system combines hydroponic farming and fish farming at the same time.
Fish growth is reliant on nutrients and fish farming waste, rich in nutrients, is used as a
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recycling component for plant growth which results in economically viable and efficient
plant growth [3].

 
Figure 1. The vertical agriculture growing in several layers and less space [2].

2. Vertical Farming System

2.1. Crop Selection

There is no hard and fast rule about the selection of crops to grow in vertical farming
because the environmental conditions are controlled artificially. However, to choose the
best crop that can grow under artificial light and less space is the best tactic for this style
of farming. Long, heightened plants such as avocado, olive, banana, and other trees are
limited to growing indoors; however, other controlled techniques such tunnel or greenhouse
farming can be applied for tree farming. Vertical farming, especially hydroponic, offers
the production of more than three dozen various vegetables indoors. Vegetables such as
lettuce, spinach, leafy greens, strawberries, cucumber, herbs, tomatoes, etc., are now the
crops most grown under vertical farming. However, other crops such as maize, wheat,
biofuel, and herbal medicinal crops can also be grown under a vertical cropping system [4].

2.2. Environment Control System

Heating, cooling, and proper air ventilation are very important in vertical farming to
keep the best air quality, save energy, and keep a consistent moisture content. Reusable
energy resources such as solar energy, geothermal equipment, and ground water usage
can help to maintain the low energy cost and keep the environment clean. Control of the
indoor environment such as dehumidification can be maintained by natural ventilation,
the use of desiccant, and the condensation process. Water chambers to circulate water can
be used to lower the temperature in the vertical chamber.

2.3. Waste Management System

In an aquaculture system, the yearly biowaste produced is estimated as 527 t. Biowaste
is comprised of dead leaves, parts of stems, fibrous roots, dead fruits, and vegetables and
can be converted into organic fertilizers, biofuels, and liquid organic nutrients. Waste water
treatment can also make water in reusable conditions using a SlurryCarb machine [5].

2.4. Smart Devices

The vertical farming system operating with automated services without human inter-
ventions needs to be operated by sensors and smart devices. The sensory system collects
information about the environment, crop health, nutrients, and water requirements and
forwards it to interconnected devices. The data are analyzed and a quick decision is
made through the decision support system. The requirements of plants are fulfilled by an
automatic system without human involvement in agricultural practices [6].
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3. Related Work

Although developed countries have many resources to fulfill the feeding needs of their
community, European countries and private organizations are working on the efficient use
of free spaces such as restaurants, metro stations, supermarkets, and in-store farming. Agri-
cool, a company based in France, is working on container vertical farming for strawberry
cultivations [7]. An Estonian company named Click and Grow is working on a novel idea
of appliance farms, also called small indoor gardens (Figure 2) [8,9].

Figure 2. An appliance farm for indoor farming [9]; Copyright permission: License Number:
5423060894672; License date: 6 November 2022; Licensed Content Publisher: Elsevier.

An in-store aeroponic farming setup was tested in Italy under the joint venture of
Agricooltur and Auchan retailers. The same setup was organized in a supermarket in
Luxemburg. In Madrid, in-farm vertical farming was adopted for the purpose of the fresh
supply of lettuce to the customers [10]. Another German retail chain, Metro, collaborated
with Infarm to grow vertical agriculture within the store and provide fresh herbs and
vegetables to the customers [11].

4. Benefits, Challenges and Future Perspective of Vertical Farming

Feeding the world in the 21st century is not an easy task due to several issues of
uncontrolled population growth, uneven distribution of resources, depletion of natural
resources, overburdened urbanization, loss of fertile soils, etc. Vertical farming can be seen
as an opportunity to mitigate food security risks. Vertical farming can provide continuous
crop production and is much more efficient; one acre of vertical farming can cover the
food production of 30 acres of farming on the land. Due to the controlled environmental
conditions, there is less chance of diseases and insects/pest attacks which can eliminate
the chance of chemical use during farming practices. Many environmental factors such
as hail, flood, drought, etc., that cause crop failure are also eliminated due to controlled
environmental conditions. Moreover, vertical farming helps to reduce carbon emissions
generated during agronomic practices and reduce water losses by 70% [12].

Although this cropping system can deal with food security issues, it comes with some
challenges to deal with. The main challenge to deal with is the cost–benefit analysis. The
land and building costs may vary from region to region but cost in urban areas does not
allow vertical farming in big cities. The use of energy and operational cost to maintain
and control the internal environmental conditions of a farming setup can challenge cost
efficiency. A limited number of crops can only be grown through vertical farming and
also require pollination by hand during crop growth. However, the system lacks some
economic efficiencies, but in the future, to avoid food scarcity, vertical farming will become
a trend and the reuse of necessary building structures will reduce the cost of the system.
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Abstract: Long-term changes in climate variability, vulnerability, a rise in average temperature,
and changes in precipitation patterns threaten crop productivity, food security, and the livelihoods
of people across the globe. Lower crop yields with higher dependence on food imports, global
economic shocks, and climate change exacerbate more challenges to food security, specifically in
developing countries. Therefore, adaptation to climate change is necessary to promote farmers’
sustainable livelihoods and mitigate carbon emissions. The adoption of Climate-Smart Agriculture
(CSA) practices can potentially help reduce greenhouse gas (GHG) emissions without compromising
agricultural production. To confront the challenges regarding the adoption of CSA practices, this
study reviews the relevant literature and suggests policy recommendations on how socioeconomic
determinants and considerations affect sustainable agriculture development systems. It focuses on
the optimization problem of a farmer as a social planner, in which a farmer seeks to maximize his
welfare objectives now and in the future. Farmers’ choices of CSA adoption, as well as their adaptive
capacity and adaptation constraints, are discussed. This study has implications for policymakers in
terms of raising the frequency of adopters through innovations and policy design.

Keywords: climate vulnerability; adaptive capacity; crop yield; adaptation; farm income

1. Introduction

Climate change poses an environmental threat to the whole world. Developing coun-
tries, such as Pakistan, are more vulnerable to climate-induced events. Every year, Pakistan
allocates limited resources for climate change mitigation. Climate change, poverty, and
hunger are major issues in Pakistan, where the majority of the population is engaged in the
agriculture sector. Between 19 and 29% of total GHG emissions are emitted from the agri-
culture sector in Pakistan. The Potohar zone lies from about 32.5◦ N to 34.0◦ N in latitude
and from about 72◦ E to 74◦ E in longitude. Barley, bajra, wheat, maize, and groundnuts are
the main crops produced in this region. Around two-thirds of the climate of Pakistan is arid,
mountainous, and humid. In the Potohar region, agriculture production depends upon
the monsoon rainfall. The Photohar region’s climate is changing, as evidenced by changes
in rainfall intensity and pattern. This may be due to natural processes, but anthropogenic
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activities are also responsible for this climate change [1]. As a result, Climate-Smart Agricul-
ture (CSA) practices are essential for reducing emissions. CSA is defined as an integrated
approach that is used to manage livestock, fisheries, forests, landscapes, and cropland [2].
It addresses the issue of food security by minimizing the impacts of climate change. CSA
increases productivity and resilience and reduces emissions [3,4]. CSA is an integrated
approach that is comprised of tree planting, crop rotation, soil, and water management
measures, and the adoption of smart measures for agriculture production. The adoption of
CSA depends on socioeconomic determinants, the adaptive capacity of the farmers, and the
socioeconomic profiles of the region. Climate change has impacted livelihoods, particularly
the livelihoods of those who rely on the agriculture sector [5]. Therefore, the adoption of
CSA is necessary to mitigate the impact of climate change and raise food security. The
purpose of this study was to investigate which factors that affect the determinants of CSA
adoption and how farmers’ adaptive capacity can help them to adopt.

2. Theoretical Framework

The conceptual framework for the adoption of CSA depends upon climate change
and its vulnerability, adaptation process, and outcome. In this study, we assumed that
a rational farmer wants to adopt CSA practices to maximize their expected profits in
the following ways (see Figure 1). This framework demonstrates that a farmer’s adop-
tion of CSA is characterized by their adaptive capacity, which is determined by their
socioeconomic characteristics.

Figure 1. Theoretical framework for the determinants of CSA adoption [3].

3. Methodology

We reviewed published research papers and reports. We filtered out research arti-
cles that were published in local and international peer-reviewed journals. We assessed
articles on climate-smart agriculture adoption, taking into account the drivers character-
ized by farmers’ socioeconomic determinants that may have influenced adaptation and
their intention to adopt CSA practices. Environmental and socioeconomic factors and
key constraints determining the adoption of CSA practices were explored. Therefore, the
graphical, empirical, and descriptive literature was used to fill the research gap, which
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can be helpful for policymakers in designing a framework to encourage the adoption of
innovative agriculture technologies at the farm level.

4. Results and Discussion

When farmers, as social planners, decide to improve their households’ welfare, they
must consider different kinds of constraints, such as political, social, behavioral, biophysical,
and institutional constraints, to understand the heterogeneous effects of climate change.
This expands opportunities to invest in CSA research and development while also assisting
farmers by providing farm-level resources and technologies [6]. Selecting a suitable and
reasonable model is critical. It depends on socioeconomic and environmental factors.
Therefore, in calculating socially optimal solutions, we must take all four elements of
food security into account to obtain robust estimates through modeling [7]. According to
the study, the socioeconomic characteristics of the farmers are important drivers of CSA
adoption (see Figure 2).

 

Figure 2. Main socioeconomic determinants of CSA adoption [8].

Therefore, to obtain a reliable estimate of CSA adoption, a farmer must take all
relevant factors into account for the modeling, which helps with weighing the multiple
objectives to drive a reliable solution. These measures would be helpful in obtaining the
best outcome from the socially optimal possible solutions to the farmers’ problems to
maximize crop revenue. The study also found that in order to increase the frequency of
adoption, consumer-driven barriers to CSA adoption must be reduced while taking into
account political, behavioral, and social contexts to encourage farmers. Social organizations
and networking can assist the farming community in understanding the damage caused by
climate change and how to mitigate it. Overall, adopters remained in benefits and gained
more farm income, ranging from 45% to 48% more per hectare (ha) than the farmers who
did not adopt. Therefore, adopters are better off in terms of gains in crop yield and farm
income than the rest of the farmers [3].

5. Conclusions

We (people) are responsible for climate change as ‘donors’ due to our anthropogenic
activities. We are also ‘receptors’ of these impacts. Climate change impacts are determined
by countries’ coping capacities, which are based on socioeconomic determinants. Adoption
is required to mitigate rising environmental damage in agriculture production, environ-
mental sustainability, and food security. This study found that technological and financial
resource availability, higher crop yield and input use efficiency, coordination among the
various levels of institutions and departments, social networking, and improvements in
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social capital for enhancing farmers’ adaptive capacity are important determinants of CSA
adoption. Overall, adopters of CSA practices remain better off than nonadopters. Effective
participation is required to implement CSA measures at the farm level. To increase the
number of adopters, socioeconomic policy instruments, such as defining property rights,
encouraging social bonding, and networking, providing subsidies for CSA technology, and
imposing Pigouvian taxes to discourage nonadopting farmers from engaging in polluting
activities at the farm level, are suggested.
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Abstract: The digital revolution is transforming agriculture by applying artificial intelligence (AI)
techniques. Potato (Solanum tuberosum L.) is one of the most important food crops which is susceptible
to different varieties of weeds which not only lower its yield but also affect crop quality. Artificial
Intelligence and Computer Vision (CV) techniques have been proven to be state-of-the-art in terms of
addressing various agricultural problems. In this study, a dataset of five different potato weeds was
collected in different environments and under different climatic conditions such as sunny, cloudy,
partly cloudy, and at different times of the day on a weekly basis. For weeds-detection purposes, the
Tiny-YOLOv4 model was trained on the collected potato weeds dataset. The proposed model obtained
49.4% mAP value by calculating the IoU. The model trained with high prediction accuracy will later
be used as part of a site-specific spraying system to apply agrochemicals for weed management in
potato crops.

Keywords: deep learning; object detection; YOLO; weed detection; digital agriculture

1. Introduction

Artificial Intelligence (AI) and Deep Learning (DL) is the best choice for researchers
in the field of agriculture for weed detection. DL-based Convolutional Neural Networks
(CNNs) embedded with Graphics Processing Unit (GPUs) have resulted in innovations
in the agriculture sector [1]. Recently, it played a vital role in automating the process of
harvesting by fast and more accurate detection of weeds in the real-time environment.
The state-of-the-art deep CNNs can extract complex and useful features from the input
images which results in significant detection of weeds [2], diseases [3], pests [4], plant
nutrients [5], etc.

Potato (Solanum tuberosum L.) is one of the most important food crops for over a billion
people worldwide. According to a study in [6], 37% of the potato crop is damaged due to
weeds. Piyazi booti (Asphodelus tenuifolius L.), Canada thistle (Cirsium arvense L.), jungli
gajjar (Parthenium hysterophorous L.), bathu (Chenopodium album L.), and billi booti (Anagallis
arvensis L.) were the most common weeds that grow in the potato field, especially in Potohar
region. Tiny-YOLOv4 model is capable of detecting and classifying/descriminating these
weeds in the real-time environment with high prediction accuracy.

The image dataset of potato weeds is not available publicly for training and validation
of the model. The findings from this study will later be utilized in the real-time detection
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and spot-specific sprayer system for the management of the potato field. The first objective
of this study was to collect the dataset locally from the Potohar region for training and
validating the model. The second was to detect and classify the most common types of
weeds in a potato field.

2. Methodology

Various DL and Computer Vision (CV) techniques are being used in the agriculture
sector which has become a hot research topic nowadays. The proposed methodology for
weed detection and classification is shown in Figure 1. First, the image dataset of five potato
weeds was collected through a Logitech camera. Next, image processing was performed;
in this step, the blurred and noisy images were discarded. Then, data annotation was
performed, and the processed images were labeled through Yolo_mark and labellmg tools.
The next step was to split the dataset into training and testing categories for feeding into
the selected Tiny-YOLOv4 model. The best trained weights of the model with maximum
accuracy were selected for the real-time detection of potato weeds.

 

Figure 1. Proposed methodology diagram.

3. Results

3.1. Evaluation Indicators

Precision, Recall, F1-Score, and Mean Average Precision (mAP) were employed to
evaluate the prediction model performance in this work.

An alternative term for precision is “positive predictive value”. This is calculated by
dividing the True Positive (TP) by the sum of TP and False Negative (FN) i.e., (TP + FN) as
shown in Equation (1). TP means that the weed belongs to class 1 and the model predicted
correctly, that it is from class 1. The FN means that the weed is from class 1, but the model
predicted that it belongs to no class. The range for the best value for precision is 1.0, and
0.0 for the worst condition.

P =
TP

TP + FN
(1)

where P = Precision.
The Recall is also called “sensitivity” or “true positive rate” and it is the ratio of TP

and the sum of TP and FN as shown in Equation (2). FP here means that the weed belongs
to class 1 but the model classifies it into class 2. Its value varies from 0 to 1.

Recall =
TP

TP + FP
(2)

The harmonic mean of recall and precision is known as the F1-Score where the best
value is 1.0 and 0.0 is the worst. It is calculated by using Equation (3).

F1 = 2 × precision ∗ Recall
precision + recall

(3)
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The sum of the precision and recall of the detected bounding boxes produces the mean
average precision (mAP). Equation (4) provides a formula for calculating mAP, where AP
is the average precision of each class.

mAP = 1/N
N

∑
i=1

AP (4)

3.2. Experimental Results

The Tiny-YOLOv4 model was tested on unseen images with the 416 × 416 image
resolution to make the models consistent with the training dataset. The experimental
results of the Tiny-YOLOv4 model are presented in Figure 2. The red color line represents
the mAP, the blue color shows the loss, and the green color represents the iteration count.
The model was trained on the 10,000 iterations, 16 subdivisions, and with the 416 × 416
image resolution. The Mish was used as the activation function.

 

Figure 2. Tiny-YOLOv4 model mAP @ 0.5 (red), loss (blue), iterations (green).

The real-time detection results of the Tiny-YOLOv4 model are shown in Figure 3. The
model predicts the potato weeds correctly and efficiently with a high confidence score.
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Figure 3. Real-time detection results of the Tiny-YOLOv4 model.

4. Conclusions

DL-based weed detection and classification techniques play a vital role in the domain
of agriculture. In this work, a Tiny-YOLOv4 model was used for the detection of potato
weeds in a real-time environment. The adopted model gives 49.4% testing accuracy on
a very limited dataset. The best-trained model was used for weed detection in potato
crops. There is still room for improvement; therefore, we will extend this system for the
site-specific spraying technology and will use the most accurate detection algorithm with
higher detection accuracy.
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Abstract: Proper and uniform seed depth within the optimum range increases crop germination
rate, which directly affects yield. Seed depth mainly depends on seed placement techniques. In
conventional seed drill and planters, variations and fluctuations in seeding depth were recorded.
This issue can be resolved by adaption of intelligent crop sowing machinery. A real-time seed depth
control system was designed and developed to monitor and maintain the required seed depth. The
developed system was installed on a tractor-mounted conventional seed drill. The materials used
were ultrasonic sensors, a micro-controller, an RTC module, buzzers, an LCD, an SD card module,
a power battery, and switch buttons. The system read height difference as a reference value. The
seeding depth data was stored in the SD card. The results showed by introducing real time depth
control system in existing seeders, it is possible to achieve desired plant population and homogeneous
germination. The average cumulative germination rate (GR) of wheat with the seed depth control
system was 126 plants/m2, and with a conventional seed drill (without SDCS) 117 plants/m2. The
yield of wheat with the seed depth control system was 1225 kg/acre, and with the conventional
seed drill (without SDCS) 1124 kg/acre in an arid region. Result shows that the crop yield could
be enhanced by proper seed placement at the required seed depth by using the seed depth control
system. Further field trials on different soils, regions and environmental conditions could improve
the results.

Keywords: digital agriculture; germination rate; monitoring; seeding depth; yield

1. Introduction

Food security is a major concern in third-world countries. Considering these coun-
tries’ continuously expanding populations, expanding industry, and expanding economy,
agriculture must develop. The most widely produced cereal crop, and a key source of
food in Pakistan, is wheat. It has a yield average of 2600 kg/ha and is grown on a little
over 9 million hectares. However, progressive farmers can achieve up to 5000 kg/ha [1].
The low yield is the consequence of several factors. It is primarily caused by low-quality
seed, broadcast sowing techniques, late sowing, and insufficient irrigation water. The
recommended seed sowing depth for wheat is 3 to 6 cm.

Wheat is sown by five methods: broadcasting, sown behind a local plough, drilling,
dibbling and the zero tillage method. These methods result in improper and non-uniform
seed distribution. Although drilling can resolve this problem to some extent, it is not fully
appropriate. Seed drills are useful for sowing crops such as wheat, barley, sorghum, and
maize where there is no need to maintain a certain distance between plants in the same
row, while a seed planter is helpful for groundnut [2].
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In all the sowing methods for wheat, seeding depth has a great impact on plant height,
seed germination rate and yield [3]. If seed depth is in the optimum range, height and seed
germination rate should be uniform and homogeneous [4]. This uniform germination rate
directly affects the yields of the crops. Therefore, we developed a system that attaches to a
conventional seed drill to monitor and maintain the seeding depth and affects plant height,
germination rate and yield.

2. Material and Methods

The system was designed and developed at a farm machinery workshop, (33.6492◦ N,
73.0815◦ E) FAE&T and tested at Koont Research Farm, (33.1166◦ N, 73.0111◦ E) Chakwal.
The developed real-time monitoring system program was integrated with all components,
i.e., RTC (Real Time clock) module, SD card module, buzzers, LCD, and switch buttons that
were electronically connected with a microcontroller through electronic circuits. Ultrasonic
sensors were also integrated for measuring depth [5]. After the integration of the microcon-
troller, the whole system was installed on a tractor-propelled conventional seed drill. Metal
plates were used for reference points for the sensors. Tines of a conventional seed drill were
placed on the soil surface related to the ON switch of the system. The LCD showed sensor
reading as reference values, with respect to the metal plate. Height difference readings were
compared, one measured manually from the sensor to metal plates and the other with the
sensor. If both values were same, sowing was started, this error was corrected by adjusting
the height difference. The system read the height difference as a reference value. The seed
depth data were stored on an SD card, inserted into the system. The seed depth control
system was tested, and various parameters were monitor and measured i.e., seeding depth
with and without the control system on a conventional seed drill, germination rates, and
yields.

3. Results and Discussion

3.1. Seeding Depth

Figure 1 shows seeding depth fluctuations in rows during conventional seed drilling
without the seed depth control system. The red line represents the maximum permissible
seeding depth, while the yellow line shows the minimum permissible seeding depth. As
per data collected from five different rows, each row shows a different trend of seeding
depth. Seeding depth in these fields were not uniform or homogeneous. In row 1, 2, many
seeds were planted too deeply (above 6 cm), and in row 3 and row 5 most of the seed were
planted too shallowly (below 3 cm). Overall, 64% of seeds were planted with a permissible
seeding depth, while 24% were planted either too deeply (19%) or too shallowly (17%).

Figure 1. Seeding depth range without SDCS during wheat sowing 2021.

Seeding depth directly affects germination rate, as well as yield. Figure 2 shows the
trend of seeding depth in different rows using the seed depth control system. Most of the
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seeds were planted within the permissible range. Using this system, 94% of seeds were
planted within the permissible seeding depth while 6% were planted either too deeply
(1.7%) or too shallowly (4.3%).

Figure 2. Seeding depth range with SDCS during wheat sowing 2021.

At the maximum value of seeding depth recorded (9 cm), the seed was too deep in
the soil, needing more energy to germinate. A minimum value of 2 cm was found at five
different positions. Shallow seeds are exposed more to the sunlight, and do not get enough
moisture to germinate. These shallow seeds are attacked by birds and rats because they
are not placed at the desired depth. By introducing SDCS, most seeds were sown at the
proper depth. Figure 1 shows that except R1, the remaining rows (R2, R3, and R4) show
homogeneous seeding depth within the required range. These results are in line with the
literature [6], and the variation in the seeding depth was quite similar [7].

3.2. Germination Rate

The germination rate data in both plots were analyzed. The data were collected
on the 7th, 10th, 13th, 16th, 19th, 22nd and 25th day after sowing in both fields. The
average accumulative germination rate of wheat without and with the SDCS of 25 samples
were 57.17% and 63.04%, respectively The germination rates using SDCS system were
significantly improved. Better results could be attained by using hybrid or high-quality
seed.

3.3. YIELD

The wheat yield was 1225 kg/acre with SDCS, and 1124 kg/acre with the conven-
tional seed drill. Wheat production with SDCS in one hectare was 3028 kg, and with the
conventional seed drill was 2778 kg/ha. In last year it was observed 2339 kg/ha. There was
a significantly 8% increase in yield achieved by controlling the seeding depth at uniform
level.

4. Conclusions

In Pakistan, proper seed depth and uniform distribution of seeds are major problems.
Although conventional drills have been introduced to solve these problems, optimum seed
depth cannot be maintained. Our seed depth control system (SDCS) maintains seeding
depth at the desired range. To validate this system a study was conducted at the University
Research Farm to sow wheat seeds with and without SDCS. The average cumulative
germination rate of wheat with SDCS was 126 plants/m2, and with the conventional drill
was 117 plants/m2. The wheat yield with the SDCS drill was 1225 kg/acre and with the
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conventional drill was 1124 kg/acre. The crop yield increased 8% by placement of seeds at
the recommended depth. In Pakistan an estimated 22 million acres of wheat are sowed per
year. This represents 40% of the country's total cultivated land during winter. By adopting
this system and optimizing seeding depth, around 2.2 million tons more wheat can be
produced, which would directly reduce food shortage and minimize the import of wheat.
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Abstract: Water is a key component in the two biggest economic drivers of Taiwan, i.e., the semi-
conductor and agricultural industries. Agricultural water accounts for 70% of the total water usage
of the nation. During drought situations, the allocation and utilization of agricultural water usage
become an important issue where farmers pump groundwater to supply the irrigation deficit from
surface water, which ultimately impacts regional groundwater levels. Thus, there is a need to find
a way to address its field water consumption during droughts; one way is a smart irrigation water
management system. In this study, a smart irrigation water management model coupled with a
system dynamic model (VENSIM) was developed for mixed crops in Central Taiwan by reducing
50% of the planned irrigation. Results can be applied as a solution to water shortage during droughts
with alternate frequent adjustment of water gates to ensure water supply to tail end users.

Keywords: VENSIM model; precision irrigation; droughts; irrigation plan; paddy field

1. Introduction

Taiwan has been facing water stress since late 2020 due to extended droughts and
changing precipitation patterns under climate change, which is a wake-up call under
current scenarios to devise a water rationing policy for agriculture, semiconductor, other
industry, and domestic purposes. During prolonged droughts water shortages continue
to challenge authorities due to Taiwan’s uneven rainfall distribution, dense population,
storage capacity, and geographical characteristics. Furthermore, global climate changes
continue to worsen the current shortage situation and present unprecedented challenges to
Taiwan’s water system [1]. The persistent lack of rainfall leads to a stoppage of allocated
agricultural water and transferred to industry which created unrest conditions for farmers.
In 2021, 74,000 ha area of first season rice crops was deprived of irrigation water which
accounts for 24% of total planted area [2]. In 2015, 43 thousand acres of paddy field did not
receive water for irrigation and the country’s reservoir levels dipped below 50%. Taiwan is
experiencing worst drought in 56 years and no typhoon passed to refill its reservoirs and
level dropped down to 30% in 2021 [3].

There must be an alternative way to manage water supply equitability for all sectors
because the severity of droughts is increasing and cutting down water demand for farming
and chipmaking is not a viable solution [4]. The farmers should adopt new irrigation
methods such as precision irrigation and smart irrigation gates. There should be the adap-
tation of a sensor-based soil moisture measurement smart system for making agricultural
water usage more efficient. This study used system dynamic program VENSIM [5], to
develop a smart irrigation system for water management with a 30% and 50% reduction
of allocation in the study region of Central Taiwan. The study objective is to develop a
smart irrigation water management model coupled with VENSIM simulation tool during
drought in Central Taiwan.
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2. Study Area Description

The site is located in Chang-Hua County having an area of 215 ha which is divided
into five blocks (Figure 1). The mixed cropping system consists of paddy fields (70%) and
upland crops (cabbage, 30%). There are five irrigation channels and six field water level
monitoring stations.

 

Figure 1. The layout of the experimental site.

3. Material and Methods

The water balance method is conceptualized as shown in Figure 2. The VENSIM
model was formulated using mathematical governing equations. The sensors detect water
levels and transfer the information to the data center at every 10 min (Figure 3). The
crop water requirement model obtains data from the data center and calculates field
overflow, infiltration, and evapotranspiration to estimate irrigation demand, which is then
transported to the data center within a 2 h cycle.

 

Figure 2. Smart irrigation system equipped with water level sensors and control unit [1].
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Figure 3. The conceptual model used to develop water balance approach [1].

4. Results

The model was verified with R2 = 0.83 and simulation results are shown in Figure 4.
During 50% reduction, the fourth block cannot have sufficient water for the target depth
during survival period; however, it obtains the target depth on the 34th day tillering stage.
The depth of the fifth block reached below the saturated soil moisture on the 6th day from
transplanting due to the shortage of water to the 31st day. On the 21st day, the field storage
becomes lower than the field capacity (FC), and the vertical percolation stops. On the 29th
day, the field storage becomes much lower and reaches the wilting point (WP), stopping
evapotranspiration.

(a) (b) 

(c) (d) 

Figure 4. Cont.
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(e) (f) 

Figure 4. The simulation of a 50% drop of planned irrigation (a) and simulation of blocks 1 to 5 (b–f).

5. Conclusions

The water balance model was used to simulate an experimental site’s water demand
and supply to analyze water saving during drought. Stricter with drought, the scenario of
a 50% reduction in irrigation water can be applied as a solution to water shortage. As a
result of the study, before the 21st day, block 5 should be irrigated to avoid its field storage
being lower than FC. It is suggested that when applying a 50% discount policy of provided
irrigation water, every block should be irrigated in turns. When the irrigation turn belongs
to the downstream area, the water gates located upstream should be adjusted recurrently
to guarantee the downstream blocks can receive the allocated water rather than making
irrigation water overflow in the front blocks. This model can be applied as a solution to
water shortage during droughts for agricultural water management smartly by farmers.
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Abstract: Water is imperative for life and plays a vital role in sustaining multiple environmental
services. Currently, water resources are under stress, and rainwater harvesting (RWH) is one of the
solutions available to address water shortages. In this study, the potential of RWH for irrigation
and recreational activities in a public park (i.e., Fatima Jinnah Park-Islamabad) is discussed. The
soil conservation service-curve number (SCS-CN) method was used to estimate the runoff. Results
revealed that annually 1.80 million cubic meters (MCM) runoff is generated at this park. If this runoff
volume is accommodated and managed effectively, it can fulfill the requirements of irrigation and
other water-related activities. Hence, the adoption of RWH technology is vital for managing water;
therefore, this approach should be used to support any policy changes that lead to widespread use
of RWH.

Keywords: runoff; water conservation; groundwater depletion; curve number; urban stormwa-
ter management

1. Introduction

Water, being the most valued resource on earth [1] is considered to be an integral
development index of a society [2]. Unfortunately, ongoing depletion of this valuable
resource has caused worldwide water scarcity. The major user of the water resources
related to the production of vital food crops is agriculture, while inaccessibility to water
is limiting agricultural production [3–5]. Similarly, the level of groundwater decreases
as a result of increased groundwater exploitation for domestic and commercial irrigation
purposes. Therefore, the judicious utilization of water resources is the need of the hour [6].
This can only be achieved by using available water supplies efficiently and adopting
conservation practices. Therefore, rainwater harvesting (RWH) is an answer to water
scarcity at all levels. The RWH technology is a relatively low-cost option [7], and highly
decentralized which empowers individuals and communities to manage their water [8,9].
Mostly, recreational activities (i.e., fountains, etc.) and irrigation of public parks are carried
out by pumping water from underground aquifers; because of this, groundwater reserves
are being depleted rapidly. In this context, the RWH technique is the prominent adaptive
strategy for managing water efficiently. The current study was designed to evaluate the
importance of RWH system for irrigation and other water-related activities at public parks.
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2. Materials and Methods

2.1. Study Area

To assess the potential of RWH, Fatima Jinnah Park (F9-Park) was chosen. This park
is located in Islamabad Capital Territory (ICT), the location coordinates of the site are
33.702433◦N, 73.023105◦E (Figure 1).

Figure 1. Location Map of Fatima Jinnah Park (F9-Park) ICT, showing the elevation of the study area
along with contours at 2 m interval.

2.2. Runoff Calculation

Runoff depth is used to assess the potential water supply during runoff. The soil
conservation service-curve number (SCS-CN) method was used to estimate the runoff,
which can be expressed as follows:

Q =
(P − Ia)

2

(P − Ia) + S
(1)

where Q is runoff depth (mm), P is precipitation (mm), Ia is an initial abstraction (mm), and
S is potential maximum retention (mm). Whereas, according to [10] Ia = 0.2 S. Hence, the
above equation (Equation (1)) can be re-write as follows:

Q =
(P − 0.2S)2

(P + 0.8S)
(2)

Potential maximum retention (S) can be determined using the following relation:

S =
25400
CN

− 254 (3)

CN varies from 0 to 100 and represents the runoff response to a given rain. High
CNs indicate that a large proportion of the rainfall will become surface runoff [2]. The
curve number was obtained (Table 1), after selecting a land-use type and a corresponding
hydrologic soil group according to (USDA-SCS, 1985).
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Table 1. Runoff Calculation at Fatima Jinnah Park (F9-Park) ICT.

Month

Normal
Rainfall *

Curve
Number

Max. Potential
Retention (S)

Runoff Depth (Q) Catchment Area
Runoff
Volume

mm - mm mm m ha m2 m3

January 59.00 67.50 122.30 7.61 0.008 300 3,000,000 22,821
February 89.00 67.50 122.30 22.29 0.022 300 3,000,000 66,885

March 87.70 67.50 122.30 21.56 0.022 300 3,000,000 64,667
April 59.60 67.50 122.30 7.84 0.008 300 3,000,000 23,531
May 38.20 67.50 122.30 1.39 0.001 300 3,000,000 4164
June 78.20 67.50 122.30 16.41 0.016 300 3,000,000 49,218
July 368.60 67.50 122.30 253.91 0.254 300 3,000,000 761,729

August 334.70 67.50 122.30 222.52 0.223 300 3,000,000 667,568
September 123.30 67.50 122.30 44.18 0.044 300 3,000,000 132,535

October 32.70 67.50 122.30 0.52 0.001 300 3,000,000 1561
November 11.90 67.50 122.30 1.44 0.001 300 3,000,000 4312
December 40.40 67.50 122.30 1.84 0.002 300 3,000,000 5515

Total: 1323.30 601.50 0.602 1,804,505

* Normal monthly rainfall assessed from Pakistan Meteorological Department (PMD).

3. Results and Discussion

The total area of the park is around 300 hectares, with 526 m as the maximum elevation
and 488 m as the minimum elevation (Figure 1). The summation of normal monthly rainfall
of the study area is 1323.30 mm, while maximum rainfall amounted to 368.60 mm observed
during the month of July (Table 1). Moreover, an average CN was chosen (i.e., 67.50) given
by (USDA-SCS, 1985), and the maximum potential retention of the study area is calculated
as 122.30 mm.

The maximum runoff generated during the monsoon period (i.e., July–September),
while the annual runoff volume of the park is 1,804,505 m3. Moreover, the possible location
for harvesting rainwater is shown in Figure 2. Many other studies from different regions
also reported the importance of using RWH for municipal purposes i.e., park irrigation [11],
commercial sites [12], and to reduce on ground water shortages [13,14].

 

Figure 2. Showing possible location for RWH, reaches, longest flow paths, and elevations.

4. Conclusions

RWH is the collection of rainwater during the rainy season in order to use it later
when there is a shortage of water. The present study found that a significant volume of
runoff can be harvested, stored, and reused for irrigation of parks. Hence, RWH is a holistic
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technique for enhancing water resources, and is indispensable in terms of groundwater
sustainability and protecting the natural ecosystem.
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Abstract: Solar convective drying is a method of dehydrating food that is gaining popularity in
developing regions due to its low power consumption and shorter yield times compared to direct
sun drying. Exposure of food items to high temperatures towards the end of drying results in
color and shape deterioration, negatively affecting the product’s market value. To alleviate this
problem, we explored the impact of dehydrating potato slices using Convective Drying with reducing
temperatures over the drying process. It was found that reducing the temperature in two steps during
the drying process preserved 61% of the original color at the cost of a 23.8% increase in drying time,
compared to constant temperature drying at 60 ◦C.

Keywords: convection; solar drying; drying time; potato drying; food systems; scorching; burning;
food preservation; food drying

1. Introduction

A total of 30% of the agricultural produce in developing countries is wasted as a
post-harvest loss. While freezing food items is a globally adopted solution to prolong the
shelf life of food, refrigeration is energy expensive and thereby eco-hazardous. Dehydration
or drying is a more sustainable method of preserving fruits and vegetables to make food
systems secure for a rapidly increasing global population.

Drying as a method of food preservation is particularly common in developing coun-
tries [1]. This is primarily due to its low operational cost. For this reason, the most popular
method of dehydrating fruits and vegetables is Open Sun Drying. This method involves
leaving food items in direct sunlight. The moisture present in the food is evaporated due
to the vapor pressure difference created by solar heating [2]. Due to long drying times,
the quality of nutritional and cosmetic quality of the product is inferior compared to more
expensive methods [3]. Solar Convective Drying overcomes some of the shortcomings of
Open Sun Drying. This method involves the use of solar thermal collectors to conduct
drying at higher temperatures. This reduces the drying time as the moisture removal rate is
relatively higher [4]. Due to short drying times and higher color retention, Solar Convective
Drying is a more feasible method of dehydrating fruits and vegetables. It has been found
that convective drying delivers better product quality at high temperatures [5]. Even so,
scorching of food surface and poor color retention is a persistent problem with Convective
drying [6].

In this work, we tested the effect of reducing the hot air temperature during the drying
process to keep the surface temperatures at values that do not damage the food item.

Environ. Sci. Proc. 2022, 23, 10. https://doi.org/10.3390/environsciproc2022023010 https://www.mdpi.com/journal/environsciproc
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2. Methodology

Potato slices 3 mm ± 0.5 mm thick, weighing 5 g ± 0.1 g, were used for the experiments.
A 40 W centrifugal fan was used to blow air for convection. Airflow was measured with
a hot wire anemometer calibrated against a manometer and static pressure. The surface
temperature was measured with an infra-red thermometer which was calibrated against
phase change points of water. Air temperature and Relative Humidity were measured with
an XH-M452 module. Color retention was measured by conducting pixel thresholding of
photographs of the potato slices. Figure 1 depicts the schematic of the equipment setup and
instrumentation. The 1st experiment was conducted at a constant temperature of 40 ◦C.
The 2nd experiment was conducted at a constant temperature of 60 ◦C. The 3rd experiment
was started at 60 ◦C and when the surface temperature crossed 40 ◦C, the air temperature
was dropped to 50 ◦C. Following this temperature reduction, when the surface temperature
crossed 45 ◦C, the air temperature was dropped even further down to 40 ◦C. The measured
parameters were the mass and surface temperature of drying slices.

 
Figure 1. Solar evacuated tube based convection dryer with air flow, temperature, humidity and
mass measurement.

3. Theoretical Model

Lewis’ model of drying was used to theoretically calculate the rate of dehydration.
The drying constant was iterated to fit the data closest to the experimental results to obtain
the drying curve as shown in Figure 2.

MR(t) = e−kt (1)

m(t) = mw(t) + md (2)

where
mw(t) = (MR)(mi), (3)

md = (mi)(1 − MRi) (4)

k = drying constant, MR = Moisture Ratio, t = time, m(t) = mass, (5)

mw(t) = water mass, md = dry mass, (6)

mi = initial mass, MRi = initial Moisture Ratio (7)
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Figure 2. Drying rate predicted by theoretical model for Convective Drying at 60 °C.

4. Results

Table 1 shows that Experiment-2 delivered the fastest drying time and Experiment-3
delivered the highest color retention. Figure 3 shows the plot of mass and surface tempera-
ture over the drying period for Experiment-1. Figure 4 shows the plots for Experiment-2
and Figure 5 shows the drying rate and surface temperatures over time for Experiment-3.

Table 1. Experimental parameters and results.

No.
Inlet

Temperature
(◦C)

Air
Speed
(m/s)

Initial
Mass

(g)

Final
Mass

(g)

Drying
Time
(min)

Color
Retention

(%)

1 40 1 20 5.1 33 44.9
2 60 1 20 3.9 21 41.2
3 60–50–40 1 20 4.6 26 61.0

 

Figure 3. Graphical results for Constant temperature convection at 40 ◦C.

Figure 4. Graphical results for Constant temperature convection at 60 ◦C.

Figure 5. Graphical results for step-reduction in temperature by 10 ◦C.
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5. Conclusions

5.1. Drying Rate

• The drying rate was found to observe an exponential decay for all experiments. This
is due to the rate of evaporation at the surface being higher towards the beginning and
reducing over time. The moisture that is removed further through the drying process
is located further away from the surface.

• For step-reduction of temperature done in Experiment—3, it was found that the slope
of the drying rate reduces on each temperature reduction step.

5.2. Surface Temperature

• The surface temperature was found to exponentially converge to the temperature of
the hot air. This is because the moisture at the surface acts as a phase-change coolant
that depletes over time. Thus, the rate of evaporative cooling at the surface approaches
zero as the drying process continues.

• For Experiment—3, the temperature curve was identical to that obtained with constant
temperature drying at 60 ◦C for the first 210 seconds. The slope of the curve reduced to
zero as the temperature change became linear after the first step-reduction. The second
step-reduction caused a sudden drop in temperature following which it approached
and stagnated at 40 ◦C.

Overall, the surface temperature remained below 45 ◦C throughout the drying process
with a 23.8% increase in drying time over constant temperature drying at 60 ◦C. Reducing
the temperature in two steps resulted in 19.8% higher color retention and thereby improved
cosmetic product quality. This makes the product much more suitable to compete with
dried snacks made with eco-hazardous and energy-inefficient methods.
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Abstract: The diagnosis and recommendation integrated system (DRIS) approach assesses plants’
nutrient status by comparing crop nutrient ratios with optimum values from a high-yielding group
(DRIS norms). Furthermore, in this study, twenty-one grids were selected using GPS for soil sampling
from a 1-hectare olive orchard field with a grid size of 20 × 20 m. Using standard laboratory
procedures, soil samples were analyzed for macronutrients (N, P, and K ranging from 0.06–0.17%,
1.44–5.56%, and 31.94–120.32 mg kg−1) and micronutrients (Fe, Cu, Mn, Zn and B ranging from
25.16–82.3, 1.09–1.8, 26.96–65.69, 0.01–4.5 and 0.48–1.06 mg kg−1), respectively, and in plant samples
for macronutrients (N, P and K ranging from 0.63–1.93, 0.01–0.16 and 0.75–1.37%) and micronutrients
(Fe, Cu, Zn, Mn and B ranging from 152.5–621.5, 8.5–17, 18–34 and 43.5–113 mg kg−1), respectively.
The critical ranges were investigated in terms of their relationship to the population’s yield level.
DRIS norms derived from olives were able to detect nutrient deficiency and excess.

Keywords: nutrient indexing; DRIS; rainfed; macronutrients; yield

1. Introduction

The diagnosis and recommendation integrated system (DRIS) diagnoses nutrient
deficiency by evaluating essential nutrient ratios in specific plant tissue rather than the
absolute value of individual nutrient norms. Nutrient ratios in high-yield populations
provide a reference value for comparing ratios found in low-yield populations of the same
crop varieties. The DRIS method was developed to provide a valid diagnostic regardless of
plant age, the cultivar being grown, prevailing conditions, changes in sampling method,
or sampling time [1]. Hence, our study aimed to help understand the availability of soil
nutrients and apply fertilizer based on recommendations to achieve the highest yields
through the use of the nutrient index model (DRIS). Olive (Olea europaea L.) is considered
the most important fruit tree due to its economic significance for oil production [2]. Olive is
cultivated over an estimated area of 10.51 million hectares all around the globe, producing
around 21.07 million tonnes of olive fruit [3].

2. Materials and Methods

The index soil samples collection was performed by selecting twenty-one grids of olive
orchard fields by QGIS software and samples were collected at 0–30 cm depth from one
hectare with a grid size of 20 × 20 m. Geospatial analysis was performed to quantify the
degree of spatial dependence/variability by using ArcGIS software. Olive plant samples
were also collected from different cultivars in each grid. The collected samples were oven
dried at 65 ◦C for 24 h and after that grinding and storage were performed for further
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analysis. Phosphorus, K, Ca, Mg, B, Zn, Cu, Fe, and Mn in Olive plants were determined
by the wet digestion method and the use of nitric acid and chloric acid at a 2:1 ratio [4].
The nutrients released were measured by ICP-OES [5]. The total nitrogen (N) in the plant
samples was determined by the combustion method on an Elemetar Vario EL iii-combustion
analyzer in CNS mode. Dry and ground plant samples (15 mg) were combusted with the
tungsten oxide catalyst. The resulting gases passed through various heat and chemical
traps [6].

3. Results and Discussion

3.1. GIS Mapping and Olive Orchard

Geospatial analysis was performed to quantify the degree of spatial dependence/
variability by using ArcGIS software (Figure 1).

   

   

   
Figure 1. GIS maps showing status of different soil porperties and nutrients in the olive orchard.

3.2. DRIS Model

The diagnosis and recommendation integrated system (DRIS) is used for predicting
whether a nutrient is present in sufficient quantity or not. Different DIRS norms developed
in an olive orchard in Koont, Chakwal. Moreover, the nutrient status of olive trees is
determined by critical level approach.

3.3. Nutrient Ratios for Low and High Yielders

Different nutrients for high- and low-yield ratios were varied, for example, the N/P
ratio for high yielders was 12.91 while for low yielders its value was 13.33. Similarly, the
N/K ratio values for high- and low-yielding populations were 1.13 and 1.12, respectively,
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and were not significantly different. N/Fe values for high and low yielders were 37.21
and 34.98, respectively, while for N/Cu these values were 925.99 and 1028.65, respectively.
These were also not significantly different. Phosphorus to other nutrients ratios were as
follows: P/N 0.10, P/K 38.9/48.4, P/Zn 3.35/3.32, P/Fe 81.6/95.8, P/Cu P/Mn 17.2/20.3
and P/B 26.3/28.8. For K to other nutrients were as follows: K/N 408/474, K/P 11.6/11.1,
K/Zn 408/473, K/Fe 33.2/32.1, K/Cu 866/948, K/Mn 179/196 and K/B 290/177. For Fe,
the ratios were as follows: Fe/N, 0.03, Fe/P, 0.37/0.40, Fe/K, 0.03/0.04, Fe/Zn 12.6/16.3,
Fe/Cu 26.8/32.6, Fe/Mn 5.51/6.79 and Fe/B 9.18/6.28. Cu ratios with other nutrients were
as follows: Cu/N 0.00/0.00, Cu/P 0.01/0.01, Cu/K 0.00/0.00, Cu/Zn 0.47/0.50, Cu/Fe
0.04/0.03, Cu/Mn 0.22/0.23 and Cu/B 0.34/0.20. Zn ratios with other nutrients were
as follows: Zn/N 0.00/0.00, Zn/P 0.03/0.03, Zn/K 0.00/0.00, Zn/Fe 0.08/0.07, Zn/Cu
2.12/2.01, Zn/Mn 0.46/0.43 and Zn/B 0.72/0.41. For manganese, the ratios with other
nutrients were as follows: Mn/N 0.01/0.01, Mn/P 0.06/0.06, Mn/K 0.01/0.01, Mn/Zn
2.30/2.44, Mn/Fe 0.19/0.16, Mn/Cu 4.87/4.92 and Mn/B 1.65/0.95. Lastly, for B with other
nutrients, the ratios were as follows: B/N 0.00/0.01, B/P 0.04/0.07, B/K 0.00/0.01, B/Zn
1.47/3.20, B/Fe 0.13/0.22, B/Cu 3.08/6.28 and B/Mn 0.67/1.34.

DRIS norms, descriptive data and analysis of variance showed significant differences
for boron and zinc contents, while the rest of the nutrient concentration as well as ratios
remained statistically at par for high- and low-yielding populations (Table 1 and Figure 2).
According to nutrient indexing of the DRIS model, boron and iron contents were sufficient
in olive trees while nitrogen, phosphorus, potassium, zinc, copper, and manganese contents
were moderate to highly deficient with zinc being the most deficient nutrient. Many studies
have reported variations in the growth and yield of olive trees in response to their nutrient
variations. These results are confirmed by [7] who reported that Arbequina showed higher
growth and yield as compared to other olive cultivars as it was able to absorb more nutrients
from the soil even under supersensitive conditions. In addition, [8] also reported results in
favor of the present study and found that olive cultivars, especially Arbequina, were found
to be more productive according to DRIS norms in long-term studies as compared to the
studies that continued for shorter periods.

Table 1. DRIS nutrient index values according to Wadt methodology.

DRIS Nutrient Index Index Value DRIS Nutrient Index Index Value

DRIS Index Nitrogen −0.90647 DRIS Index Boron 25.11704
DRIS Index Phosphorus −1.39084 DRIS Index Copper −6.85626
DRIS Index Potassium −1.18937 DRIS Index Iron 3.142205

DRIS Index Zinc −10.8696 DRIS Index Manganese −7.04673
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Figure 2. Nutrient index value for olive orchard.
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4. Conclusions

Essential plant nutrients play an important role in increasing the production of olive
fruit as well as the efficiency of olive oil extraction. These nutrients are taken up from the
soil solution and then play their respective roles in plant metabolism after their assimilation
into different plant parts as required. Olive plants lose these nutrients after the removal of
fruits or by pruning. Management of these deficient nutrients via organic and inorganic
fertilizers is essential for obtaining maximum fruit and oil production. DRIS model has
provided a precise estimation of nutrient requirements and deficiency levels of different
nutrients in an olive orchard that might prove to be very helpful in recommending the
guidelines for fertilizer application and correcting (Figure 2).
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Abstract: The precise monitoring of nitrogen (N) is an effective strategy for enhancing the crop yield
per unit of land, but it involves field-level soil and crop data. The two years of experimental study
were conducted during the cotton growing seasons of 2018 and 2019 at the Agriculture Research
Farm of the Department of Agricultural Engineering, Bahauddin Zakariya University, Multan. The
Nitrogen Fertilizer Optimization Algorithm (NFOA) was formulated based on the observed data for
cotton lint yield (CLY) and GreenSeeker Normalized Difference Vegetation Index (GSNDVI) during
the growing stages of cotton. The precision nitrogen application rate-based green seeker (PNAR)
G.S for cotton was identified as 150-165 kg/ha. A linear relationship was observed between CLY
(R2 = 0.80) for cotton with the GSNDVI. The average nitrogen requirement (Nreq) using (PNAR)
G.S was determined through the nitrogen fertilizer optimization algorithm (NFOA). The Nreq was
found to be 0.013 kg/kg for cotton. Precision N management originating from handheld crop sensors
(GreenSeeker) may be helpful in decision-making for site-specific in-season N fertilizer management
to enhance crop yield.

Keywords: Green-Seeker; cotton; NDVI; PNAR; NUE; NFOA

1. Introduction

Precision N-management approaches are sustainable agricultural development prac-
tices. They have promoted overcoming the growing food demands and preventing de-
clining natural food resources. Small landholders need to focus on these development ap-
proaches to maximize per unit land productivity. Hence, precision agriculture approaches
are a fruitful method for upholding declining natural resources by applying inputs only
at the right time when needed [1]. Additionally, Variable rate application (VRA) can cal-
culate the N-fertilizer to resist the intra-field variabilities and to minimize the leaching of
N-fertilizer because of over-application in the field. It has been reported that precision
agriculture techniques, in combination with VRA, are the most effective way to make an
N-management strategy based on spatial variability [2]. Moreover, N-management strate-
gies can also be developed using a handheld sensor (Green-Seeker), providing real-time
variable fertilizer rates over the field. These sensors are key tools for boosting crop yield per
unit of land on less fertile soils. However, crop N sensors never provide the actual amount
of required fertilizer; rather, the actual N status of plants is analyzed through vegetation
indices through these crop N sensors. One of the most common and effective indices is
the normalized difference vegetation indices (NDVI) that assist in generating in-season N
requirement algorithms [3]. Depending upon the developed nitrogen fertilizer optimization
algorithm (NFOA), plant N needs can be calculated easily to meet the requirement of the
crop nutrient levels in the entire field [4]. Many researchers have reported the application
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of active crop sensors and handheld sensors (Green-Seeker) to determine the in-season
nitrogen (N) application rates [5,6]. Therefore, the present research was conducted to
develop the nitrogen fertilizer optimization algorithm (NFOA) and to adopt sensor-based
algorithm approaches to formulate the precision input management strategy for cotton to
achieve maximum productivity per unit of land.

2. Materials and Methods

The experimental field for the study was selected at the Agriculture Research Farm
of the Department of Agricultural Engineering, Bahauddin Zakariya University, Multan
(Figure 1). The research area was selected based on the easiness and timeliness of the
soil collection, plant, and yield data, to ensure the proper analysis. The accessibility of
all the field inputs (water, implements, and fertilizer) and laborers was ensured before
site selection. The climatic conditions of Multan are arid, with sweltering summers and
cold winters. Cotton seeds were sown using the “Chogga” method, which is adopted
traditionally due to the unavailability of cotton planters. Cotton seeds sown at a rate of
2.02 kg/ha were applied to the field, and the variety of the seeds used in this experiment was
“IUB-13”. The nitrogen fertilizer optimization algorithm (NFOA) for the N-management
strategy was formed with the help of the observed data of cotton crops during the 2018
and 2019 growing seasons. The Green-Seeker sensor was used to collect the NDVI data
for wheat during its growing stages. The stages decided for the collection of the NDVI
values were 3-feekes, 5-feekes, booting, and before the harvest of the crop. Moreover, the
data for the observed cotton lint yield (CLY) were also used to determine their relationship
with the GSNDVI. The relationship of CLY with GSNDVI for each of the growing stages of
wheat was analyzed in MS Excel. The relationship that represents satisfactory performance
was selected for the nitrogen fertilizer optimization algorithm (NFOA) to predict the in-
season CLY. Moreover, these selected equations were used to determine the Final Precision
Nitrogen Uptake (FPNU) and Early Season Precision Nitrogen Uptake (EPNU).

Figure 1. Location of the study area with a sampling position.

3. Results and Discussion

The data on the cotton lint yield (CLY) were plotted against the Green-Seaker-based in-
season estimated yield (GSINSEY) (Figure 2a). This relationship provides a measure of the
final plant N uptake (FPNU) by the crop for achieving a certain yield level and can prove to
be useful in developing a nitrogen fertilizer optimization algorithm (NFOA) for precision N
management. The relationship of INSEY vs. CLY performed better compared to other (days
after planting) DAP days due to a higher coefficient of determination (R2 = 0.84). Therefore,
this relationship (CLY (kg/ha) = 804368 × GSINSEY − 979) was used to calculate the FPNU
in NFOA development. It has been studied that final plant N uptake requires the accurate
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measurement of crop yield to establish a relationship of N requirement before generating
a nitrogen fertilizer optimization algorithm (NFOA). The inaccurate estimation of yield
may result in the over- or under-recommendation of N fertilizers [7]. The relationship
between NDVI and in-season N requirement was developed for cotton crops and is shown
in Figure 2. It analyzed that the coefficient of determination R2 between the NDVI and N
requirement was 0.82. The relationship between the NDVI and N requirement indicates a
clear exponential regression to measure the in-season N application rate using Equation (1)
as follows:

y = 141.09e−2.389x (1)

where, y = total N (kg/ha) and x = in season NDVI value measured from sensor.

 

(a) (b) 

Figure 2. (a) Relationship of cotton lint yield (CLY) with INSEY (NDVI/DAP) data collected at
different time intervals (b) plant N uptake and NDVI.

The relationship between sensor NDVI and cotton plant N uptake in the year 2018
is reported in Figure 2b. As crop plant N uptake is defined by the product of plant dry
biomass and N content, it should be related to NDVI [5]. Therefore, the N application
should be based on the relationship between sensor NDVI and N uptake by the plant.
When the total N uptake by the cotton plant regressed against the NDVI readings, a strong
linear model with a coefficient of determination (R2 = 0.81) was observed. The EPA was
determined using the following relationship of (EPNU (kg/ha) = 252.49 × GSNDVI − 41.95),
which was analyzed between actual plant N uptake and the sensor NDVI values.

GreenSeeker-Based Topdressing N recommendation Algorithm for Cotton

Based on the above result determined in Figure 2a, the relationship of INSEY and CLY
with higher (R2) values was used to determine the final plant N uptake (FPNU). In the
present study, FPNU was determined using the N requirement (Nreq) and predicted CLY.
Nreq is defined as the amount of N needed to produce 1 kg of cotton. Therefore, the FPNU
includes the N uptake by the cotton plant, and the Nreq at different yield ranges was based
on the results reported by [8]. According to the NFOA developed by [9], a precise in-season
N application rate can be determined by taking the difference between the predicted EPNU
and FPNU before topdressing divided by nitrogen use efficiency (NUE).

The following GreenSeeker (GS) nitrogen fertilizer optimization algorithm (NFOA)
was proposed to determine the topdressing N fertilizer application rate for cotton crops:

• Predicting cotton yield using GS INSEY (NDVI-DAP) before topdressing N fertilizer
application

� Cotton lint yield CLY (kg/ha) = 804368 × (GSINSEY) − 979.

55



Environ. Sci. Proc. 2022, 23, 12

� The average N requirement (Nreq) of 0.013 kg/kg for cotton lint yield (CLY) of
2355 kg/ha was found based on the (GS) N application rate.

� Similarly, the average N requirement (Nreq) of 0.011 kg/kg for cotton lint yield
(CLY) of 2335kg/ha was found based on the precision N application rate of
soil analysis.

• Calculating final plant N uptake (FPNU) using predicted cotton yield and Nreq, i.e.,

� FPNU (kg N/ha) = CLY × Nreq.

• Predicting early season plant N uptake (EPNU) using GSNDVI before topdressing

� EPNU (kg N/ha) = 252.49 × GSNDVI − 41.95

• Determination of in-season topdressing N fertilizer requirement (NR)

� NR (kg N/ha) = (FPNU − EPNU)/Nitrogen use efficiency (NUE)
� NUE value was set to 40%.

4. Conclusions

The two years analysis of data for cotton indicated that a Green-Seeker handheld sensor
could be used to determine the optimum N rate. The precision nitrogen management rate-
based Green-Seeker (PNAR)G.S for cotton was identified as 150–165 kg/ha. A linear relation
was also observed between CLY (R2 = 0.80) for cotton with the GSNDVI. The average N
requirement for cotton lint yield based on the nitrogen fertilizer optimization algorithm
(NFOA) was 0.013 kg/kg, indicating the instant application of N fertilizer precisely by
using handheld crop sensors. The performance evaluation of NFOA indicated satisfactory
results based on their NSE, RMSE, NRMSE, and MAPE. Overall, the results showed that
Green-Seeker-based N management strategies might increase crop yield.

Author Contributions: Conceptualization, H.U.F. and Z.M.K.; methodology, H.S.Q., H.U.F. and A.S.;
investigation, H.U.F., M.N.A. and Z.M.K.; resources, H.U.F., M.N.A. and Z.M.K.; data curation, H.U.F.,
M.N.A., A.S., H.S.Q. and Z.M.K.; writing—original draft preparation, H.U.F., M.N.A., A.S., H.S.Q.
and Z.M.K.; writing—review and editing, H.U.F., M.N.A., A.S., H.S.Q. and Z.M.K.; visualization,
H.U.F., M.N.A., A.S., H.S.Q. and Z.M.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available upon request from the corresponding author.

Acknowledgments: The authors would like to acknowledge the Higher Education Commission
(HEC) for providing financial assistance under Project No. NRPU-8370 and Department of Agricul-
tural Engineering, Bahauddin Zakariya University, Multan, for providing the facilities to conduct
this research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kale, S.S.; Panzade, K.P.; Chavan, N.R. Modern Farming Methods: An Initiative towards Increasing the Food Modern Farming
Methods: An Initiative towards Increasing the Food Productivity. Food Sci. Rep. 2020, 1, 34–36.

2. Farid, H.U.; Bakhsh, A.; Ahmad, N.; Ahmad, A.; Mahmood-Khan, Z. Delineating Site-specific management zones for precision
agriculture. J. Agric. Sci. 2016, 154, 273–286. [CrossRef]

3. Tagarakis, A.C.; Ketterings, Q.M. Proximal sensor-based algorithm for variable rate nitrogen application in maize in northeast
USA. Comput. Electron. Agric. 2018, 145, 373–378. [CrossRef]

4. Cao, Q.; Miao, Y.; Li, F.; Gao, X.; Liu, B.; Lu, D.; Chen, X. Developing a new Crop Circle active canopy sensor-based precision
nitrogen management strategy for winter wheat in North China Plain. Precis. Agric. 2017, 18, 2–18. [CrossRef]

5. Ali, A.M.; Ibrahim, S.M.; Bijay-Singh. Wheat grain yield and nitrogen uptake prediction using atLeaf and GreenSeeker portable
optical sensors at jointing growth stage. Inform. Process. Agric. 2020, 7, 375–383. [CrossRef]

56



Environ. Sci. Proc. 2022, 23, 12

6. Zhou, L.; Chen, G.; Miao, Y.; Zhang, H.; Chen, Z.; Xu, L.; Guo, L. Evaluating a Crop Circle active sensor-based in-season nitrogen
management algorithm in different winter wheat cropping systems. Adv. Anim. Biosci. 2017, 8, 364–367. [CrossRef]

7. Yao, Y.; Miao, Y.; Huang, S.; Gao, L.; Ma, X.; Zhao, G.; Jiang, R.; Chen, X.; Zhang, F.; Yu, K.; et al. Active canopy sensor-based
precision N management strategy for rice. Agron. Sustain. Dev. 2012, 32, 925–933. [CrossRef]

8. Yue, S.; Meng, Q.; Zhao, R.; Ye, Y.; Zhang, F.; Cui, Z.; Chen, X. Change in nitrogen requirement with increasing grain yield for
winter wheat. Agron. J. 2012, 104, 1687–1693. [CrossRef]

9. Lukina, E.V.; Freeman, K.W.; Wynn, K.J.; Thomason, W.E.; Mullen, R.W.; Stone, M.L.; Solie, J.B.; Klatt, A.R.; Johnson, G.V.;
Elliott, R.L.; et al. Nitrogen fertilization optimization algorithm based on in-season estimates of yield and plant nitrogen uptake.
J. Plant Nutr. 2001, 24, 885–898. [CrossRef]

57





Citation: Awais, M.; Li, W.; Li, H.;

Cheema, M.J.M.; Hussain, S.; Liu, C.

Optimization of Intelligent Irrigation

Systems for Smart Farming Using

Multi-Spectral Unmanned Aerial

Vehicle and Digital Twins Modeling.

Environ. Sci. Proc. 2022, 23, 13.

https://doi.org/10.3390/

environsciproc2022023013

Academic Editor: Muhammad

Naveed Tahir

Published: 19 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Optimization of Intelligent Irrigation Systems for Smart
Farming Using Multi-Spectral Unmanned Aerial Vehicle and
Digital Twins Modeling †

Muhammad Awais 1, Wei Li 1,*, Haoming Li 1, Muhammad Jehanzeb Masud Cheema 2,3, Saddam Hussain 3,4,5 and

Chenchen Liu 1

1 Research Center of Fluid Machinery Engineering & Technology, Jiangsu University, Zhenjiang 212013, China
2 Department of Land and Water Conservation Engineering, PMAS Arid Agricultural University,

Rawalpindi 46000, Pakistan
3 National Center of Industrial Biotechnology (NCIB), PMAS Arid Agricultural University,

Rawalpindi 46000, Pakistan
4 Department of Irrigation and Drainage, University of Agriculture Faisalabad, Faisalabad 38000, Pakistan
5 Department of Agricultural and Biological Engineering, University of California (UC Davis),

Davis, CA 95616, USA
* Correspondence: lwjiangda@ujs.edu.cn; Tel.: +86-186-5285-0503
† Presented at the 1st International Precision Agriculture Pakistan Conference 2022 (PAPC 2022)—Change the

Culture of Agriculture, Rawalpindi, Pakistan, 22–24 September 2022.

Abstract: This research presents the new techniques and practical experiences of using unmanned
aerial vehicles (UAVs) precision agriculture mapping. UAV-based remote sensing systems should be
cost-effective, fast-producing, have high geometric accuracy, and be simple to operate by local staff.
This work aims to: (1) precisely use high-resolution UAV thermal multi-spectral sensors and machine
learning approaches to reliably assess crop water status on a field scale; (2) capture on-field images
for quantitative study from the multi-spectral sensors; (3) establish workflows for digital agriculture
applications; (4) interpret the intelligent irrigation decision model using UAV indices, maps, and
multi-source heterogeneous data integration. This research gives us new methods to set an intelligent
method for precision agriculture, which greatly improves the level of agricultural intelligence.

Keywords: UAV application; soil monitoring; infrared image processing; principal component
analysis; digital twin

1. Introduction

The growing global population necessitates an increase in food production, which con-
sumes around 85% of the freshwater resources available [1]. The biggest hurdle preventing
China and other emerging countries from achieving long-term sustainable development is
a lack of water, and water crises will become the biggest concern for the next 10 years [2].
At present, digital twin technology, one of the top ten key technologies for the future, has
been applied to the field of smart agricultural irrigation [3,4]. Soil with inadequate drainage
capacity and a hard layer is not suitable for rice–wheat production [5]. The overarching
aim of this study is to: (1) precisely use high-resolution UAV thermal multi-spectral sensors
and machine learning approaches to reliably assess crop water status on a field scale; (2)
capture on-field images for quantitative study from the multi-spectral sensors; (3) establish
workflows for digital agriculture applications; (4) interpret the intelligent irrigation decision
model using UAV indices, maps, and multi-source heterogeneous data integration. This
experiment was performed in a tea field located in Jurong, China. The outcomes of this
research will have a great benefit for both farmers and the industry.
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2. Materials and Methods

2.1. Description of the Test Area

This experiment was performed on cultivated land located in the Maoshan Tea Garden
experimental zone in Jurong City (32◦1′00” N, 119◦4′00” E), Jiangsu Province, China
(Figure 1). The texture of the field soil is silty loam. Most of the instruments were deployed
in the center of the study field on a flux tower to ensure that the prevailing wind direction
had the most significant footprint. The tea plants (Camellia Sinensis) were six years old,
with row and plant spacing of 1.5 and m, respectively.

 
Figure 1. Study map of the experimental site.

2.2. Airborne Image Acquisition

The digital and thermal photos were collected using a quad-rotor UAV equipped
with a multi-spectral sensor to capture spectral photos (Figure 2). During crop growth,
we performed an airborne campaign to gather photos at various times of the day (9.00,
11.00, and 14.00 h.). Throughout the experimental field, several arbitrary GCPs (ground
control points) were measured, and coordinates were calculated with a total precision of
0.1 m. For the orthomosaic map and picture pre-processing, a Pix-4D mapper and DJI Terra
were applied. This program was created primarily for photogrammetry and computer
visualization techniques to handle UAV images.
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(a) (b) 

Figure 2. Types of UAVs and sensors used in this study: (a) quad-rotor UAV with RGB sensor, DJI
Phantom 4 RTK, (b) flying operations.

2.3. Intelligent Decision-Making Irrigation Systems

Figure 3 shows the design framework of the system, which deeply integrates the digital
twin, the internet of things, big data, wireless transmission technology, cloud computing,
and automatic control technology to build a physical layer, a data acquisition layer, a twin
model layer, a functional layer, and an application layer. In addition, it is necessary to build
the hardware perception and control system of the digital twin irrigation system from the
perspective of the system level. With the help of various types of sensors and electrical
control methods, the interconnection and intercommunication of various types of irrigation
equipment in farmland can be realized, so as to carry out unified information operation,
maintenance, and control.

Figure 3. Block diagram for an intelligent irrigation system using a digital twin.

3. Results and Discussion

In this paper, a complete field automatic irrigation control system was built through the
whole system design and the selection of the system hardware. The irrigation supervisory
control system was tested (Figure 4). The pipeline used in this test was the PVC pipeline.
The diameter was 20 mm, and the distance between the upstream and downstream probes
was 4.05 mm, according to the calculation. The main tests were: the reliability test of the
circuit hardware, the stability test of the wireless network communication, the security
test of the power supply system, and the overall operation test. The wireless network
communication status test is mainly about the communication distance and the networking
stability of the communication module. The power supply system test is mainly about
the safety and stability of the battery power supply, as shown in Figure 4 below. After the
test is completed in the laboratory, the equipment is installed in the tea garden irrigation
system for field application.
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Water flow data 

Figure 4. Spot application test.
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Abstract: Oat is an essential Rabi crop commonly used as green fodder. The nutritional requirements
of oats are higher than those of other Rabi fodder crops. Higher doses of inorganic fertilizers are
required to meet this demand, which is not economical for fodder production. This study evaluates
the best economical dose of integrated nutrient management for attaining higher yield and better
nutritional quality of oat. The experiment was conducted on the Agronomy Research Farm, University
of Agriculture, Faisalabad, Punjab, Pakistan. The seed varieties used in this experiment were Oat-
2011 Sargodha and Oat-F-411 (2021) Faisalabad. The experimental treatments were organized in
factorial Randomized Complete Block Design (RCBD) arrangements, with each treatment replicated
three times. The results revealed that treatment (T4) 50% RDF + 5 t/ha. Farmyard Manure + seed
inoculation azotobacter was found to be the most appropriate than all other treatments.

Keywords: fodder; nutritional quality; Oat

1. Introduction

Agriculture is a vital component of Pakistan’s economy. Pakistan’s agricultural contri-
bution to the gross domestic product is 21%, with a 2.7% annual growth rate [1]. Under
irrigated conditions, it is an important winter fodder crop, either as a sole crop or in
combination with barseem. Oat is a single-cut crop that provides fodder for a shorter
period of time than barseem. In Pakistan, oat is grown under both rainfed and irrigated
conditions. Oat is one of the most important cereal fodder crops grown in Pakistan during
the winter [2]. The majority of oat fodder is fed in its green state, but any excess is dried
or fermented into hay or silage to store for use during times of fodder shortages. It is a
favorite food source for all types of animals, and its straw is superior to that of wheat and
barley in both quality and pliability. Oat grain is also a good source of food for dairy cows,
pigs, chickens, and other young animals that are used for breeding [3].

Traditional fodder crops in the area can feed half as many animals per unit of land,
while improved oat types have the ability to produce three times as much green fodder
as traditional fodder crops, which would be between 60 and 80 tonnes per acre [4]. Crop
development and normal growth are primarily determined by the availability of irrigation
water. Crop water requirements are related to the moisture-sensitive period. The authors
of [5] demonstrated that during particular phases of plant development, the plant may be
or appear to be more sensitive to changes in the amount of moisture present in the soil
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than it is during other stages of plant development. It can grow in a variety of soil types,
altitudes, and rainfall conditions. It can withstand wet conditions better than most other
cereals. It grows best in temperate and cool sub-tropical climates. During the four-month
period, a well-distributed rainfall of 500 to 600 mm and an optimum temperature range of
(18–35) ◦C are sufficient to meet its necessities as a fodder crop [6]. As a result, scientific
society was driven to investigate the concept of integrated nutrient usage. Integrated
nutrient management has good prospects, not only for ensuring high productivity but also
for preventing soil degradation. Continuous use of large amounts of chemical fertilizers
has had a negative effect, resulting in a decline in productivity due to a lack of one or
more micronutrients. It also had a negative impact on soil health, resulting in several other
issues.

Furthermore, to reduce the environmental impacts and increases in prices connected
with chemical fertilizers, organic sources of nutrients are now emerging as attractive choices
that can be used in conjunction with inorganic fertilizers because they are naturally bal-
anced [7]. Integrated nutrient management (INM) using a combination of organic fertilizers
and inorganic fertilizers may benefit soil characteristics and crop output. This might be
performed in a sustainable way that does not compromise soil health, environmental safety,
or other natural resources. Aside from this, INM procedures assist in lowering production
costs and increasing farmer returns to evaluate the best economical dose of integrated nu-
trient management for attaining higher yield and better nutritional quality of oat. Keeping
the above situation in view, the present study plans to investigate the impact of integrated
nutrient management on the yield of different varieties of oat.

2. Methodology

The experimental site with geographical coordinates of 31◦43′ N and 73◦07′ E was
conducted on oat crop during the year 2021–2022 at the agronomy-farm university of
agriculture Faisalabad, Punjab, Pakistan. The experimental site is in Rachna Doab [8].
Faisalabad is located in the semi-arid region of Punjab, with humid summers and dry
winters. Faisalabad’s climate is classified as a hot desert. Summer temperatures can reach
50 ◦C as shown in Figure 1.

   
(a) (b) (c) 

Figure 1. (a) Average monthly temperature; (b) monthly relative humidity; (c) average monthly rainfall.

2.1. Soil Sample Analysis

Soil samples were collected from a crop field with flood irrigation fields. Soil samples
were collected from various points throughout the field to create a composite sample before
sowing and after harvesting to get the status of soil (Figure 2).
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(a) (b) (c) 

Figure 2. (a) Soil PH; (b) soil EC; (c) soil organic matter.

2.2. Treatments: Factor A: Varieties

V1: Oat-2011 (2011) SGD; V2: Oat-F-411 (2021) FSD
Factor B: Integrated Nutrient Management (INM)
T1: Recommended dose of fertilizer (RDF) N:P:K = 150:85:62 kg ha−1 (control)
T2: RDF + 5 t ha−1 Farmyard Manure
T3: RDF + 5 t ha−1 Poultry Manure
T4: 50% RDF + 5 ton ha−1 Farmyard Manure + (seed inoculation with azotobacter)
T5: 50% RDF + 5 ton ha−1 Poultry Manure + (seed inoculation with azotobacter)
T6: 25% RDF + 5 ton ha−1 Farmyard Manure + (seed inoculation with azotobacter)
T7: 25% RDF + 5 ton ha−1 Poultry Manure + (seed inoculation with azotobacter)

3. Results

Effect of (INM) on Oat Varieties with Different Treatments

The cultivars were quite different from one another in many respects. The cultivar
Faisalabad F-411 had a significant effect on germination count (m2), plant height (cm),
number of tillers (m2), leaf area per tiller (cm2), number of leaves per tiller, green forage
yield (t ha−1), dry matter yield (t ha−1), dry matter, crude protein, crude fiber, total ash and
ether-extractable fat (%) under INM in all treatments of F 411 (2021) as compared to Oat 2011
SGD (Figures 3 and 4). The maximum germination count (208.4 m2), plant height (144.7 cm),
number of tillers (780.35 m2), no. of leaf per tiller (6.49), leaf area per tiller (202.43 cm2),
leaf-to-stem ratio (0.414), green forage yield (72.1 t ha), dry matter yield (11.8 t ha), dry
matter (16.31%) crude protein (10.22%), total ash (34.6%) and ether-extractable fat (4.5%)
were recorded from the cultivar Faisalabad F-411.

 
Figure 3. Effect of (INM) on oat cultivar Sargodha 2011.
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Figure 4. Effect of (INM) on oat cultivar F-411 Faisalabad.

4. Conclusions

From the results of the experiment and keeping overall performance in view, it can
be concluded that treatment T4 50% RDF + 5 t ha−1 Farmyard Manure + seed inoculation
azotobacter was found to be the most appropriate of all the treatments studied in the
experiment for exploiting the yield potential of oat (Avena sativa L.), and cultivar Faisalabad
F-411 gave more forage yield of good quality under Faisalabad conditions.
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Abstract: The agriculture sector in Pakistan has a significant amount of potential in terms of solar,
wind, geothermal, and biomass energy production and consumption. Most of the farm machinery on
agriculture farms runs on high-cost fossil fuels and is also our source of greenhouse gas emissions
(GHG). Utilizing renewable energy (RE) technology in the agriculture sector will reduce the cost
of agricultural farming and will lower GHG emissions. The objective of this study is to determine
and compare the solar and wind energy potential for the different districts in the Potohar region
of Pakistan. The solar and wind energy data are obtained from HOMER Pro, RETScreen, and the
weather station of the National Center of Industrial Biotechnology (NCIB), PMAS-Arid Agriculture
University Rawalpindi. The results obtained are analyzed and compared which depicts that the
Potohar region of Punjab, Pakistan has a significant amount of solar potential for its application
in agriculture. This article gives an overview of renewable solar and wind energy potential and
its applications for farmers and ranchers to make RE a rising source of energy and rural income
in Pakistan.

Keywords: renewable energy; sustainable agriculture; climate change; agriculture farm; solar energy;
wind energy; precision agriculture; sustainable production

1. Introduction

According to the economic survey of Pakistan 2022 [1] report, Pakistan’s overall energy
generation capacity climbed 11.5% between April and July 2022, rising to 41,557 Megawatt
(MW) from 37,261 MW during the same period in the previous fiscal year. Pakistan is
reportedly experiencing an above 5000 MW electricity shortfall and is having difficulty
harnessing its energy resources. Electricity consumption in the Pakistan agricultural sector
has marginally grown from 8.9% to 9% in Fiscal Year (FY) 2022.

Nowadays, the agriculture sector’s needs are geared toward modernization and
efficiency to compete in a globalized market, and one of the challenges that must be
addressed is escalating energy prices. According to the Food and Agriculture Organization
(FAO), agri-food chain systems now utilize 30% of the world’s energy production, with
transportation, processing, packing, shipping, storage, and marketing consuming around
70% of the energy [2]. By 2050, renewable energy would account for 63% of all primary
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energy supply, up from 14% in 2015. In comparison to former years, this translates to an
average yearly annual growth of 1.4%, which is a six-fold increase. The share of fossil fuels
would also decrease, from 86% to 37% [3]. Pakistan’s maximum electricity is generated
from thermal energy comprising 61% of the generation capacity while the remaining energy
is generated through hydel 24%, nuclear 12%, and a very small amount by RE sources
3% [1].

Pakistan’s present energy environment has failed to meet the energy demands of do-
mestic, industrial, agricultural, and different sectors. In these circumstances, it is necessary
to rely increasingly on renewable energy supplies, particularly in remote places without
access to the national grid. The landowners and farmers should be encouraged to adopt
RE technologies through incentives and subsidies. Utilizing renewable energy sources for
agricultural purposes could provide farmers with a steady source of income. The schematic
diagram of hybrid RE systems that could be used in agricultural farms has been illustrated
in Figure 1.

Figure 1. Schematic diagram of the off-grid hybrid renewable energy system.

2. Materials and Methods

2.1. Study Area

The Potohar Plateau comprises the districts Jhelum, Attock, Chakwal, and Rawalpindi.
There are 2.2 mha of land on the Potohar Plateau [4]. The location map of the study area is
shown in Figure 2 and the geographical coordinates of the Potohar Plateau districts.

Figure 2. Location map of the study area (Potohar Plateau).

2.2. Methods

Hybrid energy modeling tools such as HOMER Pro [5], and RETScreen [6] have been
used to obtain the solar and wind energy data for the study areas. HOMER Pro fetches the
data for solar irradiance over 22 years from July 1983 to June 2005 from NASA’s prediction
of worldwide energy resources [7]. Solar irradiance data has also been obtained from the
National Renewable Energy Laboratory (NREL) database [8]. The wind energy potential
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and temperature data are obtained from NASA for 30 years from January 1984 to December
2013. The real-time measured data of wind speed and temperature from March 2022
to October 2022 have been obtained from the weather station of the National Center of
Industrial Biotechnology (NCIB), PMAS-Arid Agriculture University Rawalpindi, Pakistan.
The solar and wind energy potential of the study areas were compared and analyzed for
installation of hybrid RE systems for its application in precision agriculture.

3. Results and Discussion

As represented in Figure 3a, the average annual solar irradiance data obtained from
HOMER Pro and NREL were compared. The comparison shows that all the districts
of the Potohar plateau have sufficient solar energy potential for its application in smart
agriculture farms. Figure 3b shows the comparison of average annual wind speed data
obtained from HOMER Pro and RETScreen software. It is quite clear that study areas
have comparatively low wind speed potential for the installation of high speed, and high-
capacity wind turbines. However, low wind speed turbines such as EOCYCLE E010, having
cut-in wind speed of 2.75 m/s and nominal capacity of 10 kW, could be installed in such
sites. The nominal generation capacity of these wind turbines is sufficient for small farmers
in rural farm locations in remote areas. Figure 4 represents a comparative analysis of wind
speed potential data for the Rawalpindi district obtained from HOMER Pro, RETScreen,
and real-time data obtained from the weather station of NCIB.

 

 

(a) (b) 

Figure 3. Comparison chart of average annual solar irradiance and wind speed of study area
(a) average annual solar irradiance (b) average annual wind speed.
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Figure 4. Comparison and validation of average annual wind speed data between HOMER Pro,
RETScreen, and real-time data.

4. Conclusions

The maximum annual average solar irradiance of 5.3 & 5.06 (W/m2) obtained from
HOMER Pro and NREL, respectively, is found to be of Chakwal district. However, the
maximum annual average wind speed potential of 3.48 & 2.5 (m/s) obtained from HOMER
Pro and RETscreen , respectively, is of Jhelum district. The data of wind speed potential
obtained from HOMER Pro, RETScreen, and Weather Station of NCIB is 3.24, 2.4, and
1.62, respectively. It can be concluded from the results that there is huge potential of
solar irradiance in the districts of Potohar Plateau for the installation of PV system and its
application in smart agricultural farms. However, wind potential is not sufficient for the
installation of high-capacity and high-speed wind turbines.
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Abstract: Precision agriculture (PA) is a cutting-edge, comprehensive, and globally recognized
method. PA entails the application of agronomic ideas and modern technologies to improve sustain-
ability, agricultural output, and environmental quality. This article is mostly concerned with sensing
techniques. Remote sensing is a useful technique in PA for spotting, predicting, and predetermining
the levels of infestations, and for controlling pests and diseases on a variety of fruits and crops.
Sensors also transform traditional farming methods into precision farming methods, which helps to
cut back on unnecessary input costs and raises agricultural productivity. By using these techniques,
the application of pesticides can be quickly and locally administered.

Keywords: precision agriculture; remote sensing; sensors; pest management

1. Introduction

Precision agriculture (PA) technologies have been developed and used over the past
four decades, opening up new possibilities for crop and animal management by utilizing
contemporary information technology. The current PA research also focuses on the creation
of sensors that enable remote real-time crop and soil property detection, which includes
remote sensing, digital image analysis, and biosensors. Therefore, a broader concept of PA
encompasses all agricultural activities that use modern information technologies, including
animal and plant production, precision livestock agriculture (PLA), soil fertility and water
quality management, and raw material processing after harvest. PA technology also helps
farmers control plant diseases and pests [1,2]. According to Zhang and his coworkers, PA
is a creative, comprehensive, and globally standardized strategy for sustainable agriculture
that seeks to improve resource use efficiency while reducing risks and management decision
ambiguity [3]. It is a tactic that simultaneously addresses the requirements of both people
and animals in terms of safety and well-being [4]. Precision agriculture applies artificial
intelligence (AI), wireless communication, and information technologies, e.g., the Internet
of Things (IoT), to agriculture for precisely managing the fertilization, plant pests in the
fields, crop diseases, and irrigation [5]. The health monitoring of crops determines the
farm’s state regarding plant pests and is seen to be the primary application of smart
agriculture [6,7].

2. Remote Sensing (RS) Systems

The use of remote sensing is now crucial for managing agriculture sustainably. Fitzger-
ald found that color shifts and subsequent changes in the canopy’s appearance may be
utilized to identify early mite infection in cotton fields using multispectral remote sensing.
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For the IPM context in many agricultural techniques, remote sensing offers useful infor-
mation. For instance, several airborne remote sensing techniques, such as multispectral
and hyperspectral sensors, were employed for agricultural applications. The availability
of imaging is made possible by the employment of either single-band cameras or video
with appropriate filter lenses in these systems. Numerous writers looked at the use of
airborne remote sensing for the analysis and detection of insect pest damage in the field.
Additionally, it has been used to map agricultural diseases and evaluate their effects on
crop yield [8,9].

3. Sensors

With the use of intelligent sensors, precision farming can increase agricultural output
by giving farmers precise information and assisting them in making better decisions. Sen-
sors involved in PA include green seekers or the Normalized Difference in Vegetative Index
(NDVI) sensors, nano-biosensors, atomic dots (QDs), tiny barcodes, etc. [10] (Figure 1).
Sensing technologies make it possible to record details on crop symptoms, ambient cir-
cumstances, or the physical traits of an insect pest or disease. Sensing techniques record
ambient variables and pictures. Field sensors, spectroradiometers, and microscopes are the
three different types of sensors employed to record the data in image form [11]. The next
section explains each image recording category of sensors.

Figure 1. Different types of sensors.

• Field sensors: Ambient temperature sensors, image capture, soil-moisture sensors,
humidity sensors, and water sensors are used to identify and manage diseases. The
soil is also observed using environmental humidity, temperature, and moisture sensors.
The findings demonstrated that the crop output is increased with prompt diagnosis
and ongoing observation by using advanced techniques.

• Spectroradiometer: An experiment was carried out from 70 to 90 days after seeding
that employed a spectroradiometer to identify and quantify the harm caused by
T. tobacco (Lind). SVIs were calculated based on the reported canopy reflectance.
Remote sensors were used to assess the relationship between a whitefly infestation
and biotic stress. In the spectral range of 350–2500 nm at 1 nm, they employed a
spectroradiometer with various sample intervals. To ascertain the correlation between
the degree of damage caused by the whitefly infestation and chlorophyll content, the
chlorophyll concentration was evaluated.

• Microscope: In natural settings, Rothe and Rothe utilized a DSLR camera and a
Leica Wild M3C microscope to identify the presence of Myrothecium, Alternaria, and
bacterial leaf blight [11].
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4. Conclusions

The goal of PA research is to eliminate decision uncertainty brought on by unrestrained
spatial and temporal variation. The secret to the successful future of PA, however, is not by
simply gathering pertinent data, but also turning these data into knowledge that can be
used to make choices and thoroughly weigh the risks and rewards of those actions. In the
domain of sensors, cameras and outdoor sensors such as temperature and humidity sensors
are the most popular types of sensors. Applications for remote sensing in agriculture
are expanding and evolving, particularly in the management of pests and plant diseases.
Remote sensing data are now viewed as general-purpose data for a large user population
with potentially varied needs.

5. Future Outlooks

• Create prediction algorithms to determine the times and locations of disease and insect
invasions.

• Prescriptive models should be used to specify methods to manage illness and in-
sect pests.

• Create a system of sophisticated traps made of pheromones to anticipate the invasion
of pests.

• Create illness diagnosis models.
• Create models with many detections for disease or insect assaults.
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Abstract: Nanotechnology is an interdisciplinary study field that attempts to boost agricultural
output through substantial nanotechnology. This study has been conducted because of the reckless
use of pesticides and synthetic fertilizers brought on by the green revolution, which has diminished
soil biodiversity and increased disease and insect resistance. Only nanoparticles or nano chips
can produce sophisticated biosensors for precision farming and deliver ingredients to plants in a
nanoparticle-mediated manner. The precise distribution of nutrients and agrochemicals to plants is
made possible by nano-encapsulated versions of conventional fertilizers, insecticides, and herbicides.
Nanotechnology-based tests for detecting plant viral diseases are also gaining popularity and are
useful for making a rapid and accurate diagnosis of viral disorders. The advantages and future
uses of nanotechnology in precision agriculture are covered in this article. Modern technologies
and methods based on nanotechnology can solve many issues in traditional agriculture and could
revolutionize this industry.

Keywords: precision agriculture; nanotechnology; nanoparticles; nanomaterial

1. Introduction

Precision agriculture (PA), which has several potential advantages in productivity, crop
quality, profitability, sustainability, environmental protection, food safety, on-farm quality
of life, and rural economic development, is revolutionizing agriculture all over the world.
PA has become a crucial part of the strategy to accomplish this aim [1]. Nanotechnology
is already widely used in modern agriculture, and precision agriculture is now a reality.
Nanotechnology includes particles with dimensions of 100 nm or lower. Nanomaterials
are used in the protection of plants, and in feeding and farming technique management
because of their small sizes, high surface areas, and distinctive optical properties [2].
Plants react differentially to the nanoparticles regarding growth and metabolic activities.
Nanoencapsulation is crucial for environmental protection because it stops hazardous
substances from evaporating and leaking into the environment. To solve this problem,
more effective, non-persistent insecticides must be developed, such as controlled-release
formulations [3].

2. Examples of Nanoparticles

The production of nanoparticles from several biological sources has been exploited in
agriculture for precision farming [4]. Here are some examples of these nanoparticles:

• Silver nanoparticles: When compared with commercial silver, silver nanoparticles have
a higher antibacterial impact because of their large surface area and atoms. A wide

Environ. Sci. Proc. 2022, 23, 17. https://doi.org/10.3390/environsciproc2022023017 https://www.mdpi.com/journal/environsciproc
77



Environ. Sci. Proc. 2022, 23, 17

variety of human diseases have been targeted by silver nanoparticles’ antimicrobial
properties [5]. As a result, there is increased interest in using silver nanoparticles’
antibacterial properties to manage plant diseases [6].

• Zinc oxide nanoparticles: In alkaline soils containing calcium carbonate, zinc insuffi-
ciency is a prevalent micronutrient issue, negatively affecting agricultural productivity.
To remediate the zinc shortage in soils, zinc fertilizers, such as zinc sulfate and zinc
oxides, are often utilized.

• Titanium dioxide nanoparticles (TiO2): Titanium is a sturdy metal that resists corro-
sion [7]. Titanium increases the formation of more carbohydrates, which promotes
plant development and increases the rate of photosynthesis [8].

3. Nanotechnology and Its Role

• Fertilizer delivery: The massive volumes of fertilizers delivered have greatly enhanced
yield but they also harm healthy soil microbiota. Run-off and pollution make fertilizers
unavailable to plants. This issue can be resolved with nanomaterial-coated fertilizers
(Figure 1).

Figure 1. Role of nanotechnology.

• Micronutrient supply: Micronutrients, including zinc, iron, manganese, boron, copper,
molybdenum, etc., are known to be crucial for growth and development. The green
revolution’s significant increase in crop yields and new agricultural techniques have
led to a steady decline in soil micronutrients, including zinc, iron, and molybdenum.
Micronutrient treatment on the leaves can improve absorption. Nano formulations
of micronutrients can be applied as a spray to plants or added to the soil for root
absorption to improve soil quality and strength [9].

• Insect pest management: Although synthetic agrochemicals have transformed agri-
culture, they have also created a new problem, namely insect pest resistance. For the
control and supervision of insect pests in contemporary agriculture, nanoparticles
hold enormous potential. PEG-coated nanoparticles have improved the insecticidal
efficacy of garlic oil against Tribolium castaneum (the red flour beetle).

• Nano fungicides: Crop fungus infections significantly reduce crop productivity. Al-
though there are several commercially accessible fungicides, their usage harms plants
as well. Nanotechnology has significant potential to help with this issue. Antifungal
drugs made of nanoparticles have been tested against harmful fungi. Silver nanopar-
ticles showed a stronger antifungal impact with lower concentrations than titanium
dioxide and zinc oxide nanoparticles [10].

• Nano herbicides: The largest challenge to agriculture is weeds, which reduce agri-
cultural productivity by consuming nutrients that would otherwise be available to
crop plants. Nano herbicides can play an influential role in the environmentally
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benign removal of weeds from crops. Environmental safety is also achieved by the
encapsulation of herbicides in polymeric nanoparticles [11].

• Biosensors: Utilizing computers, sensors, remote sensing tools, global positioning
systems, and precision farming to locate environmental variables to ascertain if crops
are growing as efficiently as possible or accurately pinpoint the type and location
of issues.

4. Conclusions

When it comes to agriculture and agri-tech, nanotechnology is the key that unlocks the
next revolutionary step. It has the potential to improve agricultural output while simulta-
neously fostering a more harmonious connection between chemical use and environmental
equilibrium. Therefore, it has the potential to be employed as a state-of-the-art technology
to assist in solving global hunger issues in the not-too-distant future. Several scientists
believe that high-tech farms equipped with nanotechnology’s smart nanotools will allow
for greater productivity with fewer resources invested. It encourages the development of
novel, effective agrochemicals for plants, such as nanofertilizers and nanopesticides, which
help sustainably smart agriculture by inhibiting plant diseases and preventing crop failure.

5. Future Outlooks

• The use of nanotechnologies in agriculture could make a significant contribution by
addressing the issue of sustainability and climate change;

• In reality, the use of nano-scale transporters and chemicals can improve the efficient
use of pesticides and fertilizers, lowering the quantity that must be sprayed while
maintaining yield;

• Nanosensor technologies can promote the spread of precision agriculture and have an
influence on waste reduction, leading to both the reuse of waste and more production;

• To obtain consumer approval and support for this technology, it will be crucial to
involve all stakeholders, consumer groups, and non-government sectors in an open dis-
cussion.
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Abstract: Reliable precipitation data at appropriate resolutions are essential for crop irrigation
scheduling, climate change assessments, and mitigating floods and droughts. However, information
on precipitation at acceptable spatial and temporal scales is lacking in Pakistan, particularly in
undulating areas such as the Potohar region. Therefore, an investigation was conducted to check
the accuracies of two satellite-based precipitation products (SPPs), PERSIANN-CDR and TRMM,
concerning the gauge-based data obtained from the Pakistan Metrological Department (PMD). At the
pixel and regional scales, the uncertainty in satellite-based daily, monthly, and annual precipitation
estimates was investigated. Statistical indices were used for the spatio-temporal assessment of
SPPs. The results reveal that both SPPs performed better on the monthly and daily scales. The
TRMM precipitation product was in better agreement with in situ gauge-based data (with CC > 0.7).
Therefore, we recommend using TRMM data for hydro-climatic applications in the Potohar region of
Pakistan.

Keywords: satellite-based precipitation; PERSIAN-CDR; TRMM; Potohar region

1. Introduction

Monitoring precipitation data are crucial for making decisions regarding agricultural
irrigation, the design of hydrological structures, and the provision of drinking water to
urban and rural areas. Precipitation is considered a significant source of water used in
rainfed agriculture. It is also one of the key climatic factors in Pakistan’s socio-economic
development, hydropower generation, development of hydrological structures (small/mini
dams), rainwater harvesting, flood monitoring, and many other essential activities [1]. Pak-
istan’s economy is said to be based on agriculture, which heavily relies on water. A little
over 40% of the annual budget is allocated to agriculture, although dryland farming still
receives little attention. Approximately 95% of stored water is used in many agricultural
activities [2]. It is also a plentiful resource for the nation’s health and growth, which has
been under massive strain due to the fast-growing population over the past 60 years [2–4].
Therefore, it is essential to explore different sources of rainfall data. Radars and in situ
metrological stations are commonly considered the most trusted sources for many applica-
tions [5], and Pakistan Metrological Department provides gauge information. According to
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the literature, one gauging station can accurately cover an area of about 36 km2 [5,6]. A
similar gauge pattern was observed in the Potohar region, indicating the poor presentation
of data. Therefore, we must explore different sources of precipitation data.

Rainfed agriculture depends on rainwater and its conservation, so this study is more
crucial in the rainfed Potohar area. The accuracy of SPPs depends on the local terrain and
meteorological system, although they can provide continuous information about global
precipitation at precise spatial and temporal resolutions [5–7]. Therefore, it is essential
to assess the reliability of SPPs before directly applying them to various hydrological
applications. Most contemporary SPPs use extensive precipitation estimation techniques
to predict precipitation estimates. These techniques can offer reliable data at fine spatio-
temporal scales, employing signals from infrared (IR) and microwave (MW) sensors [8–11].

In recent years, many SPPs have been evaluated in the mountainous ranges of Pak-
istan [2–5]. However, the spatial and temporal analysis of the two latest SPPs, including
PERSIANN-CDR and TRMM, in the Potohar region of Pakistan, has not yet been evaluated.
Therefore, the primary goal of this analysis is to assess satellite precipitation products
(PERSIANN-CDR and TRMM) over the Potohar region of Pakistan. The issue of discon-
tinuous precipitation data is anticipated to be solved by SPPs. Two recent SPPs (TRMM
and CDR) over Pakistan’s Potohar region will be assessed for the first time in terms of
spatial and temporal resolutions. The conclusions of this research will be highly beneficial
to Pakistani policymakers, hydrologists, meteorologists, water conservation measures, and
users of SPPs data.

2. Materials and Methods

The Potohar region is situated between the Indus River and the Jhelum River at
33◦30′0” N and 73◦0′0” E and stretches from the salt range northward to the foothills of
the Himalayas. Four districts—Attock, Jhelum, and Rawalpindi, and Chakwal— make up
the Potohar region. Figure 1 depicts the study area’s Digital Elevation Model (DEM) and
available meteorological stations.

 
Figure 1. Metrological stations and digital elevation model of the study area.

The spatial and temporal assessment of PERSIANN-CDR and TRMM precipitation is
performed by adopting the methodology of a flow chart (Figure 2).
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Figure 2. Layout of study.

3. Results and Conclusions

The spatial-temporal assessment analysis of PERSIANN-CDR and TRMM was con-
ducted at a point-to-pixel scale over the Potohar region [5,6]. All SPPs were evaluated
between 2017 and 2020. The main results of our study are illustrated in Figure 3.

Figure 3. Results of TRMM and PERSIANN-CDR on different temporal and spatial scales.
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• On a daily scale, the performance of TRMM is more satisfactory than PERSIANN-CDR.
• On a monthly scale, the precipitation estimates of both SPPs (TRMM and PERSIANN-

CDR) are in good contact with gauge data.
• The daily PERSIANN-CDR performance is unsatisfactory (CC < 0.7). However, its

monthly CC value (CC = 0.83) is acceptable.
• The error value RMSE is also the maximum for PERSIANN-CDR compared to TRMM.
• The TRMM outperforms the PERSIANN product based on a yearly scale.
• The POD and FAR are close to 1 for TRMM, but the PERSIANN-CDR values are not in

acceptable ranges.
• PERSIANN-CDR has a higher false alarm ratio (FAR) than TRMM.

On daily, monthly, and annual scales, the CC values of the TRMM product are greater
than 0.7, and its rBIAS and RMSE are in acceptable ranges. Therefore, we recommend using
the TRMM product for hydroclimate applications over the Potohar region of Pakistan.
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Abstract: Horticultural crops have a special impact on a nation’s economy due to their significance
in raising the living standards of farmers. The traditional method for crop protection is becoming
ineffective with an increase in climate change effects. Precision Agriculture (PA) presents a solution to
this issue through the precise monitoring and forecasting of pests, which improves productivity and
guarantees environmental sustainability. The productivity of the existing plant production system can
be increased by using precision agriculture techniques. Various PA technologies that enable farmers
to monitor the pest include remote sensing, the Internet of Things, geographical information systems,
and artificial intelligence. The PA technique assists with pest forecasting and the management of
pests and diseases in plants. The content of this article was gathered through a literature review of
recent research. The approaches used in PA for pest forecasting, monitoring, and management are
the main topic of this study. In the long term, this study will help farmers to manage insect pests in a
way that is both affordable and environmentally beneficial.

Keywords: precision agriculture; pest forecasting; pest monitoring; pest management

1. Introduction

The yield and quality of citrus and olive crops are significantly harmed by insect
infestation. Different parts of the plant are inhabited by insect pests, hampering the
productivity and survival of plants. Therefore, to prevent pest attacks and production
losses, the pest management techniques need to be updated regularly to ensure better
output and environmental sustainability [1]. Remote Sensing (RS), the Internet of Things
(IoT), Geographic Information Systems (GIS), and Artificial Intelligence (AI) are just a few
of the PA technologies that give farmers the ability to monitor pests. According to Moses-
Gonzales, N and M.J. Brewer, [2], sensing drones along with sensors can detect and identify
pest-caused damage, pest habitat, and pest presence. This study is being carried out to
gather information about the main citrus and olive [3] orchard pests that exist worldwide.
This study investigated the major PA tools available for pest management. Furthermore,
this study reviewed the literature about monitoring and forecasting approaches available
for citrus and olive pest monitoring and forecasting.

2. Methodology

A review of secondary published data was conducted to retrieve authentic information
for this investigation. To gather relevant information about the pest management system,
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various research papers, books, web-based publications, and initiatives were reviewed.
The study utilises recent data about the integration of PA in pest monitoring, forecasting,
and management.

3. Role of Precision Techniques in Pest Management

Forecasting pest activity is made easier by precision farming techniques. According to
automatic pest control systems, pests can be identified by using infrared sensors, thermal
sensors, audio sensors, and image-based categorisation. To increase crop productivity and
sustainability, sensors and software are used to interpret the data. High-resolution crop
photos from satellite or aerial platforms (manned or unmanned) were processed to extract
more information, i.e., employed for making pest control decisions.

4. Major Precision Approach for Monitoring Pests

For the effective production of the crop, pest surveillance and management are crucial
as described in Figure 1. A pest monitoring program is thought to be crucial for identifying
various pests on a large scale. Modern monitoring tools for pest monitoring include GPS,
Global Navigation Satellite System (GNSS), and AI.

 

Figure 1. Precision Pest Management.

i. AI-based monitoring of pests: With its stringent skill set, AI has emerged as a crucial
tool for addressing many issues in agriculture. Deep learning (DL) models for AI
assist in identifying pests [4].

ii. Sensors-based monitoring of pests: The use of sensor-based PA technologies in field
surveys of various pests has recently begun. Some of the examples include the use of
radar to track the migration of pests, thermal infrared imaging, GNSS for telemetry of
wildlife, video equipment to monitor flying insects, chemiluminescent tags to track
insect movement at night, detection of larval movement through echo-sounding and
habitat mapping.

iii. Mobile app for monitoring pests: Different smartphone applications are available
for automated management and control of agricultural pests. The most popular are
Trapview System, Plantix-Mobile App, Agri-App, and Kheti-Badi [5].
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5. Role of Precision in the Forecasting of Pests

The prediction of pests helps farmers in reducing pesticide usage, avoiding blanket
pesticide treatments, and providing high-quality outcomes by advising them on the biology
and timing of insect occurrence [6]. The use of forecasts and early warnings based on
biophysical techniques allows the management of near-pest assaults, which improves pest
control, lowers crop loss, and lowers cultivation costs.

5.1. Climatic Model for Forecasting the Pest Attack

Climate influences both insect abundance and the number of natural enemies, which
is a crucial organic component in pest population management. Climate models may be a
useful tool for predicting the spectrum of potential changes on a global scale when paired
with the environmental needs of a specific pest species.

5.2. Other Models for Forecasting the Attack

Pest forecasting mostly utilizes an embedded system and an intelligent system for
plant protection and pest management [7]. The important techniques used in pest forecast-
ing are:

1. The use of machine learning (ML) techniques enables users to handle complicated
information and conduct trend analysis for a variety of applications (such as data
mining, image processing, and predictive analytics). A machine learning (ML) model
was used to forecast the appearance of the summer generation of pests.

2. Physiologically based demographic models (PBDMs) might be utilized effectively
in the context of climate change. A PBDM model is utilized to observe the weather
pattern, the location, and the abundance of pests.

When examining the insect population dynamics, the most important aspect is to
consider both the local weather conditions and worldwide climate indicators. Moreover,
the combined effects of exogenous (such as regional climate conditions) and endogenous
(such as intrinsic population dynamics) components are also examined and modelled for
pest forecasting [3].

6. Management of Insect Pests Using Precision Agriculture Tool

The goal of pest control in agricultural production is to keep pest populations or
damage at levels that are both socially acceptable and economical. Some of the management
techniques include:

1. Site-specific insect pest management: This technique involves the management of
pests at a specific location, rather than treating the entire region. The advancement of
AI helps us to manage pests at a specific location.

2. Variable rate technologies (VRT): Variable rate technologies allow farmers to apply
pesticides at a specific location by utilizing AI and GIS techniques. This reduces the
negative impact of pesticides on the environment and preserves beneficial insects.

3. AI-based application of pesticides: Artificial intelligence is the most recent technique
employed to manage pests. The most common AI-based technologies used in pest
management are unmanned aircraft systems. The first unmanned aerial vehicle (UAV)
to be used for commercial purposes was developed by Yamaha Motor Co. Ltd. in
Shizuoka, Japan, to monitor pest attacks in orchards.

4. Nano-bio-pesticides: Nanotechnology improves pest management through the effec-
tive utilization of pesticides. The size and dimensions of the nano pesticides allow the
farmers to apply them precisely on crops.

7. Future Perspectives of PA for Insect-Pest Management

The broad literature review reveals the following research gaps in pest control that
must be appropriately addressed if accurate findings are to be anticipated:

• A few prediction models for pests are not researched;
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• The use of sensors for pest prediction has not yet been properly investigated;
• The information on weather-related pest occurrence in rain-fed crops is insufficient;
• Farmers do not receive the most recent forecast information timely.

8. Conclusions

The review shows that remote sensing (sensors), a precision tool, is used to assess
agricultural variability, monitor crop health, and identify insect outbreaks. As early identifi-
cation and correction to inadequate abiotic conditions may avoid significant pest outbreaks,
they might act as decision support aids. Engineers, ecologists, and agronomists must col-
laborate on multidisciplinary research for this approach, which has huge market viability.
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Abstract: Irrigated agriculture is highly dependent on groundwater resources in Pakistan. Due to
the fiber and food requirements, the reliance on groundwater has been increasing during the past
two decades. This research work was conducted at the canal command area of the Dera Ghazi Khan
(D.G Khan) canal for years 2017–2019. There were two products of the satellite i.e., AQUA (EOS PM)
and TERRA (EOS AM), which were used in this research for determining groundwater demand in
the area. For Rabi seasons 2017–2018 and 2018–2019, cropping areas of the major crops i.e., wheat
and sugarcane, were 98,712.5 and 131,856.2 ha, and 100,568.7 and 132,743.7 ha, respectively. For the
Kharif seasons of 2018 and 2019, cropping areas of major crops i.e., rice, cotton, and sugarcane, were
82,093.7, 74,150, and 98,712.5 ha, and 75,687.5, 79,275, and 132,743.7 ha, respectively.

Keywords: groundwater demand; NDVI; AQUA; TERRA; Dera Ghazi Khan

1. Introduction

In Pakistan, groundwater has been used for irrigating agriculture for a long time.
Earlier, the abstraction of groundwater was made through open wells with the help of
rope and buckets, reciprocating pumps, and hand pumps. In Pakistan, for irrigation for
agriculture, groundwater is the second-largest source because of arid climatic conditions [1].
Due to the meeting of fiber and food requirements in Pakistan, the reliance on groundwater
has been increasing during the past two decades [2–4].

In Pakistan, groundwater is a very important resource because its demand is increasing
day by day for agricultural, domestic, and industrial purposes. Across the country, the
contribution of groundwater for agriculture purposes is about 60%, for drinking it is 90%,
and for industry it is 100% [5]. As most of the climatic zone of Pakistan is an arid climate
zone where average annual rainfall is less than 20 mm and groundwater is limited in these
areas [6]. In the Punjab province of Pakistan, the installation rate of private tubewells has
been increasing at the rate of 60% from 1991–2000. In Pakistan, 1.20 million tubewells
are installed that have a discharge rate of 0.015–0.56 m3/s, having a depth of 30–85 m
and a diameter of 15–30 cm out of this, and almost 86% of tube wells are installed in
Punjab province. The groundwater has great importance for the farmers of tail ends of
distributaries and watercourses because groundwater supplies are not enough there [7–9].
The advances in remote-sensing availability of images and image acquisition are helpful
for geoscientists to prepare maps quickly and explore and evaluate the geo-characteristics
of any area on the globe.

The investigation of groundwater demand is one of the main components of the
management of these resources. Thus, the remote sensing data, one of the latest techniques,
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was used to determine the crop water requirements and groundwater abstraction need in
the study area.

2. Materials and Methods

2.1. Data

This research work was conducted at the canal command area of Dera Ghazi Khan
(D.G Khan) canal, located at latitude 29.731◦ to 29.862◦ N and longitude 70.314◦ to 70.487◦
E. Elevation level of the study area is 129 m (423 ft) above the sea level. The canal network
of the D.G. Khan Irrigation zone is 2679.64 miles long, and the command area under
cultivation is about 0.84 million ha. The Chashma and Taunsa barrages provide irrigation
water to the DG Khan canal.

The hottest month in this area is June, which has a maximum average temperature of
42 ◦C, and the coldest month is January, which has minimum average temperature of 6 ◦C.
The average annual rainfall of this area is about 236.3 mm/year, having arid climate and
erratic rainfall pattern. There are two seasons of crops, Kharif and Rabi. The Kharif season
started in winter and is also named after monsoon crops because these crops are cultivated
in the monsoon season. Sowing of Kharif crops started in April and harvesting started in
October/November. Crops of the Kharif season are cotton, rice, and sugarcane. The Rabi
season is sowing in November/December and harvesting in April/May. Major crops of
the Rabi season are wheat, mustard, sugarcane, and barley.

2.2. MODIS Satellite Data

The remote sensing data were collected from the source of earth data, and its compo-
nents were satellites AQUA (MYD13Q1) and TERRA (MOD13Q1), having a resolution of
250 m. The temperature data for the study area were collected from TERRA (MOD11A2),
and rainfall data were collected online from weatheronline.com/dera-ghazi-khan for the
time duration of 2017–2019. The discharge data of the canal were collected daily from the
Punjab Irrigation Department for the time duration of 2017–2019. The MODIS satellite
data set were acquired from its two sensors (AQUA and TERRA) and used for further
processing. The data downloaded from these products have a difference of 8 days, and
each product provides data after every 15 days.

2.3. Selection of Tiles of the Study Area

The selection of tiles in MODIS was very important because, in this method, the
required tiles were selected in the study area that they lie in. The tiles were viewed from
the app Google Earth that created a grid shape in Google Earth software around the globe,
which was seen in red lines covering the area.

The interface of MODIS tiles is shown in Figure 1. The study area lies in horizontal
tile h24 and two vertical tiles, v5 and v6. Therefore, the complete study area of research
was covered by h24, v5, h24, and v6 tiles. Images through the satellite were easy for
the graphical study of an area because tiles cover large areas, and Punjab (Pakistan) was
completely covered by 2 tiles.
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Figure 1. Selection of MODIS tiles of command area.

3. Results and Discussion

3.1. Seasonal Crop Water Requirement

The volume of seasonal crop water requirements for Rabi and Kharif is shown in
Figure 2. The volume of crop water requirement ranged between 353.76 and 353.04 Mm3

(million cubic meter) for the wheat crop during the season 2017–2018 and 2018–2019,
respectively. The volume of crop water requirement ranged from 445.42 and 445.1 Mm3

for the sugarcane crop for seasons 2018 and 2019, respectively. It was observed that the
crop water requirement was high in 2017–2018 for Rabi and 2018 for Kharif, as compared
to 2018–2019 and 2019, respectively.

 
 

(a) (b) 

Figure 2. Seasonal crop water requirements (CWR): (a) Rabi (b) Kharif.

3.2. Seasonal Groundwater Demand

The groundwater demand was calculated for each cropping season, as shown in
Figure 3. The volume of groundwater demand for Rabi 2017–2018 and 2018–2019 was
642.24 and 661.57 Mm3 and for Kharif 2018, 2019 was 165 and −101.18 Mm3, respectively.
The highest value of groundwater was required for season Rabi 2018–2019, and the lowest
value for Kharif was in 2018. It was observed that Kharif 2019 showed a negative value in
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the graph, representing that there was no need for groundwater for this season and that
canal water was enough to meet crop water requirements.

 

Figure 3. Seasonal groundwater demand.

4. Conclusions

In this research, AQUA and TERRA remotely sensed datasets were used to determine
crop water requirements of the major crops in the study area for the year 2017–2019. The
groundwater demand was calculated by subtracting the CWR from the actual canal water
supplies. It was found that the seasonal volume of CWRs of wheat and sugarcane for
season 2017–2018 were 353.76 and 445.42 Mm3 and for season 2018–2019 were 353 and
445.12 Mm3, respectively. The seasonal volume of CWRs for rice, cotton, and sugarcane for
season 2018 were 562.9, 541.8, and 484.5 Mm3, and for season 2019 they were 518.9, 600,
and 509 Mm3 respectively. The results showed that volume of groundwater demands for
Rabi 2017–2018 and 2018–2019 were 642.24 and 661.57 and for Kharif 2018 was 165 Mm3,
respectively. For Kharif 2019, the negative values (−101.18 Mm3) represent the surplus
canal water supplies. The groundwater demand in the Rabi season was relatively higher
than Kharif season. It is recommended that the maximum number of crops should be
observed for a better understanding of the crop water requirements in the area.
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Abstract: Shortly, the demand for food production will increase, and the challenges to agriculture,
including climate change, land degradation, farmable land availability and labor effort, will be
resolved by applying precision agriculture techniques. In modern precision agriculture, variable rate
(VR) technology is one of the key research areas. This technology provides an improved adjustment
of agrochemical dosage to the trees by applying pesticide spraying to only areas where trees are
detected based on their heights. This paper presents the testing results of an indigenously developed
spot-specific sprayer for orchards based on tree detection through ultrasonic sensors. Lab Results
show that spot-specific spraying provides 40% of agrochemical savings for an area of 100 acres
compared with traditional spraying for the citrus orchard. Such technology can facilitate the farmers
by automatic pesticide sprayers and economically protect the plants.

Keywords: orchard sprayer; object detection; ultrasonic sensor; solenoid valves; micro-controller

1. Introduction

Today agricultural industries are adopting both primitive and modern sensors and
controller-based technologies to tackle these issues, each having advantages and disadvan-
tages. Modern technologies are also judged based on their impact on the global environment
and ecosystem. In most parts of the world, uniform spraying of pesticides is practiced by
the use of pesticide-filled tanks and nozzles for spraying. Mainly it is carried by a single
person who sprays it across the field [1]. This method also has many disadvantages because
uniform spraying does not consider plant size, and farmers rush mostly without proper
protection, which may result in many health hazards. Such uniform spraying is primarily
manual, which works on the hydraulics principle, which is exhausting. This spraying
technique uses more pesticide than the required amount for the crop, which is expensive
and time-consuming [2].

In the early 2000s, this manual spaying was replaced with electric pump spraying; it
had reduced the human effort, but the rest was the same; for example, this electric pump
spraying technique also used more pesticides than actually required for crops, which was
the core problem [3].

Researchers have attempted to develop variable rate (VR) technologies for various
crops. To date, less attention has been given to the economical use of ultrasonic sensors
in variable rate (VR) systems. S. Gangadharan et al. conducted a comparative analysis
between a LIDAR sensor and an ultrasonic sensor [4]. Sensors were tested in such a way that
enabled the process of an automated shaker system and controlled its working. Both sensors
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were tested in an outdoor and indoor environment with accuracy factors of 10.16 and 5.08,
respectively. The sensor was mounted in vertical and horizontal setups to develop a 3D
canopy profile for a citrus tree groove. They also worked on volume estimation with the
LIDAR sensor in their study. However, very little work has been performed to incorporate
an ultrasonic sensor for tree detection in the intelligent sprayer [5].

In this paper, using an ultrasonic sensor integrated into a local boom sprayer that
avoids unnecessary usage of expensive chemicals is presented that will not only reduce the
cost of production but reduce environmental pollution. The boom sprayer provides better
penetration of agrochemicals without damaging leaves and thus protects from various
insects/diseases.

2. Methodology

The system is powered by a 12 V battery connected to a solar panel for automatic
charging from sunlight. The system consists of 4 modules that are centrally controlled by a
microcontroller. After boom selection, the sensors will start detecting objects at a certain
distance, which can be altered according to a user’s requirements.

The ultrasonic sensor will send a high flag signal to the microcontroller if a tree or
object is detected within the sensing range of the sensor. The controller in the system will
decide which relay to operate attached to that particular sensor’s output. The relay will
switch ON the solenoid valves connected to that specific relay, as shown in Figure 1b. The
system is mounted on a metal frame boom 3 feet above the ground. The distance between
each sensor is 2.5 feet, and the distance between the sensor and solenoid value is 10 inches
during lab testing.

Solenoid Valve/
Nozzle Closed

Ultrasonic 
Sensor/ no 
object

o

 

Spray nozzle 
opened after 
object detectionObject

 

TANK

 
(a) (b) (c) 

Figure 1. Laboratory testing of system and design frame. (a). No object; hence solenoid valve is
closed (b). Object detected and solenoid spraying in action (c). Design of Spot-Specific sprayer,
spraying only when trees are detected, based on their height.

Ultrasonic Sensor

The working of ultrasonic sensors is based on the principle of the Doppler Effect. The
Ultrasonic transmitter transmits an ultrasonic sound wave, the signal travels in the air, and
when it acquires objected by some material, it gets reflected near the device; this reflected
wave is detected through the ultrasonic receiver module [6]. Now, to analyze the distance,
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we use equation 1; the speed of sound in air is (330 m/s) and the time when the signal
is transmitted.

Distance = speed × time (1)

This principle is widely used for object detection, obstacle avoidance and depth
measurements [7]. Ultrasonic sensors are of two types that are HC-SR04 and JSN-SR04.
HR-SR04 has high speed with less distance accuracy, it can detect the object fast, but
the measuring distance has (<5%>) error. While the JSN-SR04 has a percentage distance
measuring error (<2%>), its detecting speed is slow [8].

The spot-specific sprayer with three solenoid valves and three ultrasonic sensors on a
single boom is shown in Figure 1c. This system can be attached to any tractor or small farm
vehicle. The ultrasonic sensor will detect the trees, and nozzles attached to the solenoid
valves will spray whenever the trees are in the sensing range. Three sensors are attached to
10 feet boom at the height of the citrus tree. If the tree’s height is 3 feet, then only the bottom
nozzle will start spraying; if the height is 6 feet, then the bottom and middle nozzle will
start spraying; and if the tree’s height is 9 feet tall, then all three nozzles will start spraying.

3. Results and Discussions

Testing of spot-specific sprayers is divided into two categories. In the first category,
the opening and closing intervals of the solenoid valves are calculated for one, two and
three sensors separately. The switching interval of the class B (coil insulation) relay is
10 ms, while the power transistor has a 0.1 ms switching interval; both the results of relay
and transistor-based switching are shown in Table 1. Due to the fast switching of power
transistors, the solenoid valves operate fast, and no part of the tree canopy is missed
during spraying.

Table 1. Lab testing results for nozzle opening and closing.

Transistor-Based Switching Relay-Based Switching

Sensor Nozzle Opening Nozzle Closing Nozzle Opening Nozzle Closing

Sensor 1 74 ms 72.2 ms 84 ms 82.2 ms
Sensor 2 71 ms 93.6 ms 81 ms 103.6 ms
Sensor 3 45.8 ms 80.4 ms 55.8 ms 90.4 ms

Sensor 1,2 55 ms 73 ms 65 ms 83 ms
Sensor 2,3 50 ms 58.4 ms 60 ms 68.4 ms
Sensor 1,3 42 ms 79.6 ms 52 ms 89.6 ms

Sensor 1,2,3 28.5 ms 70.4 ms 38.5 ms 80.4 ms

The above results show that the power transistor performs better than relay-based
switching as there is a time lag between the opening and closing of solenoid values through
the relay, which misses the target tress spraying. The excess amount of agrochemicals
is wasted.

Comparison of Uniform Spraying and Spot-Specific Spraying

Spot-specific sprayer provides agrochemical savings of up to 40% for citrus trees. The
detail for different agrochemical for citrus and their saving for a 100-acre area is given in
Table 2.

Table 2. Amount of different agrochemicals and their savings for spot-specific spraying.

Chemical Name Used for
Quantity per Acre

(mL/L)
Price per Acre

Savings for
100 Acres

Bifenthrin (mL/L) Leaf Minor 300 1050 42,000/-

Castle (g/L) Canker 300 1050 42,000/-

Copper
Oxychloride (g/L) Stem disease 250 750 30,000/-
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4. Conclusions

The developed prototype of a spot-specific spraying system efficiently detected the
objects in laboratory settings through the ultrasonic sensors-based central control system.
Before commercialization, field testing is required to fully assess the capability of spotting
specific sprayers in tree detection and agrochemical spraying in different orchards. Such
a system saves up to 40% of agrochemicals through sensor-based automation, which is
economical and easy to implement. All the components are easily available in the market
at low prices.

Author Contributions: Conceptualization, S.R.S. and M.N.T.; methodology, S.H. and A.A.; investi-
gation, M.N.T. and S.R.S.; resources, M.N.T.; data curation, S.H. and A.A.; writing—original draft
preparation, S.H. and A.A.; writing—review and editing, R.A. and A.A.; visualization, S.H. and
R.A.; supervision, S.H. and A.A. All authors have read and agreed to the published version of
the manuscript.

Funding: The study is a part of a pilot project for the Data-Driven Smart Decision Platform for
Increased Agriculture Productivity (DDSDP) PSDP-funded project No. 332.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data can be available on request.

Acknowledgments: The authors would like to acknowledge all funding agencies and the scientific
and support staff of DDSDP and NCIB projects.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Waqas, M.S.; Cheema, M.J.M.; Hussain, S.; Ullah, M.K.; Iqbal, M.M. Delayed irrigation: An approach to enhance crop water
productivity and to investigate its effects on potato yield and growth parameters. Agric. Water Manag. 2021, 245, 106576.
[CrossRef]

2. Xiao, K.; Ma, Y.; Gao, G. An intelligent precision orchard pesticide spray technique based on the depth-of-field extraction
algorithm. Comput. Electron. Agric. 2017, 133, 30–36. [CrossRef]

3. Gonzalez-de-soto, M.; Emmi, L.; Perez-ruiz, M.; Aguera, J.; Gonzalez-de-santos, P. ScienceDirect Special Issue: Robotic Agriculture
Autonomous systems for precise spraying e Evaluation of a robotised patch sprayer. Biosyst. Eng. 2016, 146, 165–182. [CrossRef]

4. Gangadharan, S.; Burks, T.F.; Schueller, J.K. A comparison of approaches for citrus canopy profile generation using ultrasonic and
Leddar® sensors. Comput. Electron. Agric. 2019, 156, 71–83. [CrossRef]

5. Hussain, S.; Cheema, M.J.M.; Arshad, M.; Ahmad, A.; Latif, M.A.; Ashraf, S.; Ahmad, S. Spray uniformity testing of unmanned
aerial spraying system for precise agro-chemical applications. Pakistan J. Agric. Sci. 2019, 56, 897–903. [CrossRef]

6. Kelemen, M.; Virgala, I.; Kelemenová, T.; Miková, L’.; Frankovský, P.; Lipták, T. Distance Measurement via Using of Ultrasonic
Sensor. J. Autom. Control 2015, 3, 71–74. [CrossRef]

7. Derkach, M.; Skarga-bandurova, I. Obstacle Avoidance Algorithm for Small Autonomous Mobile Robot Equipped with Ultrasonic
Sensors. In Proceedings of the 2020 IEEE 11th International Conference on Dependable Systems, Services and Technologies
(DESSERT), Kyiv, Ukraine, 14–18 May 2020; pp. 236–241.

8. Moussa, M.; Moussa, A. Ultrasonic based heading estimation for aiding land vehicle navigation in gnss denied environment. Int.
Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2018, XLII, 10–12. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

98



Citation: Kaleem, A.; Aqib, M.;

Saleem, S.R.; Cheema, M.J.M.

Feasibility of Ultrasonic Sensors in

Development of Real-Time Plant

Canopy Measurement System.

Environ. Sci. Proc. 2022, 23, 22.

https://doi.org/10.3390/

environsciproc2022023022

Academic Editor: Saddam Hussain

Published: 26 December 2022

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Feasibility of Ultrasonic Sensors in Development of Real-Time
Plant Canopy Measurement System †

Abdul Kaleem 1, Muhammad Aqib 1,2,*, Shoaib Rashid Saleem 3 and Muhammad Jahanzeb Masud Cheema 1,4

1 National Center of Industrial Biotechnology, PMAS Arid Agriculture University Rawalpindi,
Rawalpindi 46000, Pakistan

2 University Institute of Information Technology, PMAS Arid Agriculture University Rawalpindi,
Rawalpindi 46000, Pakistan

3 Department of Farm Machinery and Precision Engineering, PMAS Arid Agriculture University Rawalpindi,
Rawalpindi 46000, Pakistan

4 Department of Land and Water Conservation Engineering, PMAS Arid Agriculture University Rawalpindi,
Rawalpindi 46000, Pakistan

* Correspondence: aqib.qazi@uaar.edu.pk
† Presented at the 1st International Precision Agriculture Pakistan Conference 2022 (PAPC 2022)—Change the

Culture of Agriculture, Rawalpindi, Pakistan, 22–24 September 2022.

Abstract: A real-time approach based on IoT sensors to detect and measure the canopy size of trees
in orchards for plant data collection has been proposed. This work discusses the issues related to
sensors, particularly ultrasonic sensors for canopy size measurement. Other core issues related to
sound cone measurement, angle error, crosstalk error, and measurement accuracy have also been
investigated in depth. Keeping these aspects in mind, this work focused on the usability of these
sensors while providing information about environmental structures. The feasibility of this research
was tested in a laboratory. The results showed that for large sensor spacings, the interference errors
are minimal, and the sensors’ field distance measurements are accurate.

Keywords: IoT; digital agriculture; precision agriculture; ultrasonic sensor; plant canopy measure-
ment; error reductions

1. Introduction

Numeral and visual research of top of the plant arrangements has massive efficacy for
phenotypical findings. In such studies, users can automatically obtain information with
pragmatic measurements. The improved capacity of techniques in computer processing
and the reduced size of recent data measurement devices has supported an exponential
increase in plant canopy measurements [1]. Different IoT sensors are used for estimating
plant qualities [2]. Traditional application of pesticides has resulted in a drift due to the
employment of continuous and non-selective spraying methods without adequate control
mechanisms. To counter this drift, Precise Variable Spraying Technology is employed to
lessen the effect of pesticide waste and environmental pollution. As mentioned, technology
supports automatically adjustable nozzle flow rate, the volume of air supplied, and variable
nozzle—tree distances depending upon the canopy characteristics [3–5]. This effective
use of precision technology results in an increased productivity and reduced costs of
inputs. Electronic sensors have different advantages and drawbacks that depend upon
their acquiring cost, processing speed, and data size.

In [6], plant reconstruction was estimated with sonar intensity to measured plant
volume density. A cylindrical leaf-distribution canopy model based upon the experimental
results was proposed in [7]. Apart from ultrasonic sensor-based detection and estimation
systems, researchers have shown interest in and have applied methods for tree canopy
detection, using laser sensors and LIDAR. In comparison, LIDAR provides better estimates
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of the crop variables than ultrasonic sensors. The researchers in [8,9] suggested a real-time
canopy quantity recognition system by applying a field laser sensor and inferred the un-
dergrowth external base from top capacity evidence and statistics. Evidently, detection
technologies are different in terms of their various inherent characteristics. For example,
LIDAR-based detection systems demand high initial costs, are intrinsically complex, and
result in large datasets that require large computational resources [10]. Conversely, ultra-
sonic sensor-based detection mechanisms have a low initial cost, are simple in terms of
application, and are more practical in various environments. This paper discusses the gen-
eral process of canopy reconstruction of plants. Then, the technical defects and reasons for
low accuracy are outlined. The sensor’s applicability in terms of sound-cone measurement,
angle error reduction, crosstalk error reduction, and field measurement accuracy are also
assessed in this study.

2. System Model

Ultrasonic sensors involve two modules, one acting as the transmitter and the other
acting as the receiver. The transmitter will transform the electrical signal into a high-
frequency ultrasonic pulse and the receiver is responsible for receiving the signal that
bounces back. When the receiver detects the sonar pulse, it will generate an output signal
that is proportional to the magnitude of the distance of the object. The pulses are triggered
using microcontrollers; as a result, the ultrasonic transmitter emits a burst of pulses having
a frequency of about 40,000 Hz as shown in Figure 1. After transmitting the signal, the
receiver is activated for a certain time (38 milliseconds in this study). The calculation of
the distance between the object and the sensor is carried out with a microcontroller using
following Equation [11].

s = txv (1)

where ‘s’ is the distance of the object, ‘t’ is the time or width of the pulse sensed by the
receiver, and ‘v’ is the speed of sound. Equation (1) calculates the complete distance traveled
by the pulse after transmission and reception at the receiver, which is double the distance
between the sensor and object. To find the exact distance of the object, Equation (1) can be
written as:

s = (txv)/2 (2)

Figure 1. Working principle of the ultrasonic sensor.

Using this feature the plant/tree canopy is recognized using an array of ultrasonic
sensors. Multiple sensors are used to gather samples of plant depth at different heights.
The microcontroller is continuously reading the data from the sensors so the data from each
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ultrasonic sensor ‘AA’ at the given instance is averaged to determine the cross-sectional
canopy of the plants [12].

Pc = 2 ∑j=10
j=1

(
0.5AR − AAj

)
As (3)

In Equation (3), ‘Pc’ is the plant canopy in square meters, AR is the reference distance,
AAj is the jth average distance for a specific time interval, and As is the displacement
between the ultrasonic sensors. Equation (3) calculates the single cross-section of a plant at
a certain instance. The overall canopy of plants is calculated using:

vPC = ∑j=i
j=1 tWjPcj (4)

where vPC is the plant canopy in cubic meters, i is the number of scans or instances in
which multiple plant scans are carried out, ‘t’ is the time interval for one scan, Wj is the
jth scan for canopy calculation, and Pcj is the jth cross section of the plant. The canopy
of the plants in our prototype is calculated using Equation (4). Whereas some variables
must be set directly, GPS and wheel transponders can be changed in later versions. This
paper’s research objective was to assess the viability of using a sensor module to calculate
the canopy.

3. Results and Discussion

The accuracy of ultrasonic sensors is recognized in this study. Multiple tests related to
ultrasonic sensors was conducted to examine their accuracy, which is dependent on distance
and the angle of obstacles and sensors. Increasing the number of sensors will decrease the
spacing between the adjacent sensors and as a result, interfacing will occur. Table 1 shows
the comparison between different sensor spacing distances for the ultrasonic sensors.

Table 1. Comparison between multiple ultrasonic sensors spacing distances.

Object Distance (cm)
Sensor Spacing (cm)

30 60 75 90

25 NI NI NI NI

43 I NI NI NI

73 I I NI NI

84 I I I NI

98 I I I I
NI = No Interference and I = Interference.

This method of signal sensing will not obtain accurate information at a given point.
The thickness of the ultrasonic signal increases as the signal travels a long distance. As the
beam widens, it will bounce back off the first surface that it contacts as shown in Figure 2.
This error is dependent upon the shape of obstacle and the distance from sensor.

The sensor angle is also an important parameter for consideration in canopy measure-
ments. This parameter was also tested by changing the spacing of the object and sensor
placement angle as shown in Table 2. It was observed that the chosen sensor has satisfactory
performance up to 15 degrees at any distance.
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Figure 2. Beam widening of the ultrasonic sensor.

Table 2. Comparison of ultrasonic sensors angle of detection.

Angle Actual Distance (cm) Measure Distance (cm) Error (cm)

0◦
55 52 2

105 108 3

150 156 6

10◦
55 52 2

105 108 3

150 155 5

15◦
55 53 3

105 109 4

150 158 8

20◦
55 Out of range Out of range

105 Out of range Out of range

150 Out of range Out of range

4. Conclusions

Agriculture has advanced using IoTs for crop management and optimization. In such
studies, users can automatically obtain information with pragmatic measurements. The
improved capacity of techniques in computer processing has supported an exponential
increase in plant canopy measurements and reconstruction studies. Ultrasonic sensor-based
detection mechanisms have a low initial cost, are simple in terms of application, and are
more practical in various environments. These sensors’ applicability in terms of sound-cone
measurement, angle error, crosstalk error, and field measurement accuracy are important
parameters to observed.
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Abstract: Khyber Pakhtunkhwa launched the Billion Tree Afforestation Project (BTAP) in 2014.
Pakistan also initiated a “10 billion trees in five years” project in 2018. The soil and water assessment
tool (SWAT) model was used to forecast the impacts of LULC changes on water yield under three
scenarios: before planting, after 1 billion trees planted, and after 10 billion trees planted. Model
calibration and validation were undertaken at the Bisham Qila gauging station from 1984 to 2000 and
2001 to 2010. The Tarbela reservoir’s mean annual runoff declined from 53.70 mm to 45.40 mm after
1 billion trees planted, while under the third scenario it approximated 35.05 mm.

Keywords: billion tree project; Terbela reservoir; SWAT model; sediment load; water yield

1. Introduction

Surface runoff with sediment is caused by erosion. Precipitation (snowfall and rain)
and land cover affect soil erosion and runoff [1]. Urbanization increases runoff and sedi-
mentation, reducing infiltration [2]. In the Tarbela reservoir, surface runoff has the greatest
impact on sedimentation [3]. Land use change affects runoff and sediment flow. Khyber
Pakhtunkhwa (KPK) launched the Billion Tree Afforestation Project (BTAP) in 2014 to meet
the country’s water needs and to mitigate and adapt to climate change. On 3 September
2018, Pakistan’s prime minister announced the planting of 10 billion plants across the
country, 3 billion of which will be planted in the upper Indus Basin. By 2024, 10 BTAP
projects will be completed [4]. We hypothesized that BTAP plantations would reduce the
Indus River surface water flow.

There have been no published studies that described the surface runoff at Tarbela
reservoir after BTAP planting. We used the SWAT model to calculate the effect of LULC
on streamflow. We used three LULC datasets to simulate the SWAT model. Before BTAP
planting, stream flow was determined using LULC data. The second scenario used 1 billion
trees’ LULC data. In the third scenario, LULC was used after 10 billion trees were planted.
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2. Materials and Methods

2.1. Study Area

The study area was the Tarbela Dam drainage basin, one of Pakistan’s largest reser-
voirs [5]. Terbela Dam is situated at 34◦05′23” N and 72◦41′54” E on the Indus River in
Haripur and Swabi. It is 143 m high [4].

2.2. SWAT Model

To simulate hydrological processes, SWAT needs climate variables, LULC, soil data,
and river basin management [6]. SWAT can be discretized by grid or aggregated, in
addition to HRU [7]. This study used HRU-based discretization. Figure 1 shows the
method’s flowchart.

Figure 1. Workflow chart of methodology [8].

2.3. LULC Scenarios

In land use refinement, land use classes were updated according to changes in the
study area, from barren to forest cover. After recreating HRU, the entire forest in the study
area expanded as land use was updated. In scenarios 2 and 3, this tool changed barren land
into forest. The second scenario was considered from after 1 billion trees were planted until
2017. In scenario 3, 10 billion trees will be planted by 2024, of which 3 billion will be in our
study area [4]. In the second scenario, after planting 1 billion trees, 5% BARR land became
5% forest mixed, and in the third scenario, 13% barren land became 13% forest-mixed
(FRST); these land use percentages were updated, respectively, in land use refinement.

3. Results

3.1. Calibration and Validation

In this study, calibration and validation of the SWAT model were done at Bisham Qila
station. Monthly calibration occurred from 1984 to 2000, and monthly validation from 2001
to 2010. SWAT-CUP SUFI2 was used for calibration. The calibration results were promising,
indicating a high model performance that can be used to examine land use and land cover
effects on sediments and stream flow.

Figure 2 and Table 1 show the calibration and validation results. The calibration and
validation values for R2, PBIAS, and NSE ranged from 0.84 to 0.88.
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Figure 2. SWAT model calibration and validation results.

Table 1. The calibration and validation values.

Performance Indicator Calibration Validation (Water Yield)

R2 0.85 0.88
PBIAS 11.2 9.4
NSE 0.84 0.86

3.2. Impacts of BTAP on Water Yield

Figure 3 shows SWAT sub-basin water yields for 2013, 2017, and 2025. It includes
model-developed water yield components. The first, second, and third sub-basin scenarios
yielded 54 mm, 45 mm, and 35 mm of water annually, respectively.

 

Figure 3. Spatial distribution of water yield for three scenarios (2013, 2017, and 2025) in sub-basins.
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Figure 4 shows the model results compared for accumulated water yield at the last
sub-basin (300), an inlet of the Tarbela reservoir. After planting 1 billion trees, the peak
monthly flow decreased from 14,300 m3/s (in 2013) to 14,225 m3/s (in 2017). After 10 billion
trees planted, peak flow was reduced by 12,100 m3/s. Increased forestation from 2013 to
2017 reduced the annual flow by 18%. SWAT evaluation indicates that a 13% rise in forest
cover would cause annual flows to drop by 26% from 2013 to 2025.

 
Figure 4. Monthly stream flow comparison between first, second, and third scenarios.

4. Conclusions

Simulations showed that increasing tree planting reduces water flow. A 3% increase
in forest cover (after one billion trees) reduced reduce surface water flow by 18%, and a
13% increase (after three billion trees) reduced water flow by 26%, and sediment flow also
reduced, respectively. The effect of BTAP on runoff shows that the Tarbela Dam area needs
more forest cover. To stop runoff and sediment from getting into reservoirs, it is suggested
that the Indus watershed be managed properly.
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Abstract: Due to Pakistan’s complex hydro-climatic and topographical features, drought is a severe
problem. It is necessary to regionalize various topographical and hydrometeorological occurrences
into uniform zones. The regionalization of clusters across Pakistan has been examined and analyzed
using the hierarchical classification of principal components (HCPC). Five statistically homogenous
zones were made, which were validated through the cluster validation indices. Univariate discor-
dancy tests were run using the drought’s severity and duration as inputs. Over 12 months, drought
was regionalized for SPEI time scales, indicating regional discordancy in cluster 4, while cluster 2
had a smaller number of stations, which were further adjusted to ensure homogeneity. The results of
this research might be utilized to offer the fundamental information needed to develop a regional
drought mitigation plan.

Keywords: HCPC; regionalization; SPEI; univariate; homogeneity; discordancy test

1. Introduction

Since its inception, Pakistan has endured droughts, on average, four out of every
ten years, making them a frequent thing among significant catastrophic events. In 1998,
Pakistan seems to have had its worst dry spell since 1947, which persisted until 2002 [1].
Weather patterns are directly linked to meteorological drought, which often results from
inadequate precipitation over a region [2].

The country has experienced drought as a result of the highest evaporation and tran-
spiration due to global warming. As a result, it is possible to classify the coupled behavior
of elements, such as environmental, physical geography, and hydrological features, and to
relate drought to factors that are not necessarily independent. In regional modeling analy-
sis, multivariate strategies refer to a group of methods, including hydro-meteorological,
climatic, and physiographic factors that must be intimately intertwined.

With a standardized precipitation and evapotranspiration index as the foundation for
the k cluster analysis and tree edge removal strategies, drought regionalization was done
in Pakistan from 1902 to 2015 [1].

Using PCA, the primary factors causing the deterioration in drinking water quality in
Gilgit, northern Pakistan, were investigated [3]. The proper identification of contiguous
zones permits a parametric estimate of drought frequency in a regional study, which may
be utilized for planning and managing regional drought risk.

The rest of the studies have concentrated on topographical, climatic, and drought
factors using at-site (local) multivariate analysis. On the other hand, there have not been
a lot of studies performed on the local representation of drought modeling at ungauged
locations. The main goal of the project is to regionalize drought using L-moments.
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2. Materials and Methods

We have taken the total number of 41 rain gauge stations in Pakistan covering the
whole country. The flow chart of our methodology is shown in Figure 1.

 

Figure 1. Study flowchart.

3. Results

3.1. Principal Component Analysis

Each of the eight variables were normalized to have a standard deviation of one
and a mean of zero. The inter-correlation matrix revealed a 0.54 correlation coefficient
between mean annual precipitation (MAP) and latitude (LAT), and 0.50 between MAP
and longitude (Long). Whereas latitude (LAT) and elevation are shown to have a 0.55
correlation coefficient, mean daily maximum temperature (MDMXT) and mean daily
minimum temperature (MDMNT) show the strongest correlation with evapotranspiration
(ET0) of about 0.8 and 0.79. Elevation (Ele), along with mean annual precipitation (MAP),
longitude (Long), and relative humidity (RH), shows a moderate correlation of about 0.16
to 0.3.

3.2. Variances of Each Principal Component (PC)

The correlation matrix is used for principal component analysis. The first four principal
components (PC) retained 95.2 percent of the information (variances). The first, second,
third and fourth principal component retained 57.9%, 18.6%, 10.6%, and 8.1% of the
information (variances) respectively. So, therefore, the major components have been chosen
for cluster analysis.

The average contribution of the variables is 12.5%. A contribution higher than this is
considered important in contributing to the components. Long and mean annual precipi-
tation (MAP) contributed significantly to the second major component. RH contributed
significantly to the third principal component. MAP and LONG contributed significantly
to the fourth principal component. Those less important variables for understanding
component variability are often excluded from evaluation in the PCA.

3.3. Hierarchal Clustering on Principal Components

The PCA data were analyzed using the HCPC approach. Clusters were initially formed
by the technique of HCPC while mapping Pakistan’s geographical space to each location.
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Cluster validation indices were used to aid in determining the optimal number
of clusters.

3.4. Validation of Cluster Indices

Four cluster validity indices were tested to find the best group of clusters and varying
permissible cluster sizes. The silhouette (S) index, the Dunn index, and the Calinski and
Harabasz index all maximize their values. When there are five clusters, the DB index
becomes minimal [4]. Therefore, when there were five clusters, the values of all validity
indices indicated good correlations.

3.5. SPEI-12 Computation

SPEI-12 was estimated for all metrological stations in Pakistan from 1981 to 2018 in
a 12-year time frame in this study. The run theory was used to quantify that “the highest
mean severities and durations have been found at Badin and Jiwani stations, which are
54.93 and 33 months respectively” [5].

3.6. Discordancy and Heterogeneity Measures

By using “L-moments techniques”, discordancy and heterogeneity values were mea-
sured using R-programming. It is decided that cluster 4 has only one station, Bahawalnagar,
which is “discordant” and is shifted to cluster 5 of the study area. On the other hand, there
was a smaller number of stations than 5. As it is impossible for the clustering algorithm to
decide the connectivity and similarities within the cluster when the number of observations
is less than 5. So, after shifting the Panjgur station from cluster 5 to cluster 3, the codes
were run again, and, finally, we have got the homogeneous clusters, which can be seen in
the following cluster map of Pakistan.

L-moments approaches have been performed to examine discordancy and heterogene-
ity based on the nation’s physiographic and climatic parameters [6]. The cluster analysis
findings reveal wide variation in the sites of the three groups, which are largely mountain-
ous, but a strong similarity in the other two. The summary of “L-moments statistics” is
given in Table 1 while the clusters which have been evaluated show only discordancy at
cluster 4.

Table 1. Characteristics of clusters evaluated by L-moments discordancy and heterogeneity tests.

S. No Zones No of Stations Discordant Sites H1D Homogenous/Heterogeneous

1 Cluster-1
Chilas, Gilgit, Chitral,

Saidu-Sharif, Gupis, Murre,
Parachinar, Dir

0 −0.7 Homogenous

2 Cluster-2 Jiwani, Karachi, Badin, Pasni 0 1.32 Homogenous

3 Cluster-3 Dalbandin, Nokkundi, Khuzdar,
Barkhan, Zhob, Kalat 0 0.14 Homogenous

4 Cluster-4
Bahawalnagar, Bahawalpur,

Khanpur, Mulatan, Sibbi, Nawab
Shah, Padidian, Jacobabad, Rohri

1 1.19 Heterogeneous

5 Cluster-5

Kotli, Lahore, Jhelum, Faisalabad,
Sargodha, Islamabad, Sialkot,

Miawali, D.I khan,
Kohat, Peshawar

0 0.25 Homogenous

We have performed shifting and adjusted these statistical measurements that verified
the acceptable homogeneity of the five altered zones. As a result, five homogenous clusters
for the study area Pakistan are shown in the Figure 2.
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Figure 2. Homogenous clusters map for the study area of Pakistan.

4. Conclusions

The purpose of this study was to look at the regionalization of drought characteristics
in conjunction with other physiographic and climate variables. It seeks to deal with
Pakistan’s complicated hydro climatic and topographical aspects. As a result, eight essential
hydrologic, climatic, and physiographic criteria were chosen for the regionalization process.
Drought characteristics were collected from 41 rainfall sites using the SPEI truncation level
technique. The HCPC algorithm, a hybrid of Ward’s classification method, the K-means
algorithm, and the PCA methodology, is explored and applied for drought regionalization
in Pakistan. The cluster produced by the HCPC technique was used to calculate discordancy
and homogeneity for the SPEI-12-time scale.
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Abstract: The application of water-retention polymers with improved fertilizers is a better crop-
growing technique, especially in soils where the water-retention capacity is low. In Pakistan, different
types of fertilizers, such as urea, DAP, MOP or SOP, are used from sowing to harvesting of crops.
The use of water-retention polymers in low water-retaining soils is very important to increase its
retention time. The experiment was conducted on half an acre of land in FFC Research Center located
in Dyyalgarh, Millat Rd., near Deputy Wala interchange M4, Faisalabad, Punjab, Pakistan. The seed
variety used in this experiment is zincole and the seed rate is 50 kg/acre. This experiment contains
four different treatments, and each treatment contains three replicates. In T1, no water-retention
polymers were used, while T2 was treated with standard and neem-coated urea under no water-
retention polymer application. While in T3 and T4 recommended doses of polymers were used with
standard and neem-coated urea. Irrigation scheduling was determined using tensiometers.. The
research is aimed to keep moisture available in the root zone for better growth. For proper moisture
monitoring tensiometers were installed.

Keywords: tensiometer; zincole; polymers; dry matter; neem; water retention

1. Introduction

Agriculture imparts a vital role in the economy of Pakistan. Pakistan has the largest
irrigation system in the world that contributes towards agricultural production [1]. The
agriculture fulfills 40% of the world’s food requirements by consuming 60% of its fresh
water reserves. However, as population increases the demand for food also increases and
the gap between demand and supply also widens. This gap needs to be filled by adopting
new techniques for sowing crops to provide a “high-yield per drop of water” [2].

Wheat is the major crop of every agricultural country. It is very important for socio-
economic growth. Wheat is required for food for both humans and animals. Wheat has
a positive impact on a country’s GDP. If there is shortage of wheat in a country, t will
negatively affect the economic conditions as well as the population’s food needs will not be
met. Therefore, proper management strategies need to be adopted for the healthy growth
and good yield of wheat to ensure a country’s growth. Water shortage is a critical global
issue, with developed countries also facing this problem. Such countries have reduced
conventional farming methods and adopted new techniques to conserve soil moisture
and soil water in the root zone [3]. They have applied water directly into the root zone
where plants can more efficiently use this water. Certain modern techniques are known
today which have been adopted by developed countries and are receiving the benefits from
these techniques. The problem with modern techniques is that they require technical labor
for effective use. The lack of technical labor also causes loss due to the improper use of
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instruments. Natural water-retention measures have also been adopted to increase water-
retaining capacity of aquifers, soil, and aquatic and water-dependent ecosystems [3,4]. The
agriculture sector utilizes the largest amount of water, almost 90%, and remaining water is
utilized for household and industrial purposes [5]. Water availability is crucial in Pakistan
because the per capita water availability is reduced to 1000 m3 per annum, internationally
considered as the water shortage threshold value [6]. In this highly stressed water profile,
the major reasons which lead to the fall in the agriculture sector are population increases,
rapid urbanization, and the reduction in agricultural land.

Under these circumstances, a field experiment was conducted on wheat crops using
water-retention polymers in the Fouji Fertilizers Research Center of Faisalabad. The purpose
of study was to develop the optimal irrigation schedules for wheat based on the different
deficit levels and the following parameters were investigated, water productivity, crop
yield and the development of an optimal irrigation schedule for wheat.

2. Methodology

The experimental site (geographical coordinates 31.430 N (latitude) and 73.07 degree
E (longitude)) was selected at the FFC Dyyal Garh Faisalabad, Punjab, Pakistan. Wheat
crop was studied from 2019–2020 to analyze the irrigation schedule and sowing techniques
under RCBD statistical design (layout as shown in Table 1). Insecticide was applied to
the crop as a precautionary measure to prevent the attack of insects. Fungicide was also
applied to protect the crop from fungi. The use of fertilizer is very important for the better
growth of any crop. For this purpose, the liquid fertilizer NPK was applied to fulfil the
deficiency of macro-nutrients in the soil. There were four treatments under flood irrigation
and a control under a furrow irrigation system.

Table 1. RCBD layout plan of the study area.

R3T2 R3T4 R3T1 R3T3

R2T4 R2T3 R2T2 R2T1

R1T1 R1T2 R1T3 R1T4

T1 = Recommended dose of N (standard urea), P (DAP) and K (MOP) fertilizers with four
irrigations (with no application of water-retention polymers);
T2 = Recommended dose of N (neem-coated urea), P (DAP) and K (MOP) fertilizers with
four irrigations (with no application of water-retention polymers);
T3 = Recommended dose of N (standard urea), P (DAP) and K (MOP) fertilizers with four
irrigations (with 100% application of water-retention polymers);
T4 = Recommended dose of N (neem-coated urea), P (DAP) and K (MOP) fertilizers with
four irrigations (with 100% application of water-retention polymers).

Soil and Water Sampling

The soil samples were taken from the field irrigated with groundwater flood irrigation.
The water samples were collected from running tube-wells by adopting the standard
procedure of sampling (Figure 1).

118



Environ. Sci. Proc. 2022, 23, 25

  
(a) (b) 

Figure 1. (a) Soil analysis, and (b) water analysis.

3. Results

Crop Harvesting Parameters
The harvesting and growth parameters are crucial to assess the crop growth over

time. These are indications of the crop conditions and helps in finding the results of the
experimental site. The different parameters of wheat were tested as shown in Figures 2–4.

The results shows that plant height and spike length is higher when neem-coated urea
was applied. The results show that while comparing standard urea and neem-coated urea,
standard urea had a good effect on crop yield. Comparing price, standard urea is cheaper
than that of neem-coated urea so is a better option for crop growth in Pakistan.

 

Figure 2. Graphical representation of the harvesting parameters.

Histogram and Normal Probability Plot of Crop Harvesting Parameters

  

Figure 3. Cont.
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Figure 3. Histogram of the harvesting parameters.

   

  

 

Figure 4. Normal probability plot of the harvesting parameters.

4. Conclusions

The results from the tensiometers show that water remained available to the crops
when the recommended doses of the water-retention polymers were applied. The yield
analysis showed that the yield was maximum with T3 treatment, where 100% of the
recommended doses of the water-retention polymers with standard urea were applied.
Crop conditions (plant height, grain weight, etc.) were good with T3 treatment of the
recommended doses of the water-retention polymers.
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Abstract: The energy crisis in Pakistan has amplified the need for solar photovoltaic (PV) tech-
nologies in the agriculture sector. Currently, solar PV systems in Pakistan are primarily used for
water-pumping irrigation. This article presents an investigation of the cost–benefit analysis of solar
photovoltaic energy systems in the agriculture sector in the Baluchistan province of Pakistan. The
findings of the study reveal that solar PV systems are relatively economical, as a benefit-to-cost
ratio for the solar system is calculated to be 9.3 as compared to grid electricity which is calculated
to be 8.4. Furthermore, solar photovoltaics can increase agricultural productivity substantially by
providing a continuous power supply for water-pumping irrigation. However, the high initial cost
and weather dependency of solar systems are the main obstacles to adopting PV technologies in the
agriculture sector. Nevertheless, inconsistent grid power supply and sky-rocketing energy costs in
Pakistan cause the local farmers to shift to solar PV systems for water-pumping irrigation to boost
their agricultural productivity.

Keywords: renewable energy; cost–benefit analysis; cost-to-benefit ratio

1. Introduction

The energy crisis in Pakistan not only affects the domestic life of the people but also
hinders the economic development of the country [1]. Electricity shortages impose a high
cost on the economy as a whole, which is estimated to be approximately two percent of the
country’s annual GDP [2]. The long power outage has detrimental effects on every sector
that consumes electricity including domestic, commercial, industrial, and agricultural
sectors [3].

Although Pakistan has abundant renewable energy resources which are more than
sufficient to meet the present and future electricity demands in various sectors including
agriculture [4], the current share of renewable energy is insufficient for the total energy
mix in the country [5]. However, the local people, particularly in rural areas of Pakistan,
are shifting to renewable energy, mainly solar PVs [4], as solar energy is richly available
in most parts of the country and has the potential to be effectively utilized for electricity
generation [6] to fill the demand–supply gap in the agriculture sector [1].

The Balochistan province of Pakistan has the highest average sunshine hours in the
world [7], which provides a viable choice for installing standalone solar PVs in remote
arable areas for groundwater harvesting. However, at present, solar PV systems are
occupying a central position in the agricultural sector of the province [8] as, in Balochistan,
solar panels are an agreeable option being economically viable [9]. The present study is
an investigation and comparison of a cost–benefit analysis of solar PV systems and grid
electricity use in the agriculture sector in the current practicing scenario.
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2. Materials and Methods

This article employs the cost–benefit analysis (CBA) technique to ascertain the eco-
nomic benefits and cost-effectiveness of solar photovoltaic technologies in the agriculture
sector. Cost–benefit analysis is a process in which economists sum the benefits and then sub-
tract them from the total cost [10]. The benefit–cost ratio was calculated separately for both
grid electricity and photovoltaic solar system to determine the most economical alternative.

Benefit–cost ratio B/C is calculated by the formula

PVB
PVC

=
Fi

[
(1+d)n−1
d(1+d)n

]
Co

(1)

where PVB denotes present value of benefit, and PVC denotes present value of cost, while Fi, Co,
d, and n represent cash inflow, cash outflow, discount rate, and number of years, respectively.

The study was carried out in the Balochistan province of Pakistan, which receives
an average daily global irradiation of about 19–20 MJ/m2 and average daily sunshine
of about 8–8.5 h [11]. For this study, 392 farmers using solar PV technologies for water
pumping were randomly interviewed. Furthermore, data pertaining to grid electricity were
obtained from Quetta Electric Supply Company (QESCO). The comparison between the
solar photovoltaic system and grid electricity system was meant to probe into the relatively
economical alternative for the agriculture sector in the study area. Moreover, costs/prices
of photovoltaic solar panels and other accessories were retrieved from MRS-2020 and apple
crop was treated as an assumed crop subject to the anticipated increase in yield.

3. Results and Discussion

3.1. Annual Power Costs and Production Differences

The annual power cost and production differences are shown in the following figures
(Figures 1 and 2).

 

2797.8

109.3

Annual Power Cost (in USD)

Grid electricity PV Solar

Figure 1. Annual power cost.

 

15.3

16.8

1

Production (in tons)

1Grid electricity PV Solar

Figure 2. Production.
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3.2. Cost–Benefit Analysis

Cost–benefit analysis was applied to ascertain the net benefit of installing a solar
photovoltaic system in terms of savings in expenditures and increase in agricultural yield
as a result of consistent power supply for water pumping. For this purpose, all related
costs and benefits were calculated and compared to decide upon the cost-effectiveness and
ensuing benefits of installing a PV solar system as an alternative to grid electricity. Table 1
shows all the costs associated with a water-pumping system run by grid electricity and
required for an average of a 5.7-acre piece of land.

Table 1. Costs related to grid electricity.

Cost Details Particulars Cost (in USD)

Initial cost

HT (structure) 46′ 619.4
LT (structure) 30′8′′ 162.3
25 KVA11/4 KV transformer 859.7
Static energy meter 3 phase 19.2
AAC ANT (1/172) 298.4
11kv steel cross arm 25.6
11 kv D/Out C/Out insulator 24.7

Connection cable P.V.C 7/058 I/Core (10 mm2) 311.0
Submersible 20 hp 1220.0
Pipe 40 (20 ft each) 1376.5
Carriage Not applicable 21.6
Annual O and M 12 months 2797.8
Other expenses Not applicable 109.2
Total 7845.4

Table 2 indicates all the associated costs of installing a PV solar system derived from
an analysis of primary data. The rates are based on the average rates of 392 respondents
using a PV solar system for water-pumping irrigation in the study area.

Table 2. Costs related to PV solar system.

Cost Details Particulars Costs (in USD)

Initial cost

Solar panels 300 W (65) 6134.0
DC inverter 959.1
Connection cable 83.8
Frames 1629.3

Submersible 20 hp 1220.0
Pipe 40 (20 ft each) 1376.5
Carriage Not applicable 21.6
Annual O and M 12 months 26.6
Other expenses Not applicable 109.2
Total 11,560.3

According to the Government of Balochistan, the annual per-acre production of apples
is 2.676 tons in Balochistan, approximately. Assuming the same production for a respondent
growing an apple orchard in agricultural fields in the study area, the total apple yield is
calculated to be 15.252 tons for an area of 5.7 acres when all the other factors are assumed
to be constant. An analysis of the primary data indicates an average increase of 9.9% in
agricultural production as a result of using a PV solar system for water pumping, increasing
the total yield for an area of 5.7 acres from 15.252 tons to 16.763 tons per annum.

= 15.252 + (15.252 × 9.9%)
= 16.783 tons
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According to Agriculture Marketing Information Service 2020, the price of apples per
ton is USD 553.4, so the total amount for 15.252 tons is calculated to be USD 8502.9, and for
16.763 is calculated to be USD 9276.7, with a net difference of USD 773.8 per annum.

Based on the assumptions and analysis of primary data, Benefit–Cost Ratio (CBR) was
applied separately for grid electricity and PV solar. The discount rate is taken as 7% for
25 years of life span of PV solar system.

3.2.1. Benefit–Cost Ratio for Grid Electricity

Total initial investment (Co) = USD 7845.4
Annual cash flow (Fi) = USD 5669.2 (total income—O and M)
Life span (n) = 25 years
Discount rate (d) = 7%
By putting the values in the formula, we get

PVB
PVC

= 8.4

3.2.2. Benefit–Cost Ratio for PV Solar System

Total initial investment (Co) = USD 11560.3
Annual cash flow (Fi) = USD 9250.1 (total income—O and M)
Life span (n) = 25 years
Discount rate (d) = 7%
By putting the values in the formula, we get

PVB
PVC

= 9.3

The results reveal that both the alternatives are feasible as 8.4 > 1 and 9.3 > 1;
however, the benefit–cost ratio suggests that a PV solar system is relatively economical
compared with grid electricity for water-pumping irrigation in the agriculture sector.

4. Conclusions and Recommendations

An ocularly photovoltaic solar system seems to be the economical alternative to grid
electricity for water pumping in the agriculture sector. However, the results of the study
bring to the surface a slight difference between the two in terms of benefits. The findings
discern that BCR for solar photovoltaic systems differs from grid electricity by just 0.9
which needs further improvement to raise its efficiency primarily through multi-junction PV
cells. Nevertheless, the crop productivity can be enhanced substantially through consistent
power supply for water pumping in areas where grid electricity is hard to reach.
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Abstract: Conventional agricultural practices and a rapidly growing population have both con-
tributed to an increase in interest in cutting-edge research on environmental friendly farming meth-
ods. A field experiment to investigate the potential of soil probiotics on soil and plant health is
under process at IOT Smart Research Farm, PMAS-Arid Agriculture University Rawalpindi from
22 June till mid October 2022. The plots contain four different treatments (Control, Full dose NPK,
Probiotics only and 1

2 NPK+ Probiotics) on peanut crop. Probiotics (Actinomycetes sp. & Mycobacterium
neoaurum) were applied through seed coating. Treatments were triplicated in a randomized complete
block design. Different plant physiological characteristics (height, canopy, no of leaves, leaf area
index, chlorophyll content, and normalized difference vegetation index) and soil properties (pH,
Ec, moisture, nitrogen, phosphorous, and potassium) are under investigation. For different plant
parameters different novel devices are being used, such as leaf area index meters to find the index
area, and chlorophyll meters for chlorophyll content, whereas for soil parameters proximal sensors
are being used. The findings of the trial up till now show the best results in 1

2 NPK+ probiotics
followed by probiotics, full-dose NPK and control which are encouraging, indicating enhanced crop
productivity and improved soil health. This study will provide a way out for increased peanut
production in an environmental friendly manner for farmers.

Keywords: NPK; NDVI; LAI

1. Introduction

The peanut (Arachis hypogaea L.), also known as groundnut, is a member of the family
Leguminosae, which also includes plants that produce subterranean fruits commonly called
shell beans [1]. Planting peanuts improves soil quality because of the legume’s ability to
draw atmospheric nitrogen and convert it into usable forms. Because peanuts can utilize
nitrogen from the air, they need only trace amounts of N to thrive [2].

Conventional agricultural practices and a rapidly growing population have both
contributed to an increased interest in cutting-edge research on environmentally friendly
farming methods. The incorporation of plant probiotics is one method for achieving
the fundamental objectives of sustainable agriculture, which include the maintenance
of a healthy environment, social and economic fairness, and the sustainability of the
agricultural economy as population growth and food demand are inextricably linked) [3].
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As the global population continues to grow, there is a need to increase food production
to meet population’s food needs. Furthermore, arable land has lost its natural nutrients
potential over time. As a result, alternative methods such as fertilizers, insecticides, and
herbicides are now utilized to reinforce the soil and increase its output [4].

This approach will not only accomplish the primary objectives of sustainable agricul-
ture, but it will also increase the variety of microorganisms found in the soil. Increased
photosynthesis and the production of bioactive substances such as plant growth regulators
and enzymes, disease control, accelerated decomposition of lignin materials, stimulate the
decomposition of organic wastes and residues, and release inorganic nutrients for plant
uptake are just some of the ways in which the use of probiotics in agriculture can boost
crop growth and yield [5].

This research is conducted with the following objectives;

• Evaluate the potential of selected microbes under natural field conditions on soil
health;

• Identify their beneficial effects on crop productivity.

2. Methodology

A field experiment is under process at the IOT (internet and other things) Smart
Research Farm, Arid Agriculture University Research Farm, Chakwal Road, Koont from
22 June till mid October 2022. The plots contain four different treatments (control, full-dose
NPK, probiotics only and 1

2 NPK + probiotics) on peanut crop. Probiotics (Actinomycetes
sp. and Mycobacterium neoaurum) were applied through seed coating. Treatments were
triplicated in a randomized complete block design. For irrigation purposes rainwater is
used. Different plant physiological characteristics (height, canopy, no of leaves, leaf area
index, chlorophyll content, and normalized difference vegetation index) and soil properties
(pH, EC, moisture contents, nitrogen, phosphorous, and potassium) are under investigation.
For different plant parameters different novel devices are being used, such as leaf area index
meters to find the index area, and chlorophyll meters for chlorophyll content, whereas for
soil parameters proximal sensors are being used.

The preliminary data collected for various characteristics was subjected to analysis of
variance (ANOVA) and means compared at a 5% level of significance by least significance
difference (LSD) tests [6].

3. Results

3.1. Experimental Soil Properties

The results of soil pH of the experimental area (Figure 1) shows a slightly acidic pH of
1
2 NPK + probiotics, whereas the pH of the control is more acidic. Peanuts grows better in
slightly acidic soil (pH 6–6.5). The highest pH was observed in soil probiotics (pH 7.88)
whereas the lowest pH was observed in the control (6.79). The moisture content of the field
was greater in the control compared to other treatments, the control shows 24% soil water
content, whereas traditional practice NPK application shows a lower water content of 15%.
The pH and moisture content are shown in Figure 2.
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Figure 1. Study map of the experimental site.

 

Figure 2. pH and moisture of the experimental site.

Leaf Area Index of Peanut Crop

Soil probiotics positively influenced the leaf area index (LAI) of the crop. The LAI of
the 1

2 NPK + probiotics treatment was greatest among all treatments, whereas the control
showed the lowest LAI. The trend in LAI observed was 1

2 NPK + probiotics > probiotics >
NPK > control (Figure 3). At initial stages of the experiments show encouraging results.

 

Figure 3. Leaf area index of the peanut plants.
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4. Conclusions

Biofertilizers are a safe farm product for consumers and have been shown to increase
food production; as a result, they continue to be the best option for ensuring the safety
of crops and increasing global food security. The shortage of plant nutrients relative to
their supply due to chemical fertiliser has been greater than 10 million tonnes in recent
years. The initial investment and ongoing operating expenses of fertiliser facilities make
long-term reliance on these inputs which is an unsustainable strategy, both financially
and in terms of their impact on the environment. To combat this, biofertilizers and other
forms of sustainable fertilisers are a need of hour. Therefore, probiotics, another form of
biofertilizers, is an alternative approach to supress disease and pest attacks, enhance the
NPK content of soil and increase nodulation that can improve the soil nitrogen contents.
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Abstract: Promising Land and Water Conservation Practices (LWCPs) play a vital role in restraining
floods and keeping the land productive. Floods are usually destructive and increase the risk of
drowning, waterborne diseases, malnutrition, and multiple long-term knock-on effects. Similarly,
the 2022 monsoon season has prompted the most severe flood in Pakistan. The main objective of
this review is to highlight the importance of LWCPs as an adaptation strategy for flood mitigation.
Moreover, different LWCPs are discussed concerning studies carried out in different regions and
published in scientific journals, technical reports, and notes from experts. It was observed that both
the in situ and ex situ LWCPs have a significant effect on reducing land degradation and flood control.
Additionally, most of the reviewed studies showed a positive impact of LWCPs on agricultural
productivity, primarily due to the retention of nutrients and moisture. Hence, land conservation
practices including biological and agronomic measures (i.e., contour farming, conservation tillage,
strip cropping, vegetation, etc.), and mechanical or engineering methods (i.e., check dams, bunding,
ponds/reservoirs, etc.) are aimed at reducing the run-off velocity and mitigating the floods. The
results of this study will encourage the stakeholders to adopt LWCPs to lessen flood hazards and
uplift agricultural production by limiting the land degradation processes.

Keywords: soil conservation; runoff; flood risk management; check dams; agronomic measures;
watershed management

1. Introduction

Flooding is the most common natural disaster and can cause widespread devastation,
resulting in loss of life and damage to infrastructure, and it can compromise medium-to-
long-term health impacts. According to WHO (2022) [1] more than two billion people
worldwide were affected by floods from 1998 to 2017, worldwide. Similarly, a devastating
flood hit Pakistan during the 2022 monsoon rains and inundated thousands of hectares of
agricultural land, drowned livestock, damaged infrastructure, and wiped out urban areas.
The damage was particularly severe in southern Punjab and the Sindh and Balochistan
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provinces (Figure 1). Heavy and prolonged rainfalls, snow melts, and unmanaged wa-
tersheds are the main drivers of destructive floods. Two main factors regulate the flood,
i.e., runoff depth and peak discharge [2]. Watershed management through promising
LWCPs reduce runoff and sediment; this reduction is generally achieved by altering the
runoff processes. The high-intensity runoff erodes the topsoil and contributes to the sedi-
mentation of downstream reservoirs, consequently decreasing the live water storage of the
reservoirs [3].

 

Figure 1. Detailed flood inundation map of southern Punjab, Sindh, and Balochistan (The image
contains modified Copernicus Sentinel data (2022), processed by ESA, CC BY-SA 3.0 IGO—Source: [4]).

Soil erosion has been a critical issue and has induced numerous inflated environmental
issues. Yousuf and Singh, (2019) [5] stated that different degradation mechanisms have
degraded almost 52% of the total productive land. Moreover, due to the acute shortage of
water [6–8], and under the emerging climate change scenarios [9], we must emphasize the
expansion and adoption of effective measures for land and water conservation to mitigate
floods.

Thus, mitigation against floods could be achieved by reducing the runoff intensity and
by increasing the runoff lag time through standard LWCPs and flood protection measures.
These practices include contour farming, conservation tillage, strip cropping, crop rotation,
cover crops, water diversion channels, spillways (gully control), field outlets, terracing,
spurs, check dams, and rainwater harvesting structures.

2. Land and Water Conservation Practices

LWCPs help to conserve water, reduce erosion, keep the land fertile, reduce runoff
intensity, and mitigate devastating floods. Following are the two broader categories of
LWCPs that can sustain the environment and enhance agricultural production.

2.1. Agronomical or Biological Practices

These practices are usually in-situ and reduce the impact of raindrops by protecting
the soil surface, and improving the infiltration rate, resulting in less runoff generation and
soil loss due to erosion. Vegetation or cover crops are one of the agronomic practices to
tackle soil erosion and reduce the runoff intensity. All of the agricultural operations starting
from plowing, making ridges and furrows, planting, inter-cultural, etc. are performed
along contours, called contour farming. These operations hinder the runoff and reduce
its velocity, which in turn reduces soil loss. Moreover, the runoff intensity also depends
on the selection of crops, the substantial biomass, the widespread rooting system, and the
dense canopy cover; these parameters reduce the erosive impact of rainfall and hinder the
runoff [10]. The close-growing and dense cover crops are the best for controlling the erosion
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process, i.e., groundnut, cowpea, grams, etc. Similarly, other agronomical or biological
practices are listed in Table 1.

Table 1. Some findings from the literature regarding land and water conservation practices.

LWCPs Main Findings Reference

Agronomical/Biological measures

Grassed waterway Decreases runoff coefficient and reduces nutrients loss [11]

Conservation tillage Reduces runoff, improves infiltration rate, and reduces
evaporation loss [5]

Strip cropping
Reduces the runoff velocity, increases the time of
concentration, conserves soil moisture, and increases
crop production

[5]

Land configuration methods
(i.e., bed- and ridge-furrow)

Reduces runoff and soil and nutrient loss, conserves soil
moisture, and higher gain in productivity and
profitability

[5,10]

Agroforestry measures Reduces soil erosion by up to 10%, reduces runoff, and
increases water infiltration [10]

Mechanical/Engineering methods

Terracing Reduces runoff velocity, improves infiltration, and
controls soil erosion [5,12]

Field outlet Safe disposal of rainwater from one field to another —

Water diversion channel Divert runoff water and control runoff losses [10]

Spillway Disposes of runoff water safely and reclaims severely
eroded gullies -

Bunding (i.e., contour bunding,
graded bunding, and
peripheral bunds)

Conserves soil moisture, disposes of excess runoff water
safely, and reduces erosion [10]

Contour trenching Reduces runoff velocity and conserves soil moisture [5,10]

2.2. Mechanical or Engineering Methods

Mechanical measures or engineering methods of soil and water conservation are
mainly designed to alter the land slope, lessen the runoff velocity and sedimentation,
and safely transport the runoff water from the upstream to the downstream side. Small
rainwater harvesting ponds and dams are suitable for plugging gullies and controlling
erosion and thus reducing runoff velocity. Similarly, check dams are also built across gullies
to confront the velocity of intense runoff. Moreover, preventing a flood from turning into a
calamity is a fundamental goal of a check dam system. Wang et al. (2021) [13] also reported
that check dams significantly increase runoff infiltration and effectively mitigate flood
processes. The importance of other mechanical/engineering methods is listed in Table 1.

3. Discussion

The LWCPs play a significant role in controlling erosive runoff by reducing the flow
velocity; moreover, these practices enhance the time of concentration, thus increasing
the infiltration and crop production. Moreover, strip copping had an effective role in
regulating surface runoff and floods. Check dams are one of the prominent measures of
mechanical/engineering methods, reducing the flood peak and flood volume and thus
mitigating the floods [5].

Globally, check dams are used to control soil and water erosion, reduce runoff velocity,
and improve infiltration. Wang et al. (2021) [13] reported that runoff lag times significantly
increased by constructing check dams. Similarly, the construction of small dams also
obstructs the runoff and discourages the flood processes [5]. Hence, LWCPs significantly
reduce soil erosion, trap silt, reduce runoff velocity by hindering flowing water, and evade
the risk of floods by changing local geomorphology, thus maintaining environmental
sustainability.
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4. Conclusions

LWCPs are imperative in controlling land degradation, reducing runoff velocity, and
thus mitigating the risk of devastating floods. Moreover, these practices increase infiltration
and in situ moisture conservation, improve soil and water quality, and in turn effectively
enhance overall farm production. Therefore, the holistic adoption of these practices at
watershed levels is crucial for flood mitigation, ecosystem protection, and sustaining
agricultural productivity. Moreover, new policies regarding regional land and water
conservation must be framed, keeping in view the damages perceived from the recent
floods, and the post-assessment of these policies must be followed to increase efficiency.
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Abstract: Due to the intense seasonality, high labor intensity, and high cost, picking fruit and
vegetables typically requires a significant amount of personnel, material resources, and time. The
fruit and vegetable picking is a critical role in the agricultural production chain. At the same time,
the world is facing the challenge of an aging population. As a result, the requirements of current
agricultural output cannot be addressed by using the traditional ways of picking. The robots picking
have been widely utilized in the domains of fruit and vegetable production due to increases in
labor productivity, picking efficiency, cost, and other aspects related to the industry. Therefore, the
structural characteristics and target recognition methods for the end-effectors of picking robots will
be thoroughly summarized. This study will ensure that the future direction of structural development
and recognition methods that are matched with fruit and vegetable picking are more visible.

Keywords: robotics; smart farming; horticulture; UAV; fruit picking

1. Introduction

The rapid growth of the world population is the increasing challenge to achieve
sustainable agriculture management as long as the human population continues to grow. It
is anticipated that throughout the next few decades, the human population would increase
by forty percent, reaching 9.7 billion by the year 2050. Because of this, it will be necessary
to double the amount of fruit production leading to enhance the agriculture land multiple
times. Despite this, it is anticipated that employment in the agricultural sector would fall
by one-half by the year 2050, which will result in a shortfall of five million labor farmers. As
a result, almost 10% of the world’s fruit cannot be harvested, an amount that is equivalent
to the yearly consumption of the European Union [1].

The harvest is a seasonal, low-paid, repetitive, and labor-intensive occupation with
limited employment prospects. Older farmers are retiring, and their young ones have no
interest in replacing them. Labor deficits cause harvest delays, and fruit harvested with a
delay of few days degrades in quality and may lose as much as 80% of its market worth.
Therefore, worldwide growers lose an estimated USD 30 billion per year in potential sales
from non-harvestable fruits [2]. Consequently, crop management has evolved dramatically
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during the past few decades. Specifically, ground and aerial robots have been implemented
in agriculture, indicating their ability to meet the rising food demand by automating
previously laborious agricultural processes, such as harvesting [3]. Therefore, robotic
systems have been developed to compensate the human shortage, to raise the pace of
harvesting, and to enhance the efficiency.

In conventional manual harvesting, the laborers use their hands to remove leaves and
branches, hold the fruit, and extract it from the plant by pulling it away, occasionally with
the use of a cutting instrument. Manual harvesting requires experience; an untrained farmer
may unwittingly cause damage to the plants. However, the kinematics of the human hands
and body, sense of touch, and muscular power endow people with innate grabbing ability
and a high degree of rapid adaptation to various crop shapes and textures for delivering
the appropriate detachment force. However, human abilities are limited only by fatigue.
A robotic system, on the other hand, can harvest constantly, precisely, and tirelessly with
regularity. Therefore, researchers attempt to imitate human harvesting techniques, resulting
in kinematic models for the movement of robotic arms and the building of sophisticated
end effectors with the requisite sensors for crop manipulation [4]. In addition, recent
changes in dietary needs and the production of biofuels on croplands have contributed to
the existing strain on the world’s food supply [5].

2. Use of Robot Picking in Agriculture

Agriculture is an issue of big data without big data. Nearly half of conventional agricul-
tural inputs (fertilizers, insecticides, fungicides, herbicides, etc.) are often wasted because
they are applied in excess or in the incorrect location (between rows rather than on plants
themselves). In the future, commercial farms may be operated by robots that can detect,
spray, and harvest specific pieces of fruit, even when their objectives are grapes, peppers,
and apples that are the same color as the surrounding leaves as shown in Figure 1 [6]. For
many crops, harvesting is the most labor-intensive task, but even proponents acknowledge
that no machine has been constructed that comes close to matching human sensory motor
control [7]. Robots could potentially provide a timely supply of labor in many locations
where there are insufficient temporary workers available during the harvesting cycle.

  
(a) (b) 

Figure 1. Cont.
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(c) (d) 

Figure 1. The use of robot in agriculture (a) Robot picking the Lichi [8]; (b) the testing of robot picking
in a lab [9]; (c) robot picking the eggplant [10]; (d) proposed prototype for cotton picking [11].

3. Use of Drones for Fruit Picking

Agricultural robotic systems consist of an autonomous mobile platform, a light multi-
degree-of-freedom mechanical arm, a force feedback system with a flexible end effector, a
multi-sensor machine vision system, a drive control system, an intelligent decision system,
and supplementary software and hardware. The arm of the drone has been programmed
to grasp the desired object. A position is assigned to the drone, which is watched by
the controller (human) via the camera attached to the drone. Once the location of the
drone has been established according to the controller’s instructions, the drone’s speed is
slowed, and the end effector opens and grips the desired object using suction cups attached
to the effector’s inner lining. This procedure is repeated until the controller obtains the
desired object through a number of trials. The working environment of a fruit harvesting
drone’s visual components is quite complex. The object items vary in size, form, type,
and surface roughness. Background and sunlight of the vegetation continuously alters.
Vision-based harvesting robots must be able to sense and adapt to diverse crop varieties
or environmental changes, gather information, detect targets, and train autonomously.
Additionally, the robots should be capable of sophisticated reasoning and decision-making.
It is a clever machine for human–computer interaction. Additionally, the robotic system
should have a network transmission feature for transferring cropped photographs to a data
center or server.

4. Conclusions

Today, technology is essential in every sector of society’s growth, from construction to
transportation to aerospace to communications to defense. Even time-honored industries
such as farming need technology (in this case, smart farming) to increase output while
decreasing labor requirements. However, smart farming necessitates substantial outlays of
capital, enhanced coverage and connectivity, and more bandwidth to process the massive
amounts of data generated by a huge number of remotely installed sensors and devices. The
first steps toward a robotic future in horticulture and precision agriculture are the creation
of a vision and the prediction of possible outcomes. Predicting the rate at which farmers
and businesses will embrace new technologies requires a clear vision of the future, some
thought about whether or not that future is desirable, and some research into historical data.
Understanding what is being predicted and how these predictions offer for democratic
interaction with the farmers who are meant to participate in technology transitions is
becoming increasingly important. In this study, we adopt the assemblage approach to
emphasize the importance of recognizing the intricate material entanglements within which
anticipatory assembly occurs in order to include farmers as active actors in technology
transitions.
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Abstract: Irrigation for high Andean agriculture is traditionally performed with rainwater and
without the use of technology, where the influence of changes in water volumes and/or water losses
is not considered. Likewise, the limited information on high Andean crops generates a lag in the use
of irrigation technology. Improving the efficiency of irrigation in crops contributes substantially to
the sustainable use of water. One way to perform this is by applying control strategies to irrigation
processes that consider implementing a feedback logic of the water necessary for irrigation, thus
satisfying the water demand of plants and minimizing waste. The article proposes a control strategy
applying a model predictive control (MPC) that calculates the optimal amount of water for daily
irrigation. The most important attraction of the model is the prediction and future behavior of the
controlled variables as a function of the changes in the manipulated variables. The objective is to
improve the productivity of the crop at minimum water consumption. For this, it will be necessary
to use models that link with the Aquacrop software and which are allowed to be a source of data,
as well as being used for the prediction of future values. The predictive model is evaluated in the
Quinoa crop (Chenopodium Quinoa Willdenow), and the information is validated against the traditional
irrigation data existing in the literature. Preliminary results indicate that the predictive model can
achieve greater crop efficiency and reduce significant irrigation water supplies.

Keywords: model predictive control; precision irrigation; Quinoa; system identification

1. Introduction

Agriculture is the sector that consumes the most water on the planet, representing
approximately 70% of total use in 2020 [1]. An alternative to achieve the best use of water
resources in agriculture is to apply control strategies with proven performance in the
industry. Classic control methodologies, such as on/off control and proportional integral
derivative (PID) control, are easy to implement and have been proven to be efficient.
However, they are limited and do not consider the specific conditions of the crop, given
the complexity of agricultural systems (non-linearity, multivariate). MPC strategies have
shown superior performance compared to classical control strategies [2,3]. This controller
is based on three ideas: the use of a prediction model, the optimization on a sliding horizon,
and feedback adjustment [4]. It also allows the introduction of restrictions. The literature
mentions some applications of MPC in irrigation systems [5–7]. However, there is no
report of application to high Andean crops, such as Quinoa (Chenopodium Quinoa Wildenow),
among others.

In this article, a control application of MPC was implemented in a Quinoa crop to
different irrigation management strategies [8,9], as well as to simulate the yield of the crop
to water and evaluate the conditions in which water is a limiting factor in production [8,10].
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In this investigation, the performance of the MPC controller applied to the irrigation of
the Quinoa crop was evaluated. This involves taking into account AquaCrop-OpenSource
(AquaCrop-OS) as a plant model and an autoregressive structure with exogenous input
(ARX) as a linear prediction model. The results obtained were compared with the irriga-
tion methods available in the Aqua-Crop-OS gallery. All simulations were performed in
MATLAB 2020a.

2. Methodology

2.1. Quinoa Crop

Quinoa is a whole grain, native to the Andes of Bolivia, Chile, and Peru. This crop is
tolerant to abiotic stress, hydric stress, and requires a less amount of water for its vegetative
growth [11]. It has extraordinary adaptability in agro-ecological conditions from sea level
to 4000 masl., being able to withstand temperatures from –4◦C to 38◦C and grow with
relative humidity between 40% and 70% [12]. The Quinoa in traditional farming presents
critical phenological stages of susceptibility and tolerance to the need for irrigation. This
is reported in accordance with the Instituto Nacional de Innovación Agraria (INIA-Puno), a
public institution of the Peruvian government.

2.2. Aquacrop

It was developed by the FAO in order to improve water productivity in rainfed and
irrigated conditions. This simulates the yield response of arable crops to water and is
particularly suitable for conditions where water is a limiting factor in crop production [8]. It
has been validated for various crops, such as corn [10] and Quinoa [9]. It was developed in
2009 and its open access version AquaCrop-OS is presented in [13]. The program introduces
crop information according to various characteristics: climate, type of crop, irrigation, soil,
and others. The results obtained are crop growth, water balance, water content in the crop,
and others. The methods provided by AquaCrop-OS are rainfed, soil moisture based, fixed
interval, specified time series, and net calculation.

2.3. Model Predictive Control

The usual MPC approach is described by Equations (1)–(3).

min
u(k), ..., u(k+N−1)

N−1

∑
i=0

‖y(k + i − 1)− r(k + i − 1)‖2
Q + ‖u(k + i)‖2

R (1)

Subject to:
y(k + 1) = f (y(k), u(k), v(k)) (2)

umin ≤ u(k) ≤ umax, k = 0, . . . , N − 1 (3)

where, y is the control variable, u is the manipulable variable, v is the measurable disturbs,
r is the reference, and Q and R correspond to the weight of each term of Equation (1). The
function f defines the prediction model of the controller. This problem is solved at each
sampling instant.

2.4. ARX Model

The ARX model is represented in the form of a difference equation for multiple inputs
as follows:

A(z)y(k) =
[
B1(z−1) B2(z−1) B2(z−1)

]⎡⎣ u(k)
v1(k)
v2(k)

⎤
⎦+ e(k) (4)

where:
A(z) = 1 + a1z−1 + . . . + anz−n (5)

Bi(z) = bi,1z−1 + . . . + bi,mz−m (6)
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where y(k) is the system output, u(k) is the system input, vi is the measurable disturbs,
e(k) is the system disturbance, d is the system delay, n is the degree of A(z), m is the degree
of Bi(z) and i is the number of inputs. Equation (4) in regression form is:

y(k) = a1y(k − 1) + . . . + any(k − n) + b1,1u(k − 1) + . . . + b1,mu(k − m)
+b2,1v1(k − 1) + . . . + b2,mv1(k − m) + b3,1v2(k − 1) + . . .
+b3,mv2(k − m) + e(k)

(7)

For this work, it is considered that y(k) is the water deficit, u(k) is the irrigation, v1(k)
is the evapotranspiration, and v2(k) is the precipitation.

3. Results

The research was carried out by simulating the conditions of the Quinoa crop in the
high Andean phytogeographic domain in the region of Puno, Peru. It is located between
3812 and 5500 m above sea level. The model for response to water deficit was performed by
simulation in Aquacrop-OS, a pseudorandom binary sequence (PRBS) input of irrigation
(mm), and real meteorological data from the years 1964–2021 taken from Servicio Nacional
de Hidrología y Meteorología (SENAMHI), and Quinoa data obtained from INIA-Puno
were used. Normalized mean square error (NMSE) was used as evaluation criterion to
estimate the parameters and validation of the model, obtaining the best performance in
2017 (NMSE = 5.7212 × 10−4) and the worst for 1984 (NMSE = 0.0164) for the identification
experiment. For validation, NMSE = 5.9894 × 10−4 and NMSE = 0.0202, respectively.

Model Predictive Control in Quinoa Crop

The control variable for this work is the water deficit (mm), and the manipulable
variable is irrigation (mm). The measurable disturbances are evapotranspiration (mm)
and precipitation (mm). Figure 1 shows the simulation result of the MPC controller for a
simulation of a growing season using an ARX structure as a prediction model. Table 1 shows
the crop yield per hectare (ton/h) and the total irrigation (mm) of the simulated methods.

 

Figure 1. Comparison of the results of irrigation methods in the crop season in Puno—2017.
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Table 1. Field yield and total irrigation.

Method Field Yield (Ton/He) Total Irrigation (mm)

Rainfed 4.31 0
Soil moisture-based 4.72 164.63

Fixed interval 4.72 289.26
Specified time series 4.72 320

Net calculation 4.72 160.08
MPC 4.72 80.17

It was observed that the method that consumes the least amount of water is the rainfed
method, followed by the MPC; but, the former has the worst field yield. The MPC has
similar field yield of the simulated methods with lower water consumption.

4. Conclusions

In this work, the problem of MPC control of water deficit applied in a quinoa crop
model using AquaCrop-OS was presented. An ARX structure with multiple inputs and one
output was proposed as a prediction model. The proposed irrigation methodology presents
the best performance among the simulated methods. The future work of this research
should be the implementation of the virtual model of Quinoa in a real irrigation system to
determine the true efficiency and viability, according to the irrigation recommendations
proposed by MPC and Aquacrop.
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Abstract: The ever-increasing world’s population, the consequent heavy demand for food supply,
and the lack of rain-fed agriculture to meet such demands have increased the role of irrigation
in agricultural production. Water management in the irrigation system is the biggest problem,
particularly in regions where the effects of climate change are noticeable. The amount and timing
of the crop’s water requirements are under debate. Information about crops, weather, and/or soil
is needed for this purpose. Unfortunately, getting such information is difficult, especially when
working with enormous tracts of property. Scientists have been working to find the answers to these
issues for many years. The use of remote sensing to gather the necessary data is one area that has
attracted interest. The advantage of remote sensing is that data collection over vast distances becomes
simple and efficient. For the purpose of enhancing sustainability, crop yield, and environmental
quality, precision agriculture involves the use of agronomic concepts and innovative technology to
control the geographical and temporal variance related to every aspect of agricultural output. Crop
water status is monitored in agricultural areas using a variety of remote sensing techniques. It mainly
includes remote sensing, crop monitoring in terms of water management, the use of drones, and
modern irrigation techniques for the purpose of saving water and increasing water use efficiency in
crops. This review is focused on remote sensing technologies for precision irrigation used to calculate
evapotranspiration, infrared thermography, crop water status, and crop attributes. The framework
for achieving this goal has included precision agriculture as a valuable element. By using these
techniques, we can overcome the problem of water shortage, which is crucial for agriculture.

Keywords: precision agriculture; remote sensors; crop water status; irrigation management

1. Introduction

Precision farming is at the center of offering solutions to the industry’s major issues.
Precision agriculture is defined as the “application of technologies that integrate sensors,
information systems, improved machinery, and versed management to optimize productiv-
ity within sustainable agricultural systems”. The main goals of precision farming include
economic viability, environmental protection, and sustainability. It is considered a system
that assists in reorganizing the total agricultural system in the direction of sustainable,
low-input, and high-efficiency agriculture [1]. However, it is still difficult to determine how
much water is needed to run various irrigation management systems for a wide variety of
crops. To meet the certain irrigation requirements of each crop field on the farm, irrigation
systems are selected, created, and managed through the use of sensors. We must better
manage our water resources if we want to produce enough food to fulfill future demands
in an era of decreasing water availability. Good information is necessary for management
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and planning irrigation systems, yet it is currently difficult to find credible information
on how to use water resources. It is not a simple task to provide accurate information
at scales ranging from farmer fields complete river basins, including millions of hectares
of irrigated land. However, general information about the agricultural and hydrological
characteristics of the land surface may be obtained for large areas using space-borne remote
sensing measures [2]. During the last 20 years, there have been significant advancements
in the ability of remote sensing applications to recognize and monitor crop growth and
other associated biophysical characteristics; however, there are still a number of problems
that need to be fixed. Depending on the capabilities of data gathering and analysis, remote
sensing techniques are now recognized as efficient and effective measurements for irri-
gation water management [3]. The development of technologies such as remote sensing,
mobile computing, telemetry, and satellite monitoring has greatly aided the solution of
the water management problem [4]. For various crops, it is crucial to maintain a powerful
connection between farm water conditions and crop production [5]. The exercise of remote
sensing techniques has significantly enhanced the characterization of surface water bodies,
the forecasting of rainfall and temperature, the estimation of soil moisture, soil surface
characteristics, and evapotranspiration. With the use of high-resolution satellite data, it is
now feasible to monitor flood, drought, and irrigation management events in close to real
time [5].

2. Remote Sensing for Water Management

Remote sensing systems employing information and communication technologies
generally produce enormous amounts of spectrum data due to the high spatial, temporal,
and radiometric resolutions necessary for applications in precision agriculture [6].

2.1. Remote Sensors

Modern agriculture is increasingly relying on the remote sensors for improved crop
production with the efficient use of resources. The energy released by crops is calculated
by thermal infrared sensors to determine the temperature, which is used to determine
the irrigation needs and crop water shortages. Microwave sensors operate similarly to
thermal sensors in order to measure the estimated energy from the ground surface. These
are mostly utilized for large-scale irrigation of crops and soil moisture measurements [7]. A
unique sustainable agriculture method enables the supply of water to the plant in small,
regulated dosages at the proper times and locations to ensure the best possible growing
circumstances [7].

2.2. Modern Irrigation Technology

A crucial component in adjusting the water needs of crops is the use of sensors to
monitor crop water status. Numerous soil scientists see soil variables, such as soil water
content, as an essential component of scheduling tools for regulating irrigation [8]. For
checking or detecting the water content in a soil network of wireless sensors, various
mobile applications and software were built. The design of wireless sensor networks was
created, and the new irrigation management system was developed using this network as
a basis. With the assistance of data analysts, the irrigation test is achieved by using real-
time moisture data and expert data. The smart irrigation technologies include monitoring
devices and different types of sensors, such as some mobile applications, temperature
sensors, and soil moisture sensors, as shown in Figure 1. This technology is considered
effective and practicable for use in the fields of precision agriculture and sustainable
water resources.
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Figure 1. Smart Irrigation Technologies.

Nevertheless, water scarcity, inadequate irrigation infrastructure, low water quality,
inadequate financial resources, limited farmer involvement in decision-making, and fewer
extension services are the main obstacles preventing the development of modern irrigation
practices [8]. To improve irrigation management, farmers must monitor data such as soil
type, soil pH, soil moisture, and nutrients, to make decisions that reduce agricultural
problems. In order to address the complex issues relevant to agriculture, the current
methodology and developing technologies must be integrated into a data-driven technology
to achieve proper irrigation [8].

2.3. Drones

More recent data may be provided by a drone, which allows for great precision in
determining water usage issues that are not seen clearly on the ground level. Therefore, to
upgrade crop quality, production, and profitability, precision farming builds on the use of
cutting-edge technologies, including field mapping and satellite imaging. Additionally, it
makes the best use of conventional resources. Huang [6] created a cutting-edge drone with
an infrared camera to examine the agricultural area and illustrate the difference between
healthy and infected crops [8]. Drone surveillance of greenhouses can boost agricultural
production by detecting insect assaults earlier, which lowers the trip expenses over ex-
tremely vast distances and fixes any irrigation problems found on the farm. Additionally,
drones and intelligent sensors might be used to provide an effective tool for agriculture in
the future.

3. Conclusions

There is unquestionably a need for better management of the world’s agricultural
resources, such as water, due to the growing population pressure and the requirement for
enhanced agricultural production. To accomplish this, it is important to gather trustworthy
information on the types, quality, amount, and locations of water resources. Remote sensing
technology is a crucial instrument for enhancing the current system of collecting and
producing data on agriculture and natural resources. The ability to schedule irrigation and
assess the effectiveness of irrigation systems using data received from remote sensing makes
it a significant tool in irrigation water management. Since irrigation plays a significant
role in agricultural output, the new emerging technologies of remote sensing and modern
irrigation techniques will prove to be very fruitful for water management in vast irrigation
systems and enhancing the water use efficiency of crops.
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Abstract: Agricultural sustainability and food security are adversely affected by nutrient deficiency
in the soil that in turn reduces crop yield. To restore soil fertility, precision agriculture (PA) techniques
are highly encouraged. The PA techniques include the use of integrated sensors, information systems,
better-quality machinery, and informed management to improve productivity. The quality and
quantity of agricultural products can be improved by precision farming. The use of remote sensing
is a nondestructive technique that facilitates the application of PA. The nutrient use efficiency of
crops can be improved by using PA technology. In this regard, various remote sensing techniques
including hyperspectral remote sensing, visible light remote sensing, and the back-propagation neural
network (BPNN) model combined with ordinary kriging (OK) known as BPNKOK are currently
being employed to improve soil nutrients management. These techniques assist in non-destructive
monitoring of plant growth and hence aid in sustaining crop yields.

Keywords: precision agriculture; remote sensing; nutrient management; soil fertility

1. Introduction

Precision agriculture (PA) is a farming system, based on integrated information and
farm production, that helps us to enhance the production of farms and ensure site-specific
nutrient application. The continuous use of chemical fertilizers has resulted in detrimental
impacts on soil quality and the overall environment. The use of PA technology offers
many advantages such as those related to the economy, environmental sustainability, and
overall society [1]. Over the last 10 years, global investments and improvements in PA
technology have increased dramatically [2]. PA has played a role in different fields such
as sustainability, quality of several crops, productivity, protection of the environment,
rural–urban agriculture development, and farm food quality [3].

The depletion of soil fertility and productivity is another main concern in the growing
world. The deficiency of different nutrients including nitrogen, sulfur, potassium, zinc,
and boron is the main problem in the soil. In Asian soils, nitrogen deficiency is more
common. In some areas, potassium deficiency is also increasing. Sulfur is found deficient
in more than 40% of samples. The deficiency of zinc in soil is up to 49%, about 12% of soils
do not possess the required amount of iron and 5% of soils are deficient in copper and
manganese. Moreover, 33% of boron-deficient soils were observed in 36,800 samples of
soil. The efficiency of agricultural systems can be increased by using efficient agricultural
production technologies such as remote sensing. By using these techniques, information on
soil fertility can be collected without disturbing its surface layer.
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2. Remote Sensing Applications

Remote sensing (RS), along with other systems like GPS (global positioning system)
and GIS (geographic information systems), is used to access and control the agricultural
activities. RS techniques are used in agriculture to determine crop and field status such as,
soil moisture contents, soil fertility status, detection of crop stress and disease-causing pests
for sustainable production of crops and to improve the economic status of the country [4].
The hyperspectral images, obtained from the solar-induced chlorophyll fluorescence (SIF),
are used to estimate the plant nutrient and photosynthetic status [5]. Another sensor, such
as vegetation indices (VI), is used for crop nutritional status valuation [6].

2.1. Role of Remote Sensing in Nutrient Management

Remote sensing is the science that involves the collection and interpretation of infor-
mation or data about an object by the use of remote sensors, without making any physical
contact with that objects i.e., at some distance from the earth’s surface [7]. RS has impor-
tance in the classification and evaluation of crops and yield. Remote sensing is the science
and art of collecting data from the earth’s surface without contacting it directly [8]. It is a
non-destructive technique of collecting data on the earth’s surface. The information can be
obtained analytically over a huge geographical area, except for the observation of a single
point. RS collects data from areas that are unapproachable to humans. It is autonomous
from the information collected elsewhere, in contrast to other mapping sciences like GIS
and cartography. The GIS and RS techniques help in improving the nutritional status of
significant agricultural areas. The use of GIS and RS can reduce the costs for farmers and
enhance the efficiency of fertilizers for crops that ultimately reduce nutritional stress by
using site-specific nutrient management techniques [9].

The under- and over-fertilization of soil, prominent due to the heterogeneous nature of
soil, can be improved by using the standard single-rate N fertilization technique. The use of
variable-rate nitrogen fertilizer (VRF) can improve the effectiveness of N fertilization [10].
This VRF technique can improve nutrient use efficiency and crop output and decrease the
nutrient loss from the fields, thus controlling environmental pollution [11].

2.2. Types of Remote Sensing

Different types of remote sensing techniques are used for the fast diagnosis of crop
nutrition and growth. Canopy color analysis, hyperspectral remote sensing, and visible
light remote sensing are useful techniques that are widely used. These are likely to become
hypothetical and non-destructive diagnostic methods for nitrogen crop nutrition in the
new era due to the benefits of stable, fast, accessible, and non-destructive results, as well
as the good correlation between the color parameter of the NRI canopy and N content of
crop and performance index. It is claimed for non-destructive analysis of N availability
and its viability to evaluate the N content and plant growth readily and in real-time [12].
To measure total soil nitrogen, soil obtainable P and K content, hyperspectral images were
used with a neural network model in a back-propagation neural network (BPNN) and
combined ordinary kriging (OK) (Figure 1). The application of hyperspectral imaging
with the BPNNOK model has proven to be an effective technique for the detection of soil
nutrients [13].
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Figure 1. Types of remote sensing in nutrient management.

3. Conclusions

With the increase in the world’s population and the pressure on food, there is a need
to improve nutrient management through several nondestructive techniques. There are
several remote sensing techniques available, such as canopy color analysis, hyperspectral
remote sensing, and visible light remote sensing. In addition, the application of the
BPNNOK model has been proven to be an effective technique for the detection of soil
nutrients. Thus, it is concluded that the application of remote sensing is a precise technique
in nutrient management that ultimately aids in improving plant growth and nutrient status.
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Abstract: Technology integration between the farm and the consumer is at the heart of digital
agriculture. New technologies for developing countries, such as vertical indoor farming that uses
automation and robots, might speed up the elimination of rural poverty and hunger worldwide.
Significant technical developments include state-of-the-art greenhouse techniques, laser-guided
precision farming, AI, and blockchain. Connected farm machinery collects data that may then
be used to research the soil and climate of a given area, allowing experts to offer advice on seed
selection and the optimal timing for applying pesticides and fertilizers. One of the most widely
used innovations of the previous century was the mobile phone. The use of digital technology will
improve communication between consumers and farmers. The public now has more accessible access
to information on farming because of the wealth of data collected on crops and livestock. Smart
farming’s impact on crop yields will be seen in the long term.

Keywords: digital twin; greenhouse horticulture; smart farming

1. Introduction

As a result of concerns about food security, safety, sustainability, and health, the pro-
duction of horticultural goods is becoming increasingly industrialized. Greenhouses are
rapidly transforming into high-tech factories that utilize a great deal of machinery and
a vast variety of goods in extremely large quantities [1]. This transformation is a result
of the increased use of advanced sensors and control systems for climate management,
irrigation, fertigation, lighting, crop monitoring, disease scouting, harvesting, internal
transportation, sorting, and packaging. On the other hand, greenhouse horticulture is
becoming increasingly cutting-edge and data-driven. This phenomenon has accelerated
due to technological developments such as cloud computing, the Internet of Things (IoT),
big data, machine learning, augmented reality, and robots [2]. Growers now can remotely
monitor and control innovative and data-driven greenhouse horticulture activities by
utilizing digital information in (near) real-time. They receive notifications for potential
concerns and can view a rich visual image of the plants or equipment in the greenhouse
from their desk or smartphone. Growers can simultaneously mimic corrective and pre-
ventive activities on the digital depiction. Finally, the farmer can remotely implement the
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recommended treatments and use digital representation to confirm that the problem is
solved. Without the grower’s manual intervention, this intelligent management cycle will
become increasingly autonomous. Finally, plants, containers, greenhouse sections, and
equipment can be virtualized and remotely managed through digital twin development. It
simulates the behavior of real-life objects in a virtual world [3]. The digital twin concept is
new and could advance intelligent greenhouse horticulture. However, it is uncertain how
much greenhouse horticulture uses digital twins. There is little expertise in creating and
using digital twin-based systems for greenhouse horticulture.

2. The Present Need for Digital Agricultural Practices

The agricultural technology industry is evolving in line with other markets and
becoming more knowledge-intensive. Production methods have evolved from their old
forms into more efficient and creative models as a result of this shift. The farmers have
been going through it recently. All of these changes may be achieved via the use of digital
agriculture [4]. The concepts of "precision agriculture," which centers on agricultural
production processes, and digital agriculture, which [5] characterize as an application of
the digital world idea established in the 1990s, are crucial to the development of this field.
When we talk about digital agriculture, we are referring to the practice of using digital and
communication technology to boost agricultural productivity and longevity. The growing
use of innovative, interconnected, and data-intensive computing technologies is collectively
referred to as the Industry 4.0 revolution, which has brought digital agriculture and a slew
of new possibilities to the agricultural sector [6]. The Global Institute of Food Security (2015)
states that only approximately 20% of the world’s agricultural areas are being managed
using digital agriculture technology.

3. Digital Twin Concept

The idea of a digital twin has its roots in product management. There was a demand
in this field for a centralized repository of product data that anybody could access at any
point in the product lifecycle. As such, it was planned for the digital representation of the
product to include all the necessary data for the planning, production, and upkeep of the
product [7].

The IoT is predicated on the idea of interaction between digital and physical items.
Every real-world item has a detailed digital counterpart that can be accessed from anywhere
in the world that details the item’s history, provenance, ownership, and sensory context.
As IoT-based systems evolve, these digital artifacts often serve as the foundation for
smart systems with highly sophisticated control features like monitoring and prediction
as mentioned in Table 1. Among other reasons, the novelty of the notion leads to such
intelligent systems not being presented as digital twins.

Table 1. Essential traits of digital twin technology.

Qualities Findings Reference

Timeliness
A digital twin represents its physical twin in (near) real-time,
identifying and synchronizing state changes of the physical

object and vice versa.
[8]

Fidelity Digital twins must be unquestionably reliable and secure to be
trusted for decision-making. [8]

Integration A digital twin integrates data from all aspects of the physical
object in a unified format. [2]

Intelligence
Digital twins can replicate products, resources, components,

and processes. The digital twin can also show multiple
interdependent items.

[2]
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4. Digital Twins in Greenhouse Horticulture

Horticulture is characterized by a great variety and variability in production. It
involves living, perishable products and production dependent on natural conditions such
as weather, diseases, soil condition, seasons, and climate. This makes horticulture one of
the world’s most dynamic and exciting industries. To mitigate these risks, many farmers
are turning to greenhouses for year-round indoor production, which provides a better-
managed production environment in which temperature, fertigation, light, and moisture
can all be optimized. By enabling farmers to take quick action in the face of (anticipated)
deviations and to simulate treatments based on real data, digital twins may considerably
boost the required control skills. Furthermore, greenhouse horticulture has become more
widespread in recent years, as shown in Figure 1. Large-scale manufacturing makes the
manual tracking of the growing process impossible. The growing shortage of "green labor,"
or skilled workers in the field of horticulture, only adds fuel to the fire.

Figure 1. Design and Implementation of Integrated Control System—Sensors for “Smart” Green-
houses based on the Internet of Things (IoT) Technologies (Picture Credit: Kainat Fatima).

Digital twins may help to solve these problems by removing location, time, and human
observation restrictions [9]. Remote and automated greenhouse horticulture would allow
stakeholders to remotely execute, monitor, control, and coordinate greenhouse activities.
This separates physical and information processes in horticulture. Sensor and energy data
and data from other information owners may augment digital twins (e.g., weather data), as
shown in Figure 1. Digital twins in greenhouse horticulture may also analyze past states
and anticipate future behavior in terms of crop growth and yields. Thus, correctly linked
digital twin apps may help farmers and stakeholders make decisions, respond instantly to
predicted deviations, and remotely regulate greenhouse operations. Intelligence lets digital
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twins collect the implicit "green" knowledge of experienced horticulturists and learn from
data. This will improve production, yields, and quality at the right moment while reducing
the demand for experienced workers.

5. Conclusions

Many intricate steps work together to make agriculture. Everything needs to be
broken down into manageable steps to increase productivity. How well a product does
in the market depends on the farmer, technology, service and consultancy idea. As with
the rest of the economy, agriculture will be digitized. The government should allocate
time and money to spreading the word about the advantages of digitization among the
general public. The rapid growth of e-agriculture is hindered by inadequate connectivity in
rural regions, exorbitant service rates, and a lack of fundamental computer literacy and
comprehension. Substantial funding is essential for developing physical infrastructure,
electrical networks, broadband internet, and transportation.
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Abstract: Precision agriculture (PA) has the potential to radically transform agronomic systems. It
is an effective approach for viable zone management in the agriculture field. In today's era of finite
resources and drastic consequences of climate change, an approach to PA which is an integration
of below-the-ground sensors, multispectral satellite imagery, and weather monitoring system is
reshaping agriculture from static to smart. In this paper, a real-time case study at a lemon orchard in
Gadap, Sindh, Pakistan is presented where PA practices are being implemented successfully. At the
farm locally developed innovative agri-tech devices are deployed which are embedded with electrical
conductivity, soil temperature, soil moisture sensor, and nitrogen, phosphorus, and potassium sensor
to monitor real-time conditions of the soil for precision irrigation and fertilizer application. Along
with device data, incorporation of weather data, agronomist advisory and use of satellite imagery
offer a full-functioning monitoring system for viable decisions. This system also favors tracking
variations in crop health & pest attack for precise pesticide spray. The data output is observed
through a web application. Using these drivers for PA there was increased flowering in the orchard as
compared to other farms in the vicinity. Hence, a promising surplus yield and least toxic better fruit
quality are being obtained, along with the preservation of biodiversity and environment sustainability
the output yield of lemons was quite better than the conventional agriculture practices. PA is an
extraordinary approach to leap closer to food security.

Keywords: precision agriculture (PA); agri-tech devices; remote sensing; food security; Internet of
Things (IoT)

1. Introduction

Global food security drives the recent resurgence of interest in agronomic systems [1].
PA focuses on optimizing farm inputs and contributes to gap fulfillment between crop
potential and productivity [2]. Together the IoT-based modules along with sensor probes,
multispectral satellite imagery, and weather monitoring systems [3] constitute a manage-
ment framework to achieve global food security along with the preservation of biodiversity
and environment sustainability.

PA was being applied at a lemon farm in Gadap town by Crop2x an agri-tech company
that locally develops IoT devices integrated with web applications to access real-time data
of the field. The fertilizer for soil nutrients and pesticide treatment was considered through
spatial variability with the aim to use resources efficiently and achieve high-quality fruits.

Results indicated that PA implemented in one cycle of lemon enhanced the number
of flowers leading to a greater number of fruit formation, Hence farmers can improve the
production of the crops by adopting PA practices to minimize soil degradation [4], conserve
biodiversity, and maintain a sustainable environment to create the base of food security.
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2. Method and Observation

The technological approach of PA implemented at the lemon farm aimed to reshape
the agriculture practices in a structured path.

The study provided evidence that usage of resources can be reduced by accessing
real-time data of the field conditions through IoT devices on web application coupled with
agronomist advisory to take data-driven decisions for variable application of fertilizers,
precise irrigation needed by crop for optimal growth, locating spatially low vegetation
areas in field and pesticide spray management at ETL level considering weather data to
maintain biodiversity and production of least toxic yield.

The highest output with better quality was achieved through PA integrating satellite
imagery, fertilizer application, pesticide application, and precision irrigation/ The method
is evidence that how the application of PA technology is a promising prospect for global
food security and reshaping agriculture.

3. Result

3.1. Satellite Imagery

Satellite imagery by using artificial intelligence has become useful data for decision-
making, in precision agriculture. The interaction of radiation with leave or canopy changes
shows variability in the field through satellite imagery [5].

The low vegetation areas monitored in the lemon farm were due to the cause of
pest incidents treating the localized areas reduced pesticide usage thus protecting the
natural environment.

3.2. Fertilizer Application

Unknown nutrient levels in the field and refraining soil analysis leads to soil infertility.
The soil sensors enable monitoring of NPK trends and other parameters [6] e.g., soil salinity,
Ec, TDS and soil temperature [7].

A known quantity of NPK in soil optimized the usage and avoidance of excess fer-
tilizer as illustrated in Figure 1. Ec functioned as a base in the selection of less alkaline
fertilizers and proves to be effective for lemon trees in terms of remarkable production and
maintaining soil fertility.

Figure 1. Real-time data of soil condition in the lemon orchard and fertilizer trend that helps in
optimum inputs.

3.3. Pesticide Application

Pest surveillance in the field is influenced by favorable temperature and humidity.
Integrating spatial variability and weather conditions in PA cost of pesticide application
was reduced and profit was maximized.

Site-specific applications [6] of selective and bio pesticides were applied that not only
contributed to pest control but also had a significant impact on natural biodiversity proven
by the presence of 11 bee hives in the lemon farm. Bees responsible for pollination played a
magnificent role in better flowering leading to the highest output in the vicinity.
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3.4. Precision Irrigation

IoT devices equipped with soil moisture sensors were placed at certain depths for
accurate measurement of the water level in the soil. A precision irrigation time was designed
depending on the crop stage, root zone, geographical location, and evapotranspiration [8–10].

The system is capable to forecast irrigation required on the basis of water availability
and evapotranspiration illustrated in Figure 1. This helps in eliminating excessive irrigation
and root-related diseases in the orchard and irrigation management [11] contributed to
good flowering and high-quality fruit production.

3.5. Soil Temperature

Plant roots growing in the soil need a conducive environment to transport nutrients
and water to the plant. To keep this mechanism optimal agri-tech devices equipped with
soil temperature sensors remarkably influenced soil temperature management.

At high soil temperatures organic matter leaches down the soil and the availability
of nutrients through the plant roots is disturbed as the beneficial bacteria die and are
unable to decompose the nutrients. At lemon, orchard mulching was done at high soil
temperatures illustrated in Figure 1 to prevent the associated problems hence achieving the
desired output.

4. Conclusions

Precision agriculture using agri-tech devices was implemented and practiced for a
complete cycle of fruiting at a lemon farm.

In reference to the pilot project at lemon farm Gadap if the same PA technology is
implemented on the other farms of the country it can provide accurate data to establish
agronomic decisions. The output in precision agriculture was promising in terms of profit
and the cost of inputs using remote sensing and agri-tech devices was minimized.

This technology is a breakthrough in uplifting the agricultural production of Pakistan
in achieving food security.

5. Future Perspective of This Study

If, PA is practically implemented by optimizing the inputs such as water, fertilizer, and
pesticide, it will result in the high production with increased quantity and quality of fruit.
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Abstract: Agriculture is extremely vulnerable to climate change, creating more difficult challenges.
Presently, the agricultural sector contributes to between 19 and 29% of all global greenhouse Gas
(GHG) emissions. Methane (CH4), nitrous oxide (N2O), and carbon dioxide (CO2) are the main types
of greenhouse gases generated by the agricultural industry. Energy use before and after farms, as
well as shifting ground carbon stocks above and below as a result of changes in land use, are major
sources of CO2 emissions. There has been a trend in recent years toward lowering GHG emissions
in the agriculture sector. Precision agriculture Technologies (PAT) address the field’s temporal and
spatial variability to maximize the usage of agricultural inputs (i.e., irrigation, fuel, and fertilizers).
The PAT can keep or increase productivity while lowering GHG emissions from agricultural activities,
whereas the variable rate irrigation (VRI) approach is helpful in this scenario. Recent research shows
that VRI has a significant potential to mitigate GHG. The present study reviews research related to
VRI that address the reduction in GHG emissions.

Keywords: agriculture; precision agriculture technologies; variable rate irrigation; drip irrigation;
water management

1. Introduction

Droughts, floods, and locust outbreaks are growing more common, and crop yields
are decreasing; however, these abrupt climate changes are less concerning than the already
existing issues for farmers worldwide [1]. Food demand is increasing as a result of variable
diets, and the population is expanding in many regions of the world. The world will need to
produce nearly 70% more human-required food to meet the needs of an estimated 9 billion
people by 2050, making the problem of food security even more difficult [2]. The use of
chemical fertilizers with pesticides and animal wastes in agricultural activities accounts for
about 30% of all GHG emissions. This rate will undoubtedly continue to increase because
of the rising global populations, increased food demand, as well as demand for dairy and
meat-made products, and the intensification of agricultural processes [3,4].
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The rise of modern technologies, which not only make farming sustainable but also
boost output, food safety, and security while lowering GHG emissions, is the silver lining
in this current situation [5–7]. There has been a trend in recent years toward lowering
GHG production in the food production sector, but extensive efforts should be made in
this direction to uphold global climatic assurances. The global warming potential (GWP)
of methane is 25 times more than that of CO2 over a period of 100 years. The conversion
of microbial nitrogen (N) in soil and manure, as well as the dung and urine left behind
by grazing animals, is the main source of nitrous oxide. Over a 100-year timeline, nitrous
oxide has greater GWP (298 times) than CO2. About 37% of all agricultural emissions in
Europe come from agricultural soils, mostly as a result of synthetic N fertilizers and animal
dung in the soil [8,9]. An effective long-term method for reducing climate change is the
active management of cultivated soils using the right technologies and agronomic practices.
There is overwhelming evidence that, in areas where PA is extensively practiced, water and
fertilizer use can be reduced by 20 to 40% without affecting yields, and in some cases can
even increase output [10–12].

Precision agriculture technologies (PAT) consider the field’s spatial and temporal
changes to maximize the usage of agricultural inputs (e.g., irrigation, fuel, and fertil-
izers). Currently, advanced technologies, e.g., (1) variable rate of nutrient application
(VRNT), (2) variable rate of irrigation (VRI), (3) variable rate pesticide application (VRPA),
(4) machine guidance (MG), (5) precision physical weeding (PPW), and (6) variable rate
planting/seeding (VRP/VRS) are being used in developed countries to boost agricultural
production. These variable rate advanced technologies can maintain or increase productiv-
ity while lowering GHG emissions from agricultural activities. Policymakers can evaluate
the utility of incorporating PA into upcoming agriculture and climate policy tools by exam-
ining the role that these tools play in lowering GHG releases and raising farm output. This
study focuses on evaluating precision water application techniques, which are suitable for
reducing GHG emissions and enhancing overall farm productivity.

2. Greenhouse Gas Emissions in Agriculture Sector

The greenhouse gas emissions from the agriculture sector are relatively high and have
a significant impact on climate change and global warming. Significant levels of non-CO2
emissions, such as methane and nitrous oxide, are released by agricultural operations from
crop production and the raising of livestock. The sources and processes of GHG involved in
the agriculture sector are shown in Figure 1. According to the US Environmental Protection
Agency, in 2020, the agriculture sector accounted for approximately 11% of GHG emissions
compared to other sectors, e.g., commercial and residential—13%, land use and forestry—
13%, industry—24%, electricity production—25%, and transportation—27% [5,13,14].

As bacterial activity increased under anaerobic conditions with irrigation, more CH4
emissions were produced, indicating that irrigation techniques can have a significant
impact on GHG emissions. Additionally, variations in soil moisture have an impact on
the redox potential of the soil, which has a substantial impact on the rates of soil GHG
emissions [3,10,15]. Therefore, irrigation practices need to be modified and the amount
of water required to irrigate the crops must be scheduled according to the crop water
requirement to lower GHG emissions. VRI technology is an option that fulfills the spatio-
temporal water demands of the crops.

164



Environ. Sci. Proc. 2022, 23, 35

 

Figure 1. Greenhouse gas emissions in the agriculture sector (Picture credit: Saddam Hussain and
Muhammad Habib Ullah).

3. Role of VRI in lowering GHG Emissions

According to a recent study, drip irrigation can significantly lower GHG emissions
from soil and sustain the quality of the air without compromising forage crop production.
Moreover, the amount of irrigation and nitrogen fertilization is positively correlated with
N2O emissions [1,5,13]. Andrews et al. (2022) [9] found that emissions of CO2, N2O, and
NO are reduced by up to 62% through subsurface drip irrigation. When N fertilization
is paired with accurate precipitation forecasting or scheduled irrigation, GHG emissions
can be further decreased. Therefore, a drip irrigation system reduces GHG emissions
more than a flood irrigation system. Moreover, the crop water productivity can also
be enhanced by adopting an optimum irrigation schedule [4]. If the irrigation method,
duration, and amount are modified according to their needs, it can further significantly
reduce the GHG emissions.

An irrigation system can optimize irrigation application with the use of cutting-edge
technology known as VRI. Since most fields are not uniform, when water is applied evenly,
certain portions of the field can be overwatered, while others might stay too dry. This not
only affects yield but also alters the GHG emissions cycle. The VRI technology has the
potential to reduce over-watering, under-watering, and runoff, ultimately improving soil
health and sustains the ecosystem. VRI’s contribution to the reduction in greenhouse gas
emissions lies in the proper utilization of water, thus reducing the need for energy through
pumping. Moreover, proper irrigation schemes prevent extreme soil moisture utilization
that increases N2O emissions. The irrigation water can be saved by around 8–20% using
the VRI technology. Many other studies also reported a reduction in water use and an
improvement in irrigation efficiency using VRI technology [1,5,9,13]. Hence, the GHG
emissions are linked to soil water availability, which depends very much on the amount,
timing, and method of irrigation.

4. Conclusion

Irrigation plays an integral role in crop growth, health, and productivity. Precision
water management can help to reduce GHG emissions and mitigate climate change. The
VRI technology distributes the right amount water to plants and at the right intervals to
satisfy the crop water requirement. In addition, less water needed for irrigation requires
less pumping energy, powered by either fossil fuel or electricity, indirectly impacting
greenhouse gas emissions. This study concludes that a suitable irrigation scheduling and
irrigation technology can be used, i.e., VRI reduces GHG emissions. The VRI technique
boosts the yield of grains and irrigation efficiency and reduces GHG emissions.
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Abstract: Crop growth and yield are influenced by the genetic potential of the cultivar, soil, weather,
and cultivation practices, i.e., sowing date, irrigation and fertilizer amount, and biotic stresses.
Temporal variation in yield and growth has been largely forecasted using climate as a predictor,
which can be achieved by using either an empirical or crop simulation approach for a given location.
Climate and soil data collected over agricultural land regularly aid in crop growth monitoring, as well
as crop vitality assessment. Crop simulation models (CSM) that have been successful in field-scale
applications are now being implemented in GIS framework to simulate and monitor crop growth
with remote sensing inputs, allowing for sensitive evaluations of seasonal weather conditions, local
variability, and crop management signals. This research was designed to monitor the growth of three
varieties of kiwifruit, i.e., Hayward grafted, Green-flesh, and Hayward, in four different localities:
Hazaro (Attock), Simli Dam (Pind Begwal), GPU (germ plasm unit) Arid Agriculture University
Rawalpindi and ZTBL (Zarai Taraqiati Bank Limited) Farm Islamabad, each of which has different
soil and weather conditions. Soil proximal sensors were used to measure soil characteristics, and
data loggers were installed in each field to monitor the weather parameters to collect data that
influences crops. In this study, we used a quantitative method and GIS-integrated data to assess
the impact of soil and climate on kiwifruit growth. It can help policy makers and researchers to
identify new agro-climatic zones in Pakistan’s semi-arid regions for kiwifruit farming based on this
data. In this study, we found that kiwi is very susceptible to temperatures above 40 ◦C, which cause
mortality in kiwifruits plants. Morphological data with respect to soil and climate results showed
that green-fleshed and Hayward varieties performed slightly better than Hayward grafted, which
was most susceptible to diseases and heat damage.

Keywords: crop simulation models; crop monitoring; remote sensing; soil and climate

1. Introduction

Kiwifruit is a deciduous perennial climber plant that originated from eastern and
southern Asia [1]. Kiwifruit seeds and peels are an excellent source of beneficial com-
pounds, including carotenoids, terpenoids, and polyphenols, and have anti-inflammatory,
antimicrobial, antidiabetic, and antioxidant properties; therefore, this fruit has excellent
industrial and pharmaceutical potential [2]. Commercial cultivation of kiwifruit started in
New Zealand and later spread all over the world [3]. This plant is susceptible to extreme
temperatures and frost and requires an optimum temperature ranging from 22 °C to 30 °C
for better fruit production [4]. A total of 70 varieties of kiwifruit are grown worldwide,
among which only green and golden kiwifruit are used for commercial purposes [5]. In
2020, China had the highest kiwifruit exports, valued at USD 454 million [6].
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Approximately 4.41 million metric tons of kiwifruit were produced worldwide in
2020—an increase from the 1.87 million metric tons produced in 2000. In 2020, China
and New Zealand produced 2.2 and 0.6 million metric tons, respectively [5]. Commercial
kiwi cultivars, including Arctic, Abbott, Allison, Bruno, Hayward, Monty, and Tomuri,
are significant globally and are imported into Pakistan from China and other producers.
The Pakistan Agricultural Research Council has been testing the Hayward type of kiwi
plants in the Hazara belt in past few years. The fruit has also been grown in Battagram,
Abbottabad, and Havalian [7].

In Pakistan, kiwi is an exotic plant that is not cultivated at a commercial level. How-
ever, research is being conducted to determine suitable climatic zones for fruit production.
Climate and soil variability are the two most important factors in plant growth and are es-
sential for determining suitable climatic zones for fruit crop production. Soil characteristics
and climatic suitability are the primary factors affecting optimal plant growth and fruit
quality [8–10].

The growth cycle of kiwifruit (including budburst, blooming, and fruit maturity)
is affected by environmental and soil conditions [9], which determine the occurrence of
phenological phases, i.e., lower temperatures in late autumn and winter cease dormancy.
Rainfall affects fruit development, and cooler mean temperatures in the fall seem to boost
brix. Accordingly, warmer temperatures accelerate phenological phases from budburst
through early fruit development, whereas cooler mean temperatures encourage faster
maturation rates in autumn and the end of dormancy in winter. In this way, kiwifruit vine
is sensitive to frost and high temperatures and cannot withstand harsh weather [2,11].

Soil nutrient status also affects plant productivity, as excess or deficient N, P, and K
can represent potential risks, reducing fruit quality, quantity, and plant growth [12,13]. Like
soil nutrient status, pH and electric conductivity can also affect kiwifruit crop productivity,
as high pH can significantly constrain nutrient availability [14].

As the world population is increasing daily and modern technologies are progressing
rapidly, agriculture interventions to monitor crop growth need time to fulfill nutritional
requirements. In the current research, GIS and sensor-based approaches were applied to
monitor the growth of kiwifruit, considering climate and soil parameters [15,16]. It is a
well-established practice to employ GIS and RS data for crop monitoring during all stages
of activity, i.e., planning, analysis, and output [17]. For this purpose, different sensors
are used to determine fertilizer requirements, water availability, and pest infestations.
Precision agriculture provides explicit real-time estimations through satellite systems. This
technology provides accurate field data [18], reduces labor costs and input resources, and
boosts agricultural productivity [17,19,20].

It is essential to study the two crucial factors of climate and soil to monitor the
growth of kiwifruit. Using proximal sensors, in this study, we intended to evaluate the
morphological response of kiwifruit in a semi-arid region, determine the influence of
climate and soil variability on kiwifruit, and compare the growth of different kiwifruit
varieties in terms of climate and soil suitability.

2. Materials and Methods

2.1. Experimental Site

The research experiment was carried out at 4 different locations in the semi-arid region
of Potohar, Pakistan. These locations included Simli Dam (Pind Begwal; 33◦41′57′′ N
73◦15′52′′ E), Zarai Taraqiati Bank Limited (Farm Islamabad; 13◦39′59′′ N 73◦06′01′′ E),
Attock (Tehsil Hazaro; 33◦56′55′′ N 72◦24′52′′ E), and the Germ Plasm Unit (Pir Mehr Ali
Shah Arid Agriculture University, Rawalpindi; 13◦38′48′′ N 73◦04′50′′ E). Three varieties
were selected for this research, i.e., green-fleshed, Hayward grafted, and Hayward. Satellite
imagery of the above-mentioned locations via GPS logger are illustrated in Figure 1:
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Figure 1. Kiwifruit plant research locations in Pothohar region.

2.2. Study Parameters

Morphological growth parameters include the number of leaves, number of shoots,
stem diameter (cm), plant height (cm), inter-nodal distance (cm), and leaf area (cm). To
monitor the growth of kiwifruit plants, soil (NPK concentration, pH, electrical conductivity,
and organic matter) and climate (temperature, rainfall, and relative humidity) parameters
were measured. Soil and climate data were utilized to estimate agroclimatic appropriateness
their effect on plant morphological growth.

2.3. Monitoring Parameters

Rainfall data were collected from the Pakistan Meteorological Department. Tem-
perature data were collected using a data logger installed at the research locations. Soil
parameter results from the lab and proximal sensors were compared. A calibrated scale
was used to assess morphological growth from March 2022 to August 2022.

2.4. Data Evaluation and Analysis

RCBD analysis was used to evaluate data. By considering the soil and climatic param-
eters, varieties for a specific location were planned for the next growing season, and the
influence of these parameters on morphological growth were also considered.

3. Results and Discussion

The chemical properties of the soil used for experiments at the four locations are
shown in Table 1. This test indicated the nutrient status of soil in which kiwifruit plants
were grown.

Temperature data were collected through a data logger, and rainfall data were collected
from the Pakistan Meteorological Department, as shown in Table 2. These data, which
were observed during a six-month period from March to August, show the average rainfall,
minimum temperature, and maximum temperature during each month.
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Table 1. Average data of chemical properties and nutrient status of soil collected through proximate
soil sensors and soil fertility tests.

Attock Simly GPU ZTBL

Nitrogen (mg/kg) 14 16 16 12
Phosphorous (ppm) 0.919 0.615 1.046 0.288

Potassium (ppm) 3.5 1.3 3.9 2.1
EC (us/cm) 0.4 0.1 0.1 0.1

pH 6.4 6.19 6 6.5
Organic matter (%) 0.93 1.28 0.24 0.59

Table 2. Climatic factors recorded at different locations.

Location Month

Climatic Factors

T ◦C
(Average Min)

T ◦C
(Min)

T ◦C
(Average Max)

T ◦C
(Max)

Rainfall
(mm)

Attock

March 20 8.1 36 37 66.3
April 21.2 17.2 37.2 38 50.7
May 24.6 19.5 40 43 33
June 31 22.5 45 49 32.7
July 31.5 24.3 45.5 47 99.5

August 29.5 23.1 43 46 97.1

ZTBL

March 17 7.1 33 34.5 73.8
April 18 14.3 34.3 35.1 59.7
May 21.5 16.1 37 40 39.2
June 28.2 19.5 42.3 46 62.2
July 27.5 19.8 42 44 267

August 22.9 20 39.2 42 309.9

Simly

March 16.5 7.0 32 33.5 140.39
April 17.2 13.2 33.5 34.5 94.23
May 20.8 14.8 36 39.1 55.02
June 27.5 18.1 41.2 43.5 63.55
July 26.6 19.3 41 43.1 261.5

August 21.5 19.5 38.5 41 240.31

GPU

March 18 7.5 34 35 71.8
April 19.6 15.5 35.1 36 57.7
May 22 17.5 38 41 30
June 29 20.2 43.2 47.3 53.3
July 29.5 21.1 43.3 45.2 237

August 27.5 20.3 41.8 43.8 236

As shown in Table 3, different growth patterns were observed among the three varieties
at each location. For each variety, stem diameter was almost constant at every location,
but the highest stem diameter was recorded (0.85 cm) in the green-fleshed variety at Simly
Dam (Pind Begwal). Minute variation in stem diameter is due to variations in soil chemical
composition. An increases in stem diameter often followed canopy responses and soil
chemical composition, as described in [7]. Collected data show a major difference in
the plant height of each variety at different locations. This variation is due to weather
conditions; rainfall of more than 150 mm in June and July caused water flooding in the
root zone, affecting the root zone’s oxygen ratio. In terms of plant height, the Hayward
kiwi plant reached a height of 126.4 cm in Attock, followed by 125.32 cm in GPU, 125.67 cm
in ZTBL, and 75.5 cm in the Simly Dam kiwifruit orchard. The height of the Hayward
grafted variety was 128.83 cm at the Simly Dam location. The third variety, green-fleshed,
was most heightened at each location as compared to other varieties, with a maximum
height of 246.17 cm at the Simly Dam location, followed by 228.17 cm at ZTBL, 219.3 cm
at GPU, and 173.35 cm at Attock. Tree growth and development are determined by the
plant’s height in the local climate [21]. The genetic makeup of the variety and the impact of
environmental factors lead to diversity in plant height among olive types, which behave
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differently in various climatic situations. The efficient use of plant nutrients and water at
various locations is the cause of the variance in plant height in kiwifruit [12].

Table 3. Growth parameter analysis of three varieties (Hayward, Hayward grafted, and green-fleshed)
at Attock, GPU, ZTBL, and Simly Dam.

Variety Location

Parameters

Stem Dia.
(cm)

Plant Height
(cm)

Internodal
Distance (cm)

No. of
Shoots

No. of
Leaves

Disease
(%)

Heat
Damage (%)

Hayward

Attock 0.755 126.4 8.625 10 50.167 2.933 23.833
GPU 0.5867 125.32 8.6267 9.8333 50.5 4.6667 5.5
ZTBL 0.5467 125.67 8.63 12 52 5 8.833

Simly Dam 0.8333 75.5 4.8167 10.5 46.667 3.8333 3.3333

Hayward
grafted

Attock 0.6083 94.2 5.7167 5.667 54 7.133 25.633
GPU 0.5583 101.67 6.6 8.3333 52 5.8333 10
ZTBL 0.515 111.67 8.6267 11.667 52.5 5.3333 12.167

Simly Dam 0.8367 128.83 6.5133 10.167 64.833 4.5 4.8333

Green-
fleshed

Attock 0.6283 173.35 7.5167 6.333 53.833 4.555 4.23
GPU 0.56 219.28 8.15 7.8333 57.333 5.1667 5.167
ZTBL 0.5133 228.17 8.2167 9 72.833 4.5 5.667

Simly Dam 0.8533 246.17 8.2167 10.333 82.667 3.5 3.5

The climate data at all locations are shown in Figure 2, this climatic data affects
kiwifruit morphological growth as shown in Table 3. The data on climatic factors shown in
Table 2 indicate that rainfall and temperature variation affected plant growth, as reflected
by internodal distance, the number of shoots, and the number of leaves. The internodal
distance reached a maximum value (8.62 cm) in the Hayward grafted variety at ZTBL and
a minimum value (4.82 cm) in the Hayward variety at Simly Dam. Internodal distance
determines the morphology of the canopy and the porosity of the branches, which favors
light and air permeability [22]. All vegetative tissues of plants share metabolites, so their
effects on intermodal tissues vary [22,23]. The maximum number of shoots was 11.7 in the
Hayward grafted variety, and the maximum number of leaves was 82.7 in the green-fleshed
variety. When the internode size of native spearmint tissues is increased, the number of
shoots decreases [24].

 
Figure 2. Climatic factors recorded at different locations.

The percentage of disease caused by genera Sphingobium and Phytophthora was 7.133%
in the Hayward grafted variety and 2.93% in the Hayward variety at Attock kiwi orchard.
These pathogens are responsible for the loss of kiwifruit vine [25]. In June and July,
temperatures above 40 ◦C adversely affect kiwifruit plants, making them more vulnerable
to sudden and extreme weather events, such as very high, quickly rising temperatures and

171



Environ. Sci. Proc. 2022, 23, 36

rains, which occur more frequently in the summer and cause intense and abrupt water
stress [26]. Heat damage percentage was also recorded as highest in the Hayward grafted
and lowest in the Hayward and green-fleshed varieties at Simly Dam. These data show
that green-fleshed and Hayward varieties are the most suited to the local climate, and the
Hayward grafted variety is the most susceptible to diseases and heat damage (Table 3),
which can have long-term effects on the growth of the kiwifruit plant. The physiological
responses of the kiwifruit vine to environmental stress can indicate for opportunities
that can be overcome through breeding and, cultural techniques. Spatial variation in
leaf arrangement and temporal variation in irradiance conditions lead to highly dynamic
irradiance of individual leaves within the canopy [26]. Overall, the green-fleshed kiwi
variety performed better than the Hayward and Hayward grafted varieties in terms of
morphological parameters at all research locations. The climatic conditions at Simly Dam
are most suitable for kiwi plants. Because kiwi plants like humidity, they are widely
adopted in humid areas of China and New Zealand [27]. Rainfall of more than 150 mm
causes flooding in the root zoon of kiwi plant, and the physiology of plants and the
anatomical characteristics of the xylem point to a potential involvement of weather. This
role might be highly harmful to kiwifruit, which is known as an anisohydric plant [28].

4. Conclusions

Identifying new agro-climatic zones in Pakistan’s semi-arid regions for kiwifruit farm-
ing is possible. This plant is being introduced in Pakistan to attain significant benefits.
For this purpose, a number of kiwifruit varieties were grown in different areas to deter-
mine suitable soil and climate conditions for growth and commercial production. The
morphological characteristics of three varieties were recorded at four locations, and the
effects of climate and soil were observed. Crop simulation models (CSMs) are now being
applied in GIS framework to simulate and monitor crop growth with remote sensing inputs,
allowing for sensitive evaluation of seasonal weather conditions, local variability, and
crop management. In this study, we found that kiwi is very susceptible to warm weather,
is sensitive to frost and high temperatures, and cannot bear harsh weather; specifically,
temperatures above 40 ◦C cause mortality in kiwifruit plants. Morphological results show
that green-fleshed and Hayward varieties performed slightly better than the Hayward
grafted variety, which was found to be the most susceptible to diseases and heat damage,
which can have long-term effects on the fruiting of kiwi plants.
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Abstract: All tropical and subtropical areas of the world are suitable for citrus cultivation. In
managing fertilizer application efficiency in orchards, variable-rate technology (VRT) has been
demonstrated to be an important element. This article aims to study the significance of variable-rate
fertilization for citrus in the arid region of Pakistan. The NPK was calculated before the application of
the variable-rate fertilizer. The plant height and stem girth were determined before and after fertilizer
application. The preliminary results revealed that the stem girth performed significantly better
than the plant height after applying fertilizer by VRT. The preliminary results showed a significant
difference in the fruit yield between the VRT and uniform-rate fertilizer application.

Keywords: variable-rate technology; citrus; stem girth; plant height; fertilizers

1. Introduction

Pakistan is a producer and exporter of citrus, ranked sixth overall globally, with an
average production of 2,468,671 tons in an area of 181,650 hectares [1]. Citrus fruit occupies
a dominant economic position in the world’s fruit sector and is commercially grown in over
130 countries. However, Pakistan only contributes 2.9% of the world's production of citrus
fruit, such as mandarin and oranges, due to its low average yield compared to worldwide
trends [2]. The cost of production has increased due to rising inflation, while the yield has
stagnated. Although citrus has the potential to be a significant crop, proper research has not
been undertaken to boost its productivity. Despite the introduction of modern technologies,
such as precision agriculture, VRF, etc., and their impressive outcomes, farmers have not
yet adopted them to improve the yield of their orchards [3]. VRF application has the
potential to improve fertilizer use efficiency, reduce the cost of production, and reduce the
environmental impacts [4,5]. Variable-rate technology (VRT) is a key site-specific precision
agriculture technique that empowers variable dose input control in the field dependent
on the crop and soil spatial variability [6,7]. Although this technology is well known and
efficient, growers have not yet implemented it as their major method of fertilization [8].
The objective of this study was to reduce the loss of fertilizers via the traditional method of
fertilization and to reduce the toxicity caused by the excessive use of fertilizers.

2. Materials and Methods

2.1. Experimental Site

Citrus groves located at the University Research Farm Koont of PMAS-AAUR,
Rawalpindi, were selected for this research to evaluate the impact of the VRT on citrus
growth and yield; the map of the area is shown in Figure 1.
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Figure 1. Map of the study area, the citrus orchard, and Rawalpindi.

2.2. Experiment Framework

The selected field for the experiment had been under URF for the past few years.
Plants with an age of more than five years were selected for this research. The VRF was
applied based on the canopy volume. The plants were divided into three groups having
different canopy volumes, as shown in Table 1. The plant canopy was measured with the
formula 1/2πr2 × h.

Table 1. Plant groups based on canopy volume.

Groups ID
Canopy Volume

(ft3)
Nitrogen

(g)
Phosphorous

(g)
Potassium

(g)

A1 300–450 875 1390 500
A2 450–600 1050 1675 600
A3 600–750 1250 1940 700
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Soil sampling was performed to verify the accuracy of the recommended doses, carried
out by soil proximal sensors. The plant height, stem girth, and fruit yield were measured
to evaluate the effect of the VRF. A statistical comparison was performed to evaluate the
impacts of the variable-rate fertilization on the plant height and stem girth.

3. Results

3.1. Plant Height

The plant height plays a significant role in the development of plant physiology [4].
Plant height readings were taken at regular intervals over time. The results indicated
that the heights of the plants under the variable-rate fertilization (VRF) and uniform-rate
fertilization showed only a small difference; the results are shown in Table 2. On the other
hand, the plants under VRF performed well with less input as compared to the plants
under uniform-rate fertilization.

Table 2. Comparison of the plant height under the URF and VRF (2021).

Canopy Volume (ft3) Sample N Mean p-Value Mean *p-Value

July 2021 July 2022

300–450
VRF 3 8.20

0.0503
8.63

0.018087URF 3 8.03 8.60

450–600
VRF 3 10.33

0.0236
10.83

0.008688URF 3 9.83 10.43

600–750
VRF 3 9.90

0.0230
10.50

0.158950URF 3 10.73 11.43
*p-value less than 0.05 shows significant results.

3.2. Stem Girth

A significant influence was observed in the stem girth in the plants receiving VRF as
compared to the plants under URF, especially in the second interval of the reading; the
results are shown in Table 3.

Table 3. Analysis of variance of the stem girth at 50% (2021).

Canopy Volume (ft3) Sample N Mean p-Value Mean *p-Value

July 2021 July 2022

300–450
VRF 3 15.66

0.400985
17.10

0.116486URF 3 15.33 0.52

450–600
VRF 3 20.17

0.095855
1.60

0.113882URF 3 19.00 3.00

600–750
VRF 3 18.50

0.044226
1.25

0.263621URF 3 18.67 2.12
*p-value less than 0.05 shows significant results.

3.3. Interpolation of the Soil Nutrients

In Figure 2, the maps show the current nutrient status of the nitrogen, phosphorous,
and potassium in the citrus orchards after the application of fertilizers with the VRT
methods. Soil data were taken from 15 different stations by soil proximal sensors after the
application of fertilizer with the VRT method. The maps show that the soil contained a
reliable concentration of all primary nutrients.
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Figure 2. Kriged interpolated maps of (a) potassium, (b) nitrogen, and (c) phosphorous.

3.4. Fruit Yield

It is essential to note that the impact of the VRF and URF on citrus yield depends
on a variety of considerations, including the type of citrus being cultivated and the soil
conditions. The fruit yield of the plants under the VRF treatment was higher than the plants
under the URF treatment, as shown in Figure 3. Moreover, there were fewer disease attacks
on the fruits after maturity in the plants under the VRF treatment.

Figure 3. Number of fruits per plant vs. treatments based on the canopy volume.

4. Conclusions

A calculated amount of fertilizer was applied to the plants under the VRF treatment as
compared to the plants under the uniform-rate fertilization (URF) treatment. The random
or excessive use of fertilizers increases the risk of soil toxicity. It is also considered an
unsustainable practice. The preliminary results showed that the VRT method reduced the
fertilizer quantity, which also reduced the cost of fertilization for the farmer. Due to the
abovementioned benefits, VRT has the potential to increase the production of crops as well
as their quality by enhancing their physiology.
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Abstract: Soil moisture sensors and hydraulic modeling play a vital role in managing surface irriga-
tion systems. Crop water productivity can be improved by managing the inflow cut-off time and
optimizing the other field scale measurements. As such, hydraulic modelling and field experiments
were carried out at the University of Agriculture Faisalabad-Pakistan. The soil moisture sensor
(SEN-13322) and the WinSRFR model were used for this purpose. In total, nineteen treatments
including eighteen simulated treatments and one conventional treatment were designed at two levels
of discharge (Q1:0.0025 and Q2:0.0035 m3s−1), at three sensor positions (S1:55%, S2:65%, and S3:75%)
across the field length, as well as with three different border widths (B1:6.4m, B2:8.5m, and B3:10.7m)
after successful sensor and model calibration during the two growing seasons of 2016–2017 and
2017–2018. The results revealed a significant difference between the means and the treatment T10 i.e.,
Q2S1B1 that were found to be highly efficient and uniform.

Keywords: cut-off time; WinSRFR model; border width; irrigation science; crop production

1. Introduction

Water shortage has become a major problem and challenge around the world in recent
decades. The shortage of water has also affected agricultural output and encouraged
scientists to consider how best to manage the available water resources. Pakistan is a
developing nation that struggles with problems, including the lack of water as a result
of industrialization, urbanization, and the rising demand for water [1]. The current per
capita amount of water resources in Pakistan ranges from 5600 m3 to 1000 m3 [2]. To
address the issue of water scarcity and to satisfy the demand for agricultural products
while maximizing the use of limited amounts of available water resources and minimizing
water losses, efficient irrigation methods at the farm level are needed [3]. The farmers in
Pakistan irrigate their crops using age-old techniques (i.e., flood irrigation) that involve
flowing water like a sheet along the field's length.

With the flood irrigation technique, uncontrolled water runs toward the end of the field,
which usually waterlogs the crop and irrigates it more than the crop water requirement,
resulting in overall yield decrease and the wastage of water. If irrigation water is cut-off
at the right time before it reaches the field tail-end boundaries, the effectiveness of the
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surface irrigation system can be improved [4]. To use the cut-off approach, a farmer must
make numerous field rounds to determine when the dose of water has reached a particular
distance from the starting end or away from the tail end. But this investigation could be
difficult, therefore, advanced techniques are required for accurate measurements to cut-off
water supply and to save water while increasing crop productivity. A common surface
irrigation system is fitted with soil moisture sensors, which may help supply minimal water
without over-irrigating [5]. Although there are many different hydrological models, the
WinSRFR is a more sophisticated version of the SRFR model and offers more computational
possibilities than other hydrological models [6]. In this study, the traditional sensor-
based systems were also integrated with Wi-Fi and computer communication networks to
automate Pakistan's irrigation system and determine the actual irrigation interval.

2. Materials and Methods

2.1. Experimental Site

This experiment was carried out at the Postgraduate Agriculture Research Station
(PARS), University of Agriculture, and Faisalabad-Pakistan. For the experiment, a field of
33.84 m × 27.44 m was divided into 30 equal grids. Each grid was 5.64 m × 5.488 m, and
soil samples were collected from each grid at the depth of 9 in for physical and chemical
analysis. The field capacity in the experimental field area was determined using a soil
moisture tester.

2.2. Hydraulic Simulation Model of Surface Irrigation System

In the present study, the USDA-developed WinSRFR 4.1.3 was used to simulate a
surface irrigation system. The WinSRFR is the latest and most popular model being used
for this type of study [7].

2.3. Model Calibration

The location of the single directing point affects the flow rate, cut-off time, and infiltra-
tion parameters. During land preparation, which includes making a border with varying
width and length at the experimental site, 10 pegs of 30 cm height were positioned at equal
intervals along the borders. Subsequently, the time was noted when the water reached
each peg. Finally, the WinSRFR model and the advance times derived from field data were
compared.

2.4. Experimental Design in WinSRFR

Almost ninety treatments were created in the model by combining different border
widths, discharge cut-offs, and inflow cut-offs concerning distance. However, all the other
parameters including field length, field slope, and field depth, etc. were held constant
during the simulation process. Among these total treatments, 19 (one traditional and 18
simulated) were used in the actual field studies. These treatments had three levels for
sensor position (55%, 65%, and 75%) and border width (6.4 m, 8.5 m, and 10.7 m).

2.5. Water Use Efficiency

In this study, crop yield and the total water consumed by the crop over the season
was used to calculate water use efficiency (Equation (1)), which is also known as true
agricultural water productivity [8].

CWP =
Grain yield (Kg ha−1)

Water applied (mm)
(1)

3. Results and Discussion

3.1. Soil Chemical Analysis

The analysis of the soil samples showed that the soil pH ranged from 7.7 to 8.7
and had a range of 2 to 11 ppm for the readily available phosphorus. High phosphorus
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concentration in soil is recommended [9] because it appears to be crucial for soil fertility
and for preventing soil from becoming zinc deficient. Additionally, the range of the amount
of accessible nitrogen in soil samples was between 0.017 to 0.042%.

3.2. Moisture Sensors Calibration

The relationship between the moisture content and the sensor reading resistivity was
successfully established. These sensors are excellent for irrigation scheduling due to the
high coefficient of determination i.e., 0.98 (Figure 1).

y = 0.0932x + 13.495
R² = 0.9811
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Figure 1. Comparison between soil moisture content (%) and sensor reading (resistivity).

3.3. WinSRFR Hydraulic Simulations

The WinSRFR model was successfully calibrated, and to prevent over- or under-
irrigation, hydraulic simulations of all the treatments were run on the model. Application
efficiency (AE) alone cannot provide a reliable indicator of how well surface irrigation is
working. Additional measurements are needed that include the distribution uniformity
lower quarter (DUlq) and the distribution uniformity minimum (DUmin) [10]. These three
performance indices (i.e., AE = 92, DUmin = 87, and DUlq = 91) showed higher values,
indicating that the treatment T10 has excellent uniformity and efficiency.

3.4. Plant Growth Parameters for Maize

The crop yield is affected by various plant growth factors, including the plant popula-
tion per unit area, the plant height, the number of leaves per plant, the leaf area index, the
length of a cob, the number of cobs per row, and the number of seeds per cob. The average
number of plants for the treatments T10 and T11 was 230 and 225, respectively. The lowest
counts were in the second year when there was an average of 215 and 170 plants for T12
and T14, respectively. The smallest plant height in T9 was 146.3 cm, while the largest in T14
was 181.44 cm.

3.5. Water Use Efficiency

Water use efficiency provides information about how effectively the field's crop utilized
the applied water. A sensor was used to compare the differences in the irrigation water
application between the two years based on the total rainfall and the soil moisture levels.
Figure 2 displays the Water use Efficiency (WUE) of maize for the year 2016–2017 and
2017–2018. The Maximum WUE was 15.78 kg/ha/mm observed in T10; 13.88 kg/ha/mm
in T11; 13.07 kg/ha/mm in T1; and 3.17 kg/ha/mm using the conventional method in
year 1. WUE for the treatment T10 in the second Year was 14.93 kg/ha/mm, followed
by the treatment T11 at 13.64 kg/ha/mm and the treatment T1 at 12.38 kg/ha/mm. The
conventional treatment method showed the lowest WUE, at 3.64 kg/ha/mm.
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Figure 2. Comparison of WUE of Maize for the Year 2016–2017 and 2017–2018.

4. Conclusions

Managing irrigation practices precisely plays a vital role in saving ample amounts of
water with an increase in WUE. The results of the present study revealed that the treatment
T10 conserved the most water (1121 mm) and produced the most water (15.78 kg/ha/mm),
followed by the treatments T11, T1, and T13, respectively, compared to the control. All the
Q2 treatments (T10 to T18) had higher efficiency and uniformity indices values than the
corresponding Q1 treatments (T1 to T9). The WUE was decreased by expanding the border
because the water did not distribute evenly throughout the area. The reduced border
width, ending the irrigation early, and the use of a high inflow rate together resulted in the
improved hydraulic performance of surface irrigation, as demonstrated by the efficiency
and the uniformity indicators.
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Abstract: Precision agriculture is getting immense attention from researchers and farmers across
the world due to the threatening situation of the demand and production gap. Evolution in the
electromechanical system and the emergence of intelligent monitoring and conditioning systems have
enabled closing the gap to make agronomy quicker, lesser prone to infestations, and still profitable
at the same time. Whereas the Internet of Things (IoT) has enabled access to relevant data remotely
and automates essential response systems to any threat or requirement by a plant in a particular
environment. This study concentrates on gathering such advanced mechatronic techniques in the
agricultural sector and analyses of the benefits and disadvantages of the modern method.

Keywords: mechatronics; precision agriculture; IoT; robotics; UAV

1. Introduction

The agricultural development [1,2] is the most important factor in Pakistan’s economic
growth. Around 45% of the labor force and 23.4% of the country’s GDP are dependent on
agriculture. Numerous constraints and difficulties are faced by local farmers, including
the need to increase sustainability, increase yields to satisfy demand, maintain margins,
and control water usage. Local farmers usually collect field data manually by monitoring
their crops and use the field data to analyze the number of pesticides to be sprayed, soil
enrichment chemicals, time to harvest, and yield predictions. Even though this procedure
can be as simple as going across a field and making observations, farmers are restricted
by time, data recording, and the capabilities of analysis tools while making visual obser-
vations and are required to take suitable actions to boost crop yield. Farmers all over the
world are employing precision agricultural techniques with the help of aerial/ground
robots equipped with sensors/actuators and related decision-making software to overcome
problems. These approaches assist farmers at various phases of crop growth.

More than 60% of the people in Pakistan [1–3] are dependent on agriculture for
survival. Past supporting an agrarian economy, one of the biggest challenges faced by the
agriculture sector is a low per-acre yield due to the lack of using precision agricultural
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techniques. There is a huge opportunity for innovators and entrepreneurs to bring ideas that
can help to integrate information systems, current mobile networks, and sensors/actuators
equipped with automated machines and mobile platforms to bring a system that can
revolutionize precision agriculture in Pakistan.

Mechatronics engineering [4,5] is the practice of designing electromechanical systems
under computer control. Because the mechanical system design must be implemented
along with the electrical/electronic and computer control components that will make up
the overall system, it might be referred to as “current mechanical engineering design.” Ex-
amples of mechatronic systems include wired aircraft controls, anti-lock brakes, computer
hard drives, CD/DVD players, and videocassette recorders (VCRs) (ABS). These products
are all mechanical, but they all rely on integrated electrical and computer control systems
to operate.

Electromechanical systems [6] have been used in agriculture for decades. With the
advancement of technology, these devices are increasingly being diverted towards mecha-
tronics, as electromechanical equipment is becoming more and more ‘intelligent.’ In a
modern and complex agricultural facility, we can find a lot of embedded systems, such as
microcomputers and microcontrollers. These independent parts make up the majority of an
agricultural complex in the modern era. Currently, precision agriculture is the cornerstone
of modern agriculture (PA). Given instances of mechatronic technologies used in modern
agriculture and demonstrates the possibilities of precision farming (such as the Internet of
Things). It discusses trends and also defines a vision, as agriculture technologies are in a
single network with both pre- and post-technologies.

2. Smart Applications and Robotics

J.B. Grau et al. [7] has done a project with different universities and other agriculture
companies to make an optimized system to help with the precision of agriculture with the
help of mechatronics. The project’s components comprised the analysis and decoding of
images of the soil surface, fertility evaluation and the production of a fertility map, signal
creation for mechatronic dosing devices, intelligent fertilizer dosing, testing of prototypes,
modeling of human-machine interaction, and the development of training materials. This
study resulted in the creation of an intelligent and autonomous system that helped identify
various soil types and make decisions for the fertilization of the soil under those findings.

Khairul Azmi Mahadhir et al. [8] made an agriculture robot that helped in the identifi-
cation of terrain conditions. This was a smart robot that learned to adapt to its environment
by using Support Vector Machines (SVM), a sort of machine learning. This robot has
distinguished between three different types of terrain: sand, gravel, and flora. Figure 1
shows the mechanism of the proposed robot.

Figure 1 shows the hardware and software of the proposed robot, SVM was used to
identify terrain by the data given by MEMS sensors vibration. The controller received the
identified signal to control the speed of the DC motors and the robot’s movement, and if
the terrain was sandy, the controller increased the current to the DC motors to provide
more torque for the robot’s movement.

Slaughter et al. [9] reviewed the four methods used today for autonomous robotic
weed management: navigation, detection and identification, precision in-row weed control,
and mapping. There was a lot of work done in the fields of guidance, precise row weed
management, and mapping. To exploit the weeds for the intended commercial purpose,
a lot of work had to be done to identify and discover them.

Saptasagare and Kodada [10] created a sensor and microcontroller system to aid with
precision farming. In this scenario, a sensor was used to collect real-time data from the
field, such as temperature, water level, and soil moisture. This information was delivered
by a microcontroller to the global system for the Mobile communication node. The farmers’
computers received the information that had been gathered. This allowed farmers to
evaluate the condition of the soil from a distance.
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Figure 1. Proposed Robot Mechanism by Mahadhir et al. [8].

Amrutha et al. [11] made a system that took care of soil fertility. Soil fertility depletes
during every harvesting of a crop while nutrition, which is needed for the soil, is ignored by
the farmer. For this, a system was developed which consisted of a microcontroller, sensor,
and mechanical system which gave the needed amount of nutrition automatically after
testing the soil. Figure 2 displays the suggested method’s flowchart.

 

Figure 2. Block representation of the suggested system by Amrutha A et al. [11].

The system consisted of three parts: The first was the testing of the soil. For this
purpose, ‘colorimetry’ was used, on which sensors were used to test the soil color for
the needed nutrition. The second was the microcontroller consisting of Adriano mega,
which tested the soil and instructed the third section. The third section consists of the
mechanic part which took instructions from the microcontroller and opened the valve of
the nutrition accordingly.
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Kuan-Ming Lin and Chung-Liang Chang [12] offered a concept for a small-scale, in-
telligent agricultural machine that could perform multiple tasks at once and use artificial
vision to automatically weed and regulate the irrigation rate inside a farm. HSV (hue (H),
saturation (S), value (V)) color conversion and threshold estimation are two examples of
image processing techniques. To confirm the positions of the plants and weeds, the mor-
phological operator’s methods and approach were applied. The results are being used to
direct watering and weeding operations.

G. Vellidis et al. [13] proposed a method including a smart sensor system for a cotton
field to schedule the irrigation system. The system consists of 20 sensors placed in the
field and sends data to the circuit board. The circuit board collected the data and sent it
to an RFID system which then sent the data to a receiver. Data was then analyzed by the
computer software, which determined the amount of water and timing in the cotton field.

Aqeel-ur-Rehman et al. [14] proposed a context-aware sensor grid system for agricul-
ture. This system consists of sensors, temperature, ambient light, and soil moisture probes
placed in the field. These sensors give data transmitters to transmit data over satellites, and
a grid system receives the data over the network. The system analyzes the data and gives a
signal to the actuators to sprinkle or irrigate the field.

Li Qing-Hua et al. [15] gave a system for the tagging of seeds using Radio Frequency
Identification (RFID). This system was an implementation of RFID in agricultural seed
quality management, covering everything from seed production, storage, and transfer
to quality control by relevant enforcement and supervision departments, all the way up
to quality assurance and plant information for the end-user, the grower. A seed quality
tracking system uses several key strategies, including function design, tag type selection,
frequency selection, protocol selection, data security design, anti-collision technology
planning, etc. There were several insightful discoveries.

Prathibha S R et al. [16] presented a method employing the Internet of Things (IoT)
for precise smart agriculture. The system had a humidity and temperature sensor that
transmitted data to a microcontroller unit, which processed and transmitted it to the farmer
through Wi-Fi. Additionally, a mounted camera took pictures and relayed them to the
farmer after a predetermined amount of time. The internet was used in this fashion to
keep the farmer informed about his property while he was away. The block diagram of the
IOT-based system is displayed in Figure 3.

Figure 3. Block diagram of IOT Based System proposed by Prathibha S R et al. [16].

Aarne Halme et al. [17] proposed a robot Work Partner (WP) that was a mobile service
robot prototype with a centaur-like look that was made to interact with people outside.
It had four wheels and four legs and had a humanoid appearance in the upper torso.
The robot was able to complete tasks just as well as a human could. Robots may be used in
place of or in addition to humans in the workplace

Arindam Giri [18] suggested developing a system called AgriTech to automate agri-
cultural processes using smart devices, WSN networks, and an Internet device. The farmer
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might be able to better monitor crops and farmland from a distance if they have a mobile
device in hand. A farmer could operate agricultural equipment like an autonomous wa-
ter sprayer to use in the field of agriculture using smart mobile phones. Therefore, this
technology may lessen the need for human labor in the agricultural industry.

Peng Zhang et al. [19] has proposed that IoT and Big Data can be used to irrigate
and fertilize agricultural fields. It consists of two parts, and each part has four modules.
The first module’s data collecting layer collected a sizable amount of data from the farmers
and stored it in the system. The intelligent layer stored the data accordingly in the big data
center and connected it to the decision layer. The second part is all the field management,
and it decides whether the crops need fertilizer or water based on the data stored in the Big
Data system and sent to the farmer using the IoT system. Figure 4 shows the structure of
the Big Data system.

 

Figure 4. Structure Diagram [19].

Sinung Suakanto et al. [20] and Manlio Bacco [21] proposed an IOT based system for
smart farming. The conceptual model and system are designed to assist smart farming
decisions, and many are constructed using network sensor applications that execute the
tasks that farmers need to be able to accomplish the activities. Agriculture will adopt
a comprehensive system based on an Internet of Things (IoT) strategy. Data analysis,
task management, control, and sensor-based data collection are the primary areas of
emphasis in model creation and system design. This method addresses the issues farm-
ers experience with task management, planning, evaluating environmental conditions,
and information exchange.

Min Zhang and Qinggang Meng [22] proposed a detection method of the canker lesion
disease citrus canker from field-collected leaf photographs, which were more difficult
to obtain than leaf images created in a lab. In order to segregate the lesions from their
background using an upgraded AdaBoost algorithm, the most crucial properties of citrus
lesions were first determined. Then, a canker lesion descriptor that integrates the color
and local texture distribution of canker lesion zones as advised by plant phytopathologists
is presented.

Rumpf et al. [23] discussed a method to find the disease in the early stages in
sugar beets. After inoculation with the pathogens Cercospora beticola, Uromyces betae,
or Erysiphe betae that cause Cercospora leaf spots, sugar beet rust, and powdery mildew,
respectively, hyperspectral data were collected from healthy leaves and leaves treated with
those pathogens for 21 days. The computerized classification used nine spectrophotometric
vegetation indices linked to physiological factors. The support vector machine with a radial
basis serving as a nucleus allows for early separation between healthy and infected plants,
as well as between particular diseases.

S. Meivel [24] suggested a project that used an unmanned aerial vehicle to monitor
and apply urea in the field (UAV). The project offered a high-performance quadrant model
with a focus on high execution; it enabled all directions (0◦–360◦) with large payloads and
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lighter-weight materials, as well as cutting-edge brushless BLDC motors. The drone had a
maximum height of 8 kilos, a diameter of 1.8 m, and a total weight of 3 L. The maximum
flight time was about 60 min without the payload. The Arduino was used to remotely
program the drone. The RTOS system in the drone provided a solution for every urgent
circumstance. The UAV created for the suggested project is shown in Figure 5.

Figure 5. Designed UAV by S. Meivel [24].

3. Conclusions

The modern era is evolving towards smart technology while agronomy, being an
integral ecological constituent, is seeing its fair share of such advancements. Mecha-
tronics, being a multi-discipline engineering field, intends to aid the agriculture sector
through robots and automation. Concerned literature shows an increasing trend in the
usage/prospection of such electromechanical systems that could assist farmers in various
aspects of agronomy. From seeding to harvesting, several devised/proposed systems could
automate labor-intensive procedures such as implanting the seed, cutting or spraying
weeds, and collecting the fruits, crops, and vegetables from the fields with precise actuators
controlled by high-end control systems. Such systems make agricultural procedures precise,
cost-effective, and more profitable. UAV and on-ground robots have been proposed and
have pros and cons of their own, such as on-ground robots being more functional but tricky
to operate in humid and rough terrains while UAVs have better reach but limited energy
and capabilities.

On the other hand, the studies in this field suggest smart systems for online informa-
tion collection/access through IoT and smart monitoring systems that use state-of-the-art
Machine Learning (ML) and clustering methods. Greenhouse and outdoor temperature, soil
humidity, nutrition monitoring, and broadcasting or online data access make it convenient
for farmers to retrieve vital information remotely in real-time. Although the proposed ML
methods for detecting/segregating diseases, organs, and weeds are fairly accurate but need
more maturity for being robust and readily adaptive for any kind of terrain and plants.

Mechatronics could help the industry in the following methods:

1. The use of automation and intelligent systems in irrigation will help to improve
irrigation efficiency and lower water waste.

2. The use of automation and intelligent systems in the food industry also aids in
determining the best chemicals and pesticides to use for agricultural purposes.

3. Automatic and intelligent systems help pick out and manage weeds. The multitasking
robots will support agricultural activities and processes, as well as finish the task
quickly, preserve the product’s quality, and reduce the need for human effort.

4. We will be able to supply information on the humidity, temperature, and water level
thanks to the hybrid agricultural systems.

5. We can streamline the agricultural process and choose the best weed, crop, and
pesticides by better utilizing automation and IoT in the sector of agriculture.
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6. On the other side, automation and IoT systems offer solutions and make the agricul-
tural process more predictable.

7. These technologies will contribute to reducing human labor requirements and raising
production.
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Abstract: Rainfall is a key factor in hydrological, meteorological, and water management applications
in restricted regions or basins, but its measurement remains difficult in mountainous or otherwise
remote places due to a lack of readily available rain gauges. While satellite rainfall data offer a
better temporal resolution than other sources, the majority of this data are only available at a coarse
geographic resolution, which distorts the true picture of precipitation. Thus, researchers at the
University of Agriculture in Faisalabad used the normalized difference vegetation index (NDVI)
monthly data and 1 km topography data for the whole Indus Basin from 2002 to 2011 to reduce the
TRMM’s spatial resolution from 25 km to 1 km. An approach to downscaling based on a regression
model with residual correction was established in this study. First, we resampled the NDVI and
TRMM datasets to a 25 km resolution and established a regression model connecting the two datasets.
Precipitation was forecasted at a distance of 25 km. The TRMM 3B43 product was then adjusted
downward by the projected precipitation to achieve the residual value. The IDW method was used
to reduce the resolution of the residual image from 25 km to 1 km. Rainfall was predicted using a
regression model applied to NDVI at a 1 km spatial resolution. The final downscaled precipitation
was created by combining the modeled precipitation at 1 km resolution with the residual image. The
result was double-checked by the post-processing steps of validation and calibration.

Keywords: downscaling; rainfall; NDVI; TRMM; spatial resolution; meteorological observation

1. Introduction

Rainfall is an important factor for hydrological, meteorological, and water manage-
ment applications in specific regions as well as in basins. Rainfall has a significant impact
on agriculture production because all plants require water to survive. A healthy crop needs
a consistent pattern of rainfall; an excess or a deficiency of rain can be damaging or even
stressful to the crop. Additionally, rainfall is required for other production activities, includ-
ing irrigation and disaster mitigation [1]. Point rain gauge stations are the standard method
for collecting rainfall data. However, accurate basin-level rainfall estimation remains an
enormous challenge [2]. More precise rainfall measurements are required for basin-scale
water management planning, water accounting, and hydrological research [3–5]. An in-
sufficient number of rain gauges in the Indus Basin makes it difficult to conduct research
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and provide timely flood warnings, as point measurements do not provide an accurate
representation of real average rainfall values; moreover, rain gauges are prone to a variety
of random and systematic errors [6]. To address this problem, researchers have created
a new downscaling technique that makes use of the correlation between high-resolution
TRMM and normalized difference vegetation index (NDVI). This downscaling technique
makes use of TRMM precipitation, which estimates the coarse scale, and NDVI patterns on
the fine scale. Significant improvements in bias, correlation, and root-mean-square error
were found after shrinking the full-period mean annual precipitation for both wet and dry
seasons. A downscaling method was used because the 0.25 km resolution is too low for
use at the basin scale and a higher resolution is preferred for hydrological studies. For
this reason, using 1 km downscaling is advantageous in hydrological applications [7]. The
majority of the random errors in rain gauge readings come from two sources: observational
errors and instrumental errors, and together they can account for a discrepancy of up to
30% [8].

It is for this reason that satellite-based sensors are needed to provide more precise
spatially distributed rainfall estimates [9]. Due to the errors and limitations of rain gauges,
remote sensing data is often seen as the best option. Since the development of remote
sensing technology, using satellites to estimate rainfall has become a realistic option until
proper ground trothing occurs [5]. Space-based sensors cover a wide area and operate for
extended periods of time, making it possible for new technologies to significantly improve
the accuracy and timeliness with which we estimate rainfall [7]. When satellite rainfall
estimates are calibrated and validated correctly, we can gain a deeper understanding of spa-
tially distributed precipitation in both subtropical and tropical regions, while downscaled
precipitation estimates can be later validated with a separate precipitation dataset [7].

In this study, we used NDVI monthly data and topography data at a scale of 1 km from
2002 to 2011 for the entire study area to reduce the Tropical Rainfall Measuring Mission’s
(TRMM) spatial resolution from the value of 25 km.

2. Materials and Methods

The Indus Basin is the study area, and the elevations examined span from zero to
8,616 m above sea level. Pakistan experiences two distinct seasonal patterns across its four
distinct climate seasons (summer, winter, spring, and fall). Pakistan spans the coordinates
23◦45′–36◦75′ North and 61◦30′–75◦50′ East. Plains, hills, desert, forests, and plateaus can
be found in the southern part of the study area, while the Karakoram Mountains can be
found in the northern part.

2.1. Data
2.1.1. Tropical Rainfall Measuring Mission

TRMM is a combined collaboration between the National Aeronautics and Space
Administration (NASA) and Japan Aerospace Exploration Agency [10]. The NASA God-
dard Earth sciences data from 2002 to 2011 was used to obtain the RMM 3B43 data
(http://mirador.gsfc.nasa.gov/ (accessed on 1 January 2015)).

2.1.2. Rain Gauge Stations

The Pakistan Metrology Department provided information from their network of rain
gauges. Data on rainfall over a specific time was used for this analysis.

2.1.3. NDVI

NDVI is an essential parameter for estimating rainfall and an important index that
describes the degree of greenness of land surfaces. Given MODIS’ superior spatial resolu-
tion and global coverage, we decided to use its NDVI data. The NDVI-containing MODIS
data from 2002 to 2011 were obtained from the EOS Gateway (https://lpdaac.usgs.gov/
(accessed on 20 January 2015)).
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2.1.4. Digital Elevation Model

The digital elevation model (DEM) 2002–2011 was downloaded from the NASA shuttle
radar topography mission website (http://www.glcf.umd.edu/data/srtm (accessed on 30
January 2015)) projected onto the study area by using ERDAS software.

2.2. Methodology

The stepwise procedure to downscale precipitation is explained below.

2.2.1. Factor Analysis

The following relationships were determined:
The relationship between NDVI and TRMM annual precipitation.
The relationship between altitude and TRMM annual precipitation.

2.2.2. Establishment of Model

The model was established for regression analysis at a low resolution between NDVI
and TRMM, and the precipitation was estimated at 25 km. Mathematically, this can be
expressed as shown in (1):

f(NDVI, DEM) = PTLR (1)

Then, using Equation (1), the relationship with precipitation was estimated at high
resolution (1 km). Mathematically, it is expressed as shown in (2):

f(NDVI, DEM) = PTHR (2)

2.2.3. Residual Conversion

The difference between precipitation and TRMM 3B43 values are residual values
(ΔT) at 25 km. By using Inverse Distant Weighting (IDW) interpolation techniques, 25 km
residual values were converted to 1 km values by using (3):

TRMM − PTLR = ΔT (3)

2.2.4. Accurate Rainfall

The converted (ΔT) was added to the model, where the NDVI and TRMM data sets
were used, and accurate precipitation was calculated by using (4):

PTcorr. = PTHR + ΔTHR (4)

2.2.5. Monthly Precipitation from Yearly Precipitation

Monthly precipitation was extracted from annual precipitation by determining the
monthly fraction and multiplying it by annual downscale precipitation by using (5) and (6):

fraction i =
org.TRMM i

∑12
i=1 TRMM i

(5)

PTi = fraction i × PTHR (6)

where i in (5) represents monthly precipitation as estimated from the original TRMM
3B43 product.

2.2.6. Validation and Calibration

The downscaled precipitation was validated by using rain gauge data. The slope (b) of
the regression analyses and coefficient of determination (R2), the linear coefficient through
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the origin (a = 0), and the relative root mean square error (RRMSE) were calculated by
using (7), and the root mean square error (RMSE) by using (8):

RRMSE =

√
∑n

i=1(Oi − pi)2

n
.100/Oi (7)

RMSE =

√
∑n

i=1(Oi − pi)2

n
(8)

where P is the yearly precipitation downscaled from TRMM 3B43, O is the observed
precipitation from rain gauge stations, Oi is the mean value of the annual/monthly observed
values, I is the station number index, and n is the total number of rain gauge stations. The
downscaled results were compared to the rain gauge data first, and then the coefficient of
determination (R2) was determined. If the station data and precipitation product have no
correlation, the value will be 0, and vice versa if the correlation is perfect. Second, precision
was quantified via b. This shows by how much the actual value is higher or lower than
what was observed. Third, the root-mean-squared error (RRMSE) gives a percentage value
for the dissimilarity between the estimated and observed values. If the RRMSE is less than
10%, the validation is considered excellent; if it is between 10% and 20%, the validation
is good; if it is between 20% and 30%, the validation is acceptable; and if it is more than
30%, the validation is poor [11]. By focusing on highly biased results, the RRMSE test gives
a measure of the prediction model error rate. Lastly, when it comes to root-mean-square
error (RMSE), smaller values are preferable.

3. Results and Discussion

3.1. NDVI and TRMM Regression

Images from the Tropical Rainfall Survey show that rainfall in the northern and north-
western parts along the Indus Basin is actually much higher, around 1200 mm y−1, than
in the central and southeastern regions, around 400 mm y−1. The normalized differential
vegetation index essentially exhibited the same example as TRMM precipitation, and an
unmistakable spatial resolution connection exists between TRMM and NDVI as shown in
Figure 1. The resolution dependence of the normalized distinct vegetation index and the
tropical precipitation measurement duty relationship were tested at different resolutions.

 

Figure 1. Relationship between NDVI and TRMM.

A consistent exponential relationship at 1 km resolution was demonstrated at these
resolutions, showing that an unmistakable relationship between blueness and precipita-
tion exists. The curve shows that the linkages acquired inordinately high NDVI values
when the association with dispersed precipitation and water no longer restricted growth.
The strongest associations were found in the normalized difference in vegetation index,
which varied somewhere between 0.2–0.7, and in precipitation, which varied from 200 to

198



Environ. Sci. Proc. 2022, 23, 40

800 mmy−1. Different functions were tried at a nominal resolution of 25 km, but resulted
in a lower R2 value. For the linear function, it was 0.55; for exponential, it was 0.52; and
the quadratic polynomial, c was 0.53. The value of the correlation varied with the reso-
lution. The difference vegetation index was normalized in all cases affected by variables,
e.g., topography, soil, vegetation type, temperature, irrigation system, and human impact.
Using this ideal fit to a smaller degree of determination, we evaluated the neighborhood’s
precipitation pending a comparative response at the ideal scale. In other words, the degree
of greenness, as reflected by the normalized difference vegetation index, is a factor of many
different variables, including precipitation.

3.2. Residual Correction

However, after subtracting the modelled TRMM at 25 km from the 3B43 precipitation,
several regions had considerable residuals:

TRMM − PTLR = ΔT (9)

The other map shows a portion of the precipitation that was not elucidated using
only the normalized differential vegetation index. Residues with negative values showed
greener areas than expected, specifying rainfall. These negative ranges can have additional
water sources (i green has a deep root system). Residual areas with positive values (green)
indicate less green than the indicated observed normal precipitation. The abrupt, vegetative
low slopes of the sections or ranges of hills with heavy rainfall located in the oversaturation
zone of the TRMM-adjusted and normalized Difference Vegetation Index may clarify this
residual value. The number of residuals were reduced using the introduction through the
internal functions of TRMM (ΔTRMMLR). High-resolution residues were obtained from
TRMM using the IDW technique.

3.3. Accurate Precipitation

Final downscaled rainfall was obtained by adding model rainfall at 1 km and residual
image at 1 km resolution. The resultant image is shown in Figure 2.

PTcorr. = PTHR + ΔTHR (10)

 

Figure 2. TRMM rainfall at 1 km resolution.
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3.4. Validation

Using information from rain gauges, the validity of the proposed method to improve
rainfall mapping was accepted. A total of 115 stations across the Indus Basin have complete
precipitation records between 2002 and 2011. These stations’ data were used in the valida-
tion process. Validation indicators were determined after data from the first low-resolution
TRMM and the downscaled precipitation value were extracted from the station locations.
As shown in Table 1 and Figure 3, the results of the validation showed that the R2, the bias,
and relative root mean square error were significantly improved after applying the down-
scaling methodology. This downscaling methodology is very promising, and the resulting
high-resolution rainfall map was more accurate than the initial TRMM assessment.

Table 1. Original TRMM and final TRMM.

Original TRMM 3B43 TRMM Final
Year Original R2 B RRMSE% RMSE mm Final R2 b RRMSE% RMSE, mm

2002 0.77 0.95 27.84 71.84 0.81 1.17 19.42 50.11
2003 0.77 0.93 28.83 72.69 0.85 1 16.72 42.16
2004 0.78 0.97 23.19 66.98 0.81 1.07 17.63 50.92
2005 0.82 0.99 23.72 81.46 0.87 1.04 14.45 49.62
2006 0.79 0.87 28.31 79.63 0.82 1.12 8.73 24.56
2007 0.78 0.91 33.44 98.57 0.84 1.09 19.15 56.54
2008 0.75 0.94 32.36 86.01 0.77 1.09 21.7 57.68
2009 0.79 1 25.48 75.4 0.84 1.07 16.07 47.58
2010 0.83 0.97 22.78 67.67 0.87 1.09 23.33 69.3
2011 0.77 0.93 30.66 83.99 0.78 1.17 25.81 70.7

Average 0.78 0.94 27.66 78.42 0.82 1.09 18.3 51.91

 

Figure 3. Correlation between downscaled TRMM base on NDVI and rain gauges.

4. Conclusions

Downscaling of the TRMM rain gauge in the Indus River basin was investigated
using TRMM 3B43 monthly precipitation products and the NDVI imaging time series from
2002 to 2011. The results of the downscaling method based on a direct scale-dependent
relationship between precipitation and NDVI was validated on the precipitation data set.
Several conclusions can be drawn from this study:

• This study showed that adopting the degree of vegetation as a substitute for rain-
fall on an annual basis could boost the geographical resolution and precision of
rainfall evaluations.
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• The downscaling approach resulted in extremely significant improvements in the
accuracy and spatial resolution of the average rainfall from 2003–2011.

• Expanding this method at a higher temporal resolution should be the focus of future
research (e.g., regular or month to month).

The primary finding of this study is that the NDVI can be used to improve the spatial
resolution of rainfall data from the Tropical Rainfall Measuring Mission (TRMM) in the
Indus Basin, and that the approach shown here is universally applicable to other semiarid
and dry parts of the world.

5. Recommendation

Further downscaling methods that consider both NDVI and DEM at different spatial
(local, national, and global) and higher temporal (weekly and daily) resolutions should be
developed in the future. Therefore, it is important to describe the relationship between
NDVI and TRMM at various scales (i.e., 75-100 km) and determine the optimal resolution
for establishing this relationship. The presented methodology is general in nature and
applicable to other semi-arid regions of the world, and in the Indus Basin NDVI can also be
used to accurately downscale TRMM precipitation.
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