
IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 8.311Peer-reviewed & Refereed journalVol. 13, Issue 1, January 2026 

DOI:  10.17148/IARJSET.2026.13128 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  169 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

 

A Study On Smart Technologies For 

Plantation Monitoring And Management 
 

Roopa K Murthy¹, Ganesha K², Hemanth Gowda H N³, Madhusudhan S K⁴, Manoj S⁵,  

Nitish T⁶ 

Assistant Professor, Computer Science and Design, K. S. Institute of Technology, Bengaluru, India1 

Students, Computer Science and Design, K. S. Institute of Technology, Bengaluru, India2-6 

Abstract: Agriculture is an important sector for economic reasons and for feeding purposes. It  relys on traditional 

methods of monitoring plantation which requires a great deal of labour,  time-consuming and prone to errors. This 

research paper considers the possibility of smart technologies in the enhancement of ease and reliability in plantation 

monitoring and management. The system focuses on sensors for soil moisture, temperature, humidity, and light 

measurements, which will aid the farmers in keeping track of their crop conditions. These sensor readings are transmitted 

to a cloud system to enable real-time viewing of data. Farmers will be able to view information either through the web 

or mobile application without necessarily visiting the field. Machine learning tools are utilized to predict issues such as 

crop health conditions, irrigation, and early disease symptoms. Thus, it would allow farmers to make necessary decisions 

fast before facing any huge damages.  

 

The wireless communication approaches such as Wi-Fi and LoRa (Forest Ranger) are integrated to make data sharing 

smooth from the field all the way to the app. By doing so, the aim is to support farmers by reducing undue labour and 

helping them to effectively make use of water, fertilizers and other resources. From this, it can be concluded that smart 

monitoring helps improve productivity while preventing environmental waste. The conclusion of this study is that smart 

technology can enhance the efficiency and sustainability of plantation management hence, farmers will get better control 

over their crops, increase yields with better utilization of the same land and resources. 
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I. INTRODUCTION 

 

These studies say that Plantations play a vital role in maintaining environmental health and boosting the economy. 

However, handling them has turned into an uphill task. Manual surveillance of large chunks of areas is more time-

consuming and not cost-effective. Now, technology is trying to make this job much easier and full amount of accuracy. 

According to the researchers, satellite images and remote-sensing tools enable us to conduct studies on how trees grow 

and how lands change over time due to natural and human activities. That helps us to identify areas that are in need or 

have adverse conditions, like poor soil or unhealthiest of vegetation. Plantations are being monitored using GIS 

(Geographic Information system) and NDVI (Normalized Difference Vegetation Index) to avoid disasters such as fire 

outbreaks and insufficient fertilization. Meanwhile, Machine Learning also helped us analyse massive data to find out 

which areas work best for raising specific species of trees. Drones (UAVs) are being used to keep surveillance on 

plantations from above and even to plant the seeds automatically. 

 

Additionally, some research tested that UAV swarms that cooperate in formation to cover big areas much faster. Another 

great invention, such as Green Bot, with the use of sensors and mobile applications measures soil conditions like fertility, 

texture, composition and then plants trees automatically. This modern technology reduces manual work and makes 

plantation management faster and more viable than these on the other hand, studies also highlight climate and economic 

impacts. Examples include peat fire research in Indonesia, where it is clear that bad management might cause serious 

financial loss and also environment loss. Climate change studies give insights into how plantations must be planned based 

on more precise data and predictive models. All these approaches show one clear message technology and sustainability 

need to go hand in glove for the protection of natural resources and improving productivity in plantations. 
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II. LITERATURE REVIEW 

 

SL NO YEAR PROJECT TITLE DESCRIPTION 

01. 2025[1] Fora Nav: Insect-Inspired Online 

Target-Oriented Navigation for 

MAVs in Tree Plantations 

ForaNav is a navigation tool for small flying robots in 

tree plantations, classified under Micro Aerial 

Vehicles (MAVs). The technology for this device is 

derived from the way insects such as bees and flies 

can navigate through dense environments without 

using sensors or maps because they see and react 

accordingly. The device takes this principle to enable 

small flying robots to move through trees without 

hitches. In plantations, GPS signals are weak because 

of dense vegetation, and trails are narrow and rugged. 

Conventional navigation systems aren’t effective in 

such environments. ForaNav overcomes this with 

vision-assisted navigation algorithms inspired by how 

insects see and respond to environments. The camera 

on the drone takes in images of the environment, and 

based on these, in real time, obstacles, paths, and 

directions towards targets are detected in the images.  

Rather than creating a complete 3D environment 

model, ForaNav simply relies on simple visual 

information such as optical flow and boundary 

information of an objected to direct navigation of the 

drone. Thus, this technology remains minimal and 

lightweight, which is important in small drones since 

they consume less power and have less heavy 

processing capabilities. The drone continually adjusts 

paths when in flight and prevents obstacles such as 

branches and trunks before maintaining a focus on a 

target, such as a specific tree, parcel, or sensor. The 

"online" nature of ForaNav technology implies that 

decisions are real-time when in motion. The 

technology isn’t reliant on predefined navigation 

paths. Such a technology can be very important in 

situations such as inspecting crop health, assessing 

soil moisture content, and sensor data acquisition in a 

plantation. 

Tests conducted in real-world plantations proved that 

ForaNav demonstrated the ability to fly in tight row 

spaces without colliding and with a constant flight 

path. Additionally, ForaNav consumed less power 

than other solutions based on GPS or LiDAR 

technology. This project demonstrates that simple 

vision inspired by nature can support drones in 

operating smarter in outdoor settings.[1] 

02. 2024[2] Leader-Follower Formation 

Strategy in a UAV Swarm for Tree 

Plantation: Design and 

Effectiveness 

 

The project examines the collaboration of a team of 

drones to fasten the tree plantation process by making 

it more systematic. The approach is inspired by the 

leader-follower principle, where there is one main 

drone regarded as the leader and the rest follow it in a 

predetermined pattern. Working in formation not only 

makes the swarm efficiently cover extensive areas but 

also keeps their movement steady and coordinated. 

In this architecture, the leading drone maps out the 

route, and its position and bearing is communicated to 

the rest. The follower drones then adjust their speed 
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and separation to follow along in line. This 

architecture helps the swarm manage tasks such as 

mapping and soil checks along with seed dropping 

simultaneously. Since the drones are moving in 

unison, the coverage over the area is much more 

uniform, and the total time required for planting or 

surveying is minimized. 

Uneven terrain or dense plantations are also helped by 

the formation. In case the leading robot changes 

course to avoid an obstacle, the followers self-correct 

their courses. Sensors and wireless links help the 

formation to be stable and avoid collision situations in 

the presence of wind or weak signals. 

Tests and simulations also indicated that the leader-

follower approach enhances coverage, minimizes 

overlapping paths, and saves more energy compared 

to flying each drone individually. The system-

maintained stability under conditions of moderate 

wind and unevenness, hence suitable for actual 

plantation tasks. 

In all, this approach has shown how teamwork by 

drones could make large-scale planting, monitoring, 

and mapping much easier and efficient, all done not 

by heavy machinery but by smart coordination for the 

same work in less time and with lesser effort.[2] 

03. 2024[3] Multi-node Wireless Surveillance 

System for Commercial 

Plantations 

The significance of this project is to design a wireless 

system that can oversee large plantations with a 

network of sensor nodes. The objective is to observe 

the environment and notice any movement in order to 

make plantation management simpler without relying 

on human presence to check plantation sites. 

A network of nodes is spread across a plantation. A 

node records parameters such as temperature, 

humidity, water content in the soil, and light intensity 

among others. Some of these nodes incorporate 

cameras or motion sensors to detect animals and 

human presence. The entire network sends 

information to a control unit where this information 

can be accessed using a smartphone or a computer. 

Having lots of small nodes rather than a single node 

provides better coverage and reliability. In case a node 

fails, other nodes will still be working, so the network 

will not be interrupted. The network relies on low-

power communications, which make it operate for a 

longer time without needing maintenance. 

Additionally, this system can be used to raise an alarm 

when it identifies an unusual event such as night 

movement and/or changes in the weather or soil. 

Therefore, this system can be used in security and 

early warning systems such as identifying pests or 

signs of fire before they spread. 

Experiments conducted in real environments of a 

plantation proved that everything worked well, with 

stable configuration, accurate data, and sufficient 

coverage. Generally, it can be concluded that this 

project demonstrates how a simple network of WSN 

can make plantation life easier and less reliant on 

human effort.[3] 
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04. 2024[4] Assessing the Economic Impact 

of Peat Fires on Industrial 

Plantation Forests in Mesuji, 

South Sumatra, Indonesia 

The impact of periodic peat forest fires in one of 

Indonesia’s key forest plantation regions is evaluated 

in this paper. Specifically, this research is conducted 

in the Mesuji subdistrict because it contains 

approximately 754 hectares of Industrial Plantation 

Forests, which are majorly composed of Acacia 

magnum. Such Industrial Forests provide a vital 

source of wood and bee farm products, besides being 

instrumental in maintaining carbon and water in this 

region. 

Ever since 2015, this region has suffered frequently 

from peat fires, which have escalated to serious 

damages. The peat fires have led to financial losses, in 

addition to other environmental damages. 

The research incorporates economic valuation 

methods and environmental accounting using 

secondary data obtained from meteorological offices, 

forestry offices, and statistical offices. The losses have 

been measured in four different categories. Economic 

losses, Environmental losses, social losses, and 

Ecological losses.[4] 

05. 2023[5] GreenBot: An IoT-Based Tree 

Plantation Robot for Sustainable 

Smart Plantation with Real-Time 

Soil Analysis and App-Based 

Control 

 

Green Bot is a robot which assists in making planting 

trees less tedious and more efficient. The main plan is 

to have a simple but robust machine undertake all the 

monotonous work so that human brains can work on 

planning and nurturing. Green Bot will be burying a 

hole where the sapling will go, covering it with soil, 

and inspecting the ground in the process. Green Bot 

can be controlled with your smartphone such that one 

can operate it without carrying saplings or tools. 

Mechanically, Green Bot is constructed using a 

lightweight aluminium chassis. It is very sturdy but 

can be easily maneuverer. Green Bot is driven by 

powerful motors and equipped with wheels that can 

grip well in muddy or sloping-ground environments. 

Green Bot employs an auger bit driven by a high 

torque motor for drilling holes. The auger holes are 

very neat and uniform and consume a lot of time 

compared to drilling by human hands. The saplings 

are packed in a revolving container and delivered 

using a sapling conveyor to deliver one seedling into 

the dug hole at a time. 

Green Bot is more advanced than a standard planter 

because it is equipped with sensors. Green Bot 

comprises an NPK sensor. The sensor tests for 

nitrogen, phosphorus, and potassium content in 

addition to water and pH levels. Before planting, 

Green Bot analyses the soil and uploads the 

information to a remote online platform. Green Bot 

assists a farmer in selecting a suitable species of trees 

for planting in a given piece of land. A given plant 

thrives in soils with high nitrogen content but fails in 

soils with low phosphorus. 

Green Bot is connected to a smartphone via Bluetooth 

Low Energy technology. Of course, this prevents 

power consumption from being excessive, with 

immediate responses to commands. The application 

allows easy control functions for movement, drilling, 
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and planting, and provides immediate soil 

measurements. Additionally, if connection via 

Bluetooth is interrupted, Green Bot automatically 

stops moving before planting or drilling in a different 

spot. 

Green Bot possesses the capability to transport 

multiple saplings. Additionally, this robot has the 

capability to analyse the nature of the soil along the 

way it walks. Furthermore, this robot is ideal for 

planting since it can plant over a long distance without 

the need to reload. Moreover, a team developed a 

prototype of this robot using recycled components.[5] 

06. 2023[6] Machine Learning Approach for 

Tree Plantation Suitability 

Mapping 

 

In this project, machine learning is used to help 

identify regions where tree plantation can take place 

in the most effective manner. The basic idea is to 

employ environmental information using computer 

simulations to try and establish regions where a given 

species of trees will grow most effectively. Rather 

than relying on manual site visits, this technique 

analyses data trends to make an educated estimate of 

where trees will grow well. 

The algorithm begins with information such as soil 

type, moisture, slopes, rainfall, temperatures, and 

usage of the land. Such information is used to train an 

algorithm on exemplary sites where a plantation can 

thrive. The algorithm learns this information to be 

able to predict sites suitable for plantation based on 

other regions. 

The methodology involves producing maps which 

indicate sites suitable, moderately suitable, or not 

suitable for plantation. With this technique, time is 

saved and a better insight into the potential of the land 

is gained before any planting is carried out. 

One major difference with conventional methods of 

mapping is that this technique is capable of dealing 

with a large volume of information obtained from 

satellites and sensors. Additionally, this technique gets 

better with time when more information is 

incorporated into it. Experiments indicated that this 

technique produced accurate forecasts, which were 

nearly equal to those obtained in reality. 

In summary, this project highlights how machine 

learning can improve plantation planning accuracy 

and feasibility with complicated information being 

simplified into meaningful insights.[6] 

07. 2022[7] Climate Change Impact Analysis 

on Plantation 

This research work examines the impact of climate 

change on crop yield through machine learning 

approaches. Emphasis is placed on how climatic 

variables such as temperature and rainfall, as well as 

pesticide use, shape the productivity of crops like 

maize, wheat, and potatoes. 

The data used had a very extensive dataset of 28,242 

records, collected between the years 1990-2013. This 

dataset is analysed for its relationship of 

environmental factors with crop yield expressed in 

hectograms per hectare. The results revealed strong 

influences of rainfall and temperature on the 

productivity figures. It was further observed that high 
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consumption of pesticides decreases the quality of 

yields and affects soil health adversely. 

For the prediction and understanding of these patterns, 

machine learning models such as Random Forest, 

Bagging Regressor, Gradient Boosting, and Linear 

Regression were considered by the researchers. Out of 

these, Random Forest and Bagging Regressor were 

the best, which achieved an accuracy of about 97 

percent. This indicates that these models work well 

while handling complex data from agriculture. 

The presented research also involved learning curve 

analysis, investigating the performance and 

generalization of the models with data. That way, it 

was possible to ensure that the models have low bias 

and low variance and that the prediction is reliable. 

The overall work shows that machine learning is a 

useful tool for studying and managing how climate 

changes influence agricultural productivity.[7] 

08. 2022[8] Mapping and Monitoring Forest 

Plantation Using Fraction Images 

Derived from Multi-Annual 

Landsat TM Datasets 

 

 

 One such project describes research being conducted 

on employing satellite images in order to examine the 

dynamics of plantations in forests over a period of 

time. Landsat TM data is used in this project. Landsat 

TM data supplies a series of satellite images of a 

particular region over a series of years. Rather than 

focusing on a satellite image, this project differs in 

examining a pixel in a picture consisting of various 

segments such as vegetation, shadow, and earth. 

Through comparisons of these images from different 

years, it will be easier to notice how much a plantation 

has expanded, where the trees are getting thinner, or 

where planting has occurred. Such information will 

aid managers in knowing plantation developments 

without necessarily going to these sites. 

The technique is also more informative than 

conventional satellite maps because it can distinguish 

plantations from other forests or lands with a higher 

degree of accuracy. Furthermore, this technique is an 

effective way of mapping plantations and making 

better decisions for a better future in terms of 

forest management.[8] 

09. 2021[9] The Use of Satellites for Analysis 

of Plantation Locations to 

Minimize Land Fires and Improve 

Fertilization 

 

It also reviews how satellites help in the safe and more 

effective management of plantations. These satellite 

images give a broad view of large tracts of lands on 

which differences in soil moisture, vegetation cover, 

and temperature become clearly distinct. On studying 

these, it is relatively easier to spot areas of drying out 

or in a state of distress, which are generally the early 

signals of land fires. 

The same information can also lead to better 

fertilization instead of applying fertilizer 

homogeneously across the board, managers can target 

only those places that truly require it, a more accurate 

process that preserves resources and minimizes 

environmental damage. 

Overall, with satellite analysis, plantation teams know 

their land a little better. It supports early fire 

prevention, the use of fertilizers in a smarter way, and 

healthier, healthier long-term growth.[9] 
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10. 2011[10] Information Extraction of Fast-

Growing Plantation Based on 

Remote Sensing 

It is quite practical to investigate large plantations 

using remote sensing without necessarily walking 

across all the fields. That means taking images and 

measurements from satellites or drones in order to 

monitor growth. Such an approach in quick-growing 

plantations helps you understand where the plants are 

healthy, where they're struggling, and how the land 

changes over time. 

The first step in choosing the right images, satellites 

and drones capture light in different wavelengths, and 

plants reflect visible and near-infrared light depending 

on their health condition. Comparing light bands gives 

us the calculation of values showing plant condition. 

Most common one NDVI, which uses near-infrared 

and red light to calculate how green and active the 

plants are , High NDVI value usually represents 

healthy plants whereas low ones can point out stress, 

infestation, or poor soil. 

After having the images, the processing for useful 

maps can be done. Classification segments the area 

into types like healthy plantation, sparse plantation, 

bare soil, and water. Segmentation isolates patches so 

that specific blocks or rows can be followed through 

time. You can see the growth of a plantation, its 

damage, or recovery by looking at the images taken 

over weeks or months. This helps in planning tasks 

such as pruning, fertilizing, or replanting. 

Accordingly, remote sensing can be useful in mapping 

out places where new plantations would thrive. First, 

one can blend satellite data with information on slope, 

soil moisture, and sunlight to create an optimal area 

for expansion. For example, low-lying areas that have 

poor drainage may appear suitable from a general 

view but might not be ideal for certain species. 

Remote sensing shows one the big picture, but details 

can only be confirmed by field trips. 

Another advantage of NDVI concerns early problem 

detection. A sudden drop in NDVI within a part of the 

plantation can indicate drought or pest problems. You 

can respond quicker with frequent images rather than 

wait for signs you are able to see from the ground. 

This enables one to reduce their losses and maintain a 

healthy plantation. 

Mix remote sensing with GIS, and it becomes an even 

stronger management tool. You can layer soil tests, 

planting data, and sensor readings atop the satellite 

images. That makes planning and reporting easier. For 

example, forestry teams can rapidly determine which 

plots need replanting or estimate how much carbon is 

being stored by the plantation.[10] 

 

III. CONCLUSION 

 

Theories and studies are proving, with clarity, that plantation management is going towards smarter and automated 

systems. Drones, IoT Devices, and Satellite tools are rendering efficiency in the work of farmers and forest managers. 

Machine learning models and GIS tools help us to plan where and how to plant trees, while robots make this process 

faster and accurate. According to my opinion, these modern techs support in preventing problems like fires, poor soil 

quality, fertility, and wasted resources. Hence, they give us a better chance for the understanding of how plantations react 
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to climactic changes and help farmers in making better long-term decisions. The main motto behind all this research is 

simple to implement plantations for more productivity while protecting the environment. By combining the given data, 

our conclusion states that technology and sustainable practices can create a future where in plantations are beneficial 

and eco-friendly. 

 

IV. SUSTAINABLE DEVELOPMENT GOALS 

 

SDG Goal Goal Description Justification 

SDG 2 – Zero Hunger End hunger, improve nutrition, 

and support sustainable 

agriculture. 

Smart plantation monitoring enhances crop health, 

yield estimation, and early detection of stress or 

disease, consequently increasing productivity and 

enhancing food security. 

SDG 6 – Clean Water 

and Sanitation 

Ensure sustainable use and 

management of water resources. 

Soil moisture sensors and smart irrigation systems all 

help with the optimization of water usage on a 

plantation, minimizing wastage and thus protecting 

nearby water resources. 

SDG 7 – Affordable and 

Clean Energy 

Promote access to clean and 

sustainable energy. 

A smart plantation system can be sustained by using 

solar power and low-power devices such as those from 

the Internet of Things, thereby encouraging the 

application of renewable energy in agricultural 

systems. 

SDG 8 – Decent Work 

and Economic Growth 

Support productive employment 

and sustainable economic 

growth. 

Automation, drones, and monitoring systems make 

processes more efficient with the advent of numerous 

career opportunities for data analysis and other 

related systems. 

SDG 9 – Industry, 

Innovation and 

Infrastructure 

Build resilient infrastructure and 

encourage innovation. 

It integrates IoT, machine learning, GIS, and UAVs by 

fostering innovation that supports further development 

in the creation of smart agricultural infrastructure. 

SDG 11 – Sustainable 

Cities and Communities 

Make settlements safer, greener, 

and more sustainable. 

Plantation monitoring supports urban forestry, green 

belts, and afforestation projects that improve air 

quality and enhance community resilience. 

SDG 12 – Responsible 

Consumption and 

Production 

Promote efficient use of 

resources and reduce waste. 

Precision monitoring helps minimize the overuse of 

fertilizer, pesticides, and water, ensuring that these 

resources are utilized effectively. 

SDG 13 – Climate 

Action 

Take action to address climate 

change and its effects. 

Remote sensing techniques, as well as predictive 

analysis, contribute to the detection of forest fires, 

drought, and land degradation. These are beneficial for 

climate change mitigation. 

SDG 15 – Life on Land Protect ecosystems and prevent 

land degradation 

It assists in preventing issues such as deforestation, 

erosion of the soil, as well as loss of biodiversity 

through sustainable management of land. 
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