
Bridging Sustainable Solutions in a Multidisciplinary Approach  https://www.kdpublications.in 

ISBN: 978-81-974088-4-7 

12 

 

2. Agriculture in a New Light: The Role of Lasers 

Hariprasad M. S., Jyoti Rajput 

Department of Physics,  

School of Chemical Engineering and Physical Sciences,  

Lovely Professional University, Phagwara, Punjab, India. 

Abstract: 

Modern agriculture is being revolutionized by laser technology, which provides creative 

solutions that improve sustainability, efficiency, and precision. This abstract examines the 

various ways that lasers are used in agriculture, emphasizing how they can be used for crop 

monitoring, weed control, pest control, and harvesting. By improving precision, efficiency, 
and sustainability across a range of activities, such as weed management, insect control, 

crop monitoring, and harvesting, laser technology is transforming modern agriculture. 

Because lasers can precisely target weeds, they lessen the need for chemical herbicides, 
which is good for the environment. Laser-based identification and removal of pests provides 

non-chemical options, enhancing food safety and lowering the need for pesticides. 

Harvesting with laser guidance guarantees that only fully ripe crops are taken, reducing 

waste and enhancing the quality of the yield. Laser technologies such as LIDAR are 
beneficial to crop monitoring because they offer comprehensive information on soil 

composition and crop health, allowing for optimal resource utilization. Targeted nutrient 

management is made possible by precise soil analysis made possible by laser-induced 
breakdown spectroscopy (LIBS). Notwithstanding these benefits, there are still issues that 

must be resolved, including high upfront expenditures, the need for technical know-how, 

environmental concerns, and regulatory barriers. Future trends include the automation of 
laser systems through the integration of AI and machine learning, as well as improvements 

in laser diode technology for greater efficiency and accessibility. Drone technological 

advancements along with laser technology will improve crop management even further. In 

general, laser technology holds great promise for raising agricultural sustainability and 

productivity, which will help protect the environment and ensure global food security. 
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2.1 Introduction: 

Light Amplification by Stimulated Emission of Radiation, or laser technology, is the 

process of producing coherent light by optically amplifying electromagnetic radiation that 
has been stimulated. Lasers differ from other light sources in that they generate powerful, 

highly concentrated light beams at particular wavelengths. An energy source (pump), an 

optical cavity, and a gain medium (solid, liquid, or gas) are the main parts of a laser. The 

pump raises the energy state of the gain medium, and as it descends to a lower energy level, 

photons are released.  
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A coherent light beam is produced when these photons cause other excited atoms to release 
other photons with the same phase, frequency, and direction. Since their development in 

1960, lasers have been used in many different industries. They are employed in medicine 

for skin care procedures, eye correction, and surgery. Fiber-optic lasers facilitate high-speed 
data transmission in communications. In addition, lasers are essential for cutting, welding, 

and material processing in the manufacturing industry. They are also utilized in consumer 

electronics, agriculture, military uses, scientific research, and consumer electronics 

including optical drives and barcode scanners. Modern society relies heavily on lasers 
because of their vital characteristics. Lasers' precision, power, and versatility continue to 

drive technological and industrial developments. 

The necessity for accuracy and efficiency in farming techniques has prompted a progressive 

evolution in the application of laser technology in agriculture since the late 20th century. At 
first, research on crop growth and plant physiology was the main use of lasers. The initial 

studies aimed to investigate the effects of laser light on photosynthesis, stress responses, 

and plant development. By the late 20th century, agricultural methods were directly utilizing 

lasers. Laser-based scanning devices for crop monitoring and remote sensing are one 
important use. These devices make use of LiDAR (Light Detection and Ranging) 

technology, which uses laser pulses to detect separations and produce intricate three-

dimensional maps of agricultural fields. In addition, lasers are being used in precision 
agriculture to manage crops and control weeds. With the least amount of harm to crops, 

laser weeding devices target and eradicate weeds with precision using concentrated laser 

beams. This method lessens the impact on the environment and encourages sustainable 
farming methods as an alternative to chemical pesticides. Recent developments in laser 

technology, such as increased effectiveness and affordability, have hastened the industry's 

adoption of this technology in agriculture. New uses for laser technology include the sorting 

and grading of fruits and vegetables using lasers, the development of autonomous 
agricultural robots with laser sensors for crop monitoring and navigation, and precision 

irrigation systems that use lasers to control water flow.  

Modern agriculture is revolutionized by lasers because they improve sustainability, 

efficiency, and precision. By enabling precision planting, irrigation, and harvesting, they 
maximize yields and minimize resource waste. Lasers provide a chemical-free weed-

management option by identifying and removing weeds without endangering crops. 

Optimizing the usage of fertilizer is possible through soil analysis using laser-induced 

breakdown spectroscopy (LIBS), and LIDAR devices offer comprehensive crop monitoring 
and health evaluation. Furthermore, lasers enhance greenhouse lighting, which encourages 

plant growth and uses less energy. In general, lasers greatly increase agricultural 

sustainability and productivity, which is what will shape farming in the future. 

2.2 Fundamentals of Laser:  

The concepts of stimulated emission and optical amplification underlying laser operation. 

An optical cavity, a pump for energy, and a gain medium make up its three primary parts. 

The gain medium's atoms or molecules are excited to a higher energy state by the energy 

source. Photons are released by these excited atoms as they settle back into a lower energy 

state.  
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A coherent light beam is produced when these photons trigger the emission of additional 
photons with the same phase, frequency, and direction from other excited atoms. By 

reflecting the photons back and forth through the gain medium, the optical cavity—which 

is usually made of mirrors—amplifies this process, so promoting emission and raising the 
intensity of the light. Because one of the mirrors is partially transparent, a concentrated laser 

beam made of coherent light can emerge. Because of its ability to precisely control light 

emission, lasers are useful instruments in a wide range of industries and applications.  

Different kinds of lasers are used in agriculture for different purposes, and each has its own 
benefits. Because of its great power and efficiency, CO2 lasers are frequently utilized for 

engraving and cutting tasks. They work well for processing agricultural products like wood, 

plastic, and other organic materials.  

Furthermore, CO2 lasers are important for managing weeds since they offer a non-chemical 

way to target and destroy undesired plants without harming crops. Conversely, because to 
their small size, low power consumption, and adjustable wavelengths, diode lasers are 

extensively utilized in precision agriculture. They are essential to systems that use laser 

weeding to distinguish between weeds and crops and provide accurate targeting. 
Additionally, diode lasers are employed in crop monitoring and soil analysis using 

technologies such as LIDAR and laser-induced breakdown spectroscopy (LIBS). These 

applications contribute to increased crop health, resource efficiency, and overall agricultural 

productivity. 

Three unique characteristics differentiate lasers from other light sources: coherence, power, 
and wavelength. A laser's wavelength, which can range from ultraviolet to infrared, is very 

particular and determines its colour and usefulness for certain applications.  

The strength of a laser, expressed in watts, can vary greatly; low-power lasers are utilized 

in sensitive applications such as fibre-optic communications and medical treatments, while 
high-power lasers are employed for material processing and cutting. One of the 

distinguishing features of lasers is coherence, which is the phase alignment of photons 

released and produces an intense and highly concentrated beam. Because of their coherence, 

lasers can be precisely targeted and have very little dispersion over extended distances. This 

makes them highly useful in a wide range of scientific, industrial, and medical applications. 

2.3 Applications of Lasers in Agriculture: 

2.3.1 Precision Agriculture: 

In agriculture, weed detection and control are depending more and more on cutting-edge 

technologies like laser systems. Laser weeding is a chemical-free substitute for herbicides 
by using precisely guided lasers to locate and eradicate weeds without damaging crops. 

These systems frequently use artificial intelligence and machine vision to reliably 

discriminate between weeds and crops. Laser weeding lowers labour costs, supports 
sustainable farming, and lessens environmental effect by concentrating on the undesirable 

plants. Also, efficiency is increased by combining lasers with robotic platforms, allowing 

for autonomous and continuous weed control over huge agricultural areas. 
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Advanced laser technologies are used in crop monitoring and health assessment to improve 
agricultural sustainability and productivity. By determining vegetation height, density, and 

canopy structure, laser-based remote sensing systems—like Light Detection and Ranging 

(LIDAR)—provide comprehensive topographic maps and evaluate the health of plants. By 
assisting farmers in making knowledgeable decisions on pest management, fertilization, and 

irrigation, these systems maximize resource efficiency and raise crop yields. Furthermore, 

plants' light emission in response to laser light is analysed by laser-induced fluorescence 

(LIF) techniques, which can identify early signs of stress such as illness, pest infestations, 
and nutrient deficits. This makes it possible to intervene promptly, minimizing crop loss 

and improving general health. By providing widespread, real-time monitoring, integrating 

these laser technologies with drones and driverless cars further boosts efficiency. All things 
considered, lasers are essential to modern agriculture because they offer accurate, data-

driven insights that promote productive and sustainable farming methods. 

Laser-induced breakdown spectroscopy (LIBS), a technology that quickly evaluates soil 

composition, is beneficial for soil analysis and management. A tiny amount of soil is 

vaporised by LIBS's laser pulses, producing a plasma that emits a distinctive light. The 
elemental makeup of the soil, including the concentrations of nutrients, heavy metals, and 

pollutants, can be ascertained by examining this light. Precise fertilization techniques are 

guided by this information, which maximizes nutrient administration and raises crop output. 
Additionally, early detection of pollution and soil deterioration is made easier by laser-based 

soil analysis, which makes proactive soil management techniques possible to preserve the 

sustainability and health of the soil in agricultural ecosystems. 

2.3.2 Plant Growth and Development: 

Plant photosynthesis is impacted by laser light in a number of ways. Laser light can either 
stimulate or restrict photosynthetic activity, depending on its wavelength and intensity. It 

has been discovered that low-intensity laser light, especially in the red and blue spectrum, 

stimulates photosynthesis by turning on chlorophyll and other pigments involved in 
photosynthesis. Increased biomass production, crop growth, and yield are possible 

outcomes of this. Additionally, by encouraging electron transport and ATP synthesis, laser 

light may improve the efficiency of photosynthetic activities. On the other hand, 

photosynthesis may suffer from exposure to specific wavelengths or high-intensity laser 
light. Over-absorption of energy can result in photoinhibition, which damages the 

photosynthetic mechanism and lowers efficiency all around. Furthermore, heating leaf 

tissues with a laser can interfere with cellular functions and reduce photosynthetic activity. 
Consequently, even though laser light has the potential to positively affect photosynthesis, 

it must be carefully controlled in terms of intensity, duration, and wavelength in order to 

minimize negative effects and maximize the good impacts on plant growth and productivity. 

Low-intensity laser light is used in "laser-induced growth stimulation" to stimulate the 
growth and development of plants. Certain laser light wavelengths, especially those in the 

red and blue spectra, can cause physiological reactions in plants that encourage cell division, 

elongation, and metabolic activity. Increased biomass output, better nutrient uptake, and 

increased resilience to environmental stresses are all possible outcomes of this stimulation. 
Research indicates that laser-induced growth stimulation involves the activation of 
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photoreceptors and signalling pathways linked to plant growth and development, albeit the 
precise processes underlying this process are still unclear. In controlled settings, this method 

has the potential to increase agricultural production and maximize crop yields. 

Lasers have a wide range of uses in plant tissue culture and seed germination that are 

revolutionizing agricultural operations. Low-intensity laser light is used in laser-assisted 
seed germination to increase germination rates, improve seedling vigour, and encourage 

consistent plant growth. This method promotes seedling establishment, speeds up 

germination, and raises the possibility of crop output.  

Lasers are used in plant tissue culture for accurate cell manipulation, microsurgery, and 

tissue dissection. Laser microdissection makes it possible to isolate particular cell types or 
tissues, which makes it easier to clone, genetically modify, and propagate superior plant 

varieties. In addition, lasers are used in sterilizing processes to get rid of impurities and 

pathogens so that tissue culture experiments are successful and pure. These laser-based 
methods improve plant tissue culture and seed germination's efficiency, precision, and 

repeatability while also advancing agricultural development, propagation, and conservation 

initiatives. 

2.3.3 Pest Control: 

An inventive method for accurately and effectively identifying and tracking agricultural 
pests is provided by laser-based pest identification. This method analyses the distinct 

spectral signatures that pests emit using spectroscopic techniques including Raman 

spectroscopy and laser-induced fluorescence (LIF).  

Researchers can distinguish between different pest species, such as insects, mites, and 
diseases, by lighting the pests with laser light and examining the fluorescence or dispersed 

light patterns that result. Farmers can apply timely and focused pest management techniques 

by using this non-destructive and quick identification tool to detect pest infestations early. 

Additionally, drones, sensor networks, and automated monitoring devices can all be linked 
with laser-based pest identification systems to provide continuous surveillance over huge 

agricultural areas. Laser-based insect identification lessens crop damage, lowers the use of 

pesticides, improves pest control decision-making, and provides real-time data on pest 
populations and dynamics—all of which help to create more resilient and sustainable 

agricultural systems. 

By lessening their influence on the environment and maintaining the health of ecosystems, 

non-chemical insect eradication techniques provide sustainable substitutes for traditional 

pesticides. Without using chemicals, methods including trap cropping, physical barriers, 
biological management, and cultural practices try to control insect populations. Pest 

populations are managed biologically by introducing natural predators or pathogens; 

physically, pests are kept out of crops by physical barriers like nets or screens. Cultural 
methods like crop rotation disturb the life cycles of pests, while trap planting serves as a 

lure to divert pests from primary crops. These methods assist long-term agricultural pest 

management tactics, decrease chemical residues in food and the environment, and enhance 

biodiversity. 
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2.3.4 Harvesting and Post - Harvesting Processing: 

Agricultural harvesting procedures are revolutionized by laser-guided harvesting equipment 

because they increase accuracy and productivity. These systems discover and precisely 

identify ripe crops for harvesting by using laser technology. The devices use laser scanning 

to map crop maturity and density in great detail. This allows harvesting machinery to focus 
on areas that have the most prospective yield. Selective harvesting is made possible by laser 

guiding, which ensures that only ripe crops are taken while immature ones are left 

unharvested, reducing waste and enhancing yield quality. Farmers can save money by using 
laser-guided systems, which also speed up harvesting and require less manpower. All things 

considered, the use of lasers in harvesting procedures increases productivity, simplifies 

operations, and strengthens the sustainability of agricultural production overall. 

Laser-based quality control and sorting transform product inspection procedures across a 

range of industries, including manufacturing and agriculture. Laser-based systems use 
sophisticated sensors and cameras to quickly and accurately detect flaws, pollutants, and 

irregularities in items in real-time. Fruits, vegetables, and grains are sorted using lasers in 

agriculture according to size, colour, ripeness, and internal quality standards. Laser sorting 
systems increase consumer happiness, reduce waste, and improve product quality by 

accurately recognizing and separating defective or substandard goods. Lasers also make it 

possible for non-destructive, non-contact inspection, which protects the integrity of the 
product and lessens handling damage. This technology increases operational effectiveness, 

guarantees adherence to quality standards, and fosters competitiveness in international 

markets. 

2.4 Benefits and Challenges: 

Modern agriculture can benefit greatly from laser technology, which improves 
sustainability, efficiency, and precision. Its capacity to provide accurate applications in 

weed control, pest control, and crop monitoring is one of its main benefits. By precisely 

locating and eliminating weeds without harming crops, for example, laser weeding devices 

might lessen the demand for chemical herbicides while also improving environmental 
health. LIDAR and other laser-based remote sensing technologies can also provide 

comprehensive information on the topography of fields, crop health, and soil composition. 

With the use of data, farmers may optimize resource use and increase crop yields by making 
well-informed decisions about pest management, fertilization, and irrigation. By reducing 

waste, maximizing product quality, and guaranteeing that only ripe crops are harvested, 

laser-guided harvesting devices also increase efficiency. In addition, lasers make it easier 
to sort and perform non-destructive quality control, maintaining the integrity of the product 

and guaranteeing adherence to industry requirements. 

Despite these advantages, a number of barriers need to be overcome before laser technology 

get effectively integrated into agriculture. High upfront expenditures for laser infrastructure 

and equipment might be a major obstacle, especially for small-scale or developing-nation 
farmers. In addition, agricultural workers need extensive training because maintaining and 

operating laser systems calls for specific technical knowledge. Environmental elements that 

might impact laser system performance and dependability include dust, humidity, and 
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temperature changes. These factors can also create practical difficulties in a variety of 
outdoor settings. Another issue is energy consumption, since powerful lasers can raise 

operating expenses and have an adverse effect on environmental sustainability if not used 

properly. Using laser technology in agriculture may potentially involve major changes to 
current equipment and techniques, as well as logistical difficulties. In addition, in order to 

guarantee adherence to safety regulations, regulatory obstacles concerning the safe 

application of laser technology—particularly in the food manufacturing industry—must be 
overcome. To fully utilise laser technology and make sustainable agricultural 

breakthroughs, these issues must be resolved. 

2.5 Future Trends and Innovations: 

Exciting new developments and inventions in laser technology for agriculture are 

anticipated in the future, which should further boost efficiency, sustainability, and 
production. Combining machine learning and artificial intelligence (AI) with laser systems 

is one new trend. AI is able to make decisions in real time about crop health, pest 

infestations, and the best times to harvest based on its analysis of massive volumes of data 

gathered by laser sensors.  

The combination of AI with laser technology has the potential to create fully automated 
farming operations that require very little human interaction and achieve previously 

unheard-of levels of precision in tasks like planting, monitoring, and harvesting. This will 

lower labour expenses and resource consumption in addition to increasing yields. 

The advancement of more affordable and energy-efficient laser systems is another 
noteworthy trend. Lasers are becoming increasingly affordable, compact, and effective 

because to developments in laser diode technology. These advancements will increase the 

accessibility of laser technology for small-scale farmers and individuals living in poor 

nations. Further work is being done to improve the capabilities of laser-induced breakdown 

spectroscopy (LIBS) in order to analyse soil and plants in even greater detail.  

This will make it possible for farmers to more precisely apply fertilizers and amendments, 

boosting crop health and lessening their impact on the environment. Farmers will also be 

able to monitor nutrient levels and soil health with more accuracy. 

Precision agriculture is about to undergo a revolution thanks to advancements in drone 
technology and laser systems. Drones employing LIDAR and other laser-based sensors are 

able to swiftly cover enormous regions while delivering real-time data on crop conditions 

and high-resolution maps. These drones can be used for a number of purposes, such as 

monitoring insect populations, assessing the distribution of water and nutrients, and early 
disease identification. This aerial view enables more effective management techniques and 

prompt actions. Additionally, sustainable alternatives to chemical pesticides will be made 

available by the development of laser-based pest management systems, which are less 
intrusive and more selective than present techniques. This will improve food safety while 

also lowering the ecological imprint of pesticides. As these technologies develop further, 

they will become increasingly important in addressing the issues facing contemporary 

agriculture and guaranteeing food security in an increasingly variable climate. 
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2.6 Conclusion: 

Agricultural practices are being revolutionized by laser technology, which offers creative 

solutions that improve sustainability, efficiency, and precision. Its uses in crop monitoring, 

weed control, insect control, and harvesting are revolutionizing conventional farming 

methods and facilitating more precise and resource-efficient operations. Many agricultural 
jobs might be automated by integrating AI and machine learning with laser systems, which 

would boost output and cut labour expenses. Additionally, a wider range of farmers, 

especially those in underdeveloped nations, are now able to utilize these systems because 
to developments in laser diode technology. Considering the substantial advantages, a 

number of obstacles still need to be overcome, including high upfront expenditures, the need 

for technological know-how, and regulatory and environmental concerns. Reaching the full 
potential of laser technology in agriculture requires overcoming these obstacles. Innovation 

in the industry will continue to be fuelled by upcoming trends like as the integration of 

drones, more energy-efficient lasers, and enhanced methods for analysing plants and soil. 

To sum up, laser technology has a lot of potential for the agricultural industry. Through 
further development and improvement of these technologies, the agricultural sector can 

attain increased production, sustainability, and efficiency. In addition to helping farmers, 

this will also aid environmental preservation and global food security, creating a more 

robust and sustainable agricultural system for coming generations. 

2.7 References: 

1. Weiss, C. O., & Vilaseca, R. (1991). Dynamics of lasers. NASA STI/Recon Technical 

Report A, 92, 39875. 

2. Singh, S. C., Zeng, H., Guo, C., & Cai, W. (2012). Lasers: fundamentals, types, and 
operations. Nanomaterials: Processing and Characterization with Lasers, First 

Edition, Wiley-VCH Verlag GmbH & Co. KGaA. 

3. Csele, M. (2011). Fundamentals of light sources and lasers. John Wiley & Sons. 

4. Hernandez, A. C., Dominguez, P. A., Cruz, O. A., Ivanov, R., Carballo, C. A., & 
Zepeda, B. R. (2010). Laser in agriculture. Int. Agrophys, 24(4), 407-422. 

5. Nadimi, M., Sun, D. W., & Paliwal, J. (2021). Recent applications of novel laser 

techniques for enhancing agricultural production. Laser Physics, 31(5), 053001. 
6. Mandal, S. K., & Maity, A. (2013). Applications of laser in agriculture: a critical 

review. Elixir Mechanical Engineering, 63, 18740-18745. 

7. Kumar, S., Karaliya, S. K., & Chaudhary, S. (2017). Precision farming technologies 
towards enhancing productivity and sustainability of rice-wheat cropping system. Int. 

J. Curr. Microbiol. App. Sci, 6(3), 142-151. 

8. Askraba, S., Paap, A., Alameh, K., Rowe, J., & Miller, C. (2016). Laser-stabilized real-

time plant discrimination sensor for precision agriculture. IEEE sensors 
journal, 16(17), 6680-6686. 

9. Metwally, S. A., Abou Leila, B. H., & Gaballah, M. S. (2020). Laser application in 

agriculture and its physiological effect on plant: a review. Plant Arch, 20(2), 9535-
9543. 

10. Lan, Y., Guo, Y., Wang, T., Chen, X., & Chu, Q. (2022). Design and test of a laser 

lighting device for plant growth. Applied Optics, 61(15), 4238-4245. 



Bridging Sustainable Solutions in a Multidisciplinary Approach 

20 

 

11. Gaetani, R., Lacotte, V., Dufour, V., Clavel, A., Duport, G., Gaget, K., ... & Masenelli, 
B. (2021). Sustainable laser-based technology for insect pest control. Scientific 

Reports, 11(1), 11068. 

12. Nair, S., Hsu, C. W., Hu, Y. Y., Chien, M. J., & Chen, S. J. (2022, May). Effective laser 
pest control with modulated UV-A light trapping for mushroom fungus gnats. In Optics, 

Photonics and Digital Technologies for Imaging Applications VII (Vol. 12138, pp. 55-

59). SPIE. 
13. Mei, L., Guan, Z. G., Zhou, H. J., Lv, J., Zhu, Z. R., Cheng, J. A., ... & Somesfalean, 

G. (2012). Agricultural pest monitoring using fluorescence lidar techniques: Feasibility 

study. Applied Physics B, 106, 733-740. 

14. Chen, L., Honsho, Y., Seki, S., & Jiang, D. (2010). Light-harvesting conjugated 
microporous polymers: rapid and highly efficient flow of light energy with a porous 

polyphenylene framework as antenna. Journal of the American Chemical 

Society, 132(19), 6742-6748. 
15. Herek, J. L., Wohlleben, W., Cogdell, R. J., Zeidler, D., & Motzkus, M. (2002). 

Quantum control of energy flow in light harvesting. Nature, 417(6888), 533-535. 

16. Peng, J., Liu, F., Zhou, F., Song, K., Zhang, C., Ye, L., & He, Y. (2016). Challenging 
applications for multi-element analysis by laser-induced breakdown spectroscopy in 

agriculture: A review. TrAC Trends in Analytical Chemistry, 85, 260-272. 

17. Nadimi, M., Sun, D. W., & Paliwal, J. (2021). Recent applications of novel laser 

techniques for enhancing agricultural production. Laser Physics, 31(5), 053001. 
18. Medic, T., Bömer, J., & Paulus, S. (2023). Challenges and Recommendations for 3d 

Plant Phenotyping in Agriculture Using Terrestrial Lasers Scanners. ISPRS Annals of 

the Photogrammetry, Remote Sensing and Spatial Information Sciences, 10, 1007-
1014. 

19. Khan, N., Ray, R. L., Sargani, G. R., Ihtisham, M., Khayyam, M., & Ismail, S. (2021). 

Current progress and future prospects of agriculture technology: Gateway to sustainable 

agriculture. Sustainability, 13(9), 4883. 
20. Michaliszyn-Gabryś, B., Bronder, J., Jarosz, W., & Krupanek, J. (2024). Potential of 

Eco-Weeding with High-Power Laser Adoption from the Farmers’ 

Perspective. Sustainability, 16(6), 2353. 
21. Duckett, T., Pearson, S., Blackmore, S., Grieve, B., Chen, W. H., Cielniak, G., ... & 

Yang, G. Z. (2018). Agricultural robotics: the future of robotic agriculture. arXiv 

preprint arXiv:1806.06762. 
22. Aslam, M. (2016). Agricultural productivity current scenario, constraints and future 

prospects in Pakistan. Sarhad Journal of Agriculture, 32(4), 289-303. 

23. Relf-Eckstein, J. E., Ballantyne, A. T., & Phillips, P. W. (2019). Farming Reimagined: 

A case study of autonomous farm equipment and creating an innovation opportunity 
space for broadacre smart farming. NJAS-Wageningen Journal of Life Sciences, 90, 

100307. 

24. Abbas, I., Liu, J., Faheem, M., Noor, R. S., Shaikh, S. A., Solangi, K. A., & Raza, S. 
M. (2020). Different sensor based intelligent spraying systems in Agriculture. Sensors 

and Actuators A: Physical, 316, 112265. 

25. Salam, A., & Salam, A. (2020). Internet of things in agricultural innovation and 

security. Internet of Things for Sustainable Community Development: Wireless 

Communications, Sensing, and Systems,71-112.     


