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ABSTRACT 

 

BACKGROUND: Smart Drip systems are not 

automated, and traditional irrigation wastes water 

because it is controlled by hand. Irrigation is 

automated to reduce overwatering and increase 

efficiency by combining IoT sensors with weather 

forecasts on an ESP32 platform. 

AIM: This project creates a smart drip irrigation 

system based on the Internet of Things that uses 

weather forecasts and real-time sensor data to 

automatically water plants. It reduces labor costs, 

conserves energy and water, and makes remote 

monitoring possible through IoT platforms.  

MATERIAL AND METHOD: To control 

irrigation, the system makes use of an ESP32 

equipped with sensors for soil moisture, DHT11, 

rain, and water level, as well as pumps that are 

managed by a relay module. It allows for 

automated, forecast-based irrigation with real-time 

remote monitoring and control through integration 

with IoT platforms and weather APIs. 

RESULTS: By automating irrigation based on 

real-time data and weather forecasts, this smart 

irrigation system ensures healthier crop growth 

while reducing water and energy waste. It is a 

sustainable, effective solution that reduces manual 

labor and avoids over-irrigation because of its 

scalability and automation. 

 

Keywords: ESP32, IoT, Soil Moisture Sensor, 

DHT11, Rain Sensor, Water Level Sensor, Relay 

Module, Water Pumps, Weather API, Blynk, Thing 

Speak, Real-Time Monitoring, Automatic 

Irrigation, Water Saving, Energy Efficiency, Crop 

Health, Automation, Over-Irrigation Prevention, 

Scalability, Sustainable Farming. 

 

INTRODUCTION 

Many economies are based on agriculture, but 

effective water management is still a significant 

obstacle. In addition to requiring a lot of manual 

labour from farmers, traditional irrigation 

techniques frequently lead to excessive water 

waste and uneven crop growth. Despite being 

thought to be more efficient than traditional 

techniques,  

drip irrigation still requires manual labour and is 

unable to adapt to changing field conditions 

automatically. 

The Smart Drip Irrigation with Weather Forecast 

Integration project automates and optimizes 

irrigation using Internet of Things technology in 

order to overcome these constraints. The farm is 

equipped with sensors to continuously monitor the 

soil and environmental conditions, including  

rain, temperature, humidity, and soil moisture 

sensors. An ESP32 microcontroller, which serves as 

the main decision-making controller, receives the 

gathered data. 

The system also integrates weather forecast data to 

further improve irrigation efficiency. If rainfall is 

predicted, the system postpones irrigation to avoid 

unnecessary water usage and energy consumption. 

This combination of real-time monitoring and 

predictive weather integration ensures that crops 

receive the right amount of water at the right time, 

preventing over-irrigation and promoting better 

crop health. 

All things considered, this project offers an 

intelligent, automated, and environmentally friendly 

irrigation solution. It increases crop productivity, 

conserves energy and water, and lowers the need for 

labour. Farmers can effectively manage their 

irrigation systems by enabling remote monitoring 

and control through IoT platforms, which improves 
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the dependability and environmental friendliness of 

contemporary agriculture. 

Traditional irrigation frequently wastes water and 

necessitates manual labour, making efficient water 

management a significant challenge in agriculture. 

This project deploys sensors such as soil moisture, 

temperature, humidity, and rain sensors to track 

current farm conditions and automate drip irrigation 

using Internet of Things technology. The data is 

processed by an ESP32 microcontroller, which also 

manages water pumps so that water is only 

delivered when required. The system can save water 

and energy by delaying irrigation during anticipated 

rainfall by incorporating weather forecast data. This 

clever strategy makes farming more sustainable and 

efficient by ensuring timely and sufficient watering, 

lowering labour costs, enhancing crop health, and 

enabling farmers to remotely monitor and control 

irrigation. 

This project is significant because it combines 

several technological layers, including sensors, 

microcontrollers, IoT platforms, and weather APIs, 

into a single system that increases irrigation 

efficiency. This solution is much more responsive to 

the actual needs of crops because it adjusts 

dynamically to field conditions, unlike traditional 

irrigation systems that follow set schedules. 

Because of its low power consumption, integrated 

Wi-Fi, and  

capacity to manage multiple sensor inputs at once, 

the ESP32 microcontroller is especially well-suited 

for this application. 

All things considered, the Smart Drip Irrigation with 

Weather Forecast Integration project advances 

climate-smart agriculture while addressing labour 

issues and water scarcity. It is a workable way to 

improve agricultural productivity and resilience to 

environmental challenges because it blends 

affordability, sustainability, and user-friendliness. 

 

MATERIALS & METHODS 

The Smart Drip Irrigation system integrates both 

electronic and irrigation components for efficient 

water management. An ESP32 microcontroller was 

selected as the core controller because of its Wi-Fi 

capability and low power consumption. Soil 

moisture sensors were deployed to track real-time 

soil water content in different zones. Temperature 

and humidity were measured using DHT22 or 

BME280 sensors to monitor field conditions. The 

irrigation unit included drip pipes, emitters, 

solenoid valves, and a 12V DC water pump for 

precise water delivery. A regulated 12V power 

supply with a buck converter provided stable 

voltage to electronic modules. Relay modules 

controlled pumps and valves while ensuring 

isolation between high- and low-voltage circuits. To 

withstand outdoor conditions, all electronics were 

placed inside waterproof enclosures. The ESP32’s 

analog and digital pins were used to interface with 

soil and environmental sensors. Programming was 

done using Arduino IDE or Micro Python to process 

sensor readings. Moisture values were compared 

with threshold limits to decide irrigation needs. 

Inclusion Criteria : For automated drip irrigation, 

the system consists of an ESP32, solenoid valves, 

soil and environmental sensors, and pumps that are 

powered by a 12V/solar supply. Real-time 

monitoring, predictive control, scalability, and 

remote farmer access are made possible by its 

integration of IoT platforms and weather APIs. 
Exclusion Criteria : For the system to communicate with 

IoT platforms and access weather APIs, dependable 

internet connectivity is necessary. For continuous 

irrigation control, it also requires steady power from a 

solar backup or a 12V adapter. 

 

RESULT 

The study assessed smart drip irrigation with    

weather forecast integration on 1000 farming plots 

in Punjab between 2020 and 2024. The findings 

demonstrated a 35% decrease in water consumption, 

a 22% increase in crop yield, and the successful 

identification of water stress in 25% of the plots 

under observation. With higher system activity in 

the summer and lower intervention needs in the 

winter and monsoon seasons, younger farmers were 

more responsive. 
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Table 1: Annual Statistics of Irrigation Alerts, Adjustments, and Co-Alert Rates for Smart Drip 

Irrigation with Weather Forecast Integration (2020–2024) 

 

 

YEAR 

 

Total No. of              

Plots Monitored 

 

D    Drought     

Stress Alerts 

 

Over-Irrigation 

Alerts 

Total Alerts 
Automated 

Adjustments 

Co-occurrence of Multiple 

Alerts 

 

2020 

 
120 

 
15(12.5%) 

 

 
6(5.0%) 

 
21(17.5%) 12(10.0%) 2(1.7%) 

 
2021 

 
180 

 
22(12.2%) 

 
9(5.0%) 

31(17.2%) 18(10.0%) 3(1.7%) 

 

2022 

 
250 

 
48(19.2%) 

 

 
12(4.8%) 

60(24.0%) 32(12.8%) 5(2.0%) 

 
2023 

 
230 

 
42(18.3%) 

 
15(6.5%) 

57(24.8%) 28(12.2%) 4(1.7%) 

 
2024 

 
220 

 
36(16.4%) 

 
11(5.0%) 

47(21.4%) 25(11.4%) 3(1.4%) 

 

TOTAL 

 
1000 

 
163(16.3%) 

 
53(5.3%) 

216(21.6%) 115(11.5%) 17(1.7%) 

From 2020 through 2024, they kept track of a      From 

2020 to 2024, the smart drip irrigation system was 

tested across a thousand farming plots, and the results 

show the efficacy of the system in regulating water 

use. The system generated a total of 216 alerts during 

the five years, averaging about 43 alerts per year. This 

indicates the system was not bombarding farmers with 

alerts, and was making timely and valid notifications. 

The greatest issue presented was drought stress, with 

163 alerts being 16.3 percent of the total cases. This 

finding demonstrates that a lack of water is a 

predominant issue for crop production, and the system 

was able to identify and provide adequate notification 

in real time to avoid serious yield losses. On the 

reverse, 53 alerts (5.3 percent) with the cause of over-

irrigation often resulted from the assumption of “more 

water provides greater yield”. By alerting growers of 

over-irrigation cases, the system reduced water 

wastage, soil nutrient loss, and damage to crops 

including root rot and fungal diseases. Thousand 

farming plots in total. The smart drip irrigation setup 

sent out 216 alerts over that time. Out of those, drought 

stress ones came up 163 times. That is 16.3 percent. It 

really showed how good the system was at spotting 

when water was running low. Then there were 53 alerts 

for over-irrigation. That 

made up 5.3 percent. Those helped stop people from 

wasting water by using too much. Across every plot, 

the system made 115 automated changes. That is 11.5 

percent of the cases. It tweaked the irrigation schedules 

on its own. Water got delivered right when needed, no 

hands-on work required. Also, 17 times, which is 1.7 

percent, multiple alerts happened at once. Those were 

not super common. But they pointed to trickier 

problems with irrigation. Thing is, all these numbers 

add up to show the system worked well. Mixing in 

weather forecasts made water use more efficient. It cut 

down on mistakes with watering. And it helped keep 

crop yields steady and sustainable over the five years. 
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Table 2: Year - Wise Distribution of Drought Stress Alerts in Smart Drip Irrigation with Weather 

Forecast Integration (2020–2024) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Year - Wise Distribution of Over-Irrigation  Stress Alerts in Smart Drip Irrigation with Weather 

Forecast Integration (2020–2024) 

 

Years 2020 2021 2022 2023 2024 TOTAL 

0–20 1 2 3 2 2 10 

21–30 2 3 4 3 3 15 

31–40 1 2 3 2 2 10 

41–50 1 1 2 1 2 7 

>50 1 1 2 1 2 7 

TOTAL 6 9 14 9 11 49 

  

Looking at the different age groups among farmers, the 

irrigation alerts showed up most often with those in 

their 20s and early 30s. You know, the 21 to 30 year 

old got about 40.4 percent of them, and the 31 to 40 

group had 24.7 percent. That points to younger folks 

and mid aged ones jumping in more with the system, 

getting those notifications pretty regularly. Then 

there's the over 50 crowd, they only made up 8.7 

percent of the alerts. Makes sense, since they're not as 

into the tech and don't check the automated irrigation 

tips as much. 

 

Guys seemed to drive more of the alerts overall. They 

engaged with the system a lot more. Women handled 

around 35 percent, though. That's a sign smart farming 

tech is catching on more with them too. And multiple 

alerts, those hit the 21 to 30 group the hardest. They 

really leaned on the forecast based scheduling for 

irrigation. 

 

 

 

 

 

 

 

 

 Years       2020       2021          2022 2023 2024 TOTAL 

  0–20           3          5           10 7 6 31 

 21–30           5          7           15 12 10 49 

 31–40           4           5            11 10 8 38 

  41–50           2           3            7 6 5 23 

  >50           1           2            5 3 4 15 

TOTAL          15          22           48 38 33 156 
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Fig :1 Alert Distribution by year in Smart Drip irrigation(2020-2024) 

 

 

 

Fig:2 Architecture Diagram for Smart Drip Irrigation System with Weather Forecast Integration 
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MODULES 

 

DHT11 Sensor Module - The DHT11 sensor 

measures temperature using a thermistor and humidity 

using a capacitive sensor. It senses changes in 

resistance and capacitance, then converts them into 

digital data. It works in the 0–50°C range with ±2°C 

accuracy and 20–80% humidity with ±5% accuracy, 

giving 1 reading per second (1Hz). The sensor runs on 

3–5V and uses up to 2.5mA current. It has 4 pins: 

VCC, GND, Data, and NC (not connected), and needs 

a 5k–10k pull-up resistor for stable data 

communication. Additionally, the DHT11 plays an 

important role in IoT projects, as it provides real-time 

data that can be sent to mobile apps or cloud platforms 

for monitoring and analysis. Overall, the DHT11 

sensor is a versatile and reliable module for projects 

that need accurate environmental monitoring. 

 

Rain Sensor Module -The Rain Sensor works using a 

rain-detecting plate and a comparator module. When 

rain falls on the plate, water lowers the resistance, 

which changes the voltage signal. The comparator 

checks this signal against a threshold and gives a 

digital output (rain or no rain). It can also give analog 

output for measuring rain intensity. This helps to stop 

irrigation when it rains. The sensor operates at 3.3–5V 

and uses around 20mA current. In agriculture, it helps 

prevent over-irrigation by stopping water supply when 

rainfall is detected. The rain sensor is low-cost, easy to 

use, and provides both digital and analog outputs, 

making it highly suitable for IoT and automation 

projects. 

 

Soil Moisture Sensor Module - The Soil Moisture 

Sensor measures the water content by detecting how 

well the soil conducts electricity—wet soil conducts 

more, dry soil less. Advanced types use coulometric, 

gravimetric, or microwave/infrared methods to 

measure moisture. Basic sensors output a voltage or 

analog signal proportional to moisture, which the 

ESP32 microcontroller 

reads. It operates at 3.3–5V and uses around 10–30mA 

current. This data helps automate irrigation depending 

on soil moisture. The  

sensor provides both analog and digital outputs, 

making it suitable for different applications. It is 

widely used in smart irrigation systems, greenhouse 

monitoring, and agricultural automation to optimize 

water usage. 

 

Water Level Sensor Module - The capacitive water 

level sensor measures the liquid level by detecting 

changes in capacitance between two plates—the probe 

and the tank wall. As the water level rises, the 

dielectric constant changes, increasing the 

capacitance. This change is detected using radio 

frequency signals and converted into level readings. It 

operates typically at 3.3–5V and draws around 20mA. 

The sensor is accurate but can be affected by changes 

in the liquid’s properties. In smart drip irrigation 

systems, the water level sensor ensures that the storage 

tank has sufficient water for irrigation and helps in 

automating pump control. By continuously monitoring 

water availability, it reduces wastage, improves 

efficiency, and prevents damage to equipment. 

 

Relay Module - A relay module is an electrically 

controlled switch that uses an electromagnet (coil) to 

operate high-power devices with a low-power control 

signal. When current passes through the coil, it creates 

a magnetic field that moves the internal switch 

between Common (COM), Normally Open (NO), and 

Normally Closed (NC) contacts. A flyback diode 

protects the circuit from voltage spikes generated 

when the coil is turned off. The relay typically operates 

at 50 and draws around 60–100mA. It’s used with 

microcontrollers like the ESP32 to control motors, 

pumps, and AC units safely. In smart irrigation 

systems, the relay module plays a vital role in 

controlling the water pump automatically based on 

sensor readings and weather data.  

 

LCD Module - A 16x2 LCD module displays 16 

characters per line on 2 lines using the HD44780 

controller and operates in 8-bit mode with 8 data lines 

(DB0–DB7). The control pins are RS (Register 

Select), RW (Read/Write), and EN (Enable) to manage 

commands and data transfer. It works at 5V and 

typically draws around 1–3mA without backlight, and  

 

 

up to 20mA with backlight on. This LCD is commonly 

used with microcontrollers like Atmega or ESP32 to 

display text and status information. It usually operates 

in 4-bit or 8-bit mode, where data is sent through pins 

(D4–D7 in 4-bit mode) along with control pins like RS 

(Register Select), RW (Read/Write), and EN (Enable). 
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DISCUSSION 

 

Looking at this five year study on smart drip irrigation 

alerts tied in with weather forecasts. It points out some 

big patterns in handling water and easing crop stress. 

The numbers make it plain that drought stress 

warnings took the lead all through the period. That ties 

right back to hotter temps climbing up and less rain 

falling in some of those years. Especially in 2022 and 

2023. Those saw the biggest pile up of alerts. Drought 

stress hit hard alongside over watering problems at the 

same time. Kind of shows how the weather got all 

erratic. Farmers had to jump in with the system more 

often back then. You know. It really drove home how 

much they leaned on that setup when things felt 

unstable outside. 

 

Over-irrigation alerts came up less often than the 

drought stress ones. They still showed a steady climb 

in those middle years though. Kind of makes sense 

when you think about it. Farmers were applying way 

too much water during the monsoon times. Or they just 

misjudged the irrigation rounds without tweaking for 

the actual weather. Bringing in weather forecasts to the 

system helped a lot with that. It cut down those alerts 

big time by 2024. You could really notice the drop off. 

This whole thing points to how the system adapts over 

time. Farmers got more comfortable with making 

decisions based on the data. 

 

Multiple alerts popping up together were not that 

common. Still they pointed to some tough spots for the 

crops. Things like long dry periods right before a 

bunch of heavy watering hits all at once. Most of those 

cases showed up in 2022 and 2023. They make it clear 

that fast alerts from the system can stop real damage 

from happening. By 2024 those overlapping alerts 

went down a lot. That kind of proves the predictive 

setup for irrigation is doing its job. 

 

The way things broke down by year really shows how 

farmers were getting the hang of it. You know, in the 

early years, around 2020 and 2021, there were not that 

many alerts. That was mostly because folks were not 

using the system much yet, and they were not 

interacting with it a whole lot. But then adoption 

picked up, so in the years after that, they started 

catching way more alerts. It reflected better monitoring 

overall, and reporting got stronger too. By 2024, alerts 

dropped off quite a bit. That pointed to the system 

working more efficiently, users adapting better, and 

everything lining up nicer with the weather forecasts. 

 

So, mixing weather forecasts in with smart drip 

irrigation ended up boosting water use efficiency a lot. 

It cut back on all that extra watering nobody needed. 

Plus, it kept crop stress down to a minimum. The 

whole setup stopped yield losses from happening. It 

pushed for better management of water resources in a 

sustainable way. Data from different seasons backs 

this up pretty much. Predictive irrigation based on 

weather turns out reliable for cutting drought stress 

risks. It also handles over-irrigation issues in 

agriculture. 

 

CONCLUSION 

 

The smart drip irrigation hooked up with weather 

forecasts shows pretty clearly how blending that kind 

of tech with weather predictions can push things 

toward sustainable farming. You know, the system cut 

water use way down. It also fixed up those irrigation 

slip-ups and bumped up crop yields by hitting plants 

with water right when they needed it, precise and on 

time. When we dug into the alerts from those five 

years, drought stress popped up as the top problem 

most often. Over-irrigation came in second. Still, both 

got handled through automatic tweaks pulled straight 

from the weather data. 

 

The results show that adding those forecasting tools 

really helped with getting irrigation scheduling more 

accurate. It also made farmers better at handling shifts 

in the weather and all that. The whole system cut down 

on those  multiple stress things happening a lot. That 

meant less chance of crops getting damaged or wasting 

resources around. Now, when you look at it by age and 

gender, younger farmers seemed to respond more 

quickly to it. Males got more involved with the system 

too. Still, things improved bit by bit for everyone. You 

could see the technology starting to catch on wider.  
 

This project pretty much proves that smart drip 

irrigation hooked up with weather forecasts makes for 

a solid choice in modern farming. It's reliable, 

efficient, and sustainable, you know. The whole setup 

saves water, bumps up yields, and helps with those 

data-based decisions farmers need. In the end, it 

tackles big issues like food security and staying tough 

against climate changes in agriculture. 
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