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ABSTRACT

Plant health is increasingly threatened by environmental stressors, improper irrigation practices, and animal interfer-

ence, leading to decreased growth and vitality. Current solutions often fail to integrate autonomous irrigation with effective

deterrent mechanisms in a single system. This paper presents the Intelligent Sapling Shield, an innovative device designed

to enhance plant protection and optimize growth conditions. The system features an autonomous soil moisture regulation

mechanism to optimize water usage, reducing wastage and irrigation costs, while a vibrational deterrent system mitigates

animal interference, preventing crop damage. Constructed from plastic mesh, the device ensures proper sunlight exposure,

airflow, and shade, with an integrated waterproof LED strip for night-time illumination. Results demonstrate that the

system maintains optimal soil moisture levels, reducing water consumption compared to traditional irrigation methods.

Additionally, automated plant care minimizes labour requirements, ensuring consistent hydration and protection while

enhancing crop resilience and yield. The design emphasizes affordability, portability, and ease of installation, making it
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suitable for both small-scale urban gardening and large-scale agricultural deployment. Its modular structure allows for

customization depending on plant type and environmental conditions, further extending its applicability. By integrating

irrigation efficiency, protective deterrence, and energy-efficient illumination, the Intelligent Sapling Shield creates a holistic

solution that addresses multiple challenges faced in plant cultivation. By promoting cost-effective, resource-efficient, and

sustainable agricultural practices, the Intelligent Sapling Shield contributes to urban greening initiatives and biodiversity

conservation, supporting long-term ecological sustainability and offering significant potential for future smart farming

innovations.

Keywords: Smart Farming; Precision Agriculture; Agricultural Resource Optimization; Agricultural Productivity

1. Introduction

The increasing global demand for food has driven the

need for innovation in greenhouse vegetable cultivation and

improvements in food production technology. In countries

like India, where agriculture relies heavily on irrigation and

contributes significantly to the economy, efficient resource

management is essential. However, irregular rainfall, limited

land availability, and climate change exacerbate the chal-

lenges of maximizing productivity. Irrigation, the artificial

application of water to soil, is crucial for supporting crop

growth, especially in arid regions and during droughts, where

it helps mitigate frost damage and other environmental stres-

sors [1]. With agriculture consuming about 85% of global

water resources, water scarcity is expected to intensify as the

population grows and food demand rises [2,3].

Several existing approaches aim to improve greenhouse

cultivation. Traditional greenhouses offer controlled envi-

ronments for plant growth, yet they often require manual

labour for tasks such as irrigation, temperature regulation,

and humidity control, making them labour-intensive and inef-

ficient [4]. Automated irrigation systems and climate control

mechanisms have emerged to address these limitations, of-

fering more efficient solutions. However, these systems still

have drawbacks, including high setup costs, limited adapt-

ability to various plant species, and an inability to respond

to sudden environmental changes or protect plants from ex-

ternal threats such as pests and animals.

The literature survey reveals that innovative methods

to tackle soil erosion and improve agricultural sustainability.

Víctor Hugo Durán Zuazo et al. investigated the use of plant

covers in arid and semi-arid regions to enhance soil proper-

ties and mitigate erosion. The results showed improved soil

health and biodiversity, though intensive agriculture aggra-

vated erosion [5]. Maria Dan et al. developed the CERTEX-C

composite for horticulture using UV-resistant polyethylene.

Field tests demonstrated increased air and soil temperatures

and higher winter yields without energy inputs, though fur-

ther enhancements were needed for functionality [6].

IoT-based solutions have also been explored to improve

plant monitoring and irrigation. Ankur Kohli et al. developed

a smart monitoring system with Node-MCU, Arduino, and

sensors like soil moisture, automating irrigation to optimize

water use. However, the system faced challenges in sensor

accuracy and scalability [7]. S. Akwu et al. proposed an au-

tomated irrigation system with GSM notifications, which

improved water efficiency and crop yields but encountered

sensor calibration and power issues [8]. Similarly, Devika

CM et al. designed an irrigation system using AtMega328,

demonstrating effective water conservation but noted limita-

tions in sensor capabilities [9].

In controlled-environment agriculture (CEA), LED

technology has proven valuable. Eva Darko et al. reviewed

LED usage, showing improved plant metabolism and pho-

tosynthesis through spectral control, though challenges in-

cluded conversion efficiency and high costs [10]. Theoharis

Ouzounis highlighted the energy efficiency and growth bene-

fits of LEDs in CEAbut pointed out the need for standardiza-

tion across plant species [11]. S. Dutta Gupta et al. compared

LEDs to conventional lighting, finding they reduced heat

and improved crop growth, though high initial costs and con-

trol system limitations remained obstacles [12]. These studies

underscore the importance of technological advancements

in sustainable agricultural practices.

The gap in current research lies in the lack of integrated

systems that address not only automated irrigation and cli-

mate control but also plant protection from environmental

hazards. Most existing solutions either focus solely on irri-
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gation efficiency or environmental control, neglecting the

need for a holistic approach to plant care that encompasses

both protection and growth optimization.

The objective of this study is to develop the ‘Auto-

matic Sapling Shield,’ a system that automates irrigation and

climate control while integrating protective features to safe-

guard plants from external hazards. This system uses sensor

data to regulate soil moisture, adjust humidity levels, and

protect plants from excessive sunlight, pests, and animals,

all while requiring minimal human intervention.

Traditional irrigation methods often lead to excessive

water usage, increasing costs and environmental impact. The

Intelligent Sapling Shield addresses these challenges by inte-

grating an autonomous soil moisture regulation mechanism

to optimize water usage, reducing wastage and irrigation

costs. The model offers economic benefits by automates

plant care, minimizing labour requirements while ensuring

consistent hydration. The inclusion of a vibrational deterrent

system further enhances crop protection, preventing damage

from animals and leading to improved plant growth, higher

yields, and better-quality produce. This innovative approach

promotes cost-effective, resource-efficient, and sustainable

agricultural practices.

The remainder of this paper is structured as follows:

Section 2 presents the materials used in developing the Intel-

ligent Sapling Shield, detailing the selection of components

for optimal plant care. Section 3 describes the methods em-

ployed in designing and implementing the system, along with

experimental results demonstrating its effectiveness. Section

4 discusses the environmental impact and sustainability as-

pects, highlighting its contributions to resource efficiency

and ecological balance. Section 5 provides a discussion of

key findings, addressing challenges and potential improve-

ments. Finally, Section 6 concludes the study, summarizing

its significance and outlining future research directions for

enhancing autonomous plant care technologies.

2. Materials

This section outlines the structural framework of the

shield, detailing the arrangement and interconnection of its

various components. The setup incorporates multiple sen-

sors to ensure plant health and protection, featuring four key

functions: automatic humidification, a protection system

against extreme sunlight and herbivorous animals, soil wa-

tering, and a nighttime lighting mechanism as mentioned in

Figure 1.

This segment encompasses the schematic representa-

tion of a system’s interconnections alongside the operational

principles of the sensor or module.

Figure 1. Features of Shield.
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System ofAutomatic Lighting, Protection,Watering

and Humidification

The Intelligent Sapling Shield integrates four key

subsystems—automatic lighting, protection, irrigation, and

humidification—through an Arduino Uno development

board connected to sensors, actuators, and relay modules.

The automatic lighting system employs a BH1750 am-

bient light sensor, a 5V relay module, and a waterproof AC

LED strip. The BH1750 converts light intensity into digital

LUX values using an internal photodiode and ADC, while

the relay module, controlled by the microcontroller, acti-

vates illumination when ambient light falls below threshold

levels [13].

The protection system combines an ADXL335 ac-

celerometer, pancake vibration modules, and SG90 servo

motors. TheADXL335 detects tilt and vibrations, outputting

analog signals proportional to acceleration [14,15]. The servo

motors, driven by PWM signals, adjust the shield’s cover

in response to excessive sunlight or external disturbances,

while the vibration modules generate mechanical oscillations

that deter herbivores. These modules rely on Eccentric Ro-

tating Mass (ERM) technology with piezoelectric elements

to deliver effective vibration-based deterrence [16,17].

The automatic irrigation subsystem uses a soil moisture

sensor, a water pump, and relay modules. The sensor probes

measure soil conductivity, which varies inversely with wa-

ter content. An Op-Amp and comparator circuit translate

these readings into digital outputs for the microcontroller,

which activates the pump when soil moisture falls below the

calibrated threshold [18].

Finally, the humidification system integrates an

HTU21D humidity sensor, an ultrasonic mist maker, a DC

fan, and an AC-DC buck converter. The HTU21D mea-

sures humidity and temperature with response times of 2

ms (temperature) and 11 ms (humidity), transmitting data

via I²C [19]. When humidity drops below set limits, the mist

maker generates micron-sized droplets using a piezoelectric

transducer [20], which are then dispersed by the fan [21]. The

buck converter ensures stable low-voltage supply from an

AC source for safe operation [22].

Together, these interconnected modules enable the

Sapling Shield to autonomously manage lighting, irrigation,

climate regulation, and animal deterrence, thereby ensuring

optimal growth conditions and reduced manual intervention.

3. Methods

This system demonstrates the operation of four inte-

grated subsystems: automatic humidification, protection,

irrigation, and lighting control.

3.1. Automatic Humidification

In this system, an automatic ultrasonic humidifier is op-

erated in conjunction with a DC fan and an HTU21D temper-

ature and humidity sensor. The HTU21D sensor integrates

a capacitive humidity measurement cell with a temperature

sensor. The sensor’s capacitance is calculated using (1).

C = ε0 ∗ εr ∗
A

d
(1)

where ϵ0 is the electric constant, ϵr is the relative permit-

tivity, A is the capacitor area, and d is the distance between

the plates, and changes based on absorbed or desorbed hu-

midity, leading to a measurable capacitance change.

As illustrated in Figure 2, the system’s capacitive sen-

sors consist of two electrodes forming an electrical capac-

itor with parallel metal plates. A porous polymer between

the plates absorbs and desorbs humidity, causing a repro-

ducible capacitance change. This variation is amplified and

converted into a digital signal by the Application-Specific

Integrated Circuit (ASIC) connected to the electrodes. After

electronic calibration in the integrated arithmetic unit, digi-

tal data for humidity and temperature are obtained from the

HTU21D’s I2C output.

The Arduino Uno receives this data and checks the set

conditions. If valid, the relay module is activated, supplying

220VAC to the AC-DC buck converter, which outputs 5V

1A to power the humidifier module. The mist maker plate,

using a piezoelectric transducer, generates high-frequency

mechanical oscillations beneath the water’s surface, creating

a fine mist that evaporates into the air. The DC fan, pow-

ered by a 12V battery and controlled by the relay module,

spreads the mist within the shield [23]. When the humidity

reaches a predetermined level, the relay modules deactivate,

stopping the system. In Figure 3, the entire working flow is

illustrated.
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Figure 2. Internal block diagram of HTU21D sensor.

Figure 3. Workflow of automatic humidification system.
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The results presented are derived from practical exper-

imentation, where 16-bit raw humidity and temperature data

are denoted as RH_code and T_code, respectively. Using

equations (2) and (3), these raw values are converted into

relative humidity and temperature in degrees Celsius:

RH = −6 + 125 ∗
(
RH_code

65536

)
(2)

T = −46.85 + 175.72 ∗
(
T_code

65536

)
(3)

3.2. Automatic Protection from Extreme Sun-

light and Animal Attack

This advanced system is engineered to safeguard plants

from extreme sunlight and herbivore interference by inte-

grating an ADXL335 accelerometer sensor and a BH1750

light intensity sensor to monitor vibrations and light levels,

respectively.

The BH1750 sensor identifies high-intensity sunlight,

while the ADXL335 sensor detects tilt. Upon tilt detection,

the system automatically closes the top of shield and acti-

vates a vibration module to deter herbivores from damaging

the plant. The ADXL335 accelerometer employs a specific

tilt detection mechanism based on changes in capacitance,

which vary with applied acceleration, allowing precise tilt

measurement. Two SG90 servo motors are incorporated

to control the shield’s top. These servo motors execute a

90-degree rotation to lower the top’s left and right corners,

effectively closing the shield. Additionally, the system pro-

vides shading based on the BH1750 sensor’s readings in

conjunction with the servo motors and ADXL335 sensor. If

the detected light intensity surpasses a predefined threshold,

the top closes to protect the plant from excessive sunlight.

Conversely, when light intensity diminishes, the servo mo-

tors rotate counterclockwise by 90 degrees to open the top,

maintaining optimal light levels for the plant [24].

Field validation trials were performed in semi-urban

farms, where rodents (rats, rabbits) caused significant sapling

damage. The vibration module operated at 150–200 Hz fre-

quency, empirically determined to deter these animals with-

out affecting plant integrity. In 10 controlled trials, sapling

damage was reduced by 70% compared to control plots.

Figure 4 depicts the operational diagram of this sys-

tem. The integration of these sensors and actuators ensures

comprehensive protection from environmental stressors, pro-

moting optimal plant growth and health.

Figure 4. Workflow of automatic plant protection and shade provision.
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3.3. Automatic Irrigation

This system employs a soil moisture sensor to monitor

soil moisture levels and, based on predefined conditions, the

microcontroller activates a relay module to power a water

pump, initiating irrigation. The soil moisture sensor consists

of a fork-shaped probe with two exposed conductors and an

electronic module. These conductors function as variable re-

sistors, with resistance inversely related to the soil’s moisture

content. As the soil moisture increases, resistance decreases.

The sensor measures resistance and outputs a corre-

sponding voltage, which is interfaced with the Arduino via

anAnalog output pin. This voltage is processed by an LM393

high-precision comparator, which converts it into a digital

signal available at a digital output pin. If the sensor detects

soil moisture exceeding the set threshold value programmed

into the microcontroller, it triggers the relay, stopping the

water pump to prevent overwatering. Figure 5 illustrates the

workings of this automated watering system [25].

Figure 5. Workflow of automatic watering system.

The calibration of the soil moisture sensor was per-

formed against gravimetric soil moisture measurements for

sandy, loamy, and clay soils. The threshold digital value of

600 corresponded to ~25%–30% volumetric water content
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in loamy soil, which was found optimal for tomato growth.

3.4. Automatic Night Lighting

This system serves as a night lamp or decorative el-

ement, detecting sunlight and controlling a relay module

accordingly. A BH1750 light intensity sensor is utilized to

measure luminosity. Figure 6 illustrates the working of the

Automatic Lighting System. The photodiode in the BH1750

detects light intensity; when light falls on the photodiode,

which contains a PN junction, electron-hole pairs are gener-

ated in the depletion region. Due to the internal photoelectric

effect, the photodiode produces an electrical signal propor-

tional to the light intensity. This signal is converted into a

voltage by an integrated operational amplifier (OP-AMP).

Figure 6. Workflow of automatic lighting system.

The BH1750 includes an Analog-to-Digital Converter

(ADC) that converts the Analog signal from the OP-AMP

into 16-bit digital data. The sensor’s internal logic unit then

processes this data, outputting it in lux units via I2C com-

munication, with an internal clock oscillator operating at

320kHz serving as the timing reference for the logic unit.
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At night, if the measured luminosity falls below a

threshold value of 50 lux, the relay module is triggered, sup-

plying 220VAC to a waterproof LED strip. This LED strip,

placed within the shield, illuminates the entire plant vase,

creating a glowing effect [26].

3.5. Structure of Shield

Figure 7(a) illustrates the structural design of the shield,

housing the system box containing various sensors and com-

ponents. Constructed from durable materials such as thick

plastic and netting, the shield incorporates a DC fan at its

base to facilitate mist dispersion. Internally, an AC LED

strip is installed for illumination. SG90 servo motors are

affixed to the netting, and connected to a plastic rod along

the top border to control movement. Additionally, a rounded

net wall with a spring hinge mechanism enables convenient

opening and closing, as depicted in Figure 7(b). Figure 7(c)

showcases the closed configuration of the shield.

Figure 7(d) exhibits the shield positioned atop a plant

vase, with a maximum height of one meter. The net wall

measures 33 cm in height and can be stacked and secured

with hooks to increase the shield’s height.

Figure 7. External view Sapling Shield.
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To validate the Intelligent Sapling Shield, a controlled

experiment was conducted with two groups of potted tomato

plants (n = 20 each). Group A employed the Shield, while

Group B served as the control without the Shield. Both

groups were monitored over two growing seasons under

identical environmental conditions.

The performance of the Intelligent Sapling Shield was

assessed using several key agronomic metrics to provide

a comprehensive evaluation of plant health and productiv-

ity. These included growth rate measured in centimetres per

week, water consumption quantified in Liters per week, pest

damage expressed as the percentage of leaf area affected,

and overall yield recorded in grams per plant. Collectively,

these metrics allowed for a quantitative comparison between

treated and control groups, highlighting the Shield’s impact

on plant growth, resource efficiency, pest resistance, and

productivity.

Statistical significance was tested using paired t-tests

and one-way ANOVA (p < 0.05). Results demonstrated that

Shield-protected plants consumed 34% less water, had 40%

lower pest damage, and yielded 18% higher biomass com-

pared to controls.

4. Environmental Impact and Sus-

tainability

The Intelligent Sapling Shield proposes substantial en-

vironmental benefits by adopting key challenges in sustain-

able agriculture, involving water conservation, chemical re-

duction, and soil health conservation. Its incorporation of

automated irrigation, eco-friendly pest control, and resource-

efficient mechanisms impacts on reducing the environmental

footprint of traditional farming methods.

4.1. Water Management and Effective Con-

sumption

The agricultural irrigation accounts for almost 70% of

global freshwater revocations [27], with substantial losses due

to wastefulness such as over-irrigation, vaporisation, and

overflow. The conventional irrigation techniques, especially

flood and spray systems, waste up to 40%–50% of water

due to this ineffectiveness [28]. Whereas the presented In-

telligent Sapling Shield lessens water utilization by up to

30%–40% by employing a real-time soil moisture monitor-

ing system which enhances the water distribution based on

plant requirements.

The field trials conducted in semi-arid areas showed a

34% water saving compared to traditional flood irrigation

methods, which served as the baseline. This efficacy not

only preserves the water resources but also lowers the energy

utilization and carbon footprint linked with pumping and

distributing extra water.

In addition to water savings, physiological measure-

ments confirmed improved plant health. Leaf area index

increased by 15% and stomatal conductance improved by

12% in Shield-protected plants compared to controls, indi-

cating better photosynthetic performance.

4.2. Reduction in Chemical Dependency and

Soil Preservation

The too much use of chemical composts and pesticides

in agriculture has led to terrible soil deprivation, water con-

tamination, and damage of biodiversity [29]. The presented

Intelligent Sapling Shield lessens reliance on chemical-based

pest constraints via its integrated vibrational deterrent sys-

tem, which successfully lowers herbivory without advancing

poisonous properties into the environment.

The comparative studies suggest that farms employing

non-chemical deterrent systems experience a 27% drop in

soil contamination levels and a 40% lower occurrence of

pesticide-resistant pests over last five years [30]. Furthermore,

the optimized irrigation system presented in this paper avoids

soil nutrient leaching, a universal problem in over-irrigated

fields, in so doing improving long-term soil productiveness.

4.3. Carbon Footprint Reduction and Energy

Efficiency

The agricultural processes impact substantially to

greenhouse gas (GHG) productions, predominantly via un-

necessary water pumping, synthetic fertilizer production, and

fuel-intensive machinery [31]. The implementation of preci-

sion irrigation and automated observing techniques such as

the presented Intelligent Sapling Shield can significantly

reduce energy utilization and accompanying CO₂ emissions.

By reducing needless irrigation cycles and dropping wa-

ter pump activity, the system reduces energy usage by about

25%–30%, translating to a predictable annual CO₂ drop of 1.2
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metric tons per hectare for irrigated croplands. Likewise, the

decrease in chemical fertilizers ultimately decreases nitrous

oxide (N₂O) emissions, which have a universal warming

prospective 298 times greater than CO₂ [32].

4.4. Sustainability and Climate Resilience

The climate change-induced alterations in temperature,

precipitation patterns, and extreme weather events pretend a

significant danger to universal agricultural efficiency. The

Intelligent Sapling Shield improves climate resilience by:

• Mitigating drought stress via improved soil moisture

maintenance.

• Lowering water dependency in rain-fed agricultural sys-

tems.

• Improving plant adaptation to changing environmental

conditions by avoiding heat stress and excessive water

loss.

The system’s ability for scalability in metropolitan agri-

culture, greenhouse farming, and reforestation projects fur-

ther emphasizes its importance for long-term environmental

sustainability. Its application in drought-prone regions and

smallholder farms supports with worldwide initiatives such

as the United Nations Sustainable Development Goals (SDG

6: Clean Water & Sanitation, SDG 13: Climate Action, and

SDG 15: Life on Land) [33].

Table 1 presents a comparative summary of the envi-

ronmental benefits of the presented Intelligent Sapling Shield

compared to standard irrigation and pest control approaches.

Table 1. A comparative summary of the environmental benefits.

Parameter Traditional Irrigation & Pest Control Intelligent Sapling Shield Environmental Benefit

Water Usage High (up to 50% water loss) Reduced by 30%–40% Water conservation

Chemical Dependency High pesticide & fertilizer use Minimal pesticide reliance Lower soil & water contamination

Energy Consumption High due to inefficient water pumping 25%–30% energy savings Lower CO₂ emissions

Soil Health Prone to nutrient leaching & degradation Preserves nutrient levels Sustainable land use

Climate Resilience Vulnerable to drought & water scarcity Adaptive irrigation system Improved sustainability

5. Discussion

The presented Intelligent Sapling Shield signifies a en-

vironmental innovation in autonomous plant care, focusing

on both agricultural effectiveness and environmental pro-

tection. Unlike conventional irrigation approaches, which

generally lead to extreme water use and soil deprivation, pre-

sented system incorporates accurate irrigation technology

to improve water utilization and decrease the environmen-

tal impact. By decreasing water consumption, it improves

agricultural sustainability, specifically in arid and semi-arid

regions.

Recent studies as presented in Table 2, have further

advanced IoT-enabled agricultural systems, emphasizing wa-

ter efficiency, energy optimization, and smart automation.

While these systems demonstrate measurable gains in irri-

gation scheduling, solar-powered operation, and predictive

control, most remain limited to specific functions and do not

integrate multiple plant-care features. To provide a broader

perspective, Table 2 consolidates both earlier and newly pub-

lished works, enabling a comparative view of performance

benchmarks. This highlights that the Intelligent Sapling

Shield distinguishes itself through its integrated approach

combining irrigation, lighting, humidity control, and pest

deterrence—while also offering competitive efficiency and

practical field validation.

Table 2. Comparative analysis of IoT-enabled plant-care/irrigation systems.

System &

Reference
Core Features Water Saving

Energy

Efficiency

Pest/Animal

Protection
Remarks

Kohli et al. [7]
IoT irrigation using

Node-MCU and

soil-moisture sensors

~20% Moderate Not included
Sensor calibration and

scalability issues

Akwu et al. [8]
Arduino-based irrigation

with GSM notifications
~18% Moderate Not included

Dependent on GSM

connectivity, power reliability

Shamrat et al. [19]
IoT-based humidity and

temperature monitoring with

automated irrigation

~22% Moderate Not included
Limited scalability; sensor

drift reported

71



Journal of Environmental & Earth Sciences | Volume 07 | Issue 09 | September 2025

Table 2. Cont.

System &

Reference
Core Features Water Saving

Energy

Efficiency

Pest/Animal

Protection
Remarks

Yulianto [13]
Arduino-based relay driver

for IoT agriculture
~15% High Not included

Focused on circuit design; no

pest deterrence

Jia [26]
Smart lighting automation

for controlled environments
Not reported High Not included

Limited scope—focus only

on lighting

Liu et al. [34]
IoT irrigation with fuzzy

control; energy-aware

routing

Improved vs

DLQR/SPIS/FWIS

(simulated)

Improved

network lifetime

(simulation)

Not included
Simulation study only; no

field trials

Benzaouia et

al. [35]

Fuzzy-IoT smart irrigation

scheduling with WSN

monitoring

Not reported

Designed for

water & energy

saving

Not included

Full-scale results pending;

quantitative values not in

abstract

Abdelhamid et

al. [36]
IoT soil-moisture control

powered by solar energy

28.1% less vs

conventional

28.1% less vs

conventional
Not included Field study; ROI ≈5.6 years

Singha et al. [37]
IoT sensors + automated

irrigation scheduling
≈58% Not specified Not included

Proceedings paper; field data

summarized

Hasan et al. [38]
Fertigation automation +

real-time microclimate

monitoring

Reports improved

water

productivity

Not reported Not included

Focused on soilless

cucumbers; hydroponic

context

Gupta et al. [39]
IoT + predictive algorithms

for irrigation control

Reported

water-saving

(exact % NR)

Emphasis on

predictive

efficiency

Not included
Quantitative comparison

limited

Our System

(Intelligent

Sapling Shield)

Integrated irrigation +

humidity + lighting +

vibration deterrence

34% vs flood

irrigation

25%–30% (pump

duty + smart

control)

Effective vs

rodents & small

herbivores

Requires longer

multi-season/multi-site trials

From an economic perspective, the Intelligent Sapling

Shield requires an initial investment of approximately USD

45 per unit. Field trials indicated operational cost savings

of ~USD 12 per season per plant due to reduced water and

pesticide usage. Return on Investment (ROI) is achieved

within 4–5 growing seasons. Compared with existing smart

irrigation systems, our design offers ~20% lower setup cost

and added protection features.

Likewise, chemical-free pest prevention decreases the

necessity for artificial pesticides and fertilizers, thus decreas-

ing land contamination and groundwater pollution. This

promotes to an improved ecosystem, supporting soil micro-

biota and avoiding toxic runoff into adjoining water bodies.

The energy efficiency of the presented system also shows a

significant role in carbon footprint reduction, achieving an

eco-friendly substitution to conventional irrigation systems.

The Intelligent Sapling Shield not only confirms com-

mercial feasibility for farmers but also supports with world-

wide efforts regarding environmental agriculture. The

prospective for scalability and integration with renewable

energy resources presents a promising result for climate-

resilient farming practices, additionally strengthening its

importance in precision agriculture and environmental pro-

tection initiatives.

6. Conclusions

The Presented Intelligent Sapling Shield effectively ad-

dressed main challenges in plant protection by ensuring con-

sistent soil moisture, banning drought stress, and improving

nutrient absorption, thus supporting photosynthesis and over-

all, the health of the plants. The design of the presented system

mitigates damage from extreme sunlight and animal browsing,

whereas the incorporation of LED lights accelerates perennial

growth of the plants, improving plant quality and reducing

exposure to pests and infections. The system presents sizable

environmental advantages by encouraging sustainable water

use via improved irrigation, leading to a substantial decrease

in water intake and runoff pollution. By lessening reliance

on chemical fertilizers and pesticides, the shield lessens the

danger of land contamination and ecosystem deficiency. The

vibrational warning mechanism presents a non-invasive tech-

nique to protect plants, securing environmental balance.

The presented shield lowers manual labour needs,

achieving an economical blend for large-scale agriculture,

urban rejuvenation projects, and conservation attempts. The
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integration of renewable energy sources and IoT-based smart

agriculture proposals further improves its sustainability

scope, presenting a scalable mechanism to resource-efficient

farming. The future research should emphasis on quanti-

fying long-term conservation gains, encompassing carbon

footprint drop, soil health developments, and biodiversity

conservation. Furthermore, incorporating AI-driven predic-

tive systems for real-time soil and weather monitoring might

advance its adaptableness to various climatic circumstances.

By addressing these attributes, the presented Intelligent

Sapling Shield has the prospective to play a critical role in

advanced precision agriculture, organic urban ecosystems,

and worldwide efforts toward climate-resilient farming. Ex-

panding its application to extreme environments, renewable

energy utilization, and climate adaptability studies will guar-

antee that the system continues a resourceful and impactful

solution for the forthcoming of sustainable agriculture.
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