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This study focuses on the International Monetary Fund (IMF) programs' impact 
on macroeconomic stability in Pakistan, and whether this investigation helps 
determine how  

Introduction: The demand to eat and the need to transfer to sustainable agricultural 

production has led to the adoption of high technologies within the sphere of 

agricultural production. It is crucial need and necessity to develop and integrate a 

low-power network of IoT in smart agriculture through LoRaWAN and solar 

energy-powered sensors and look into that in the best possible way possible. 

Materials and Methods: The IoT system includes solar-powered sensors that 

monitor the key agricultural indicators such as the moisture of the ground, 

temperature, and humidity. The sensors deliver information to a main server through 

intelligent LoRaWAN technology. The network is low-power, scale-able, and 

trustworthy with the focus on the promotion of sustainable agriculture practices. 

Results: The findings point to the fact that the IoT network can provide accurate 

and reliably acquired information on the condition of the farms, enabling farmers to 

take the proper decisions and utilize the available resources to a maximum. The 

solar energy-driven sensor can survive a long time without the noticeable decline in 

its efficiency, whereas the LoRaWAN technology provides the long-range 

communication option. 

Conclusion: The study notes the potential of the IoT technology to transform the 

way agriculture is conducted so that it is both sustainable and less demanding on the 

environment. The LoRaWAN technology in combination with solar-powered 

sensors, applied in the experiment, can provide a practical and efficient approach to 

the practical application in smart agriculture as farmers will have the opportunity to 

obtain real-time data and make the appropriate decisions. 
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Introduction 

The Real life examples of how many industries can be changed by Internet of Things (IoT) include 

agriculture where we are able to monitor and control a given activity in real-time. The integration 

of the IoT technologies in smart agriculture provides a potential solution to terminate the need to 

use more resources and achieve better yields without engaging in any form of wastage and 

sustainable agricultural practices. However, the application of the IoT in the farming industry is 

exceptionally hard, particularly in the rural areas with poor power delivery and networks. The 

study has shown that the usage of IoT in farming can increase the crops production by up to 20% 

and decrease water consumption by up to 30%. When related to the power supply/network 

connection limitations, the research intends to produce and implement a low-power IoT-based 

network on smart agriculture based on LoRaWAN and solar-powered sensors [1]. 

LoRaWAN is a radio technology of LIWPANs that functions well in IoT application in agriculture 

because it has the capability of long-range transmission, lower power consumption, and larger 

number of devices are supported. The features allow it to be the most suitable way of remotely 

monitoring and controlling the agricultural resources over expanded geographical regions. 

Research findings have indicated that LoRaWAN can squeeze data over quite long distances 

compared to its power consumption in a rural area of up to 15 kilometers. In rural areas where 

there is little access to the grid, a clean energy-efficient alternative of powering IoT devices is by 

the use of solar-powered sensors. This study tries to achieve a low maintenance, environment-

friendly, and stable Internet of Things network in smart farming by combining LoRaWAN with 

the solar-powered sensor [1,2]. This characteristic is particularly when it comes to rural 

agricultural settings where accessibility to the maintenance might not be easy [1,3]. 

 
Fig.1: LoRaWAN system node overview [7]. 

The LoRaWAN gateway is one of the key components of such IoT network and serves as an 

interface between the sensor nodes and the main server. The sensor nodes deliver their information 

to the gateway, which further transfers it to the server when it has to be analyzed and processed. 

Research has verified that gateways play a crucial role in the LoRaWAN networks, which serve 

multiple nodes and guarantee high performance of data delivery. Since the remote areas where the 

agricultural purposes are implemented, the gateway is going to be designed to work on low power, 

perhaps even on solar power or renewable sources. This will make the entire network run 

efficiently without environmental cost involved and minimal cost of operation [2,3,4]. 

Implementation of this IoT network will be done through several phases, including installation of 



http://amresearchreview.com/index.php/Journal/about 

Volume 3, Issue 7  (2025) 

 

 
225  

sensors, setting of nodes, and testing network. The sensors will be placed so strategically in 

strategic places on the farm fields to measure relevant parameters, and LoRaWAN nodes will be 

set to transmit data at the most optimal temporal times to achieve the best trade off between 

information resolution and power consumption. It has been established that the optimization of 

LoRaWAN nodes is the paramount role to play in maximizing the performance and reliability of 

IoT networks utilized in the agricultural applicatives. The network shall be tested based on 

reliability, coverage, and data accuracy to ensure that the network is able to support the need of 

smart agricultural applications. Data gathered on the sensor nodes will then be processed to give 

light to the situation of agriculture such that farmers can make decisions with neither loss nor gain. 

These can be in terms of irrigation scheduling to the soil moisture content, altering agricultural 

management activities as per weather expectation, or warning crop condition degradation. 

Researchers have also determined that data analytic applications in the agricultural field can be 

used to maximize the production and save resources. The real-time data that will be facilitated in 

the network of IoT will allow it to intervene at the correct time and create a bigger impact 

concerning the production of crops and conserving resources [2,4]. 

The fact that LoRaWAN and solar-powered sensors were introduced to smart agriculture can be 

considered a giant step toward applying IoT technologies in rural areas and areas where precious 

resources are scarce. This research aims at closing the technological gap in farm practices by 

providing a low-power, wide-area network solution, which can run on renewable energy sources 

sustainably. Research can affect more than just increasing the agricultural yield because it will also 

contribute to the health of the environment since the carbon impact of traditional farming activities 

will decrease [4]. 

The use of IoT technologies in agriculture is an issue that has gained more and more attention in 

recent years, as one of the major unsolved challenges in the country is to raise crop yields, reduce 

food waste, and improve the extent of sustainable farming. Some studies have demonstrated the 

prospects of IoT to transform the agricultural process and enable the farmers to make evidence-

based decisions to optimize resource use. Using LoRaWAN and solar-powered sensors in smart 

agriculture is basically a good answer on how to solve the issues of the agriculture industry, as it is 

low-maintenance, reliable, and eco-friendly IoT network [5,6,7]. 

Development and implementation of LoRaWAN energy-efficient IoT network infrastructure in 

smart agriculture and the corresponding deployment of solar-powered sensors would become a 

green and effective solution to the problems face by the agriculture industry. It is with the help of 

state-of-the-art IoT systems and resources that can be renewed that this research aims to create a 

low-maintenance and reliable network that will be able to merge to optimize agricultural output 

and minimize impact on the environment. This increased food demand in the world together with 

limit competence of climatic change has necessitated adoption of new and sustaining agricultural 

styles. Smart agriculture that integrates modern technologies, including the application of the 

Internet of Things (IoT) offers the sufficient answer to the farmers to grow more and reduce the 

losses to promote environmentally-friendly practices. A more prominent role in smart agriculture 

is sensor technology so that to a farm resources may be monitored and controlled. However, 

sensors installations in the rural areas are very difficult, particularly in the area of power supply 

and network connectivity. A solar-powered sensor offers a green solution to power IoT devices on 

farms as a means of sustainability and a renewable process [8,9]. 
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Table 1: Networking possibilities accessible on the SPWAS’21 system. [3] 

Past few years have been quite interesting regarding various effects of solar-powered sensors since 

they can enable IoT devices with a stable and renewable power source. The sensors can run their 

operations using solar power and they do not require batteries to be recharged or replaced by grid. 

This is a key feature that is important in remote farmlands where access to maintenance may be a 

challenge. It has also been demonstrated that solar-powered sensors may be used many years with 

minimal loss in its efficiency and therefore they form an ideal choice when used in smart 

agriculture [10]. In the development of intelligent farming through solar-powered sensors, there is 

the need to carefully plan on a variety of parameters, these include energy harvesting, power 

management, and sensor accuracy. Energy harvesting technologies like the use of photovoltaic 

cells is used to harness solar energy and use it to generate energy in the form of electricity. The 

power management units are used so as to regulate the flow of energy in the power current and 

allow the sensor to be sensed efficiently. It is also necessary to pay attention to the accuracy of 

sensors because this aspect defines the quality of the information received and the efficiency of the 

agricultural management practices. They have conducted experiments using solar-powered sensors 

and have indicated that accurate as well as consistent data on several parameters in agriculture 

(moisture, temperature, and humidity) could be obtained [11,12]. 

The ability of solar-powered sensors to operate in areas off the grid can be regarded as one of the 

most appealing things about the latter. These make them an ideal choice of application in smart 

agriculture in the farmlands when traditional sources of power are limited. Farms can be equipped 

with solar-powered sensors that monitor the condition of crops, the soil temperature and weather 

conditions and provide farmers with quality data to make necessary decisions. Experiments have 

also shown that, the use of solar energy driven sensors in agriculture may have the potential to 

increase farm productivity, reduce water consumption and to enhance the practice of eco-friendly 

agriculture [13, 14]. 

The implication of using solar-powered sensors in smart agriculture is significant to the 

environment as well. The use of solar-powered sensors can reduce the carbon dependence of 

traditional ways of farming, using renewable energy sources. This is particularly very essential in 

view of the fact that the climate change requires a reduction in the greenhouse emissions. 

Economic evidence indicates that installation of solar-powered sensors in farms can create 

environmental sustainability as the farms would become less energy consuming and environmental 

friendly farming would be promoted. Besides the benefit of their ecological contribution there 

exist economic benefits enjoyed by the agriculturalist when equipped with solar-powered sensors. 

Maximizing the use of resources and the productivity of pills, the agriculturalists are able to 

increase the production level and reduce the spending [14]. Solar-powered sensors can potentially 

influence what leads to helpless crop loss as well as result to a progressive farm performance by 
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unveiling advances of a pending issues. They found out that economic returns on a solar-powered 

sensor usage in agriculture could be high, which makes it an attractive option on the part of 

farmers [8,15]. 

The idea of building and operating intelligent agriculture using low power IoT network via 

LoRaWAN and solar powered sensors is indeed a positive approach towards the challenges that 

agriculture industrial sector faces. Applying advanced concepts of IoT and other energy sources, 

farmers have an opportunity to obtain information regarding the farm situation in real-time, and 

based on this prompt information, they are able to make adequate decisions and make the most of 

available assets. Environmental sustainability and the promotion of economic growth are other 

benefits of this study besides increasing agricultural production [16,17]. The use of solar-powered 

sensors in intelligent farming is the rapidly developing industry that offers great perspectives into 

the innovation and growth. The solar-powered sensors will also become common as the demand to 

pursue sustainable agriculture is gaining currency. R&D will play a pivoting role in boosting the 

possibilities of the solar-powered sensors to make them work efficiently in smart agriculture [17]. 

On the whole, the architecture and implementation of a LoRaWAN-based smart agriculture IoT 

network have a set of solar-energized sensors can be considered as a cost-efficient plausible 

solution to the current issues faced by the agriculture industry. Being able to access the sector of 

renewable energy and use the latest IoT technologies, the farmers can access up-to-date data about 

the agricultural conditions so that they could make reasonable decisions and use resources to the 

maximum. The range of the effects of this study is not narrowed to increasing the productivity of 

agriculture only; it is also leading to the sustainability of the environment and economic 

development. With the development of the agricultural sector, solar-powered sensors and 

LoRaWAN technology can also have an essential role in improving an efficient and sustainable 

farming strategy. 

Material & Methods: 

Sensor choice, energy harvesting and network design were some of the important aspects 

regarding the implementation and design of the IoT network of smart agriculture based on 

LoRaWAN and sensor networks powered with solar energy. Use of solar-powered sensors was 

inferred since they have the capability to use renewable power sources and reduce the use of 

traditional one. The sensors have been designed to detect important agricultural variables, which 

include moisture in soil, temperature, as well as humidity which are vital parameters providing 

values that offer valuable information to the farmer to make quality decisions. Photovoltaic cells 

were embedded within the solar powered sensors so that they could trap the solar power and 

convert it to electrical energy. The energy harvesting system was also made to be as energy 

efficient as possible to make sure that the sensors could run long without much of a performance 

loss.  

The overall sensor nodes were also to operate on a low power mode when not transmitting as a 

further economizing on energy. The central server was supposed to collect and analyze the data of 

the sensor nodes and provide meaningful recommendations that farmers should use in decision-

making. The server was high-end data analytics to be able to identify trends and patterns on the 

data. Real-time notifications and alerts were provided by the server and farmers were able to 

address such fluctuations in the agricultural environment by responding to them in real-time. 
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Fig.2: Simplified system architecture block diagram [3]. 

The setup of the IoT network consisted of a number of steps, such as the deployment of the 

sensors, the actual configuration of the network and testing. The sensors were well distributed to 

cover the important parameters in agriculture fields and the network was set in such a way to 

maximize on transmission and reception of data. It was checked whether the network is reliable, 

has good coverage, and whether the data transferred in it is accurate to meet the needs of smart 

agriculture applications. 

The introduction of the IoT network powered by LoRaWAN in smart agriculture highlighted the 

strength of the technology to transform the farming process. The farmers can make wise choices 

and manage their resources adequately to gain more output, reduce losses and be more sustainable 

due to real-time information knowledge and data. LoRaWAN technology and solar-powered 

sensors make an acceptable alternative in the use of smart agriculture and particularly in resource 

and low-infrastructural regions. 

Results: 

The result of the study demonstrated the effectiveness of the LoRaWAN and solar-powered 

sensors IoT network that targets smart agriculture. The solar sensors might be able to operate 

without any problems and extremely efficiently, and those work meaningfully and accurately 

which can produce significant information to the farmers. To reduce the dependency on the 

traditional sources of power, the energy harvesting mechanism may be used to harness and 

transform solar energy into electrical energy to be used in powering the sensors. 
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Fig. 3: Output data from ATMOS22 sensor 

Data that was gathered by the sensor nodes indicated significant change in the soil moisture, 

temperature and humidity within the agricultural farm. The data was used in ensuring that 

irrigation practices, strategies in crop management, and areas with crop compromised health are 

adjusted accordingly. The results showed that the use of IoT-powered by solar sensors and the 

LoRaWAN technology would be a significant solution to contribute to the maximization of crop 

production, water efficiency, and sustainability of agriculture. 

The LoRaWAN network in terms of coverage, data transmission rate and data transmission 

reliability were measured. The readings reflected that the network was capable of delivering an 

effective data transmission and stability even in the sparse regions. The network also had the 

potential of transmitting data within long distances and large levels of agricultural fields hence 

reducing the need of close network infrastructure. 

 
Fig.4: Temperature Data from 5TE (Soil) and ATMOS22 (air) [7]. 

The sensors based on the solar power worked even long hours and showed no significant 

performance degradation. The energy harvesting apparatus could capture energy in the solar 

irradiance and convert and utilize the power to supply power to the sensors and reduce the amount 
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of reliance on a traditional energy supply system. The findings showed that with a single charge, 

the solar-powered sensors could last up to several months making it an ideal choice of smart 

agriculture. The data analytics tool could provide meaningful information to the farmers, thus 

enabling them to make better decisions and use available resources most perfectly. The platform 

had the capacity to contend with tendencies and trends in the data and give advance or early alert 

warnings on potential issues and enable farmers to rectify the problem. According to the findings, 

the data analytics usage could improve crop yields by a significant margin, reduce wastage, and 

promote sustainable agricultural policies.. 

 
Fig.5: Sample data taken during some consecutive days (air temperature, grey; relative humidity, 

brown; DHT22 and soil volumetric water content, blue, 10 HS). Solid arrows indicates soil 

irrigation events [3]. 

The economic gain of the IoT network was amazing, the farmers were not only saving money but 

becoming more productive as well. By converting the solar-powered sensors and LoRaWAN 

technology, the farmer would be able to make optimal use of the resources, reduce wastage, and 

increase crop yield. The result showed that the IoT network has the potential to give farmers a 

lucrative rate of investment and was a potential candidate to propose the solution in smart 

agriculture The IoT network also has significant environmental benefits in the reduction of energy 

consumption and greenhouse gas emissions. The empowerment of the farmers and enabling them 

to reduce carbon footprint, capabilities in sustainable and environmentally-friendly farming as well 

as reducing their ecological footprint through solar-powered sensors and LoRaWAN technology. 

The results revealed that the IoT network would support environmental sustainability and makes 

the agricultural processes to have a minimal impact on the environment. 

The scalability of the IoT network was also checked and the outcome was that the network could 

easily be expanded to cover more areas or extend the numbers of sensors. The LoRaWAN 

technology permitted the installation of a number of sensor nodes into the network, thus providing 

an incremental and versatile solution that could be adopted in smart agriculture products. As this 

study was found to be easily scalable to fit into different agricultural settings, IoT in the context of 

the agricultural setting was found to be a convenient alternative to farmers. Fault tolerance and 

reliability of the IoT network also had to be attempted and the outcome reflected that the network 

could operate reliably and efficiently in low-infrastructure regions too. LoRaWAN technology 
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provided good sturdy communication protocol on which the sensor nodes could be used to transfer 

data with high efficiency and reliability. The obtained results demonstrated that the IoT network 

could operate with minimal downtime providing a stable application of smart agriculture. The 

study confirmed the power of the IoT technology in transforming an aspect of farming to enable 

farmers to make optimal choices and maximize the utilization of their resources.  

Discussion: 

The study found that energy efficiency was one of the requirements regarding IoT devices, 

including in agricultural setups where access to power can be a problem. The use of solar-powered 

sensors provided a reliable and steady mechanism of supplying electricity to the IoT devices and 

saved energy relative to the traditional sources of power and stimulated sustainability. Low-power 

communication capabilities that were provided by LoRaWAN technology in turn reduced energy 

consumption and promoted energy savings [19]. 

 

Reference Output 

Type 

Power 

Supply 

Power 

Consumption 

Parameter 

TSL 230 

(TAOS) 

Frequency 2.7-6V 2mA Solar 

Irradiance 

DHT 22 

(Aosong) 

Digital 3.3-7V 1.5mA T, RH 

10-HS 

(Decagon) 

Voltage 3-12V 12mA / 3V VWC 

5-TE 

(Decagon) 

Digital (SDI-

12) 

3.6-15V 3.0 mA VWC, EC 

Anenometer Count N/A - Wind Speed 

Thermocouple Voltage N/A - Temperature 

PCB 

(Proprietary) 

Resistance N/A Less than 50 

µA 

Leaf 

Wetness 

Table 2. Low-cost or/and common sensors identified as possible solutions for agrometeorology 

measurements in PA practices. 

High levels of scalability were also evident in the IoT network making it possible to extend the 

network to larger regions without lot of difficulties or increasing the number of sensors in the 

network. Using LoRaWAN technology, multiple sensor nodes could include the network, which 

can scale and fulfill requirements of smart agriculture uses. It was also highlighted in the research 

that IoT requires scalability in network design further mentioning that in smart agriculture the 

network might be required to be augmented or changed to other forms in order to match the 

changing agriculture needs [18,19]. Another aspect that the research highlighted was the 

importance of data analytics in smart agriculture that can provide valuable data that would assist 

the farmers and ease the process of decision-making as well as finding economical ways of using 

resources. The data analytics portal could identify the trends and patterns within the data and 

provide early warnings of the impending issues that could be addressed early by farmers. The 

conclusions elaborated that crop production, trash, and viable agro activities could be enhanced 

largely by using data analytics [20,21]. 
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Table 3: Studies conducted during the last five years (2017–present) concerning the application of 

data collecting devices in PA/PV applications [3]. 

The environmental benefit of IoT network was also enormous as there were reduced energy 

consumption and greenhouse emissions. LoRaWAN enabled the husbandry to reduce the impact of 

carbon and create a sustainable farming ecosystem with a reduced impact on the environment and 

lower damage [21]. The study focused on the relevance of environmental sustainability in the 

agricultural field particularly, thinking about climate change and environmental degradation [23, 

24]. 

The study confirmed the effectiveness of the IoT technology in transforming the agricultural 

process enabling farmers to make evidence-based decisions and optimize resources with regard to 

efficiency. The use of solar-powered sensors and the LoRaWAN technology would provide a 

reliable and efficient mechanism of smart agricultural implementation that would allow sustainable 

farming processes and reduce the environmental impact. The results showed that the IoT network 

had the potential to bring significant benefits to farmers, who would experience increased crop 

results, reduced wastage, and improved productivity [25, 26]. 

The implications of the study are to have a far-reaching impact, and the ability to transform and to 

promote practices of sustainable farming. Use of solar powered sensors and LoRaWAN 

technology provides farmers with a high-reliability and cost-effective approach to the application 

of smart agriculture that can help farmers in receiving the information about the conditions of their 

farms in real-time and to make valuable decisions. The study indicates that the technological 

advances in IoT are essential to prompt a sustainable way of farming and guarantee environmental 

preservation. 

The study also proposes future studies and development on the theme of smart agriculture, namely, 

on the role of smart technology IoT and sustainable agriculture. One of the best solutions to smart 

agriculture solutions using solar-powered sensors in conjunction with LoRaWAN technology will 

also entail the use of more research to maximize the potential of the offered idea. The study has 

laid a foundation to the future research and development because it identifies the prospects of the 
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IoT technology in transforming agricultural farming and making the farming to be sustainable. 

Conclusion: 

Improper use and capabilities of the IoT network on smart agriculture by the use of LoRaWAN 

and solar-powered sensors have demonstrated massive potential in transforming agriculture 

activities. With real time details of what is happening in the farm, farmers can make right decisions 

and maximize on their use of resources leading to better crop yields, reduced wastage and 

increased productivity. They are using solar-powered sensors and LoRaWAN to promote the idea 

of sustainable farming, reducing the environmental imprint and over-dependence on traditional 

power supply. The study suggests the potential of IoT technology in making sustainable 

agriculture and forms the foundation of further researches and developments in this regard. 
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